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The Burden of Malaria in Pregnancy in Madhya Pradesh, India 

Rukhsana Ahmed 

Introduction and Method: Malaria in pregnancy (MiP) can have devastating consequences for the 
mother and the newborn. An evidence based framework for the control of MiP has been developed by 
the World Health Organisation (\XHO) for malaria endemic sub-Saharan Africa. In contrast, no such 
framework exists for areas with low malaria transmission, such as in Asia where both P faldpamm and 
P.vivax are the predominant species. There is relatively little information on the burden of MiP in this 
region, hampering the design of rational control strategies for this high risk group. The objective of my 
thesis was to better defme the burden of MiP in the central Indian state of Madhya Pradesh and to 
evaluate the performance of new rapid diagnostic tests (RDTs) that are considered as part of the new 
antenatal malaria screening strategies for the control of 11iP. Women attending antenatal clinics (ANC 
module) and delivery units (delivery module) in a primary, secondary and tertiary health facility in a rural, 
semi-rural and an urban town in 3 districts of Madhya Pradesh were enrolled in a series of cross-sectional 
surveys. Pregnant women, regardless of symptoms were screened for anaemia and maternal and placental 
malaria using RDTs and standard microscopy. An adjusted version of the 11iP rapid assessment tools 
developed by the US-based Centres for Disease Control and Prevention was used. 

Results: 1817 and 2696 women were enrolled in the ANC and delivery modules conducted during two 6-
week periods in the dry (April-May 2006) and the post-rainy season (October-November 2006). The 
delivery module was extended in two sites to provide year-round information. The overall malaria 
prevalence in antenatal women was low: 4.5% (1.9% in the dry season and 6.5% in post rainy season) with 
wide variation between the rural (20.7%) and urban (0.3%) sites. The prevalence of maternal and placental 
malaria in the delivery module, assessed by standard microscopy, was 2.0% and 1.0% respectively in the 
year-round survey. P jaldpamm was the predominant species (89%), with a seasonal peak between October 
and December. The prevalence of P.vivax infections was persistently low throughout the year «1%). 
Sixty-three percent of the microscopically detectable P faldpamm and 55% of the P.viv(J."I( infections were 
symptomatic. All gravidity and age groups were equally at risk. P faldpamm was associated with moderate
severe anaemia and preterm low birth weight. Babies born to women with placental P faldpamm malaria 
were approximately 20% lighter than women without malaria. Overall, 70% of the preterm births and 
50% of the low birth weight in infected women were attributable to placental P faldpamm malaria. The 
corresponding population attributable fractions were 6.6% and 4.6%. Mono-infections with P.vil'ax (pCR 
confirmed) were also associated with anaemia and preterm low birth weight. Studies using diagnostic PCR 
showed that in the peak transmission season, l-in-5 smear and RDT negative women were PCR positive 
for malaria; these 'sub-patent' infections were associated with mild anaemia. Similarly, placental sub-patent 
infection was associated with reduced birth weight (207g). No PCR data was available at delivery. The 
P faldpamm associated placental histopathological changes were mild and suggest most infections were 
acute, contrasting to fmdings in stable high transmission areas. P.vivax associated placental changes were 
negligible. 

Compared with microscopy, the new First Response® pLDH-based RDT had 94.7% sensitiv-ity 
and 99.3% specificity for Pfakipamm, and 85.7% and 99.5% for P.viv(J.\·. However, compared with PCR, 
the sensitivity was only 23.2% (99.4% specificity) and 4.7% (99.6% specificity) respectively. 

Conclusion: The overall prevalence of microscopically detectable malaria in Madhya Pradesh was low and 
markedly seasonal with a predominance of P fal,ipamm. The persistence of P.vivax throughout the year 
probably reflects relapses of hypnozoites rather than year-round transmission. In contrast to malaria 
endemic Africa, many, but not all, infections were associated with fever. Maternal anaemia and LBW', 
primarily due to preterm births were the main adverse consequences. Severe placental sequestration or 
placental inflammation associated with P fal,ipamm infections, were not seen. However, there was an 
unexpectedly high prevalence of sub-microscopic infections detected by PCR in antenatal women and this 
was associated with increased risk of anaemia. This suggests that the risk of exposure and the burden of 
11iP in this region of India may be much higher than previously appreciated and the presence of these 
sub-microscopic infections should be taken into account in planning appropriate control measures for 
pregnant women this region. 
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Chapter 1 

Introduction 

'~he world is moved along not onlY by the mighty shoves of its heroes, bllt aIJo by the aggregate of the tilry 
pushes of each honest worker" 

-Helen Ke/ler-
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1.1 Topic overview 

Malaria in pregnancy (MiP) is an enormous public health problem that affects millions of 

pregnant women and their babies. The adverse impacts of malaria in pregnant women primarily 

occur as maternal anaemia and low birth weight (LBW, <2500g) and are largely due to 

P Jalcipamm. \X'ithout timely treatment or prevention these complications could be fatal to the 

pregnant woman and her baby and contribute significantly to maternal, neonatal and infant 

morbidity and mortality. The problem of malaria in pregnancy gained greater attention at the 

initiation of the Roll Back Malaria (RBM) Partnership by World Health Organization (\'VIIO) in 

1998 (\X'HO 2004b). By then the susceptibility of pregnant women to malaria was well 

documented from studies conducted in sub-Saharan Africa. In the African region alone, malaria 

accounts for 3-15% of maternal anaemia resulting in 10,000 maternal deaths annually and 

approximately 100,000 babies are estimated to die from malaria associated low birth weight 

(Desai, et a/2007, Guyatt, et a/2004, Steketee, et a/2001). 

To appreciate malaria in pregnancy an understanding of the general epidemiology of 

malaria is important and is described briefly in the next paragraph. 

A1alaria in focus: In an effort to reduce the global burden of malaria, at the start of the 21 st 

century, the United Nations as part of the :Millennium Development Goals (1\IDG) declared 

2000-2010 as the malaria decade with a target to halve the incidence of malaria by 2015 (UN 

2010). This commitment to fight malaria has seen a shift in malaria control strategies since the 

historic eradication efforts of the 1950s with initiation of large programmes. These control 

strategies recommend malaria confirmation in all suspected cases with a Rapid Diagnostic Test 

(RDT) or microscopy, treatment with artemisinin combination therapy (ACT) and vector control 

with insecticide treated bed nets (ITN) and indoor residual spraying (IRS)(WHO 2008c). lbe 

concerted efforts of the international organisations, governments of malaria endemic countries 

and non-government organisations (NGOs) in implementing these programmes, together with a 

substantial increase in donor funding are starting to have an impact, particularly in sub-Saharan 

Africa and in changing the global malaria picture. 

After a long stagnation the number of clinical cases and deaths due to malaria are now 

declining in several countries. There were 247 million episodes of malaria estimated in 2006 and 

this decreased to 225 million in 2009. The estimated number of malaria deaths has also decreased 

from 1 million in 2000 to 781,000 in 2009, mainly in children less than 5 years in Africa (\VIIO 

2010b). Countries such as Kenya, Gambia, Zambia and Eritrea recently reported large reductions 

in malaria prevalence in certain areas of the countries following successful vector control efforts 

and strengthening of community case management (Barnes, et a/ 2009, Ceesay, e/ a/ 2008, 
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Nyarango, et a12006, O'Meara, et aI2008). According to WHO, 11 African countries and 32 

countries outside the African region in 2009 showed a 50% decrease in confirmed clinical cases 

and deaths. The reductions in malaria incidence indicate that control measures are at least 

partially succeeding with subsequent falls in transmission in some parts. Thus, it is also likely to 

have an impact on the exposure risk in pregnant women resulting in a potential shift away from 

the effects seen with high transmissions, to that of outcomes associated with lower transmission. 

The attention given to malaria control strategies has now shifted from control to 

elimination and possibly to eradication of malaria. This necessitates a reduction of malaria 

carriage in individuals. The ultimate tool to achieve eradication probably involves a malaria 

vaccine. A candidate vaccine RTS,S has proved effective in phase I and phase II field trials and is 

the first vaccine that has been approved for phase III trials raising expectations of malaria 

prevention (Aponte, et aI2007, Pichyangkul' et aI2008). Until a proper vaccine is available, it is 

important to prevent malaria infections using the currently available diagnostic and prevention 

tools that are known to be effective. 

Control 0/ Malaria in pregnanry: Malaria at present is a curable, preventable and a controllable 

disease. To decrease the public health impact of malaria, the RBM Partnership incorporated 

malaria in pregnancy control among its four strategies founded on the basis of cure and 

prevention. Due to the high disease burden in sub-Saharan Africa, this region has been the focus 

of most malaria in pregnancy research and control. However, to reduce the global burden there is 

a need to control malaria in pregnancy in regions outside of Africa where the burden might be 

lower in teons of relative exposure risk to the individual, yet the number of women at risk of 

malaria is considerably higher (Dellicour, et al 2010, Snow, et al 2005). There is relatively little 

infoonation available on the burden of malaria in pregnancy in Asia where malaria transmission is 

generally lower than most African countries and where P.vivax co-exists with P.falciparnm. More 

systematic data on the burden of malaria in pregnancy is needed from countries in the Asian 

region such as India to help develop a rational control strategy for the region. 

The African region has benefited from over a decade of research on the use of effective 

control measures and the development of a strategic framework for the control of malaria in 

pregnancy by WHO (WHO 2004a). The framework for Africa comprises of: 1) case 

management, 2) long-lasting insecticide treated mosquito nets (LLITNs) and 3) intermittent 

preventive treatment in pregnancy (IPTp). The control programmes have been implemented in 

33 out of 47 African countries according to an analysis of African national surveys (WHO 

2008c). Although they are showing progress a current analysis found there was room for scaling 

up, with coverage of ITNs being 17% whilst 25% had received at least one dose of IPTp (van 
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Eijk, et 012011). No such strategy has been developed for the Asian region. In most of Asia, 

control of malaria in pregnancy is limited to passive case detection (pC D) and inconsistent 

distribution of ITN and indoor residual spraying (IRS). 

1.2 Rationale for the Study 

This study was initiated as one of a series of studies to assess the burden of malaria in 

pregnancy in India, to address the gaps in knowledge on the consequences for the pregnant 

woman and her baby in cases of asymptomatic and symptomatic Pfaldpamm and P.vivox malaria. 

The surveys presented in this thesis were conducted in the central Indian state of Madhya 

Pradesh, where transmission was expected to be moderate to high (in Indian classification of 

annual parasite index) and seasonal. The fmdings will contribute much needed information for 

developing a control policy for malaria in pregnancy and for the planning of future research 

strategies. 

Previous studies from India have mainly focused on symptomatic febrile cases in 

hospitals or on passive case surveillance and community studies among symptomatic women 

during malaria outbreaks (Chattopadhyay, el 012000, Singh, eI 011998). These studies confirmed a 

predisposition of pregnant women to severe disease compared to non-pregnant women. They 

also showed an increased risk of maternal anaemia, pregnancy loss and maternal death (Das 2000, 

Kochar, et 011998, Maitra N, et 011993, Sholapurkar, elol 1988, Singh, el 01 1999a). However, 

since these studies focused on symptomatic women, they did not allow an estimation of the 

relative contribution of asymptomatic infections or the scale of the problem of malaria burden in 

the general pregnant population. 

The potential numbers at risk of malaria in pregnancy are large in India. The population 

of 1.1 billion has the largest number of malaria cases in South East Asia accounting for 60% of 

the total in the region and amounting to 10.6 million cases in 2006 (SEARO 2008, \,<THO 2008c). 

One third of India's population live in the moderate to high malaria endemic regions spread over 

seven states including Madhya Pradesh. Approximately 360 million people live in the high malaria 

endemic regions of India; this is nearly half of the 647 million potentially exposed in the 47 

malaria endemic countries in sub-Sahara African. Worldwide there were 54.7 million pregnant 

women living at risk of Pfokipomm malaria in 2007, and 70 million in areas oflow transmission or 

with P.vil'Clx, of which approximately 17% (12 million) were in India (Dellicour, et 012010). These 

figures suggest that a high number of women at risk of malaria are living in India and a 

preventive policy is urgently needed for this population. 
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Although there is abundant data from the African region, it is not applicable to India 

because of the difference in malaria transmission patterns and species variation. Control 

programmes designed for Africa would not necessarily be suitable for India, and region specific 

data is necessary. An assessment of the burden of malaria in pregnancy in Madhya Pradesh is 

therefore important to capture the impact of both P jakiJxml1ll and P.vitJaX in this region. 

At the time of conducting this study the recommended control policy by the Indian 

National Vector Borne Disease Control (NVDBq programme was weekly chloroquine 

chemoprophylaxis during pregnancy in all malaria endemic areas (NVBDCP 2008). Additionally, 

intermittent preventive treatment (lPTp) with two doses of sulfadoxine-pyrimethamine (SP) was 

recommended in high risk areas by the Drug Policy Working Group in India. In practice however 

these guidelines were not implemented. The treatment regimen for febrile case management 

included chloroquine for all cases with the addition of primaquine for seven days for P.viJ'OX cases 

after delivery and quinine for the management of severe cases. Although local scientific data on 

the effectiveness of these drugs is sparse, there is evidence of increasing chloroquine resistance in 

parts of India. In one study conducted in Assam in 2001, the clinical and parasitological failure 

rate at day 14 was 64% for chloroquine and 29% for sulfadoxine-pyriroethamine in Pjakiptmt1ll 

malaria (Campbell 2006). These control regimens for malaria in pregnancy suggested there was a 

need for revision of policy. 

1.3 Study Objectives 

Primary objective: To determine the burden of malaria and main risk factors of malaria in 

women attending antenatal clinics (ANq and delivery units (DU) in urban and rural health 

facilities in eastern Madhya Pradesh. 

Secondary objectives: 

1. To determine the seasonality of peripheral and placental malaria infections and the 

relative contribution of P jakipa17l1ll and P.viVfIX infections to maternal anaemia and 

low birth weight. 

2. To determine the histopathological changes in the placenta in response to Pja/cipa17l1ll 

and P.viVfIX infection and their impact on fetal growth and maternal anaemia. 

3. To explore the risk factors associated with low birth weight and preterm births. 

4. To determine the accuracy of pLDH based Rapid Diagnostic Test (RD1) as a 

screening tool for malaria in women attending antenatal clinics. 

5. To compare different diagnostic methods for the detection of placental malaria. 
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1.4 Thesis Outline & Chapters 

The thesis consists of four sections. The fIrst section covers the introductory chapters 

providing an overview of the topic, rationale for the study and relevant literature. The second 

section describes the study design and methods of the overall study. The third part consists of 

five results chapters corresponding to each specifIc objective, with a final chapter on the general 

discussion and recommendations. 

Chapter 1: Introduction 

Chapter 2: A literature review with relevance to the study topic and specific study 

objectives. 

Chapter 3: Provides an overview of the general study design, study area and 

population, methods and procedures. 

Chapter 4: Describes the epidemiology and burden of malaria in pregnancy in 

association with maternal and placental malaria by species and seasonal variation 

in women attending the antenatal and delivery units. 

Chapter 5: Describes the changes in placental histology associated with 

P .faldpamm and P. vivax infections according to the chronology of infection and 

the association with fetal growth and of maternal anaemia. 

Chapter 6: Explores the determinants of low birth weight defIned by preterm

LBW and IUGR-LBW to identify amendable factors and describes the 

characteristics of both entities. 

Chapter 7: Assesses the performance of the pLDH based RDT (First Response~ 

as a screening test in antenatal women using microscopy as the main reference 

test and PCR as a 'resolver' reference test. The analysis was carried as part of a 

modifIed discrepant analysis in which the RDT and microscopy discordant and 

concordant positives and a sub-sample of concordant negative results were 

assessed by PCR. 

Chapter 8: Evaluates the accuracy of peripheral blood tests in predicting placental 

infections and the performance of placental incision and impression smears 

compared with placental histology. 

Chapter 9: This chapter discusses the main findings by consolidating the results 

presented in chapters 4 to 8 and provides recommendations for malaria control 

and future research. 
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Chapter 2 

Literature Review 
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2.1 Introduction 

Malaria is an old disease described since ancient times by its characteristic periodic fevers. 

The Egyptian papyri and the scripts' of the Sanskrit Sushrutha have referred to it, although the 

earliest description of malaria in pregnancy had been noted by Hippocrates. Much later, two 19th 

century physicians, Goth (1881) and Chiarleoni (1886) described low birth weight in term babies 

born to mothers suffering from malaria (Duffy, et aI2001). By the late 20th century the harmful 

effects of malaria in pregnancy to the expectant mother and her baby had been well documented. 

In the current literature, malaria in pregnancy is dominated with studies on P jaldpartlm, 

particularly from the sub-Saharan Africa. In contrast, data from the Asian region where 

transmission is low or seasonal and unstable, as in parts of India, is limited. Paradoxically, South 

Asia is the origin of some of the early literature that documented the adverse effects of malaria in 

pregnancy. In the early 20th century, physicians in India recorded a devastating number of 

stillbirths during the malaria epidemic in the Punjab (Christopher 1911). Later, the classic work of 

Wickramasuriya (1936), based on the observations during the malaria epidemic in Ceylon (present 

Sri Lanka) in the 1930s provides insight to many aspects of malaria in pregnancy (Wickramasuriya 

1937). 

This chapter describes the current understanding of the pathogenesis, epidemiology and 

the burden of malaria in pregnancy in the context of this study and with reference to Asia and 

India. The diagnostics relevant for malaria in pregnancy and control and prevention is also 

reviewed. 

2.2 Search Methodology 

Database Searches: The information for this review was collected through searches using the Pub 

Med, lSI Web of knowledge, Malaria in Pregnancy library, which is a resource of the Malaria in 

Pregnancy Consortium and consist of a regularly updat~d bibliographic database of published 

and unpublished literature relating to malaria ill pregnancy (http://www.update

software.com/publications/malaria/). In addition, theses data bases, books and individual 

references identified from publications and the Central Cochrane Library were also accessed. 

Search Terms: A broad search was undertaken initially applying subheadings and truncations 

(exploding). The search was refined later using MeSH ='Medical Subject Headings' terms in 

various combinations and Boolean operators such as 'AND' and 'OR' and key words (fable 2.1). 
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TABLE 2: 1: SEARCH RESULT IN PUBMED USING MESH TERMS 

Main Searches in Pub Med 

Malaria In Pregnancy, 
pregnant OR pregnancy; AND 
burden OR prevalence; AND 
epidemiology: 
Africa, 
Asia 
low transmission, 
high transmission 
India AND ( burden OR prevalence) 

Placental Malaria: AND 
P.!alciparum 
P.vivax 

Malaria In Pregnancy: AND 
anaemia, OR 
moderate anaemia OR 
severe anaemia 
placental malaria and anaemia 

Malaria In Pregnancy: AND 
low birth weight 

Number of articles 
(As major topic) 
700164 

67468 

100 
704 

597 

351 
preterm; OR 117 
prematurity 64 

Number of articles 
( as key word) 

1142 

92 
1307 
236 
195 
178 
5 

428 
21 

37 
165 
160 

placental malaria AND low birth weight 182 
placental malaria AND preterm 28 

Malaria Rapid Diagnostic Tests: AND 357 
malaria in pregnancy 16 
placental malaria 4 

Several other searches for topics on prevention, chemotherapy, antimalarial drugs, immunology and 
molecular aspects were performed in different combinations with the main topic as' malaria in pregnancy' 
and 'placental malaria' 

Selection Criteria: Tides were scanned and abstracts of tides considered relevant to the objectives 

of the thesis were reviewed and retrieved to obtain full text. Electronically unavailable articles 

were obtained from the holdings at the libraries of the University of Liverpool and the Liverpool 

School of Tropical Medicine. All electronically selected references were downloaded and 

managed for citation initially in Endnote-X and later in version-X3. Only English language 

articles were used. No date restriction was applied and searches were performed throughout the 

thesis writing period and citation library updated regularly. 

2.3 The Malaria Parasite 

History. The discovery of the Plasmodium parasite in human blood by Alphonse Laveran in 1880 

confirmed the single cell organism, Plasmodium as the cause of malaria. Seventeen years later, in 

1897, Sir Ronald Ross observed Plasmodia in the gut of parasite infected birds and proved the 
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mosquito as the vector of malaria. In 1898, Grassi and colleagues in Italy described the Anopheline 

mosquito as the vector of human malaria and added to the fmdings of Sir Ross (Gilles 2002). 

Species: Traditionally four species; PJaldpaT71m, P.vizJax, P.ovale and P.malariae, were known to 

infect humans. Recently a fifth parasite, P.knowlesi, which was known to infect macaque monkeys 

have been observed to cause severe human diseases and some fatality (Cox-Singh, et a12008, B. 

Singh, et aI2004). The greatest clinical burden of malaria is due to P Jakipamm, the most virulent 

of the five species, although recent studies have reported severe disease and occasionally deaths 

associated with P.vivax (Kochar, et a12009, Price, et a12009, Tjitra, et aI2008). 

Ufe-rycle: In its life cycle the Plasmodium parasite passes through two hosts and three phases 

(tigure 2.1). The sporogony phase which is the sexual cycle, occur inside the female Anophelenc 

mosquito's gut following the ingestion of gametocytes from an infected human during a blood 

meal. With it the sporozoites released into the human circulation enter the liver cells and starts 

the exo-erythrocyte cycle. Recent evidence shows that specific proteins, circumsporozoite protein 

(CSP) and thrombospondin-related adhesion protein (TRAP) expressed in the sporozoites 

mediate the invasion of the hepatocytes (Frevert 1994, Pradel, et aI2002). These proteins bind to 

heparin sulphate proteoglycan receptors found on the hepatocytes. Conventionally, the 

sporozoites of P.vivax or P.olJale were species accepted to remain dormant for several months to 

years within the hepatocytes and later cause relapses. However, a recent review of publications 

since 1922 showed that the existence of P.ovale hypnozoites has not been proven by any 

biological experiments (Richter, et al 2010). The third phase is the asexual cycle which occurs 

within the erythrocytes when the merosomes released from the hepatocytes invade the 

erythrocytes. This is mediated by the apical organelles of the parasite and the merozoite surface 

proteins (MSPs) are involved in the initial attachment of the merozoites to the erythrocytes 
.. 

(Gaur, et al 2004). Inside the erythrocyte the parasite enlarg~s and undergoes several rounds of 

nuclear divisions. The asexual blood stage is the stage when the classic malaria fevers occur. The 

clinical symptoms correspond to the timing when merozoites are released from the erythrocytes 

and occur at intervals of 48 hours for P Jaldpamm, 72 hours for other species and 24 hours for 

P.knowlesi. Although in reality P JaldpaT71m infections are rarely synchronous enough to cause this 

classical 48 hour fever pattern described 111 text books 
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FIGURE 2 : 1 : DIAGRAM SHOWING THE LIFE- CYCLE OF THE PLASMODIUM PARASITE 
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It is during the late asexual cycle that the mature trophozoites and schizonts produce protein 

molecules which appear on the surface of the erythrocytes. These molecules benefit the parasites 

as a survival mechanism by mediating sequestration in deep tissues, an action which forms the 

pathogenic basis of severe disease in the human host. During the erythrocyte cycle the parasite 

derives its nutrition from the digestion of haemoglobin. 

2.4 Endemicity Measures 

Malaria in pregnancy is closely related to the level of endemicity and therefore it is 

important to appreciate how endemicity is categorised. The traditional endemicity classification, 

which characterise malaria prevalence rates indicated the level of infection in a region of a 

country. WHO in 1950s classified endemicity based on enlarged spleen or parasite 'rates' in 2-9 

year old children and categorised as follows: hypoendemic as less than 10%; mesoendemic 11-

50%; hyperendemic 51-75%; holoendemic greater than 75% in 0-11 months for parasite rate 

(Snow 2002, WHO 1963). However many malariologists at the time found this classification sub

optimal in determining the intensity of transmission. Later Macdonald (1957) developed the 

classification defining stable and unstable transmissions, based on the transmission dynamics 

described by Sir Ronald Ross (Hay, et aI2008). Accordingly, stable transmission describes an 

equilibrium status where the population develops high levels of immunity due to continuous 

transmission. In unstable areas, there can be fluctuations in transmission leading to a lower 

immunity level among populations making them more prone to epidemics. Later, the 

entomological inoculation rate (EIR) was considered a better index of exposure as it provides a 

measure of exposure to infective bites of mosquito and transmission intensity. It is defined as 

the mean number of bites inflicted on an individual by mosquitoes infected with sporozoites per 

unit time. Based on EIR, malaria endemic regions are divided into high transmission when EIR is 

>10 infective bites per year and low when EIR <1 infective per year (Hay, et aI2000). More 

recendy, a new transmission strategy have been derived based on parasite prevalence in children 

aged 2-1Oyears (Gething, et al 2010, Hay, et. al 2009). In their model Gething et al classed 

endemicity as follows: malaria free or unstable, PjPR2_1O~5%, PjPR2_1O >5% to >40%, PjPR2_111 

~40% within stable transmission margins which was assumed as 1 clinical case per 10,000 

population per annum and unstable transmission as <1 clinical case per 10,000 population per 

annum. This classification identified malaria and non-malarial fevers corresponding to different 

endemicity levels. Their classification could be used as an indicator to predict malaria at varying 

endemicity and has potential for screening with diagnostic tool prior to treatment with 

antimalarial in fever cases. 
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The acquired pre-pregnancy immunity level is related to the transmissions level in a 

region where women reside with varying consequences in pregnancy. 

2.5 Pathogenesis 

The pathogenesis of malaria in pregnancy involves three different pathological mechanisms. 

These mechanisms depend on the epidemiology, transmission intensity and prevalent species in 

the area. The pathologies are: 

1. Pathogenesis of P fa/aparum infection of the placenta, which is considered the main cause 

of pregnancy malaria associated anaemia and low birth weight. 

2. Severe disease and cerebral malaria that occur more frequendy among pregnant women in 

low or unstable malaria transmission regions. 

3. Pathogenesis related to P.vivax infection during pregnancy which is found in much of 

Asia where transmission is mainly low or unstable. 

It is well recognised that pregnant women are more susceptible to malaria than non-pregnant 

women, regardless of transmission level (Desai, et a/2007, McGregor 1984). In high and stable 

P fa/aparum transmission areas women acquire substantial protective immunity through repeated 

infections by the time they reach reproductive age. The acquired immunity is altered in 

pregnancy. Furthermore, maternal malaria and its consequences are more pronounced in young 

first time pregnant women independent of age due to the acquisition of pregnancy specific 

immune responses to malaria (Brabin 1983). This parity dependent susceptibility is less marked in 

areas of low transmission, as seen in much of Asia. Many theories exploring the parity dependent 

susceptibility have been considered and how the pregnancy independent protective immunity of 

adulthood is altered in pregnant women in areas of stable P .fa/ciparum transmission. The 

mechanisms are described here with reference to the hypotheses on immune suppression and 

hormonal changes in pregnancy, and newer theories on humoral and cellular immunity and 

physiological and behavioural aspects are discussed (Beeson, et a/2005, Duffy 2001, Fried 2001, 

Rogerson, et a/2007b). 

2.5.1 Immuno-pathology of P.falciparum Placental Malaria 

2.5.1.1 Cytoadherence of the P./alctparum parasite 

The pathogenesis of placental malaria rests on the cytoadherence of P fa/ciparum infected 

erythrocytes within the placenta. Out of the five plasmodium species that infect humans, 

P fa/ciparum is the only species recognised to sequester in the placenta. The Italian pathologist 
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Bignami (1898) first observed the presence of P Jakipamm in the placenta and in 1915 Clark 

described the placental preference of P Jaltipamm (Clark 1915, Duffy and Desowitz 2001 ). Since 

then much has been learned about PJaldpamm infected erythrocytes in the placenta. 

PjEMP1: During the intra-e rythrocyte phase, P Jaldpamll1 species p rod uce effector protei ns 

termed Plasmodium falciparum erythrocyte membrane protein -l WfEMP1 ) that appear as knobs 

on the surface of infected erythrocytes (Figure 2:2) (I ivud 2007, Leech, el al 198-t , Winzeler 

2008). The P ffiMP l enables the infectecJ erythrocytes to cytoaclhere and sequester in the micro 

vasculature of orga ns such as the brain, lungs and placenta and evade splenic clearance. The 

adhesion of infected erythrocytes is interfered by the p roduction of antibodies by the host 

immune system . The parasite in turn evades the antibody response by undergoing clonic antigen 

variation ancJ is responsible for the virulence of the o rga nism. The adhesion liga nd known as the 

variant surface antigens (VSA) is encoded by the large fantily of liar gene (Smith, et al 1995). The 

VS.r\ can m ediate adhesion to several receptors on the vascular endo thelium such as CD3G, 

intracellular adhesion moleculc-l (I C .r\ M-l ), vascular cell adhesion m olecule-l (VCr\ M-l ) 

chond ro itin sulphate-r\ (CSr\ ) and others (Fried 2001, Rogerson, eI a/ 1997). 

FIGURE 2 : 2: ILLUSTRATION OF PARASITIZED ERYTHROCYTES WITH PFEMPl MOLECULES 

Other effector proteins 

Parnsitophorous vacuole membrane 

SOllm: IFill'.:;.eler. j\ 'a/I/fT: 2008 

PfEMP l binding domains of the lJCfr gene responsible for defined adhesio ns are the Duf~' 

binding-like (DBL) and the cysteine-rich inter-domain regions (C IDR) . The abili ty of P JaldpclrIll/1 

infected erythrocytes to adhere to CSA is linked to DBLy domains within particular PfEi\lP1 

va riants (l\ ndrews, et a12002, Kraemer, e/ {II 2000) . 

Characteristics of parasites cytoadhering in th e placenta: (SA is a low sulphated 

glycosaminoglyca n found in the placenta, in connectiye tissues and cartilaginous m atrix. Although 

other glycosaminoglycan molecules such as chondroiti n sulphate-B and chondroiti n sulphate-C 

are present, paras ites do not appear to adhere to them. Since these molecules differ in the 
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position o f the sulphate bond, it is believed that sulphate bonds may playa role in binding (Fried 

2001). O ther molecules such as hyaluronic acid and Fc receptor have previously been implicated 

as receptors. H owever, a recent study demonstrated that infected erythrocytes in the placenta 

bound to CSA and not to hyaluronic acid and the role o f hyaluronic acid related binding is likely 

to be small (Fried, ct a12006, Muthusamy, ct aI 2007) . 

T he characteristics o f parasitized erythrocytes in the placenta differ from isolates obtained 

from non-pregnant women. The parasitized erythrocytes are adherent throughout the intervillous 

spaces, whereas in other tissues sequestered erythrocytes are seen in apposition with vascular 

walls (Figure 2:3) (Andrews and Lanzer 2002, Smith, ct aI2004) . Parasite infected cells in the 

placenta do no t appear to form rosettes with uninfected cells and agglutination is variable 

(Brabin, ct a12004, Rogerson, ct aI2007b). 

FIGURE 2: 3: THE DIFFERENCE IN ADHERENCE OF PARASITIZED ERYTHROCYTES IN THE PLACENTA AND IN 
OTHER MICROVASCULATURE 

Microvasculature 

CSA matrix 

Source: Smith JD et al JEM, 2004 Source: Andre/vs KT et al Parasitol Res, 2002 

T he parasitized erythrocytes in the placenta adhere to glycosaminoglycans (CSA) but not 

to receptors like CD 36 and rCAM-1, which are well recognised cytoadherent receptors of non

placental infected cells (Fried, cl a/ 1996, Rogerson, et aI 1995). T hese features make the placenta 

infecting P falcip amm different from parasites infecting o ther tissues and supports that a 

phenotypically distinct sub-population o f P falcipamm infects the placenta. 

Var2CSA : Two var genes, FCR 3varCSA later renamed var1 CSA and var2CSA were initially 

implicated in CSA adhesion ligands. A fter several experimental studies the var2CSA has been 

sugges ted as the principal ligand responsible for CSA binding (Gamain, et a1 2005, Salanti, et al 

2004). T he var2CSA contain multiple DBL domains termed DBLX responsible for mediating 

cytoadhesion and lack the DBLy and CrDR domains found in other var genes (Kraemer and 

Smith 2006). The difference of the var2CSA structure with the multivalent DBLX domains is 
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considered to have a role in placental sequestration. Also the fact that the disruption of var2CSA 

interfered with the ability to acquire CSA adhering phenotype supports the pregnancy associated 

relevance of this gene sub-family (Duffy, ct aJ 2006). 

2.5.1.2 Recent theories 

Humoral Immunity: McGregor (1984) hypothesised that "pregnancy establishes an extremely 

vascular organ that shields the parasite from destruction by extrauterine immune effector 

mechanisms". Recent studies on the plasma of CSA binding P jaJdpamm infected erythrocytes in 

placental isolates demonstrated an immune response after the ftrst pregnancy. Thus, the placenta 

becomes a naive target in fust pregnancies for the phenotypically distinct CSA binding parasites. 

This theory was further supported by the demonstration of anti-adhesion antibodies in plasma of 

multigravid women that inhibited parasite binding to CSA, but no inhibition was found in plasma 

from primigravidae and male adults (Fried, ct aJ 1998b, Ricke, ct aJ 2000). These ftndings explain 

the increased susceptibility of primigravidae and the decreasing risk of malaria in subsequent 

pregnancies in stable transmission regions. The same study showed variable activity among primi, 

secundi and multigravidae with delayed acquisition of antibodies against CSA binding parasites in 

sera from Karen women in Thai-Burmese border showed. The delay in acquiring humoral 

immunity is explained by less exposure occurring in this population associated with lower 

transmission. This supports the higher occurrence of symptomatic cases and less prominent 

gravidity-speciftc effect seen in low transmission areas. 

Anti-adhesion antiboc!J: In vitro studies performed to assess the timing of the acquisition of 

pregnancy associated VSA-IgG suggest that antibodies to the placenta binding isolates developed 

on fIrst exposure around 20 weeks of gestation in primigravidae (Gamain, et aJ 2007, O'Neil

Dunne, ct aJ 2001). The fact that antibodies are lacking early in fust pregnancies also suggests that 

they appear after blood circulation to the placenta is established at around 10-12 weeks (Carter 

1997). Further, the timing corresponds to the presence of chondroitin sulphate glycans in the 

intervillous space which appears by the end of fIrst trimester and support adhesion of parasitized 

erythrocytes (Agbor-Enoh, ct aJ 2003). These studies showed that anti-adhesion antibodies to the 

CSA binding laboratory isolates appear later in primigravidae (20 weeks) than in multigravidae (12 

weeks). The early appearance of antibodies in multigravidae imply that after ftrst pregnancy there 

is a boost to immune response with re-exposure and may also explain improved outcomes 

associated with malaria in multigravid women. This was observed in a study which showed 

increased birth weight and gestational age associated with higher presence of anti-adhesion 

antibodies on placental plasma isolates taken from secundigravidae in western Kenya (Figure 
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2:4) (Duffy, et aI2003). Another study showed low or absent VSA-PAM-IgG in histologically 

identified chronic placental infections was associated with a lower haemoglobin and lower birth 

weight (Staalsoe, et aI2004). 

The above described studies show that there is a parity specific association ill the 

acquisition of antibodies that inhibit adherence of P .falcipan-tm infected erythrocytes to the 

placenta. The observations also demonstrate that the presence of anti-adhesion antibodies is 

protective of malaria associated adverse outcome in pregnancy. Furthermore, the protective 

antibodies develop from 10-12 weeks onward and become apparent at around 12 weeks gestation 

in multigravidae exposed in a previous pregnancy to malaria and around 20 weeks gestation in 

first time mothers. 

FIGURE 2: 4: ANTIBODY RESPONSE AND PROTECTION FROM ANAEMIA AND LOW BIRTH WEIGHT 
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Immunomodulation theory: Wegmann et al proposed that for the 'fetal allograft' to reach term, 

Th2-type response is enhanced in pregnancy and Th1 mediated response is down regulated 

(Wegmann, et aI1993). On the other hand, murine studies showed that the pathogenecity of 

diseases controlled by Th1 immunity is increased with the switch to Th2 response in pregnancy. 

The study also demonstrated the presence of Th1 cytokine, IFNy and TNFcx inhibit fetal 

development and resulted in termination of normal murine pregnancy (Krishnan, et al 1996, 

Raghupathy 1997). Intracellular infections that require type1 response such as toxoplasmosis, 

leishmaniasis, tuberculosis and leprosy are known to exacerbate in pregnancy. For malaria, some 

earlier studies demonstrated a decrease in lymphoproliferative T cell response particularly in 

primigravidae (Rasheed, et aI1993). A likely explanation for the suppression of Type 1 response 

has been the increased levels of cortisol observed in pregnancy. Nevertheless the Th1/Th2 shift 

in pregnancy provides a dichotomous situation in the host that inhibits the typel response 
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required to contest the malaria parasite, whereas strong type 1 responses induce the cascade of 

proinflammatory cells which are associated with negative pregnancy outcomes. 

Cellular Immunity: Several studies have shown a shift of the above described Th2 bias in 

placental malaria. The sequestration of parasitized erythrocytes, mainly mature stage trophozoites 

and schizonts in the intervillous spaces of the placenta elicit a pro and anti-inflammatory 

response drawing monocytes and macrophages to the placenta. One placental histological study 

described massive monocyte inflltrates elicit a response with Thl inflammatory cytokines, TNF

ex, INF-y, IL-2 and IL-6 (Ordi, et al 1998b). Other studies on placental malaria isolates have 

shown an elevation of TNFex was associated with maternal anaemia and both TNFex and INF-y 

was elevated in the case of low birth weight (Fried, et al 1998a). Similarly, a study conducted 

among Malawian pregnant women found that TNFex, but not IFNy, was associated with impaired 

fetal growth (Rogerson, et aI2003c). Another study conducted on in-vitro cytokine production 

found that increased production of INF-y in uninfected placentas of multigravid women was 

associated with a protective effect on placental malaria (Moore, et aI1999). While differences in 

study methods may explain differences in the results, it shows that increased production of Th 1 

cytokines is associated with adverse pregnancy outcome. Thus, the activity of 

monocyte/macrophage related inflammatory mediators are a possible source of maternal 

anaemia, low birth weight and premature delivery in women with placental malaria. 

Several chemokines such as interleukin-8, macrophage inflammatory proteins MIP lex and 

MIP 1 ~ that are chemotactic for monocytes have been associated with placental malaria. 

Increased levels of macrophage inhibitory factor (i\HF) were found in Kenyan women with 

placental malaria (Chaisavaneeyakorn, et al 2005). Macrophage inhibitory factor is a cytokine 

considered to modulate protective immunity in pregnancy by activating macrophages with ability 

to overcome the immunosuppression of glucocorticoids. More recent immunohistochemical 

studies have reported changes in cytokine and chemokine expressions associated with 

interactions between infected erythrocytes binding to the syncytium (Lucchi, et al 2008). This 

interaction in tum is considered to stimulate migration of mononuclear cells, suggesting a direct 

role of syncytiotrophoblast in the pathogenesis of placental malaria. In general, histological 

studies have found an association between pigmented monocytes and maternal anaemia and low 

birth weight. Although not clearly understood, it is thought that mononuclear cells playa role in 

the pathophysiology of poor fetal growth associated with placental malaria. In this regard some 

investigators have implicated that localized inflammation trigger monocyte inflltrates which could 

impair fetal growth by decreased transplacental transfcr of amino acids and glucose (Rogerson, et 

al 2007a). Others have suggested massive monocyte infiltrates may contribute to placental 
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hypoxia resulting in decreased oxygen availability to the fetus (Graham, et al 2000). However, a 

current study that used the laser capture micro dissection method could not demonstrate an 

association between placental malaria related hypoxia and fetal growth retardation (Boeuf, et al 

2008, Rogerson and Boeuf 2007a). 

Some authors have discussed a link between hypertension and malaria in pregnancy 

suggesting malaria as a risk factor for preeclampsia (Brabin, et aI2005). In this regard a recent 

study showed an association between hypertension and chronic placental malaria in young 

primigravidae (Muehlenbachs, et al 2006). The authors implied an underlying maternal-fetal 

conflict in the inflammatory response related to the expression of vascular endothelial growth 

factor (VEGF) on maternal macrophages. 

Taking all the above discussed studies together, it appears that mononuclear cells 

(monocytes/macrophages) are the key inflammatory cells responsible for the pathogenic 

mechanism of placental malaria and its adverse outcomes. 

Other inflammatory cells such as polymorphonuclear cells and to some degree the 

presence of T and B cells in placental infections have also been reported. Few studies have 

shown the presence of other innate cells that have a role in adaptive immune response. Natural 

killer (NK) cells were found absent in one study, while a more recent study showed an increased 

presence in placental malaria (Ordi, et al 2001, Sartelet, et al 2005). However detailed 

characteristics of these cells in placental malaria have not been explored. 

2.5.1.3 Early hypothesis 

Immunosuppression and cortisol theory: Increased susceptibility to P falciparum infection 

during pregnancy through immunosuppression by pregnancy associated hormones has been 

considered previously. The studies by van Zon et al demonstrated a correlation between 

increasing levels of cortisol and loss of immunity in mice models (van Zon, et a11982, van Zon, et 

al 1986). Later, studies conducted on pregnant women by Vleugels et al showed a causal 

relationship between serum cortisol levels and suppression of malaria immunity (Vleugels, et al 

1989, Vleugels, et aI1987). With a renewed interest in the cortisol theory, a recent longitudinal 

study conducted on Gabonese women suggests that sustained increase in cortisol level underlies 

the increased susceptibility of pregnant women to malaria, particularly primigravidae (Bouyou

Akotet, et aI2005). Other pregnancy hormones, oestrogen and progesterone that influence the 

development of T cells and cytokine production have been suggested to increase susceptibility. 

Although the cortisol theory suggests the susceptibility to malaria during pregnancy, it alone does 
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not explain the sequestration of P jalciparnm and the inflammatory and immune response that 

occur with cytoadhesion of the parasite in the placenta. 

2.5.1.4 Mosquito Attractiveness 

Exposure physiology: The work of Lindsay et al (2000) demonstrated that increase in exhaled 

breath and their warmer skin surface attracted Anophelese gambiae mosquitoes to pregnant women 

more than non-pregnant women. Some of the contents of exhaled breath are thought to allow 

mosquitoes to locate its target host. Secondly it was thought the warmer skin surface increased 

the release of volatile substances producing larger host signature and attractiveness to 

mosquitoes. 

Behaviour. Changes in behaviour during pregnancy with women having to go outside more 

frequently to urinate at night is also thought to increase the exposure to night biting mosquitoes. 

Although there is no study, we could speculate the possibility that pregnant women in 

rural Madhya Pradesh could be exposed to mosquitoes similar to that observed in the Gambian 

study. The two vectors, Anopheles culicifacies and A. fluvitalis present in Madhya Pradesh prefer to 

feed during early evening, but bites throughout the night until dawn. 

2.5.2 Pathogenesis in low malaria endemic areas 

Symptomatic malaria is more common in pregnant women in low endemic regions and if 

left untreated can rapidly progress to severe disease (Nosten, et aI2004). The data from this 

region suggests that pro-inflammatory response to P jaldparum infection mediates release of 

pyrogenic cytokines, which is not pregnancy specific (Hens mann, et aI2001). The cascade 'of 

events related to pro inflammatory cytokines is likely to lead t~ abortions, premature births and 

still births. High parasite density within the placenta and thus dense placental accumulation is rare 

compared to regions of high transmission (McGready, et al 2004). Less concentration of 

parasitaemia within the placenta perhaps reflect the accumulation of infected erythrocytes in 

other organs and increase in complications such as cerebral malaria. Alternatively the duration of 

the average infection may be shorter because infection become symptomatic and women could 

be more likely to seek care, or deliver prematurely. Although direct data on the immune

pathology of placental malaria are limited from low transmission setting, several studies on non

immune pregnant mice have shown placental infections induced pro inflammatory cytokines 

leading to severe maternal and fetal pathologies (Hviid, et aI20lO). 

Although the immuno-molecular pathology associated with P faltiparum infection in 

pregnancy is becoming clearer, yet the exact mechanism affecting low birth weight is poorly 
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understood. Whether the increased susceptibility of pregnant women and low birth weight 

associated with malaria in pregnancy is predominantly a parasite effect, or a host effect in 

response to infection or a combination of parasite-host responses remains to be investigated 

further. 

2.5.3 Pathogenesis of P. vivQX infection 

P .foldporum placental malaria associated outcomes of maternal anaemia and low birth are 

also observed with P.vivax' infections, yet P.vivax' is not known to sequester in the placenta. This 

raises the question whether factors other than placental sequestration of infected erythrocytes 

have a role in the pathogenesis of pregnancy malaria. 

Systemic infection rather than localised placental inflammation has been suggested 

underlying the pathology for P.vivax' infection (ter Kuile, et 01 2008). Additionally, biological 

factors specific to P.vivax' are thought to contribute to the pathology of P.vivax' in pregnancy. 

These include the preference of P.vivax' to invade reticulocytes which may influence the decrease 

in maternal blood viscosity associated with reticulocytosis during pregnancy (Duffy 2001). 

Another feature is rosette formation which has been linked to the cytoadherance phenomenon of 

P.faldparum in non-placental tissues and has been observed ex vivo in P.vivax. The mechanisms 

postulated for P.vivox associated anaemia include oxidative damage of host mediators and 

cytokine related dyserythropoiesis (Anstey, et 0/2009). 

Since all the stages of the P.vivax' parasite are detected in peripheral blood, it is implicated 

that it does not cytoadhere in deep tissues similar to P .foldparum. However, a recent study using 

isolates from P.vivax' infected patients have demonstrated cytoadherence in static and flow 

conditions to endothelial and placental cryosections (Carvalho, et al 2010). The receptors 

implicated to cytoadhere in P.vivax' infected erythrocytes were ICAM-l and CSA, although the 

charge was weaker than that observed with P .falciparum. The experiment was in part mediated by 

the vir protein, which is a multi gene family specific to P.vivax' that was reported in 2001 (del 

Portillo, et 0/2001). The vir gene which encodes immunovariant proteins are thought to have a 

functional role in chronic P.vivax' infections through antigenic variation. These are interesting 

developments and with increasing focus on P.vivax' malaria, future investigations are likely to 

unravel the pathogenesis of P.vivax' malaria in pregnancy. 
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2.6 Clinical Burden of Malaria in Pregnancy 

2.6.1 Maternal Malarial Anaemia 

2.6.1.1 Prevalence of malarial anaemia 

Anaemia is common in pregnant women in tropical countries with a prevalence ranging 

from 40%-60% (WHO 2008a). In these countries malaria is one of the major preventable causes 

of moderate to severe anaemia. Other causes of anaemia in pregnancy are iron, folate and vitamin 

A deficiency, helminth infections, haemoglobinopathies, HIV and other chronic infections. 

Anaemia in pregnancy is defined by a haemoglobin level below 11g/dL and a level less than 

7 g/ dL defines severe anaemia (WHO 1992). Estimation of the contribution of malaria to 

anaemia is not easy from observational studies because anaemia is not a standalone problem in 

malaria endemic regions. In one analysis which looked at 26 studies in sub-Saharan Africa it was 

estimated that 400,000 pregnant women could have had severe malarial anaemia in 1995 with 

8.2% being the median prevalence for severe anaemia (Guyatt, et at 2001 b). A more recent review 

stated 5-10% pregnant women might develop severe anaemia in Africa with 26% attributable to 

malaria among pregnant women of all gravidities (Desai, et a/2007). Anaemia is more frequent in 

primigravidae in sub-Saharan Africa and during the rainy season when malaria transmission is 

higher (Bouvier, et a/ 1997, Brabin, et a! 2001, Shulman, et a/2002). In Asian countries women of 

all gravidity are equally at risk of malarial anaemia. Similar effect is also observed with P.mvax 

associated anaemia (Nosten, et a/ 1999, Poespoprodjo, et a/2008). The risk of severe anaemia is 

reduced by 38% by prevention of malaria either with antimalarial prophylaxis or with intermittent 

preventive treatment (Gamer, et a/2006). Systematic reviews of trials suggest that successful 

prevention of malaria in pregnancy can reduce maternal an~emia (Hb<l1g/dL) by only about 

10% in sub-Saharan Africa, whereas the impact on moderately severe anaemia (Hb <7 or 8g/ dL) 

is greater (25%)(Gamble, et a/2007, Gamer and Gulmezoglu 2006, ter Kuile, et a/2007). 

2.6.1.2 Aetiology of maternal malarial anaemia 

Maternal anaemia due to P Ja/dparum infection is caused by haemolysis of infected and 

uninfected erythrocytes and dyserythropoeisis. Placental infections intensify maternal anaemia 

with the induction of monocytes and release of TNF which suppress erythropoiesis (Moormann, 

et a! 1999, Rogerson, et a! 2003b). In pregnancy, anaemia is further aggravated by iron and folate 

deficiency which may develop secondary to haemolysis. Haemozoin pigment induces cytokines 

which mediates induction of hepcidin, an iron regulating peptide hormone (Ganz 2005, Nemeth, 

et a/2005). A recent study has reported the presence of hepcidin in placental macrophages in 
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cases of malaria (Muehlenbachs, et aI2007b). Hepcidin which is responsible for iron homeostasis 

may explain the interaction between malaria infection and iron deficiency. 

2.6.1.3 Placental malaria and iron deficiency 

Iron and folate supplements are recommended for pregnant women to improve the 

adverse effects associated with moderate to severe anaemia on maternal and infant health. In a 

Cochrane review of 40 trials the authors found women receiving daily oral iron supplementation 

antenatally were less likely to develop iron-deficiency anaemia at term (pena-Rosas, et aI2006). 

However, few studies have looked at the effect of iron treatment in pregnant women with 

malaria. An earlier study in Papua New Guinea found more perinatal malaria was associated with 

parentral iron in primipara compared to multiparous women. In this study there was no evidence 

that parental iron had any effect on fetal maturity or birth weight (Oppenheimer, et 011986). 

Another study that used oral iron supplements reported reduction of anaemia and iron deficiency 

with no increase in malaria infection (Menendez, et 01 1994). Recent studies have reported 

conflicting results on the response of iron in cases of malaria in children (de Benoist, et 01 2006, 

Sazawal, et 012006, Tielsch, et 012006). Ibis has raised questions on the benefit of routine iron 

and folate supplementation in malaria endemic regions. Interestingly, a study in Tanzania found a 

decreased risk of placental malaria in women with iron deficiency especially in primigravid 

women (Kabyemela, et 01 2008). A subsequent study that reanalysed cross-sectional data from 

1998 reported a 33% reduction in the risk of P .folciporum infection associated with iron deficiency 

in pregnant Ghanian women (Danquah, et 012008). Similarly, a recent study found acute or 

chronic placental folciporum malaria was less frequent in Malawian women with iron deficiency 

(Senga, et 01 2011). Whether the association between iron deficiency and placental malaria 

observed in these studies relates to reduced parasite growth due to iron deficiency would be 

interesting to explore in future studies. Studies are ongoing to determine if iron supplementation 

in iron deficient or replete women may increase the risk of malaria (Hans Verhoeff, personal 

communication). 

2.6.2 Low birth weight 

Low birth weight defined as weight less than 2500g or 5.5lbs occur more frequendy in 

developing! countries (16.5%) than in the developed countries (7.0%). The dichotomised birth 

weight definition is based on observations that the risk of death is 20 times higher with birth 

weight <2500g (MacDorman, et 011998, WHO 1950). Low birth weight is therefore an important 

1 The terms developing and developed countries that appear in this thesis are based on Human Development Index 
(HOI) that is used by the UN to determine whether a country is developed, developing or under developed. HOI is a 
comparative measure of life expectancy, literacy, education & standard of living for all countries worldwide. Refer to 
http:/hdr.undp.org/hdr2006/statistics for more details. 
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predictor of infant mortality and childhood morbidity and influences chronic diseases of 

adulthood. However, the causal association between low birth weight and mortality 111 

populations has been debated by some investigators (\X'ilcox 2001). 

Multiple factors affect low birth weight which includes fetal, maternal, genetics and 

environmental factors. The fetal factors shows fIrst born babies are lighter than subsequent birth 

order in babies and females have lower weight at birth than male babies. The maternal factors 

that affect birth weight are the mother's stature (height) and weight, her nutrition before and 

during pregnancy, socio-economic status and behavioural habits such as smoking and alcohol 

consumption. In addition infections affect birth weight and malaria is a major infectious cause 

and an important preventable determinant of low birth weight. 

2.6.2.1 Falciparum endemic sub-Saharan Africa 

Prevalence and risk ollow birth weight: In P .fa/ciparllm endemic high transmission areas the risk 

of low birth weight is highest among primigravidae, the group most affected with malaria 

infection in pregnancy. The prevalence of low birth weight in primigravidae was in the range of 

7% - 40.5% by one study that analyzed 33 African data-sets (Brabin, ct al 1999). The overall 

prevalence of malaria associated low birth weight was in the range between 12% - 20% (Steketee, 

et a/2001). 

The risk of low birth weight associated with placental infection is twice that in uninfected 

women in stable transmission settings (Guyatt and Snow 2004). This is different in low or 

unstable African transmission settings with a higher risk of low birth weight associated with 

malaria. For example, in stable and unstable regions of Ethiopia, the relative risk of low birth 

weight was 3.2 and 3.9 for the two regions (Newman, ct a/2003). In Madagascar where the 

prevalence of malaria was lower in the highlands (2.1 %) than in lowland clinics (26.2%), the risk 

of low birth weight associated with placental infections was greater in the highlands (Cot, ct a/ 

2002). 

The types ollow birth weight: Low birth weight occurs either due to preterm birth (pre term

LBW) or intrauterine growth restriction (IUGR-LBW). Studies in the 1950s described all low 

birth weight associated with malaria infections as preterm births (Archibald 1956, Bruce-Chwatt 

1952, Cannon 1958). At the time, the simple criteria of birth weight <2500g or 5.5lbs was used to 

deftne prematurity because a method for differentiating between preterm-LBW and IUGR-LBW 

was not in use. Even now, obtaining precise estimates of gestational age are difftcult in malaria 

endemic regions, because women are uncertain of their date of last menstruation. To overcome 
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this, researchers have used the modified Dubowitz or Ballard score to assess gestational age 

(Ballard, et a11979, Dubowitz 1969). A system for defining IUGR was derived after (Lubchenco, 

et al 1963) demonstrated that the risk of perinatal morbidity and mortality increased as birth 

weight for age decreased from the 10th percentile to 1 st percentile. Since then research studies 

have used different definitions to distinguish IUGR or small-for-gestational-age (SGA) 

depending on the reference population used to define the percentiles, aetiology and impact. 

Placental malaria and the type of low birth weight: Determining the type of low birth weight 

is important in terms of the clinical burden as the impact on neonatal morbidity and morbidity 

differ in preterm and IUGR-LBW babies. Studies which distinguished the two types of low birth 

weight showed that IUGR-LBW is more common in stable malaria transmission settings; 

whereas preterm-LBW is more frequent in low transmission areas. This suggests the type of low 

birth weight depends on the malaria transmission pattern, pre-pregnancy exposure of pregnant 

women and thus the likelihood of symptomatic malaria and to some extent the timing of 

infection. One analysis that distinguished preterm-LBW and IUGR-LBW in high transmission 

setting reported malaria was responsible for 8-36% premature deliveries while IUGR-LBW was 

13-70% (Steketee, et aI2001). 

The grade of infection during the course of pregnancy influences whether a baby is an 

IUGR-LBW or a preterm birth. In this regard, one study found the presence of parasitaemia at 

delivery was associated with preterm delivery while parasitaemia in the antenatal period was 

associated with IUGR-LBW (Sullivan, et aI1999). Another study reported preterm birth was 

increased in presence of placental parasitaemia (Kalanda, et aI2006). These observations suggest 

that acute placental infections or infection occurring close to delivery may result in preterm birth. 

On the other hand fetal growth maybe primarily affected through chronic infection resulting in 

IUGR-LBW. This is further supported by placental histological studies that observed a 3 fold 

increase in preterm birth in cases of active placental infections whereas IUGR-LBW was 

associated with chronic inflammation (Menendez, et aI2000). 

2.6.2.2 Malaria Endemic Regions of Asia 

Prevalence: Few studies from the Asian region have reported on malaria in pregnancy associated 

low birth weight. Estimates of 16% and 18% prevalence of low birth weight associated with 

P .falciparum were reported in Thailand and Papua, Indonesia respectively (Luxemburger, et al 

2001, Poespoprodjo, et al 2008). A much higher estimate of 89% low birth weight in malaria 

infected women compared to uninfected women was reported in a hospital based study in 

Madhya Pradesh, India (Singh, et aI1999a). These were studies based on maternal parasitaemia 
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and may not reflect the prevalence of iow birth weight associated with placental infections in 

these settings. Nevertheless, a recent review showed that low birth weight associated with 

P fa/cipamm occurring in regions of Asia and S. America was comparable to the African settings of 

similar transmission intensity (Desai, et a/2007). 

Type of low birth weight and risk: Past reports from Asia has suggested preterm births to be a 

more likely contributing factor of low birth weight in Asian setting where malaria transmission is 

generally low, seasonal or epidemic and with infections more likely to be associated with 

symptoms (Menon 1972, Wickramasuriya 1937). Recent studies in Thailand and Papua Indonesia 

estimated a prevalence of preterm birth at 11 % and 16% respectively (Luxemburger, el a/2001, 

Poespoprodjo, et a/2008). The risk of low birth weight associated with placental malaria reported 

from Thailand was 1.8, and that in asymptomatic Papuan, Indonesian women was 1.9. Although 

these figures are comparable to that found in high transmission areas of Africa, the risk of 

preterm birth related to malaria preceding delivery is more frequent in Asia (Luxemburger, el a/ 

2001). These studies suggest that lower acquired immunity results in symptomatic malaria leading 

to preterm delivery. 

2.6.2.3 Impact of low birth weight 

The mean reduction of birth weight observed in Thailand for P fakipamm infection was 

151g in babies of primigravidae and 185g for second and third pregnancies (Nos ten, et a/ 1991). 

Similarly a reduction of 1929 was seen in Papua, Indonesia (poespoprodjo, et a/ 2008). A more 

marked reduction was observed in India (350g) (poespoprodjo, et a/ 2008, Singh, et a/ 1999a). 

However, the Indian study was based on a selected sample of symptomatic women all belonging 

to lower socioeconomic status with a control group of women with fever, both groups admitted 

in hospital. In addition there was no mention of the weighing scale and how and when babies 

were weighed. Furthermore, neither the mean birth weight of the study population nor the 95% 

confidence interval was stated, which makes it unclear where the true value of the mean 

difference in birth weight lies in the study population. Interestingly, early African studies reported 

comparable reductions of birth weight associated with placental malaria. Bruce-Chwatt found an 

average of 145g reduction, while Archibald reported a 170g decrease and Jelliffe observed 263g 

decrease in mean birth weight (Archibald 1958, Bruce-Chwatt 1952, Jelliffe 1968). Accordingly, 

despite differences in transmission, similar reductions of birth weight for P fa/dpamm was 

reported for the two settings in the range of 35-31Og in a recent review (Desai, et a/ 2007, Guyatt 

and Snow 2004). However, in Thailand, unlike in Africa, birth weight reductions were observed 

in first, second and third pregnancies with less marked gravidity effect. 
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2.6.2.4 P. vivax and low birth weight 

P.viva)( associated low birth weight data is reported mainly from Asia. Although the 

impact is less severe than Pfalciparum, a decrease in mean birth weight reductions of 107g and 

108g was observed in Thailand and in Papua, Indonesia (Nosten, et a11999, Poespoprodjo, et al 

2008). Considerable reduction in mean weight was also observed in multigravidae. This contrasts 

to observations with P falciparum and in high transmission settings, where low birth weight occurs 

primarily in primigravidae. A 1.6 fold increase in the odds of having a low birth weight when 

infected with P.vivax was reported in the Thailand study. In the Indonesian study, the risk of 

P.vivax associated preterm increased in the presence of fever while low birth weight associated 

with asymptomatic infections were also observed. 

2.6.2.5 Fetal, Newborn and Infant Outcome 

Abortions and Stillbirths: Severe malaria in pregnancy is associated with fetal loss resulting in 

abortions and stillbirths. Stillbirths ranging from 6%-13% and abortions between 2%-11 % were 

reported from six different hospital based studies in India (Das 2000, Kaushik, et aI1992, Kochar 

DK, et a11998, Nair, et a11993, Singh, et aI1995). Similarly, studies from Myanmar, Thailand and 

Indonesia have accounted for stillbirths in women with severe malaria (Luxemburger C, et al 

1997, Meek 1988, Naing, et a11988, Poespoprodjo, et aI2008). The 1908 Punjab epidemic had 

documented 1100 cases in total for stillbirths, miscarriages and abortions among 4600 infected 

pregnant women (Christopher 1911). In the 1934-35 Ceylon (Sri Lanka) epidemic 13% fetal loss 

was reported. These suggest that severe malaria in pregnancy is associated with fetal loss and it is 

predominandy observed in epidemic prone low transmission areas. However, a recent review of 

twenty five malaria specific African studies reported a two-fold increase in the odds (2.19) for 

stillbirth with placental malaria (van Geertruyden, et aI2004). In this analysis, consisting of mainly 

hospital based cross-sectional studies, fetal mortality for Africa was reported to range from 

2.3/1000 to 111/1000 live births. The same review included eleven studies from regions outside 

Africa and found fetal mortality ranged from 12/1000 to 27/1000. The overall fetal mortality in 

malaria-endemic countries was double that found in non-endemic countries. Additionally a 

systemic review of trials on malaria control has shown effective prevention resulted in 33% 

reduction of spontaneous abortions and stillbirths (Gamble, et aI2006). These findings highlight 

that even though severe malaria associated fetal loss is more frequent in low transmission setting 

it also occurs in high transmission settings. 
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Perinatal and neonatal mortality: Several studies have shown increase in mortality in malaria 

associated low birth weight babies (Greenwood, ct aI1992, Guyatt and Snow 2004). In early 20th 

century, Blacklock (1925) reported 35% babies born to women with placental infections died 

within 7 days of life compared to 5% in the uninfected women (Blacklock, et aI1925). Another 

study from Nigeria showed early neonatal mortality doubled for babies born with infected 

placenta compared to women without malaria (Cannon 1958). Recently, studies have looked at 

the impact of placental malaria association specifically with low birth weight and infant survival. 

A study from Malawi found the risk of perinatal morbidity and mortality increased for low birth 

weight babies born to women with malaria infection (Nyirjesy, et aI1993). Another review from 

sub-Saharan Africa suggested that malaria in pregnancy could be an indirect cause accounting for 

11 % neonatal and 5.7% infant deaths in Africa. In the same review, the estimates for infant 

deaths were 9.8% in primigravidae and neonatal mortality was nearly double (17.6) (Guyatt, et a/ 

2001a). A later review of 117 studies found the mean perinatal-mortality in malaria endemic 

countries was 61/1000 whereas 25.8/1000 was in non-endemic countries (van Geertruyden, et al 

2004). An earlier study estimated up to 200,000 infant deaths associated to malaria in pregnancy 

could occur in malaria endemic Africa per year (Steketee, et a/ 2001). While these studies indicated 

malaria to be an important determinant of neonatal mortality, effective malaria prevention have 

shown to reduce 27% of perinatal mortality (Gamble, et aI2006). 

Several studies have implied the mechanism underlying neonatal mortality associated with 

placental malaria. Babies born to women with placental P .faldparum malaria have impaired 

immune responses which make them more susceptible to infections during infancy and the 

neonatal period (Brabin, et a/2004). Studies in Malawi, Papua New Guinea and the Gambia 

reported reductions in placental antibody transfer reflecting either interference or saturation of 

sysncytiotrophoblast receptors with non-specific immunoglobulins (Brair, et a/ 1994, de Moraes

Pinto, et a11998, Okoko, et al2001 b). This is a factor suggested in babies born to malaria infected 

women showing increased susceptibility to streptococcal infections (Okoko, et aI2001a). In stable 

P faldparum endemic Africa, placental malaria and anaemia are associated with early priming of 

malaria antigens partly explaining protection of neonates born to semi-immune from malaria. In 

contrast, in low transmission areas, as in much of Asia where women have low malaria immunity 

placental malaria could lead to neonatal and infant deaths (Luxemburger, et a/ 2001, 

Wickramasuriya 1937). 

Infant morbidity and mortality: Malaria associated low birth weight contributes considerably to 

infant mortality in Africa. In one analysis, the fatality rate of malaria associated low birth weight 

was estimated at 37.5% accounting for 3-17 deaths per 1000 live births. These statistics estimated 
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that malaria associated low birth weight morbidity to be 167,000-976,000 cases and 62,000-

363,000 deaths in <5 years children each year (Murphy, et al 2001). Based on these figures 

another review estimated 100,000 infant deaths could occur due to malaria in pregnancy 

associated low birth weight (Guyatt and Snow 2004). These figures indicate the high burden of 

low birth weight associated with malaria in pregnancy and that it is responsible for 35% of 

preventable low birth weight. However, with effective control either with IPTp or chloroquine 

prophylaxis there is a 43% reduction as shown by one review (Garner and Gulmezoglu 2006)0. 

An earlier study showed failure to use IPT, chemoprophylaxis or ITN in pregnancy could 

contribute to 26-82% of low birth weight and 3-8% infant mortality (Steketee, et al 2001). 

Importandy malaria related low birth weight is a measurable indicator of neonatal and infant 

outcome. In this regard, the birth weight nomogram developed for Africa is a useful 

epidemiological indicator of malaria control (Brabin, et al1999). 

In/ant outcome in Asia: Far fewer studies from Asia have looked at the impact of malaria related 

low birth weight on infant outcome. Thailand where most of the Asian malaria in pregnancy 

information comes from found neonatal mortality increased in malaria related preterm LBW 

(Luxemburger, et al2001). The risk of early infant death was also higher in this group when 

maternal fevers preceded delivery. One community study from Koraput in Orissa, India reported 

17% neonatal deaths associated with maternal malaria (Das 2000). More studies are needed for 

understanding the consequences of malaria in pregnancy associated low birth weight in the Asian 

epidemiological setting. 

Consequences to the child: Some recent studies have reported on malaria susceptibility in early 

childhood associated with the presence of placental malaria at delivery. Two studies, one from 

Gabon, and another from Tanzania both found infants born to women with P.falciparum placental 

infections were at higher risk of developing clinical malaria in early childhood compared to those 

born to women without malaria (Klein Klouwenberg, et al 2005, Schwarz, et al 2008). 

Interestingly both studies also found that infants born to multigravidae had a higher risk of 

infection than infants of primigravidae even after adjusting for HIV infections. An earlier study 

conducted in Cameroon that followed children for first 2 years of life found infants between ages 

4-6 months were at higher risk of infection when born to women with placental infection (Le 

Hesran, et al 1997). They also observed between ages 17-26 weeks the survival rate decreased in 

the offspring's of placenta infected women while parasite prevalence was consistendy high up to 

18 months age. These findings suggested that offspring's of placenta-infected women are at 

higher risk of malaria in infancy. Additionally, the observations of multigravidae related infant 
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morbidity in the Gabon and Tanzania study suggest a shift in the impact of malaria in pregnancy 

from primigravidae to women of all gravidity in the African setting. 

Congenital malaria: Although previously considered as uncommon, case reports of congenital 

malaria are increasing in current literature. Prevalence ranging from 0.3% to 33% has been 

reported for congenital malaria with more sensitive diagnostic tests (Desai, et a/2007, Vottier, et a/ 

2008). Many studies have also described the presence of cord parasitaemia, although compared 

with the prevalence of placental infections, the corresponding level of cord parasitaemia and 

congenital malaria is low. These findings imply that the placenta serves as an effective barriet 

limiting transplacental transfer of malaria parasites. However, to explain the rare occasions of 

parasite reaching the fetus, the possibility of maternal, placental and fetal blood mixing during 

delivery or pathological damage to placental villi secondary to infection have been suggested. 

Interestingly, cases reports of congenital malaria from P.vivax, which is not known to 

pathologically damage the placenta, are more frequent 01 alecha, et a/ 2007, Wiwanitkit 2006, 

Woods, et a/1974). To this effect a recent review by Vottier (2008) of congenital malaria in non

endemic areas found 58% of cases were due P.vivax, whereas 28% were due to P .faldpamm and 

the rest due to P.malariae or P.ovale and few mixed species. These and the wide variation in 

prevalence could be due to differences in deftnitions of congenital malaria. Some investigators 

use the criteria of presence of parasites in the peripheral blood of the newborn on the first day of 

life. Other reports defined congenital malaria by detection of parasites in the ftrst seven days of 

life while few case reports have accepted detection of parasites in ftrst 28 days of life. In malaria 

endemic regions there is the possibility of exposure to mosquito bites in ftrst few days of life of 

an infant. Hence, with the deftnitions in use, it is difftcult to distinguish between congenital and 

neonatal exposure. While the mechanisms suggested for explaining congenital malaria is plausible 

it is also ambiguous. Similarly, the impact of cord blood parasitaemia on the newborn is unclear. 

Nevertheless increasing drug resistance, better testing and improved case detections could be 

adding to the increase in congenital malaria which in turn could add to the burden of malaria in 

pregnancy. 

Long term consequences 0/ low birth weight: The consequences differ for preterm-LBW and 

IUGR-LBW babies (Figure 2.5). The risk of immediate effects of mortality and morbidity is 

higher for preterm-LBW with disabilities being common in the long-term. Studies conducted in 

developed countries have documented the risk of cognitive impairment, poorer neuro-sensory 

defects, learning disabilities, behaviour problems and poor school performances for low birth 

weight children (Corbett, et a12004, Davis 2003). On the other hand being IUGR-LBW the 
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effects manifest with poor growth and higher incidence of chronic diseases of adulthood, such as 

type 2 diabetes, cardiovascular and renal diseases (Barker 1995). There is less information from 

FIGURE 2: 5: EFFECT OF MALARIA IN PREGNANCY IN FETAL LIFE, INFANCY AND ADULTHOOD 

Effect of malaria in pregnancy on fetal life, infancy and in adulthood 
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developing countries about the long term sequelae of low birth weight infants although the 

prevalence of low birth weight in developing countries is higher than developed countries as 

shown earlier. One study in Mysore, India showed a higher prevalence of coronary heart diseases 

as adults in babies born with low birth weight to women with low weight in pregnancy 

independent of other known coronary risk factors (Stein, et al 1996). In developing countries 

being a female born with low birth weight adds to the cycle of disadvantages increasing the risk 

of having a low birth weight baby with resultant short stature particularly in adolescents who 

become pregnant before attaining full growth potential. 

In developing countries, approximately 40% or more deliveries occur at home and those 

babies do not get weighted at birth (UNICEF 2004). For example, in the Indian DHS survey, 

33% reported a weight record for babies (NFHS-3 2006). In many developing countries even 

when weighed the measurement maybe taken inaccurately or left unrecorded. For these reasons 

while birth weight measurement is a simple task, reliable data from developing countries are 

limited on this important determinant of child health. Because the impact and long-term effects 

of IUGR and preterm LBW are different, obtaining accurate gestational age becomes equally 

important as measuring birth weight. Such data would be necessary for prognostic studies on 

understanding the long-term consequences of malaria related low birth weight and mortality. 

2.6.2.6 Maternal nutrition and low birth weight 

Maternal anthropometric indices are used as indicators of maternal nutritional status and 

predictors of fetal outcome. The indices used for assessing pregnancy nutritional status include 

pregnancy weight gain, maternal height, MUAC and pre-pregnancy weight and body mass index 

(BMI) (WHO. 1997). Short stature which, in part indicates chronic under nutrition of childhood 

has been shown to have an association with increased risk of low birth weight. Values of MUAC 

<23 cm have also been associated with low birth weight and fetal and infant deaths. Likewise, 

women with lower pre-pregnancy weight or BMI were at greater risk of delivering low birth 

weight babies. However, in most malaria endemic setting women often lack a precise pre

pregnancy weight and therefore its use is limited in research. 

Malaria transmission coinciding with food shortage season superimposes the effect of 

malaria in undernourished women (Rayco-Solon, et al 2005). Supporting this is evidence of 

increased birth weight with nutritional supplementation during food shortage season (Ceesay, et al 

1997). However, to date a single study has assessed the parallel effects of maternal malaria and 

under-nutrition on the risk of in utero IUGR. Landis and colleagues using longitudinal fetal 

ultrasound observed in Congolese women one third of fetuses to be IUGR and the risk of IUGR 

was higher among under nourished women after 3 cumulative malaria infections (Landis, et al 
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2009). They also identified that peak prevalence of in utero IUGR occurred between 28-33 weeks 

gestation. An earlier study from Malawi that assessed fetal anthropometry reported fetal growth 

retardation in weight and length to be present from 30 weeks gestation (Kalanda, et 012005). 

Another study that used antenatal ultrasound dating, although not specific to malaria-infected 

women reported a 20% prevalence of preterm births among rural women in southern Malawi 

(van den Broek, et 012005). Although fetal ultrasonography is a better technique for assessing in 

utero growth, due to resource limitation malaria research has rarely used this method. 

2.6.3 Maternal morbidity, mortality and symptomatic malaria 

Clinically malaria diagnosis falls under two categories: uncomplicated or severe disease. 

The documentation of fever and chills and other non-specific symptoms in the presence of 

parasitaemia is diagnosed as uncomplicated malaria. The severity of symptoms depends on the 

infecting species and severe malaria characterised by signs of organ damage is commonly caused 

by P Jolciporum. The lower level of acquired immunity in low transmission setting predisposes 

women to develop symptoms in the presence of parasitaemia. If left untreated they rapidly 

progress to severe malaria and are more susceptible to complications of cerebral malaria, 

hypoglycaemia and acute pulmonary oedema (WHO 2000). Thus, severe malaria has been more 

frequendy reported from low, seasonal and unstable regions as in parts of Asia than from stable 

transmission settings (Nosten, et 012004). Also, complications of severe malaria except for severe 

anaemia rarely occur in women in high transmission areas. However, recent studies in stable high 

transmission African setting suggest this may not be the case. A study in Mozambique found 

three out of four women attending a rural health clinic had symptoms suggestive of 

uncomplicated malaria (Bardaji, et 012008). A large proportion of these women were also in their 

first trimester. Similarly, a study in Ghana found nearly half the women with parasitaemia of any 

density reported a history of illness in the previous 5 days or had a history of fever (fagbor, et 01 

2008a). Other studies have also shown that a history of fever in the previous week was reported 

more frequendy by parasitaemic women than aparasitaemic women. Therefore, malaria morbidity 

in highly endemic areas maybe more common than previously assumed and is likely to be 

contributing to the clinical burden of malaria in pregnancy. 

Although symptomatic and severe malaria is considered to occur mainly in low 

transmission setting, estimates of malaria associated mortality in the both low and high 

transmission settings are comparable (Desai, et 012007). This perhaps relates to difficulties in 

quantifying malaria attributed mortality. Many deliveries in malaria endemic regions occur at 

home and fatality either during pregnancy or during delivery may not be reported, in addition to 

lack of laboratory based malaria diagnosis. The validity of data obtained by verbal autopsies or 
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clinical records was shown by a recent study that assessed clinic-pathological data using necropsy 

(Ordi, et aI2009). Some studies in Africa have shown higher proportion of maternal deaths 

occurred during peak malaria season (Anya 2004, Romagosa, et at 2007). Another study in an 

unstable transmission area in Rwanda reported a fivefold increase in maternal deaths due to 

malaria during an epidemic year and a large proportion of maternal deaths in non-epidemic year 

(Hammerich, et at 2002). Analytical studies have shown that severe anaemia related to malaria is 

an important contributor to maternal deaths in stable transmission area. One retrospective 

analysis of maternal deaths in Kilifi found 23% was due to severe anaemia. Another analysis 

estimated that there would be 9 maternal deaths related to severe malarial anaemia per 100,000 

live births in primigravidae when severe anaemia prevalence was 5% (Brabin, et at 2001a). Overall 

the percentage of malaria attributable deaths ranged from 0.5-23% in hospital studies and 2.9-

17.6% in community studies in Africa (Brabin, et at 2002). The corresponding figures in low 

transmission areas are 0.6-12.5%. Some recent studies during malaria outbreaks in India and the 

case fatality rates of 6.5-24.2% reported during the past epidemic in Ceylon suggests that high 

mortality occur during malaria outbreaks in parts of Asia (Singh, et al 1999b, Singh, et al 1988, 

Wickramasuriya 1937). It is also likely that estimates for Asia could be higher if accounted for 

P.vivax associated anaemia and its clinical burden. In general, mortality rates from direct causes 

such as cerebral malaria are higher in low transmission areas, whereas in stable transmission areas 

contribution to mortality from indirect causes is greater. 

2.7 Epidemiology of Malaria in Pregnancy 

Malaria in pregnancy has a distinct epidemiology which largely depends on the intensity 

and stability of transmission and infecting species. On this basis, Africa and Asia present two , 

separate epidemiological features of pregnancy malaria and is the focus of review in this section. 

2.7.1 Falciparum endemic regions of Africa 

Most regions of Africa, has high and stable transmission with P faldparum as the 

predominant species which suggests that a large number of pregnant women are exposed to 

malaria. This was highlighted in a recent analysis that showed 32 million pregnancies are at risk of 

P faldparum in the African region where transmission is stable (Dellicour, et al 2010). In these 

regions the prevalence of maternal malaria is also high. The estimated median prevalence of 

peripheral or placental infection identified by standard microscopy in a recent review was 27.8% 

and 26.0% for placental malaria (Desai, et at 2007). There are also parts of Africa that are prone 

to low or unstable transmission, but the population at risk of malaria is small (8.4 million) in 

comparison to the population at high risk of malaria. In these regions the median prevalence of 
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peripheral and placental malaria was 13.7% and 9.6%. In addition, P.vivax is prevalent in the 

countries around the horn of Africa and account for 11.9% transmission (Desai, ct aI2007). 

Since, the highest burden is in areas of high transmission, this region has been the focus of 

research and has contributed to establish a control policy malaria for the at risk population in 

Africa. 

2.7.1.1 Susceptible Groups 

Gravidity: As stated earlier, although women in stable transmission regions have acquired partial 

immunity by the time they reach reproductive age, pregnancy increases their risk of malaria, 

particularly in primigravidae. As early as 1956, Archibald (Archibald 1956) showed a predilection 

of placental malaria in primigravidae (20.2% versus 12.5% in multigravidae). But it was Canon 

(1958) (Cannon 1958) who first highlighted the gravidity specific effect which is now a well 

recognised phenomenon in partially immune populations in Africa. Most present day studies 

show a two-fold increased risk of malaria in primigravidae compared to multigravidae. 

Trimester: The parasite prevalence varies through the course of pregnancy. Peak prevalence has 

been observed between 13-16 weeks which is considered the time of highest susceptibility to 

infection (Brabin 1983). As the second half of pregnancy advances, the parasite rate decreases, 

reaching a pre-pregnant level after delivery (Brabin and Rogerson 2001, Menendez 1995). Some 

earlier investigators have suggested that the gestational variation is due to rate of recovery being 

faster than the rate of infection in the second half. However, more recent studies showed a 

continued increase in risk during the post partum period suggesting a possibility of recurrent and 

new P .focliparum infections in those being exposed (Diagne, et a12000, Ramharter, et aI2005). In 

contrast, an earlier study showed that women cleared P fakiparum infection within 24-48 hours of 

delivery whereas P.malariae infections persisted after delivery (Nguyen-Dinh, et al 1988). The 

authors of this study suggest that a decrease in parasite load may occur with expulsion of 

placenta, which would have been harbouring sequestered parasites. 

In malaria endemic countries most women by the time they make the first antenatal visit 

are well into their second trimester (Ouma, et a12007, Rogerson, et a12000, van Eijk, et aI2006). 

Perhaps this might be why data on f1!st trimester infections are lacking. In one study that enrolled 

women in early pregnancy, high parasitaemia was observed (Brabin 1991). During early 

pregnancy, peripheral blood parasitaemia could be high because placental blood flow begins 

around 10-12 weeks and until then, parasite accumulation in the placenta may not start (Carter 
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1997, Jauniaux, et al2003). Additionally, splenic. changes have been observed in early pregnancy 

with decreasing spleen rates after 16 weeks (Brabin, et al1988). This might also reflect changes 

corresponding to the timing of placental circulation and parasite sequestration. In a recent study, 

symptoms suggestive of malaria were observed in first trimester women attending antenatal clinic 

in rural Mozambique (Bardaji, et al 2008). Taken together these findings suggest significant 

malaria associated changes occur in first trimester and that it could be an important period for 

understanding the pathogenesis of pregnancy malaria before placental circulation is established. 

Age: The increased risk of malaria with younger maternal age has been long recognised. A recent 

review identified pregnant adolescents are an important group particularly with adolescents 

making up more than half the primigravidae in malaria endemic countries (Lalloo, et al 2006). 

Several studies showed parasitaemia at first antenatal visit and at delivery were higher in women 

younger than 20 years (Rogerson, et a12000, van Eijk, et a12002, Zhou, et aI2002). Another study 

showed an association between dehydroepiandosterone sulphate and decreased parasite density 

among pubertal girls, even after adjusting for age (Leenstra, et al 2003). This suggests that age 

related immunity together with pubertal changes playa role in malaria infection. The adolescents 

are also at increased risk of morbidity and mortality as they are less likely to attend antenatal care 

or use prophylaxis appropriately (Granja, et a12001, Lalloo, et aI2006). 

ABO blood group and Duffy antigen: In stable P faldparum transmission areas in the Gambia and 

Malawi an increased risk of placental malaria in primigravidae has been associated with blood 

group 0 phenotype with reduce risk in multigravidae (Loscertales, et a12006, Senga, et aI2007). 

The Duffy antigen has long been considered the antigen necessary for P.vivax to invade 

the red cells. This fact has been associated with absence or rare occurrence of P.vivax infections 

in central and West Africa and in parts of East Africa, where the majority of population are 

Duffy antigen negative. However, recent observations have demonstrated P.vivax transmission in 

Duffy negative populations in Western Kenya and Brazil (Cavasini, et al 2007, Ryan, et al2006). In 

addition a study in children in Madagascar which looked at Duffy negative phenotype and 

genotype demonstrated that multiple strains of P.vivax infected Duffy negative individuals 

(Menard, et al2010). These findings suggested a likely evolution of P.vivax strains and that the 

host susceptibility to P.vivax may not depend absolutely on the presence of Duffy antigen 

(Mercereau-Puijalon, et al2010). 
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2.7.2 Malaria endemic regions of Asia 

In contrast to the African region, most malaria endemic Asian countries have low or 

seasonal and unstable transmission with both P fa/ciparum and P.vivax being dominant. According 

to one analysis, overall 48 million pregnancies are at risk of malaria in south-east Asia. 16 million 

pregnancies are at risk in stable Pfalciparum transmission areas, whereas 21 million pregnancies are 

at risk in unstable transmission regions of south-east Asia (Dellicour, et aI2010). The majority of 

pregnancies in this region are at risk of P.vivax (48 million). In an extensive review in 2007, 

Thailand and India were the only two Asian countries cited in an estimate of maternal and 

placental malaria prevalence in low transmission areas, which indicate the deficiency of data from 

the region (Desai, et aI2007). In Thailand the prevalence of maternal parasitaemia was 5.9% for 

any species and in India the overall maternal malaria prevalence was 6.1 % and placental 

parasitaemia indentified by smear microscopy was 12.6% (Nosten, et a11991, Singh, et aI2005). 

In a recent study in two eastern provinces of Indonesia, the overall prevalence of maternal 

malaria indentified by peR was 12.3% and placental malaria was 4.8% (RA and Syafruddin, 

unpublished). Another study in southern Papua, Indonesia reported an overall prevalence of 

16.8% maternal malaria at delivery (poespoprodjo, et a/2008). The variations in these studies 

could be due to different diagnostic methods used. Nevertheless, these figures are comparable to 

low-transmission African setting estimates of a median prevalence of 13.7% and 6.7% for 

maternal and placental malaria respectively (Desai, et a/2007). 

2.7.2.1 Susceptible groups 

Gravidity: Most pregnant women ill the Asian region are exposed to low or unstable 

transmission resulting in either low or no acquired immunity by the time they become pregnant. 

As a result susceptibility difference between primigravidae and multigravidae is modest and less 

marked unlike that observed in the African setting (Nosten, et a12004, Poespoprodjo, et aI2008). 

In times of outbreaks or epidemics the gravidity effect is absent (Wickramasuriya 1937). 

Age: Studies from the Asian region that have documented age as a risk factor are few and results 

vary. A study from Jharkhand, India reported peripheral parasitaemia was more common in 

women younger than 20years (aRR 2.6, 95%CI 1.03-6.98)(Hamer, et aI2009). Low transmission 

regions elsewhere that looked at age distribution found no association between age and malaria 

infection (Adam, et a12009, Martinez-Espinosa, et aI2004). Little is known about adolescent 

pregnancies and malaria in Asia, although some studies from the region have reported higher 
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number of admission of adolescents (not specific to pregnant women) with severe disease 

(Luxemburger C, et a/ 1997, Singh, et a/ 1992). 

ABO blood group and Duffy antigen: There are no studies showing blood group phenotype and 

host susceptibility to malaria in pregnant women in Asia. There are also very few studies in 

general population which shows varied results. In general malaria was more common in 

individuals with blood group A and less common in individuals with blood group 0 phenotype 

in India and Sri Lanka (Deep a, et a12011, Gupta, et a11980, Pathirana, et aI200S). The association 

of placental malaria and blood group phenotype would be of interest to explore in the Asian 

region. 

As stated earlier the Duffy antigen serves as the receptor for P.vivax parasite to invade 

erythrocytes. P.vivax is the species widespread and common in Asia. Recent studies have shown 

polymorphism of the Duffy Antigen Receptor for Chemokines (DARC) and that natural 

acquisition of antibodies may vary with host genotype and level of DARC expression which may 

explain severe P.vivax infections occurring in some individuals (Langhi, et al 2006, Macstre, et al 

2010). 

2.7.3 Human Immunodeficiency virus-l interaction 

Both HIV -1 and malaria are highly prevalent in sub-Saharan Africa. An estimated 22.5 

million people with HIV -1 and 33 million pregnant women at risk of P Jalciparum live in this 

region (Dellicour, et a12010, UNAIDS 2011). An increase of malaria in pregnancy in women of 

all parities has been associated with HIV-1 where both malaria and HIV-1 coexist (ter Kuile, et al 

2004, Steketee, et al 1996a, Verhoeff, et al 1999). The increased susceptibility is explained by 

impairment of humoral immunity responses to placental VSA in HIV -1 infected women (Mount, 

et aI2004). The co-morbidity alters the gravidity specific immunity such that an HIV -1 infected 

multigravida may have a higher prevalence of malaria than an HIV-1 non-infected primigravida. 

One review showed an estimated S.5% and 18.8% proportional increase in malaria in pregnancy 

attributed to HIV-l in areas with corresponding HIV-1 prevalence of 10% - 40% (ter Kuile, et al 

2004). The same review also showed that there is higher parasitaemia and placental malaria with 

the result that the adverse effects of malaria in pregnancy are higher in those with HIV-1 

infections even in multigravidae. 

In the absence of interventions to prevent mother to child transmission (MTC1) an 

estimated 15-30% of HIV -1 women transmit the virus to their infants in utero and or during 

intrapartum (Kourtis, et al 2006). Studies conducted during early 2000s to examine whether 

malaria and HIV-l co-infection increased MTCT had shown variable results (Brahmbhatt, et al 
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2003, Inion, et 012003, Mwapasa, et 012004). These inconsistencies were thought to be either due 

to differences in epidemiology of maternal immune status due to different techniques used to 

diagnose placental malaria. Two recent studies, one that used placental histology with HRP-2 

staining and serological ICT and another that used placental histology also found differing results 

(Brahmbhatt, et al2008 {Msamanga, 2009 #1402). The current and earlier inconsistent results 

perhaps reflect the complexity of the problem both in terms of timing and transmission of HIV 

infection and immune response of malaria. In addition a study in rural Mozambique found 

malaria prevention with 2 doses IPTp combined with llIlN had no impact on the risk of 

MTCT of HIV-1(Lahuerta, et a12006, Naniche, et aI2008). The effect of interactions of HIV-1 

and malaria co-morbidity indicates that in sub-Saharan Africa the burden of malaria in pregnancy 

is no longer limited to paucigravidae. 

2.7.4 Non-falciparum and mixed species 

Historically, the first description of P.malariae was made by Golgi (1886) from blood 

taken from a severely ill pregnant woman (Duffy and Desowitz 2001). Other investigators in the 

past have described P.malariae in placental infections (Bruce-Chwatt 1952, Jelliffe 1967). 

However, present day focus has been on P .falcipa17lm with attention to the effects of P.vivax 

increasing in the past decade. As already described in previous sections, P.vivax infections are 

associated with low birth weight and maternal anaemia; although the magnitude of the effect is 

lower than P .falcipa17lm. 

In areas where more than one species is endemic, infections of mixed species is more 

common than previously assumed. The effects and outcome of mixed species infections have 

been described mainly for concurrent infections of P .falcipa17lm and P.vivax (Mayxay, et al 2004, 

Snounou, et al 2004). In such cases although P .falcipa17lm is dominant, the complications of 

P .falcipa17lm is decreased in the presence of P.vivax (Luxemburger C, et al 1997). In mixed 

infections, the focus of parasite detection by blood smear could be directed towards the 

dominant species thereby missing P.vivax, and could influence the antimalarial treatment. Thus, 

once P .falcipa17lm infections are treated, reappearance of P.vivax has been observed. This suggests, 

with preventive programmes aimed at controlling P Jalcipa17lm infections, morbidity from P.vivax 

could increase with relapses of P.vivax hypnozoite that lie dormant in the liver for long periods. 

An increase in relapses among pregnant women has been observed in the Thai-Burmese border 

(Nosten, et al 1999). With P .falcipa17lm-vivax interactions, in a smaller proportion of cases an 

increase in P .falcipa17lm has been described when treated for P.vivax infections (Mayxay, et 012004). 

These findings suggest that planning preventive programmes for areas where both P Jalcipa17lm 
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and P.vivax are co-endemic such as in India could be challenging, particularly in targeting the 

clearance of hypnozoites in pregnant women. 

Although microscopic evidence of P.ovale in pregnancy has been rarely reported, recent 

PCR based studies in African countries have detected P.ovale in P.malariae in pregnant women 

(Walker-Abbey, et aI200Sa). With more research using molecular approaches, it is likely new data 

on single non-falciparum species and mixed species infections would be available. 

2.7.5 Sub-microscopic malaria 

Submicroscopic infections and the associated impact in pregnancy is currently a little 

studied area. Few studies performed mainly for characterisation of P .falcipamm have reported on 

the prevalence of sub-microscopic infections in some African countries. As expected, with the 

use of the more sensitive method of peR, a high rate of infections below the microscopically 

detectable threshold was detected. A study in Cameroon found 54.9% submicroscopic infection, 

nearly double that detect by peripheral blood smear (27.5%) (Walker-Abbey, et al 2005b). 

Similarly, a study conducted among pregnant Gabonese women reported 44% infection in 

microscopically negative cases (Mayengue, et al 2004). Two other studies, one in Mozambique 

and the other in Ghana reported on sub-microscopic infection in pregnant women. These 

studies found an increase in sub-microscopic parasitaemia with increasing parity suggesting that 

pregnancy associated munune protection limited parasites to sub-microscopic level 

(Mockenhaupt, et a12000, Saute, et a12002) Saute, et aI2002). A decrease in haemoglobin level 

was also observed in women with sub-microscopic parasitaemia in Mozambique and Ghana. One 

study from low transmission area in Sudan also found a high prevalence of sub-microscopic 

infection, with no association with age or parity (Adam, et aI200S). The impact on birth weight 

was not assessed in these studies. Since, these were all cross-sectional studies, whether these 

infections later recrudesce is uncertain. There is no published data on sub-microscopic infection 

in pregnancy from Asia where the fIndings of a high prevalence could influence preventive 

strategies much more than in high transmission regions. The current study has looked at sub

microscopic infections and will be presented in the relevant result chapters. 

2.8 Placental Malaria and Histopathology 

2.8.1 The Placenta 

The placenta 1S an organ uruque to pregnancy that supports fetal growth and 

development. It receives its name from the Greek words plakounta/plakous meaning "flat disc-
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like" with reference to its discoid shape. The placenta develops from the fertilized ovum that 

forms the fetus which makes it a feto-maternal organ. The importance of the placenta for the 

materno-fetal connection was recognised and revered from ancient times (Boyd, et aI1970). The 

belief that it is the 'soul of life' persists from the Pharaonic culture to many present day 

communities. For malariologists, this belief has shifted to knowledge that any insult to the 

placenta with the malaria parasite can harm the mother and her growing fetus. One method of 

detecting the presence of parasites and morphological changes of the placenta associated with 

malaria infections are by histological examination. Before describing histological lesions In 

malaria infected placenta it is helpful to appreciate the anatomy of placental structures relevant to 

placental malaria. 

Development: On implantation of the blastocyst to the uterine epithelium, the trophoblast cells 

forming the outer layer of the blastocyst proliferate to form the placenta and fetal membranes 

(Boyd and Hamilton 1970). The chorionic plate represents the fetal aspect of the placenta and the 

basal plate the maternal region. In between these lie the intervillous spaces filled with projecting 

villi, the primary functioning unit of the placenta. The villi arise from the chorionic plate and 

continue to develop like a tree throughout gestation. It consists of the stem villi which supports 

the villous tree, the intermediate villi and the final branches the terminal villi. The terminal villi 

are where most of the fetal maternal exchange occurs and hence physiologically the most 

important units. The outer surface of the villus is lined with the multinucleated cell layer of 

syncytiotrophoblast which is formed by the fusion of the cytotrophoblast cells (Huppertz 2008). 

The syncytial layer thus lines the intervillous space and separates the maternal and fetal 

compartments. The receptors expressed by the syncytiotrophoblasts allow cytoadherence and 

thus sequestration of falciparum infected erythrocytes within the intervillous spaces. Hence, the 

syncytial layer and the intervillous spaces are the key anatomical structures associated with 

placental malaria pathology. The other structure that is important in placental malaria is fibrinoid, 

a homogenous material devoid of cells. It is derived either from clotting maternal blood and 

degenerating cells (fibrin type fibrinoid) or from secretory products of the extravillous 

trophoblasts (matrix-fibrinoid)(Kaufmann, et aI1996). The fibrinod is where haemozoin pigment 

stays entrapped for many weeks. 

Circulation: The placental blood supply gets established from remodelling of uterine spiral 

arteries by the invading trophoblasts. Although still debated, investigators believe that arterial 

blood flow in the placenta becomes fully established after 10-12 weeks of gestation (Carter 1997, 

Jaffe, et aI1997). Until this time the placenta grows in a low oxygen tension during first trimester 

which evidence suggests is required for the success of pregnancy (Gude, et al 2004). Once 

44 



circulation is established maternal blood enters the intervillous spaces through the spiral arteries. 

The timing of malaria parasite sequestration is thought to correspond to the onset of maternal 

blood flow in placenta. although studies of placental histology on first trimester malaria infections 

are lacking (Brabin, et aI2004). 

Protective function: The syncytiotrophoblasts ultimately becomes the layer of materno-fetal 

interface. This layer constitutes a protective barrier against infection from mother to the fetus. 

However some organisms. mainly viruses, few bacteria and protozoans like T.gondii manage to 

cross this barrier. The plasmodium species is known to pass into the placenta through the 

maternal circulation with a small number of reports on malaria parasites in cord blood seen by 

standard light microscopy. However parasitized fetal erythrocytes or parasites in the fetal 

structures have not been observed in histopathological studies (Ismail, et a12000, McGready, et al 

2004). In addition the presence of infected erythrocytes in the villous structure is rare, although 

few studies have reported occasional presence of pigment within villous stroma and in fetal 

vessels (parekh, et al 2010, Walter, et al 1982). These histological flndings implying that the 

syncytium where occasionally adherent parasites have been observed may protect the Plasmodia 

from reaching the fetus in immune women. However, syncytial damage has been reported in 

malaria infected placenta and cord blood parasitaemia suggesting the syncytial protection may not 

be effective in women non-immune to malaria (Crocker et a12004. Parekh et aI2010). 

2.8.2 Plasmodium species in the placenta 

As described earlier, P faldparum is the only specles recognised to sequester in the 

placenta, although the presence of non-folciparum parasites in the peripheral blood of pregnant 

women is well recognised. A few studies have observed non-falciparum species in placental blood 

suggesting that the sluggish circulation within the placenta enables parasite passage through the 

organ. The series by Jelliffe et al reported cases of P.malanae in placental blood ftlm, but not on 

histology Gelliffe 1966, Jelliffe 1968). Likewise, more recent studies have shown the presence of 

P.vivax in placental blood. However in conflrmed cases of peripheral blood P.mva.:", mono 

infection, only evidence of pigmented fibrin was found in the placenta (McGready, et aI2004). 

Trophozoites and schizonts are the two commonly observed Plasmodium stages in the 

placenta. This is in keeping with the fact that cytoadhesion is a feature associated with mature

stages of infected erythrocytes (Yamada, et al 1989). Since haemozoin is found in the mature stage 

parasites, the observations of pigment in the placenta and within macrophages further support 

the presence of mature stage parasites (Romagosa, et al 2004). Although, the ring-stages of 

parasite are not known to cytoadhere, some studies have shown infrequent presence of ring-
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stages in the placenta (Beeson, et aI2002). In this regard in an in vitro study Pouvelle demonstrated 

adherence of early rings to placental and other endothelial cells (pouvelle, et aI2000). A recent 

histological case report showed the presence of ring-stage infected erythrocytes localised to one 

area in the placenta (Muehlenbachs, et aI2007a). This suggests the possibility that undetected by 

peripheral and placental smears ring-stage P falciparum could remain dormant within the placenta. 

2.8.3 Placental structures associated with malaria 

Several studies have described changes to placental structures associated with P falciparum 

malaria infections. The significant features noted in the placenta are syncytial knotting, basal 

membrane thickening, necrosis of villi and intervillous fibrin deposition (Brabin, et al 2004). 

These structural changes were more commonly observed in cases of chronic malaria and severe 

parasitaemia. In cases with past infection the histological changes reported were not significantly 

different from uninfected placenta suggesting that changes to placental lesions resolve as 

infection subsides (Bulmer, et a11993b, Galbraith, et a11980, Ismail, et aI2000). The only feature 

associated with P.vivax infection was the presence of haemozoin pigment, which was less 

prominent than with P falciparum infections (McGready, et a/ 2004). In the study on placental 

samples from Thai-Burmese border, the placental changes observed in few cases of mixed 

species (P.vivax plus P falciparum) were comparable to P Jalciparum related changes. 

2.8.4 Inflammatory cells in Placental Malaria 

Several studies have reported monocyte and macrophages occupied the intervillous 

spaces without an associated increase in the villi. In a large study of Tanzanian samples Ordi et a/ 

highlighted massive presence of mononuclear infiltrates in malarial placentae similar to massive 

chronic intervillositis first described by Labarrere et al (Ordi, et a/ 1998b). Previously massive 

chronic intervillositis was a condition associated with poor fetal outcome in patients with 

preeclampsia, hypertension, diabetes mellitus, heroine abuse and lupus (Labarrere, et a/ 1987). 

Unlike the reports from P falciparum endemic high transmission areas the phenomenon of 

massive chronic intervillositis was uncommon in low transmission areas. McGready et a/ in a 

study from Thailand found the rate of massive chronic intervillositis was low (1.7%). 

Additionally, polymorphonuclear cells were also scanty compared to reports from Africa, except 

in cases when malaria occurred close to delivery (McGready, et aI2004). Compared with African 

studies, the level of parasites found in the placenta in the Thailand series was also much lower. 
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2.S.5 Different sampling techniques and diagnostic methods 

There are several different techniques for collecting placental tissue and blood samples 

for microscopic detection of placental parasitaemia and irnmuno-molecular studies. The sampling 

technique used in a study can influence results differently as each technique has strengths and 

weaknesses. The different sampling technique is possibly a major factor contributing to 

prevalence discrepancies between different studies. 

Prick Smears: This method employs access to the placental space adjacent to the basal plate. A 

syringe with large bore needle is inserted directly into the placenta about 0.5 cm deep and blood 

is allowed to flow into the syringe by gently pulling and creating a vacuum. The blood collected 

can be used for preparing thick and thin smears and for other studies. 

Incision Smears: This method of collection employs a shallow (O.S-lcm) cut into the intervillous 

space on the maternal surface of the placenta. The blood that seeps into the well is collected with 

blunt syringe or pipette for making thick and thin smears. 

The staining and examination of prick and incision smears are similar to peripheral blood 

smears. In these methods, the compartment accessed is where mainly maternal blood is flowing 

and hence the parasites detected often correspond with parasitaemia observed in peripheral 

blood smears. A weakness of these methods is that mature stage parasites sequestering in the 

placenta can be indentified rarely. The strengths are it requires minimal equipment and the 

technique is simple and easy to perform. 
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Impression Smears: Impression smears are prepared with a small biopsy of the placenta tissue. 

The tissue is gently pressed on the slides to obtain imprints. Imprinted impressions are fixed and 

stained similar to thin blood smears. The impression smears allow identification of mature stage 

parasites sequestered in the placenta and pigments in mononuclear cells. TIlls is an advantage 

over incision smears and because different blood compartments are studied by two methods, the 

results tend to differ (Figure 2.7). Some investigators who have used this technique demonstrated 

that the proportion of monocytes observed were also higher in impression smears compared with 

incision smears (personal communication, Dr Taylor). TIlls method has an advantage over 

histology in allowing parasite species identification and haemozoin detection without confusion 

over formalin pigment under standard light microscopy (Brabin, et al 2004). Additionally these 

smears are cheaper and quicker to prepare and examination easier. 

Histopathology: TIlls method employs removal of a 2cm2 placental biopsy. Once collected the 

specimen is fixed in neutral buffered formalin to reduce formation of formalin pigments and 

sections prepared using standard histological technique. The formation of formalin pigment 

could be avoided with Streck tissue fixative; however it is no longer being produced by the 

manufacture (Streck Laboratories, Omaha, NE, USA). Histology is regarded as the 'gold 

standard' for diagnosing placental malaria due to its higher sensitivity compared with peripheral 

blood and incision smears (Rogerson, et al 2003a). Histology also has the advantage of tracking 

infection chronology and classifying accordingly into active and past infection. Besides malaria 

associated morphological changes occurring in the placenta can be studied with histology. 

Another advantage of the histology specimens is that it can be stored for long periods after 

processing into paraffin blocks and can later be used for histochemical, immunology and 

molecular studies if necessary. 

Techniques lor Immuno-molecular study: Blood samples for immunology studies can be 

collected through any of the above described techniques. Other techniques such as perfusion and 

tissue grinding have been used for immuno-molecular work. One study that compared several 

techniques showed perfusion and prick method were the two methods with least fetal cell 

contamination and therefore most suited for immunology studies (Othoro, et aI2006). 

Laser Microdissection Microscopy: Laser capture microdissection is a new and evolving 

technique that is being widely applied to explore parasite molecular biology and host parasite 

interactions. The method allows precise extraction of individual or small cell populations from 

histological sections enabling subsequent analysis of the component cells (Chan, et aI2004). The 
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technique uses upright or inverted compound rrucroscopes where nssues can be dissected 

through laser- assistance and pressure catapulting (Espina, et al 2006). The downstream 

applications of this method include different types of peR analysis, tnlcroarray analysis and 

proteomics. This technique was recently applied to study gene expressIOns ill 

syncytiotrophoblasts in placental malaria and the role of placental hypoxia in malaria associated 

intrauterine growth retardation (Boeuf, et aI2008). 

FIGURE 2: 7 : DIAGRAM ILLUSTRATING PARASITES IDENTIFIED BY DIFFERENT SAMPLING TECHNIQUES 

Impression smear 
4% rings 

57% trophozoites 

39% schizonts 

Incision smear 
47% rings 
33% trophozoites 
20% schizonts 

Prick smear 
100% rings 

0% trophozoites 
0% schizonts 

Berischke,pagell 

Sotlrce: T qylor Presentation at Placental Histology Workshop Cameroon 2009 (modified) 

2.8.6 Histopathological Classification 

The different grading of histological classification is presented in table 2.3. Bulmer et al 

developed a systematic classification on the basis that the presence of parasite and pigments in 

the placenta indicated the progression of infection during pregnancy. Accordingly they graded 

infections into four classes: active, active chronic, past chronic and no infection. Later Ismail et al 

modified the classification to acute, chronic, past and no infection. Rogerson et al in his study 

demonstrating an association between low birth weight and pigmented monocytes altered the 

classification by sub-grading chronic infections into two classes. Based on these grading, 
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histology sections provide evidence of infection in pregnancy like a time tracker. In the acute 

stage only parasites can be detected and after phagocytosis of the parasites by inflammatory cells, 

malaria pigments (haemozoin) can be found in the monocytes within the intervillous spaces. 

Later fibrinoid covers the haemozoin containing monocytes and is recognised as pigments within 

the fibrinoid. Haemozoin is an inert substance and during the degradation process it can remain 

in the fibrin for weeks to months (McGready, ct aI2002). Thus when parasites are present in the 

placenta it indicates active infection and pigments without parasite indicate past infection. 

TABLE 2: 2: CRITERIA USED BY DIFFERENT AUTHORS FOR THE CLASSIFICATION OF PLACENTAL MALARIA 

Bulmer etol Ismail etol 

1 Active Infection: Acute Infection: 
parasite + i parasite +, 
pigment in monocyte + i pigment in monocyte + 

__ P.~~~~~~_}_~ __ !~~~}D __ :: __ Q _________________ __ P.~~~~~_~_~~.!!R!.~~_~ ____________________ 
2 

Active-thronlc Infection: Chronic Infection: 

parasite + parasite + 

pigment in monocytes + pigment in monocytes + 

pigment in fibrin + + pigment in fibrin or cells++ 

..... _-- ... _-_ ..... _-----_ .. __ .. _-- ... --_ .. _-----............... _--_ .. --- ..... -- ... -_ .. ----------_ .. _----------.... _.---_ ...... _---_ .... -
3 Past-thronlc Infection: Past Infection: 

parasite 0, parasite 0 

__ p.~~~~~~ __ ~~~~~D_~_~ _______________________ __ P.!~~~D_!_~~_!!~.r:~~_~:': ___ . ______________ 
4 No Infection No Infection 

parasite 0, pigment 0 parasite 0, pigment 0 

Rogerson et 01 

Class 1: 
parasite + 
pigment in monocyte 0 
pigment in fibrin 0 

Class 2: parasite + 
pigment in monocyte + 
pigment in fibrin ± 
Class 3: parasites + 
Pigment in fibrin ++ 

Class 4: 
parasite 0, 
pigment in fibrin ++ 
Class 5: 
parasite 0, pigment 0 

2.9 The role of various diagnostics for the detection of malaria in 
pregnancy 

The widely accepted method for malaria diagnosis remains blood film microscopy ever 

since Laveran (1889) first detected the malaria parasite. However microscopy is unavailable in 

many rural areas of malaria endemic countries and thus accurate parasitological diagnosis 

becomes a challenge. In many microscopy deficient facilities fever based presumptive treatment 

for malaria was used. Fever symptoms are not specific to malaria, nor can species be determined 

accurately, although treatment options differ for P.falciparum and p.mvax (Chandramohan, et al 

2002, Mwangi, et aI200S). Moreover, with ACTs implemented as first line treatment, accurate 

diagnosis is recommended to avoid development of drug resistance as it happened in the 

chloroquine era (WHO 2010a). There are currendy several newer diagnostic methods as potential 

alternatives to microscopy. These include antigen based rapid diagnostic tests (RDTs), molecular 

methods with different PCR techniques and other diagnostic modalities. This section describes 

some of the methods that are practical for the management and control of malaria in pregnancy. 
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The test techniques, their strengths and weaknesses and methods that are of research interest 

including initiatives for reporting diagnostic accuracy studies are reviewed. 

2.9.1 Types of Diagnostics 

2.9.1.1 Peripheral Blood film and Standard Light Microscopy 

Thick and thin blood fUm microscopy is the most widely used method for malaria 

parasite detection. Microscopy involves three steps: preparation of thick and thin fUm, staining 

and examining for malaria parasites. 

Thick blood film: Capillary blood taken either by fmger prick, ear lobe or heal pricks (in babies) is 

commonly used to prepare blood fIlms. This is because it is an easy procedure to perform and at 

the same time such samples provide a higher concentration of parasites in a smaller volume 

(Hommel 2002). Thick flims contain many layers of blood spread over approximately lcm2 area 

enabling examination of larger blood volume than thin flims. The higher sensitivity for parasite 

detection at low parasitaemia is the main strength of thick flims. The downside of it is due to red 

cell haemolysis during preparation, thick fllms are harder to examine particularly for 

inexperienced readers. Poor quality fllms may also contribute to false positivity with artefacts and 

platelets being mistaken for malaria parasites. In cases of P.vivax, morphology maybe less clear 

with fragments of cytoplasms. These qualities make thick flims less suitable for identifying 

parasite species. However, they are better for quantifying blood parasitaemia using the standard 

formula for calculating parasite density counted against white cells (formula to calculate 

parasites/fil =number of parasites/ 200 leukocytes x 8000 white cells). 

Thin blood films: Thin f.tlms are prepared by fIxing with methanol which provides a single fIxed 

layer of red blood cells. This allows clear view of species morphology which makes species 

identifIcation with certainty easier. Thin flims ~e useful to estimate the percentage of 

parasitaemia counted against red blood cells but are not suited in cases of low parasitaemia. 

Blood film stains: The blood f.tlm staining which enhances contrast under microscope was 

developed by Romanowsky (Woronzoff-Dashkoff 2002). Giemsa enhanced the stability of the 

Romanowsky's methylene and eosin based stain by adding glycerol. Since then Giemsa stain has 

become the preferred technique for staining malaria slides. Other stains are available but are used 

less frequently. Field stain has an advantage with less preparation time, approximately 10 minutes 

compared to about 45-60 minutes to prepare a well-stained Giemsa slide. On the basis of shorter 
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preparatory time in India a modified version of the Field stain called ]SB is commonly used 

(Gautam, ct of 1992). Details of ]SB stain is described in chapter 3. 

Light Microscopy: Microscopy is still considered the 'gold standard' for malaria diagnosis. It has 

several strengths over many of the new generation diagnostic tools. This is evident by the fact 

that microscopy was the primary method in use during the historic malaria eradication 

programmes of the 50s and 60s (WHO 1957). Microscopy allows visualisation of parasite 

morphology, stages of maturity and estimation of parasite load. This has important implications 

for assessing disease severity, response to antimalarial therapy and management. In addition 

where health facility infrastructure is established microscopic examination becomes relatively 

inexpensive. When microscopy is performed by expert technicians with well prepared slides, the 

detection threshold stands around 20-50 parasites/f.ll (Moody 2002, Wongsrichanalai, ct of 2007). 

The disadvantages of microscopic examination are that the method requires time, manpower, 

continuing skills supervision and quality control particularly in malaria endemic countries and 

expertise. Compared to expert microscopy, routine detection sensitivity is lower with thresholds 

of about 100-500parasites/f.l1 and in rural field situations the detection sensitivity maybe even 

lower (Murray, ct of 2008). Another weakness is that a single finger prick blood sample may not 

always pick circulating parasites. Furthermore, in pregnant women microscopy performed during 

antenatal care might miss parasites that remain sequestered in the placenta. The weaker qualities 

of microscopy make it less practical in areas where biological diagnosis is most needed. Hence 

other methods are sought and the newly emerging RDTs are becoming an acceptable alternative 

for microscopic examination. 

2.9.1.2 Malaria Rapid Diagnostic Tests (ROT) 

RDTs are new and evolving diagnostic tool being rolled out to improve malaria diagnosis 

and management. It is promoted to reduce presumptive fever treatment to maintain the 

effectiveness of ACTs. WHO now recommends parasite confirmation by microscopy or RDT 

before treatment is started. The number of RDTs distributed in Africa has increased to 11.5 

million from near zero in 2005 and another 10.0 million distributed in Asia in 2008 (WHO 

2008c). These figures suggest that the new generation RDTs are being accepted as an effective 

malaria diagnostic tool although challenges remain. 

The first commercial RDTs were introduced in the late 1990s but had setbacks mainly 

due to cost and quality. Following it, WHO together with FIND put in place a quality assurance 

system to assist UN agencies and national governments with decisions of procurement of RDTs. 
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Through this system product sensitivity was assessed and RDTs short listed according to 

performance. In the flrst round of this program 42 products from 21 different manufacturers 

were tested (\VHO 2008b). However current estimates show that there are approximately 60 

brands and 200 commercially available tests (\VHO-FIND 2009). The range of these RDTs are 

available in three formats; dipsticks, plastic cassettes or cards. The latter two devices, although 

more expensive are easier to use particularly in the fleld settings. 

Principle of RDT: The RDTs are based on the lateral flow immunochromatography principle. 

The device contains a nitrocellulose membrane strip coated with two antibodies, one targeted to 

capture and the other to detect the plasmodium antigen (Moody 2002). The flxed capture 

antibody bind the parasite antigen when liquid passes across the membrane. For this purpose a 

buffer solution is used. The detection antibody usually consisting of gold particles bind to the 

captured antigen and appear as visible lines in the test kit when parasites are present in peripheral 

blood. The RDTs are devised to detect antigens on a small volume of blood, approximately 5p.l 

and results produced within 15-20 mins. The test kits have a marked well to add the blood and 

buffer solution where a lysing agent is present. 

Malaria Antigens used in Rapid Diagnostic Tests: The RDTs detect speciflc antigens produced 

by the Plasmodium parasites. Some tests can detect only P faldparum, targeted to histidine rich 

protein-2 (HRP-2) which is a protein produced only by the P fakiparum species. HRP-2 1S 

predominandy expressed by asexual parasites although young gametocytes also express it 

(Hayward, ct aI2000). It is expressed on the RBC membrane and found on all phenotypes. The 

flrst RDTs were devised based on HRP-2 antigen only. However there are now many commercial 

'Pan-species' RDTs available that can detect all of the four main species infecting humans. 

The other target antigen in common use is Plasmodium lactite dehydrogenase (PLDH). 

This enzyme is produced during the glycolytic pathway of both sexual and asexual forms of the 

Plasmodium species (Hommel 2002, Makler, ct aI1993). For this reason pLDH based tests are 

targeted to detect all the four common Plasmodium species. Some tests are devised to speciflcally 

detect Pfaldparum and P.vivax, either with pLDH or in combination of HRP-2 and pLDH 

antigens. The other glycolytic pathway enzyme conserved in all four Plasmodia and used in RDT 

kits is aldolase. 

Field evaluation of HRP-2 based RDTs has reported high sensitivity for P faldparum with 

parasite densities> 100 / ~ (Hopkins, et aI2007). A disadvantage of HRP-2 tests is the persistence 

of detectable antigen up to several weeks after clearance of the initial infection resulting in 

potential false positive results (Bell, ct al2005, Laferi, ct al 1997). Furthermore, since HRP-2 is 
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produced only by P falciparum, such tests would miss non-falciparum species and are of no benefit 

in areas where non-falciparum species are endemic. In contrast, pLDH tests, although less 

sensitive than HRP-2 based RDTs in detecting P.falciparum, are more specific because pLDH 

rapidly declines to undetectable levels as parasites clear with initiation of antimalarial therapy 

(Hommel 2002). 

Conditions Affecting RDT performance: Like other biological tests, malaria RDTs are prone to 

deterioration through exposure to heat and humidity. Manufacturers recommend storage 

between 4°-30°C, but, good control of storage and transport conditions are difficult to achieve in 

many field situations (Bell, et aI2006). Other factors that influence the RDT results are test 

preparation and reader interpretation. Additionally RDT performance is dependent on parasite 

densities and thus results of the same RDT kit could vary depending on the malaria 

epidemiology, transmission intensity and the endemic parasite species in a region. 

Qualities expected of an RDT: The WHO evaluation system set recommendations both to 

manufacturers and users on the qualities expected ofRDTs. To be selected for programmatic use 

the RDT results should parallel that of routine field microscopy performed by an average 

technician (WHO-IDR 2006). The minimum test sensitivity should be equal to or higher than 

95% compared to microscopy at parasite densities of 100/ttl. It should be stable during use and 

storage under routine field environmental conditions. Other qualities required of an RDT are the 

test procedure must be simple and easy to learn with minimum training while result interpretation 

should be straight forward. Most of the RDT trials show they have these qualities although there 

is wide variation in performance (sensitivity and specificity) among the different brands (WHO

FIND 2009). 

2.9.1.3 Polymerase Chain Reaction (PCR) Testing 

PCR is a more sensitive test for the detection of malaria speCles. However it is not 

suitable as an everyday diagnostic test for field use. It is expensive to perform, time consuming, 

requires special equipment and result quality maybe affected by technical errors. Although these 

qualities do not fit with the true definition of the 'gold standard' the low parasite detection 

threshold makes it a superior test than microscopy or RDT. PCR has ability to detect parasites at 

a level of 5 or less parasites per ttl (Snounou, et aI1993). This low parasitaemia detection also 

makes the PCR capable of detecting sub-patent infections which the RDTs and microscopy are 

unable to detect. 
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There are different techniques for performing peR analysis. The commonly used assay 

for malaria detection is a two step nested peR based on the method first applied by Snounou 

(1993). In this method, the fust step invol:res Plasmodium identification using a genus specific 

primer and the second step amplifies species with species specific primers. This method employs 

the subunit 18S rRNA for differentiation of Plasmodium species, with amplified targets analysed by 

gel electrophoresis with ethedium bromide and viewed under ultraviolet light. 

Although peR is an ideal assay for malaria diagnosis, in endemic countries its use is 

limited for research. peR methods are employed in drug resistance studies, strain variation, 

species confirmation and in diagnostic accuracy studies. A disadvantage of peR is that it detects 

nonviable parasites which could mislead treatment success in clinical cases (Murray, et aI2009). 

2.9.1.4 Acridine Orange and Fluorescence Microscopy 

Acridine orange dye and fluorescence microscopy was used by Shute and Sodeman in 

1973 in a hospital based study to diagnose malaria (Shute, et aI1973). These investigators showed 

the method had no benefit over Giemsa stained slide microscopy. Following their conclusions 

the practical use of it for malaria diagnosis subsided. In the 1990s, in the search for alternatives to 

conventional blood flim microscopy it resurfaced again. By this time some of its early 

disadvantages were overcome by the development of the interface fliter which could be used with 

standard light microscopy (Moody 2002). Several studies were conducted using the new 

technique which showed high sensitivity over Giemsa stain microscopy (Baird, et al 1992, 

Wongsrichanalai, et al 1989). Nevertheless the technique still required special filters and 

technician training. The other disadvantage of the method is that it stains the nuclei of leukocytes 

and other cells such as Howell-Jolly bodies. Technicians reading such flims may confuse these 

other cells and has to learn to accurately distinguish them. Although it could produce results 

rapidly which was sensitive, it was not a suitable method for field situations and thus is used for 

research purpose in laboratories. 

2.9.2 Methods of Assessing Test Performance 

2.9.2.1 Test Accuracy Measures 

The conventional approach for evaluating the accuracy of a new test is to assess the index 

test against a standard test often considered as the 'gold standard'. The levels the two tests agree 

are used to express the accuracy of the index test. The accuracy is reported by the sensitivity and 

specificity and predictive values including likelihood ratios and diagnostic odds. A test that has 

high sensitivity shows the capability to identify that the condition is truly present. A test with high 
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specificity shows that false positivity is low. However, often test accuracy studies are not so 

simple or straightforward due to either lack of perfect reference standards or absence of gold 

standards (Reitsma, et aI2009). A recent review has highlighted the difficulties encountered when 

assessing new tests and suggested ways to overcome it which is presented later (Bossuyt, et al 

2003b, Ru*s, et aI2007). 

2.9.2.2 Challenges with 'Gold Standard' 

A test considered for gold standard is meant to provide an error free classification. 

Rutjes' extensive review draws attention to the unavailability of a test without some degree of 

uncertainty. They refer to these situations as 'no gold standard situation'. Example of the 'no gold 

standard situation' can be seen from reports on RDT trials. For example several RDT accuracy 

trials reviewed during this study, showed the majority of RDT evaluations compared it with 

microscopy. It is clear that the detection thresholds differ for RDT and microscopy. RDT 

performance become less accurate at parasite densities <100ul while an average microscopist 

detect parasites at a lower threshold (Murray, et 012008, Wongsrichanalai, et 01 2007). Several 

factors affect the microscopic detection which includes slide quality, technician skills and 

epidemiology of a region may influence the detection capabilities. Thus, microscopy by definition 

becomes an imperfect reference and gold standard (Ochola, et aI2006). On the same basis peR 

which differs in detection threshold and is prone to technical errors do not fit as the perfect gold 

standard against RDTs. Thus RDT accuracy studies are hindered by the absence of 'gold 

standard'. In these types of situations the suggested approach is to apply the clinical test 

validation concept, which is to use the best available standard test (Rutjes, et aI2007). 

2.9.2.3 Application of Resolver Test 

Several studies showed the situation with imperfect gold standard as described above 

would lead to bias. The direction of bias would depend on the correlation between the index and 

reference test (Rutjes, et aI2006). To overcome this many investigators use a third test against the 

discordant results. This again is often seen with RDT accuracy studies. The discrepant results 

between microscopy and the RDT get tested with a third test, called the resolver test. peR was 

the commonly used resolver test which is used to decide on the 'true false-positives' from 

apparent false-positives or apparent false-negatives. However several methodology papers 

showed evidence that this type of discrepant analysis lead to overestimates of sensitivity and 

specificity with potential for upward bias. Many expert statisticians and authors of diagnostic 

research critiqued the discrepant analysis approach and argued against such analysis (Hadgu 2001, 
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McAdam 2000). One approach put forward to correct the potential bias with discrepant analysis 

was to apply the resolver test to a random sample of concordant and discordant sample (Meier 

1998). This approach however had limitations ,on estimates and standard error calculations when 

a sub-sample of concordant results had to be tested. Hawkins et al (2001) demonstrated a 

method where a sub-sample and an imperfect resolver test can be combined while deriving 

estimators and standard errors. WHO-TDR suggests to use the discrepant analysis with a sample 

of both concordant positive and negative results when evaluating RDTs (WHO-TDR 2006). 

However, RDT trials that have applied this approach to test with a third superior test are limited 

(Bell, ct a12005, Hopkins, ct aI2007). 

2.9.3 Reporting of Diagnostic Accuracy 

Recently malaria literature has seen a surge in publications on malaria RDT trials. 

However studies vary in methodology, reference standards used and often batch differences of 

the same product affect the results besides storage and transport conditions. These shortcomings 

hamper comparison of results between studies and RDT performance between products and in 

different epidemiological settings. Study variations apply not only to RDTs but to all diagnostic 

studies. Bossyt ct al after a review of diagnostic accuracy studies pointed out poor the 

methodological qualities and shortcomings on reporting key information on study design and 

analysis (Bossuyt, ct aI2003b). To overcome it Standards for Reporting of Diagnostic Accuracy 

(STARD) was initiated similar to CONSORT (Consolidated Standards of Reporting Trials) by an 

expert committee of diagnostic researchers (Bossuyt, ct aI2003a). 

The objective of STARD was to improve the quality of reporting while enabling 

detection of potential bias and appraise study flndings. To serve this purpose STARD consists of 

a 25 point checklist divided into flve main topics and subtopics. Emphasis is given to important 

aspects such as study title, method, study design, participant selection, use of reference standards 

and analysis including other points. STARD is a useful tool to ensure the quality of a study during 

development phase and reporting. 

Similar to STARD, the members of the group also developed a tool for quality 

assessment of systematic reviews of diagnostic accuracy studies. Known by the acronym 

QUADAS (Quality Assessment of Diagnostic Accuracy Studies) it consists of 14 items structured 

in a list of questions that is scored against yes, no or unclear (Whiting, ct aI2003). The items fall 

under three broad categories which include 1) reporting of selection criteria, 2) description of 

index test execution and 3) description of reference standard execution. Both ST ARD and 
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QUADAS are useful tools in assessing study qualities which in turn is helpful to judge the quality 

of a test. 

2.9.4 RDT use malaria in pregnancy 

Numerous malaria RDTs have been evaluated in areas of varying transmissions ill 

children and general population (Causer, et a/2005, Farcas, et a/2003, Ferro, et a/2002, Hopkins, 

et a/2008, Palmer, et a/1999, Tjitra, et a/2001, van den Broek, et a/2006). However few studies 

have evaluated these in pregnant women, in particular as a screening tool to detect asymptomatic 

infections. The studies that were done were mainly in pregnant women with clinical malaria or to 

diagnose malaria at delivery (Leke, et a/1999, Mockenhaupt, et a/2002, Singer, ct a/2004). Average 

parasite densities in asymptomatic pregnant women would be much lower than in symptomatic 

patients with acute malaria. Thus with detection thresholds in currently available RDTs, it may 

not always detect parasites in asymptomatic women. Furthermore, most of the available 

information is focused on HRP-2 based tests' ability to detect Pfa/ciparum. One study that used 

pLDH based RDTs reported sensitivities of 71 % for peripheral blood and 38% for placental 

blood compared against microscopy in Malawian women (Mankhambo, et a/2002). A recent 

study in Nigeria performed with OptiMaL ® dipsticks in antenatal women reported the test 

inferior compared with microscopy and peR even though the values of accuracy indicators such 

sensitivity/specificity were not reported (VanderJagt, et a/ 2005). Another study that used 

OptiMaL ® dipsticks in pregnant women in Ghana found high sensitivity and predictive values to 

detect malaria in antenatal women (fagbor, et a/2008b). Far less is known about the role of 

combo RDTs in detecting P.vivax in pregnancy. It is clear that RDT accuracy studies are needed 

in pregnant women and to detect placental malaria and malaria in asymptomatic women. This 

tool has great potential for malaria control in pregnancy particularly with the growing interest in 

screening and treatment. 

2.10 Treatment and Prevention of malaria in pregnancy 

The focus of current global malaria control is on elimination. This change of 

strategy comes nearly 50 years after the historic Global Malaria Eradication Programme in 1955. 

Since then, new research and development has provided better and effective tools for the control 

of malaria. These include advances in drugs and treatment policy, vector control measures with 

insecticide treated nets and indoor residual spraying. In moving towards control it is important to 

reduce the disease burden by treating clinical disease and prevention of infection. However, in 
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areas with the highest burden of malaria in pregnancy, the majority of pregnant women remain 

asymptomatic. The asymptomatic infections are known to affect the pregnant woman and her 

infant adversely and therefore prevention in this group is essential. In contrast, in areas with low 

to moderate or unstable transmission, the risk of clinical disease in those infected is more 

frequent. Thus, the mainstay of control in high transmission regions as seen in much of sub

Saharan Africa is intermittent preventive treatment, whereas in low or unstable transmission 

regions as in much of Asia the focus is on case detection and treatment. 

2.10.1 Anti-malarial drugs in pregnancy 

Pregnant women are more likely to develop malaria infection with complications, 

particularly in non-immune women. Prompt treatment therefore is essential for pregnant women 

with uncomplicated malaria because of the potential to deteriorate with consequences to the 

mother and infant which could be fatal if left untreated. To treat malaria in pregnancy 

considerations should be given to the choice of drugs to treat uncomplicated malaria, severe 

malaria and drugs to use in first trimester. The choice of anti-malarial therapy will also depend on 

the local pattern of drug resistance in an area. Most anti-malarial drugs are considered safe and 

effective for oral therapy in the second and third trimester, although information on the safety 

and efficacy of these drugs in pregnancy is insufficient, particularly in first trimester (WHO 

2010a). The treatment of malaria in pregnancy is also compounded by HIV infections which 

reduces the efficacy of anti-malarial (ter Kuile, et aI2004). 

Drugs for uncomplicated P.falciparum malaria: In the past chloroquine which was a safe, 

effective and cheap drug was used. However, with widespread resistance the drug has been 

considered useless to treat P.falciparum infections in most parts of the world. WHO currently 

recommends an ACT in the second and third trimester and quinine plus clindamycin for seven 

days in the first trimester (WHO 2010a). If this treatment fails artesunate plus clindamycin could 

be used in first trimester. 

Artem;sinins in pregnancy: WHO has recommended ACT therapies as first line treatment for 

uncomplicated malaria in pregnancy in the second and third trimester since 2006. In the first 

trimester, ACTs should be used if it is the only effective treatment available for saving the life of 

the mother. Artemisinins has a rapid action and are eliminated within a few hours. It is therefore 

used in combination with long acting drugs to prevent recrudescence and the development of 

resistance. Several combination formulations with the more potent dihydroartmesinin and its 

derivatives are available for use in pregnancy (WHO 2006). 
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With the emergence of drug resistance to P falciparum, early trials of artemisinin 

derivatives were conducted in Asia with safe and efficacious results (MandaI PK, et a/ 2004, 

McGready, et a/ 1999). However, animal studies in rats and rabbits have shown that the 

artemisinins are embryo toxic and potentially teratogenic in early pregnancy (i.e. early to mid_1 51 

trimester) (Clark, et a/2004). Studies conducted later in humans including over 1100 documented 

pregnancies have shown no excess adverse effects on the mother or fetus when taken in first, 

second or third trimester (Dellicour, et a/2007, Ratcliff, et a/2007). Since, experience with ACTs 

in pregnancy are limited, it is recommended that countries set up pharmacovigilance system to 

keep track of potential adverse events to the fetus and pregnant women when using ACTs 

(WHO 2006). 

South-east Asian countries were the first to start using artemisinin therapy in pregnancy. 

Among them, Indonesia is the first country to have used the fixed dose combination of 

dihydroartemisinin-piperaquine (DHP) in pregnancy. Since March 2006, DHP has been the first 

line treatment for both P fa/aparum and P.vivax malaria, including for pregnant women in the 

second and third trimester, in southern Papua, Indonesia. Detailed safety information was 

collected on 1160 women, exposed to DHP during pregnancy and it was found to be safe and 

more effective than other antimalarials used in this area (poespoprodjo, et a/2008). In 2010, DHP 

was made first-line treatment for malaria in the second and third trimester pregnancy in the rest 

of Indonesia. 

Drugs for severe malaria: In the treatment of severe and life threatening malaria which is 

mainly caused by P falciparum, the aim of treatment is to try and save the life of the mother. In 

such situations the choice of treatment should be considered on a risk versus benefit approach 

and on drug availability. Quinine is an effective choice, although hypoglycaemia is an associated 

adverse effect due to hyperinsulinaemia from hyperplastic pancreatic islets (Looareesuwan, et a/ 

1985, White, et a/1983). WHO currently recommends intravenous artesunate for treatment of 

severe P fa/aparum malaria, including in the first trimester. 

Drugs to avoid in pregnancy and lactation: Antimalarials used in pregnancy are safe during 

lactation as well. Drugs not recommended for use in pregnancy and in lactating women are 

primaquine and tetracycline. Primaquine has a risk of intravascular haemolysis if the mother or 

baby is G6PD deficient and should not be used if G6PD status is unknown (Nosten, et a/2007). 

Tetracycline use is associated with disturbances of bone growth in the fetus and teeth 

discolouration. Other drugs to avoid in pregnancy are halo fan trine, atovaquone-proguanil 

(Nosten, et a/2001). 
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Drugs for P.vivax: Chloroquine is the drug to treat P.vivax in areas where P.vivax is sensitive to 

the drug, whereas in regions where there is resistance, an ACT with a long acting partner drug is 

recommended (Nosten, et a12007, WHO 2010a). In many parts of south-east Asia there is 

multidrug resistance strains. This includes resistance to sulfadoxine-pyrimethamine and 

chloroquine particularly observed in many areas of Indonesia and Papua New Guinea (Asih, e/ al 

2009, Baird 2004). 

2.10.2 WHO recommended control policy for sub-Saharan Africa 

Malaria in pregnancy is entirely preventable and treatable with appropriate and timely 

interventions. Under the WHO Roll Back malaria initiative a Strategic Framework for Malaria 

Prevention and Control during Pregnancy for the African Region was developed (WHO 2004a). 

This framework was adapted by 44 African countries under the Abuja Declaration in 2000 

(WHO-RBM 2003). Together with WHO recommendations a malaria preventive package was 

established to include IPTp with SP, vector control with ITNs and to ensure effective case 

management of malaria illness and anaemia. 

Malaria case management and anaemia: WHO recommends prOViSion of prompt and 

effective treatment of malaria illness to all pregnant women in endemic areas. Parasitological 

diagnosis with either standard microscopy or RDT is recommended for all cases with symptoms 

of malaria through antenatal service. In places this is not possible the decision to initiate 

treatment is based on the clinical symptoms (WHO 2010a). Interestingly at the Thai-Burmese 

border which is an area of low malaria transmission, weekly screening with prompt treatment 

demonstrated a reduction in maternal malaria illness resulting in reduced maternal mortality 

(Nos ten, e/ aI1991). However, this study showed that women who attended weekly antenatal 

clinic still had anaemia and low weight babies suggesting that early detection and prompt 

treatment prevents severe disease but not all of the insidious consequences of malaria in 

pregnancy in these regions. 

The package also includes as part of routine antenatal care the provision of iron and 

folate supplementation for anaemia (which is an important consequence of malaria) to all 

pregnant women. There is a long standing concern about the influence of iron supplementation 

in populations exposed to malaria. However, as discussed earlier, there are only a few studies that 

have assessed iron therapy in pregnant women with malaria and in these studies a harmful effect 

of iron have not been demonstrated. Since iron deficiency is common in pregnancy, weekly iron 

supplementation with adequate malaria protection is suggested for pregnant women. Similarly, 
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there has been conflicting reports about the benefit of folate supplementation in malarial anaemia 

with concurrent use of antifolate antimalarials. One study that explored the interaction between 

folate supplementation and sulfadoxine-pyrimethamine in pregnant women suggest the use of 

internationally recommended dose of O.4mg/ day and to avoid 5mg/ day dose of folate in women 

using IPTp-SP as it decreases the efficacy of sulfadoxine-pyrimethamine (van Eijk, et of 2008). 

Intermittent Preventive Treatment: Historically in most malaria endemic countries 

chemoprophylaxis defined as weekly or monthly administration of an antimalarial was carried out 

with weekly chloroquine as part of the malaria eradication program of 1950s. Through the years, 

the inability to sustain and poor compliance together with the development of resistance to 

chloroquine lost momentum for this policy. New investigations therefore were carried out for a 

safe, cost effective regime with easy patient compliance. 

In the 1990s, several trials were conducted in different countries with different regimes of 

sulfadoxine-pyrimethamine (SP). A trial with intermittent sulfadoxine-pyrimethamine treatment 

revealed that severe malarial anaemia in pregnant women decreased by 39 % (Shulman, et of 

1999a). Similarly, trials in Malawi and Kenya with either two or three dose sulfadoxine

pyrimethamine regimens found the drug was associated with reductions in low birth weight and 

peripheral and placental parasitaemia (parise, et 011998, Schultz, et 011994, Verhoeff, et of 1998). 

These studies lead to the current WHO recommendation of IPTp-SP in the African region. A 

later review of nine trials of IPTp-SP in Africa found monthly IPT -SP in HIV positive women 

resulted in higher birth weight and less placenta. This regimen showed no additional benefit in 

HIV negative women, thus suggesting more frequent dosing for HIV positive women who are 

not using cotrimaxole prophylaxis (ter Kuile, et of 2007). 

Intermittent preventive treatment in pregnancy aims at clearing asymptomatic peripheral 

and placental malaria and to provide protection against malaria in areas with moderate to high 

transmission where women have considerable protective immunity and are able to control the 

infections. IPTp is provided to pregnant women whether or not they are known to be infected. 

At least 2 doses of sulfadoxine-pyrimethamine (three tablets of SOOmg sulfadoxine and 2Smg 

pyrimethamine) is recommended for IPTp, starting in the second trimester or after quickening 

when women visit for scheduled antenatal care. The doses of sulfadoxine-pyrimethamine should 

be spaced at least 4 weeks apart Sulfadoxine-pyrimethamine is the drug of choice as it is safe, 

effective and can be given in a single dose regimen under direct observation. The latter trials also 

showed that women infected with HIV -1 had poorer response as compared to HIV uninfected 

(ter Kuile, et of 2007).Thus in areas with high HIV prevalence women could benefit with a third 

dose of sulfadoxine-pyrimethamine. 
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Since the implementation of IPTp-SP policy, many African countries have seen 

increasing resistance to sulfadoxine-pyrimethamine (Alker, et a12004, Harrington, et aI2009). 

Despite moderate loss of parasite sensitivity with treatment failure rates of up to 50% in 

symptomatic children <5 years at day 14, this review by ter Kuile et al (2007) showed IPTp with 

SP remains efficacious and is currently the only WHO recommended drug for IPTp. However, 

with growing concerns about increasing resistance, alternative drugs are being sought. In this 

regard, several trials are being conducted with different drug combinations with support from the 

Malaria in Pregnancy Consortium to indentify at least one safe and effective alternative to 

sulfadoxine-pyrimethamine for use in IPTp in the African region (MiPc 2010). 

Insecticide-Treated Nets: WHO proposes that pregnant women should be supplied with an lIN 

early in pregnancy and be encouraged to sleep under it throughout the course of pregnancy and 

after delivery. The WHO Pesticide Evaluation Scheme recommends the new long lasting 

insecticide treated nets (!LINs) should maintain protection through 20 washings or for three 

years. 

Use of bed nets in malaria endemic regtons have been an age old habit. However, 

insecticide treated bed nets have been introduced more recently and still coverage has not taken 

off in all malaria endemic regions. Insecticide treated nets provide protection by either killing and 

or repelling the mosquito. Initial trials in several African countries in the 1990s showed 

conflicting results. A later review of lIN trials and curtains has demonstrated the beneficial 

effects of insecticide treated nets in malaria control and infant mortality (Lengeler 2000). In 

pregnant women a trial with insecticide treated nets as an alternative method for drugs was first 

carried out in Thailand by Dolan et aI, (1993) where a decreased rate of anaemia was observed 

with the use of insecticide treated nets (Dolan G, et aI1993). The bed net trials in western Kenya 

which is an area of intense malaria transmission, ter Kuile et a/ (2003) demonstrated in women 

with gravidity less than five, reductions in parasitaemia, malarial anaemia and decrease in low 

birth weight by 28% (ter Kuile, et aI2003).These studies have lead to insecticide treated nets 

being promoted as an important intervention in reducing the impact of malaria in high 

transmission areas and incorporating it into prevention of malaria in pregnancy (Nahlen, et al 

2003). A recent systemic review of 6 trials of insecticide treated nets showed it reduced the risk of 

low birth weight, stillbirth and abortions up to second to fourth pregnancy and reduced placental 

malaria in all gravidae (Gamble, et a12007). 
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2.10.3 Coverage of interventions for pregnancy malaria 

The interventions in the above described control package are aimed to be delivered as 

part of antenatal care and integrated into existing services. In Africa, approximately 70-77% of 

women attend antenatal care at least once (Crawley, et a/2007, UNICEF 2009). Thus, the new 

malaria interventions were implemented with anticipation to have high coverage and better 

compliance, unlike that of previous chemoprophylaxis era. Nevertheless, after nearly a decade of 

having a malaria preventive framework, a current analysis highlighted that coverage with ITNs 

and IPTp was inadequate (van Eijk, et a/2011). For example, in 39 of 47 countries that had a 

policy for IPTp, one in four women received at least one dose of treatment in 2007. Similarly, 

17% had data for ITN although 45 of 47 countries had a policy for ITN distribution. Several 

factors have been identified to contribute to poor uptake (Crawley, et a/2007). Some countries 

such as Uganda have conducted community IPTp trials using health workers and drug 

distributers and found uptake reached 67.5% to 88.5% of pregnant women (Mbonye, et al2007). 

A disadvantage of this approach is that it may affect antenatal attendance and this was observed 

in a community-based study of sulfadoxine-pyrimethamine distribution for IPTp in Malawi 

(Msyamboza, et al2009). 

2.10.4 Other methods of malaria control 

2.10.4.1 Vector control 

Indoor Residual Spraying: Indoor residual spraying with insecticides kills mosquitoes that come 

in contact with the sprayed surface. It also has a spatial repellency and an irritant effect on malaria 

vectors, which limit human -vector contact. There are 12 insecticides used for vector control and 

DDT is one, which has a long residual effect. Although IRS is better suited for focal endemic and 

epidemic prone areas, it is currently one the three main interventions of the Global Malaria 

Programme by WHO. Epidemiological data that evaluated toxicity of DDT including the 

presence of it in human milk and honnone modulating effects did not support a significant toxic 

effect (WHO 2007). However, the effect of indoor residual spraying on pregnant women has not 

been evaluated. Pyrethroids is the insecticide commonly used to treat bed nets and are found to 

be safe and well tolerated by pregnant women with no evidence of toxic effect to the fetus 

(Menendez, et al2007). 

Insect Repellent: The use of DEET (diethyltoluamide) in pregnant women was considered safe 

and a reduction of exposure to mosquito bites was observed. Another insect repellent, 20% 

diethylbenzamide showed a non-significant reduction of 28% in the incidence of Pfalciparum in a 
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trial conducted in the Thai-Burmese border (MeG ready, et aI2001). There is no data from the 

African region on the use of insect repellents. 

2.10.5 Control Policy for malaria endemic Asia 

Control strategies for malaria in pregnancy in Asia have made little progress in recent 

times, despite a growing awareness of the importance of the burden of malaria in pregnancy in 

this region. Case management is the mainstay of treatment with ACTs for ftrst line treatment in 

the second and third trimester according to WHO recommendations. On the other hand, 

prevention strategies are limited to inconsistent distribution of ITN s and passive detection of 

febrile cases. The lack a regional malaria preventive package perhaps reflects the challenge of 

developing a preventive policy due to the variability of transmission between and within 

countries as seen in India and Indonesia, multidrug resistance and existence of both P .faldpamm 

and P.mvax. Thus unlike the African region a one-size ftts all prevent package may not suit the 

Asian region. 

Systemic reviews of treatment and prevention of malaria in pregnancy show an imbalance 

between research on treatment studies and studies on prevention in this region. The majority of 

treatment studies of malaria in pregnancy come from the Thai-Burmese border (Orton, et al 

2008). In contrast, only one out of the 16 drug-based prevention trials was conducted in Asia 

(Garner and Guhnezoglu 2006). Similarly out of the ftve ITN in pregnancy trials only one was in 

Asia and again this was conducted in Thailand (Gamble, et aI2006). Interestingly there has been 

no IPTp study in this region, evident by the recent systemic review on IPTp trials (ter Kuile, et al 

2007). Although the potential benefit from IPTp may be limited in the Asian region due to low 

transmission, IPTp trials are warranted for an evidence-based policy in the region. 

Indonesia is one country in Asia that has adopted a national policy for prevention of 

malaria based on systematic screening and treatment in pregnancy, referred as single screening 

and treatment (SSTp) (personal communication Drs Syaffrudin & Hawley). The concept of SSTp 

is to screen all pregnant women for malaria, with microscopy or RDT. Women who tests positive 

for malaria, are treated with diydroartemisinin-piperaquine (DHP) according to national policy, 

except in first trimester when they receive quinine. At ftrst antenatal visit, all pregnant women 

also receive a lLITN. On subsequent antenatal visits, only symptomatic women are screened. A 

limitation of this policy is the lack of prevention of re-infection in later stage of pregnancy. The 

Thai-Burmese border has had a long practice of weekly screening and treatment, which has 

shown to reduce the burden of clinical disease. However, this approach may not suit routine 

practice where women are used to attending 3-4 times for antenatal care as scheduled visits. 
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2.10.6 New strategies for prevention and treatment 

2.10.6.1 Intermittent screening and treatment 

More recently, there has been a growing interest in 'intermittent screening and treatment 

in pregnancy' (ISTp). The concept of ISTp is to screen pregnant women with an RDT every 4-8 

weeks using the same schedule recommended for focused antenatal care. The RDT positive 

women receive treatment with a long acting ACT to clear infections while providing additional 

post-treatment prophylaxis of up to 4-6 weeks, thereby minimizing the chance of new infection 

becoming symptomatic. The potential advantage of this method is that drug exposure is 

minimized and restricted to parasitaemic women, due to women with a positive result receive 

treatment. The potential disadvantage is that low-density infections could be missed and that it is 

more complex and likely to be more expensive to implement than IPTp. One trial conducted 

using this strategy in Ghana, in an area of moderately high transmission found that ISTp-SP or 

Amadioquine plus artesunate was a safe and effective strategy (fagbor, et aI2010). This method 

of ISTp is likely to be suitable for the Asian region where transmission is low. Furthermore, this 

strategy would be a suitable alternative for the African countries where the incidence of malaria 

has decreased with improved control measures. 

2.10.6.2 Seasonal IPT 

The benefit of seasonal IPT to pregnant women has not been explored. Trials with IPT 

in Mali and Senegal conducted in older children during the malaria season showed to be effective 

in reducing the malaria burden (Dicko, et al 2008, Sokhna, et al 2008). This approach would be 

useful for the prevention of malaria in pregnancy in areas with highly seasonal transmission, as 

found in many parts of Asia such as in parts of India. The practicality of this approach and cost 

benefit should be assessed for formulating policy. 

2.10.7 Control and Prevention of malaria in pregnancy in India 

A national drug policy was first formulated in 1982 in India with periodic revisions. The 

most recent revision was in 2010 which includes a policy drafted in view of the increasing 

resistance to chloroquine. Chloroquine has been the drug used in India as first line treatment of 

all malaria cases for decades. 
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2.10.7.1 Treatment Policy 

The current policy 1S developed with a focus on early detection and treatment. 

Accordingly, parasitological diagnosis with either microscopy or RDT is recommended for all 

clinically suspected cases of malaria. The recommendation for uncomplicated P.vivax cases in 

pregnancy is to treat with chloroquine for 3 days. In cases of P falcipamm the recommendation 

for women in second trimester onwards is treatment with artesunate for 3 days with single dose 

sulfadoxine-pyrimethamine on day 1. Quinine is the drug of choice for first trimester treatment 

(NVBDCP 2010). 

Whenever parasitological diagnosis is not possible due to non-availability of prompt 

microscopy or RDT, all suspected malaria cases are to be started on chloroquine after smear is 

made. Once the results of microscopy are available, appropriate treatment as per the species, is to 

be administered. Anecdotal evidence suggest the use of parentral arteether, an oil based 

artemisinin derivative manufactured in India is commonly used in trimesters for uncomplicated 

malaria. Treatment of severe malaria cases is left to the discretion of the physician with guidelines 

to use any of the artemisinin derivatives or quinine as appropriate. 

2.10.7.2 National Control Policy for malaria in pregnancy 

There is no specific control policy for pregnant women drafted in the newly revised 

national drug policy. Chemoprophylaxis is advised in high P falcipamm endemic areas in the 

country (NVBDCP 2010). The use of personal protective measures with insecticide treated nets 

and insect repellent is encouraged. While a i\@ control package as exists for Africa is lacking in 

the region, passive case detection, according to recommendation by SEARO/WHO is 

implemented. The lack of a specific control policy for malaria in pregnancy might be due to lack 

of awareness of the problem of MiP by policy makers or the limited MiP data from India has not 

captured sufficiently the scale of the MiP in the country. This suggests the need for evidence 

based data to formulate an appropriate policy in India. Furthermore, this is not a situation 

specific to India, but refers to the whole south-east Asian region (Greenwood, et al 2007, 

Menendez, et aI2007). 

2.11 Malaria in India and Madhya Pradesh 

India is a diverse country divided into 29 states, 7 umon territories with 1.1 billion 

population living sub classed by tribes and castes, dominated by 18 different languages and 8 

major religions. Of this diverse population 982 million live in malaria endemic regions mainly 

spread in the forested and foothill areas in north eastern and central India. The large susceptible 
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population and year round occurrence of malaria, make India the largest contributor of malaria in 

south-east Asia region (60%). According to SEARO-WHO in 2008 there were 1.5 million malaria 

confirmed cases and 1061 deaths accounted for malaria in India (SEARO 2008). 60% of these 

cases were from five states considered to have higher malaria prevalence and therefore higher 

burden: Orissa, Jharkhand, Chattisgarh, West Bengal and Madhya Pradesh. In contrast to the 

national and WHO figures of malaria mortality, a recent study which used verbal autopsy 

recorded that 3.6% of deaths in age less than 70 years were a result of malaria, and this figure 

scaled up to national level estimated 205,000 malaria attributed deaths per year (Dhingra, et al 

2010, Hay, et al2010). Although Dhingra and colleagues have attempted to include deaths that 

occur in the community, their findings might have overestimated mortality and have been 

critiqued due to their use of verbal autopsy. Several authors have commented on the uncertainty 

of Dhingra and colleagues estimates with suggestions for further validation, highlighting the 

limitation and bias of using verbal autopsy (Deonarine 2011, N. K. Shah, et al2011, Valecha, et al 

2011). Nonetheless the national malaria attributable mortality figures are also likely to be 

underestimates (Hay, et al2010, Snow, et al200S). 

Malaria programmatic activities: The government unit responsible for malaria programmes 

both at central and the state level comes under the directorate of the National Vector Borne 

Disease Control Programme (NVBDCP). The NVBDCP is in charge of formulating treatment 

policy, provide technical support and carry out malaria monitoring and evaluation. To implement 

these activities District Malaria Offices headed by a District Malaria Officer have been established 

(NVBDCP 2008). At the district level the NVBDCP functions joindy with the district hospitals, 

primary health centres and their staff carry out passive case detection. In addition out-reach 

services are provided by health workers and community volunteers like malaria link workers and 

'Accredited Social Health activists' (AS HAs) through fever treatment depots and drug 

distribution centres. This large decentralized surveillance system is supported by the Indian 

Council of Medical Research (ICMR) and NIMR and currendy includes the target of reducing the 

2000 malaria mortality and morbidity figures by 50% by 2010 (SEARO-WHO 2007). 

The NVBDCP surveillance scheme which originated from the earlier National Malaria 

Eradication Programme mainly focuses on fortnighdy passive case detection. They follow the 6 

traditional malariometric indices of malaria monitoring which are percent P Jalciparum (%Pf) , 

annual blood examination rate (ABER), annual jalciparnm index (AFI), annual positivity index 

(API) slide positivity rate (SPR) slide jalcipamm rate (SFR) and deaths due to malaria (NVBDCP 

2008). However, this extended surveillance system does not focus on pregnant women or under 

five children resulting in deficient data on these two high risk groups. In addition, the private 
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health sector which provides service to a large part of the population does not get covered under 

the NVBDCP scheme (SEARO-WHO 2007). Although the programme has many strengths it is 

often critiqued for the shortcomings and the gap between reported and estimated cases. For 

example, the NVBDCP reported 1.9-2.5 million cases in 2003 and 2007, whereas the estimates by 

others were between 15 million to 80 million cases (Sharma, et ai 2006, Korenromp 2005). 

Furthermore, as reported by Dhingara et aI, 86% of malaria deaths occurred outside formal 

health facilities, and thus may have not been recorded in programmes under NVBDCP. 

Although there is wide variation in these estimates it is clear that malaria poses a public health 

problem in the endemic states. 

2.11.1 Epidemiology 

2.11.1.1 Malaria Endemicity and Transmission Variation 

Malaria epidemiology in India varies widely between states, driven by differences in the 

ecosystem, geography, climate and socio-ethnic conditions. Six Anopheline vectors transmit 

malaria in India, of which An.cuiicijacies and An. jluviatiiis are the main vectors found in Madhya 

Pradesh (NIMR 2010c, Service 2002). Both vectors bite human and domestic animals mainly at 

dusk and dawn and rest indoors and outdoors after feeding. The two Plasmodium species present 

in Madhya Pradesh are P .jakipamm and P.vivax with a seasonal transmission pattern and affecting 

all age groups (Singh, et ai 2000). 

India classifies malaria regions by the distribution of incidence using the annual parasite 

index (API) expressed as malaria cases per thousand population. Accordingly, most of malaria 

endemic areas fall under API <2 reflecting low transmission, while the states considered as highly 

malarious regions has an API > 5. On this basis Madhya Pradesh is classed among the high 

endemic states contributing 6% of national malaria cases. However a recent estimate showed APJ 

=1.28 indicating that approximately 95,000 malaria cases occurred annually in Madhya Pradesh 

(Das Gupta 2007). 

History of Malaria control: Malaria has existed in India for centuries, even before Sir Ronald 

Ross in Secunderabad, India discovered that mosquito is the vector for malaria transmission. 

Epidemics were common with thousands of lives being lost as occurred in the early 19th century 

Punjab epidemic which killed over 300,000 people (Christopher 1911). But, in the 1960s under 

the Global Malaria Eradication Programme, India saw a marked decline of malaria reaching near 

elimination with API 0.13 (Sharma, et ai 1986). At this point there arose several setbacks to the 
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programme including interruption to spraying and increased resistance to DDT. With it although 

the incidence became lower than before there was a significant re-emergence in late 1970s with 

reports of several epidemic breakouts and reaching a static stage from mid 1990s onwards (Figure 

2.6)(SEARO 2008) 

2.11.1.2 Shift in Plasmodium Species 

Over the past decade the relative prevalence of Plasmodium specles has shifted with 

estimated Pfalcipa17/m cases reaching 50% in 2008 (Figure 2.9). Retrospective data from Madhya 

Pradesh collected over a 15 year period from 1986-2000 showed a relative decline in P.vivax, in 

favour of P fakipa17lm (N. Singh, et aI2004) . Observations in Calcutta showed similar species shift 

from P.1Jivax to P falcipamm with P.vivax declining from 50% in 1984 to 20-30% in 1993-

1997(Chattopadhyay and Sengupta 2000). While changes in ecological factors could contribute to 

the species shift, it is a likely consequence of the spread of chloroquine resistance of P falcipa17,m, 

while P.vivax remains sensitive to the drug. This hypothesis seems supported by an overlap in 

areas that show this shift to P falcipamm and those that show high levels of chloroquine resistance. 

While with this shift the burden related to P falcipa17lm can increase, there are reports from parts 

of India on cases of P.vivax with severe disease manifestations (Kochar, et a12009, Kochar, et al 

2005). Thus both species are likely to contribute significantly to malaria morbidity and to 

mortality. 

FIGURE 2 : 8 : THE TREND OF MALARIA INCIDENCE IN THE PAST THIRTY SEVEN YEARS IN INDIA 
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2.11.1.3 Season, environment and climate Change 

Malaria is endemic in most parts of the country except in the areas above 1800m and low 

coastal regions. In areas where malaria exists the transmission intensity is variable between 

forested areas, desert and urban regions. For example a higher incidence of Pfaldparum malaria 

cases were documented from forested villages of Chhindwara in Madhya Pradesh as well as in the 

forest areas in Orissa compared to the regions of hill plains and urban areas (Sharma, et a12006, 

Singh, et al 2003). These variations indicate the epidemiological differences within the country 

related to environment and climatic conditions. 

Malaria is closely linked to climate with temperature and rainfall influencing transmission. 

In many parts of India, like in Madhya Pradesh a seasonal transmission pattern is seen (Singh, et 

aI2000). The seasonality depends on the monsoon rainfall and varies between years, based on El 

Nino and La Nina patterns (NIMR 2010b). Studies have shown an association with weather 

oscillations and outbreaks and it is considered useful in predicting malaria epidemics (Bouma, et al 

1994). The historic malaria epidemics that occurred in the Punjab were recently explained in 

relation to the EI Nino effect (Bouma, et aI1996). Another study that included 123 years of 

weather data in Rajesthan found malaria outbreaks corresponded to the flood years (Akhtar 

2010). Evidence from the outbreak patterns together with recent climate models predicting 

spread of malaria into new areas imply that more people would be affected by malaria in the 

coming years (Hay, et a12004, Reitera, et aI2004). Furthernlore with the current projections of 

global climate warming and changing weather patterns, changes to species distribution and 

transmission pattern could be expected in this region. 

2.11.2 Effect of Economic Development 

The rapid economic growth with large scale development projects in India has lead to 

changes in the ecosystem with clearing of forests and population migration. As a consequence, 

changes to prevailing vectors and increase in malaria incidenc~ have occurred in parts of the 

country. These effects were further enhanced by population change with influx of migratory 

workers. A notable example is the large Narmada river hydro-project and the construction of the 

Bargi-dam in Jabalpur district which resulted in a 32 fold increase in SFR, an increase in the 

vector An. flilviatilis and a malaria epidemic outbreak in 1996 with 100s of fatalities (Singh, et al 

1999b). Historical evidence also showed during the railway construction and development of the 

dry docklands in Bombay (Mumbai) in British India there was an increase in malaria in these 

areas related to labourers migrating from different parts of the country (Kerr 1983). Besides, an 

increased incidence of malaria with increase in population growth was observed among tribal 

populations in Betul region of Madhya Pradesh (Singh, et aI2006).These suggests that disruption 
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of ecosystem, human migration, population growth together with climate change could increase 

the burden of malaria in the future. 

Economic burden: As early as 1930s Sinton in his treatise 'What malaria costs India' highlighted 

the economic burden of malaria in India. Taking the then average monthly earning of Rupees 7.5 

by a productive age adult and 15 days of work lost per man year Sinton estimated rupee 1237 lacs 

($27.5 million) oflost wages to the community in 1933 (Sinton 1935). A 1998 estimate based on a 

conservative approach calculated 1.86 million years of disability adjusted life years (DALY) lost to 

malaria in India (Yadav, et a/ 1991). A cost benefit assessment for control found net savings at 

US$ 1,431 million inferring each rupee invested in the malaria control program would provide a 

return of rupees 19.7 (Kumar, et a/2007). Improved estimates of disease burden and malaria 

control can expect a higher aversion in the loss ofDALYs. 

2.11.3 Drugs and Insecticide Resistance 

2.11.3.1 Antimalarial drug resistance 

Chloroquine remained the drug of choice in India until policy changed recendy to ACTs 

m chloroquine resistant areas. Chloroquine resistance was first reported in 1973 from field 

isolates in Assam (Sehgal, et a/ 1973). Since then other regions reported resistance of P ja/cipamm 

to chloroquine, indicating the problem was widespread. A 25% failure rate for chloroquine 

against P .ja/cipamm was reported in a review on efficacy of anti-malarials throughout India 

(Biswas, et a/ 2003, Naman K. Shah, et a/ 2011). Two in vivo efficacy studies conducted in Madhya 

Pradesh, excluding pregnant women showed a 31 % parasitological treatment failure rate by day 

28 (ICMR 2005). 

Although chloroquine resistance occurs mainly in P ja/cipamm there are reports of 

resistance in P.vivax from different regions in India. The initial chloroquine inefficacy studies in 

India were case reports (Garg, et a/ 1995). Development of resistance to chloroquine raises 

concern particularly with recent findings of severe disease manifestations with P.vivax when 

chloroquine remains the first line treatment for P.vivax malaria. Further systematic studies 

conducted in West Bengal and Orissa which are regions with chloroquine resistant, P jalcipamm 

found 100% cure rate, but follow up time was insufficient and restricted to 7 days only (Nandy, et 

a/ 2003). A more recent study which included three P.vivax predominant states also observed 

100% parasite clearance by day 28 verifying suggesting good chloroquine sensitivity of P.vivax 

ry alecha, et aI2006). 

Chloroquine resistance to P ja/cipamm is associated with mutation in K76T codon in 

plasmodium falciparum chloroquine resistant transporter (Pferl) gene. While the pfcrt K76T 
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mutation prevalence was high (96-100%), Indian field isolates were identified to have high 

genetic variations of the pfi:rt gene (Vinayak, et al 2003). Additional studies have also found 

progressive increase in mutations in pjcrt and in multidrug resistance gene 1 (pfmdrl)(Das, et al 

2007). These findings differ from the global finding of low genetic diversity found in the 

evolution of chloroquine resistance in P .jalciparum. Indian investigators imply that the high 

diversity suggests that pjcrt in Indian parasites might be in a phase of 'genetic reconstruction' 

which is a concern as it may lead to faster development of resistance to new drugs. 

2.11.3.2 Insecticide Resistance 

Dichlorodiphenyltrichloroethane (DDT) was the insecticide used in the early eradication 

program, although as early as 1959 reports suggested resistance (Sharma and Mehrotra 1986). 

Subsequent programs relied on insecticides such as hexachlorocyclohexane (HCH)-deildrin and 

Malathion but vectors developed resistance. The two major vectors An.culicijacies and An j7uviatilis 

responsible for malaria transmission in Madhya Pradesh are reported to be resistant to most 

insecticides including DDT and is proving to hamper malaria control through indoor spraying 

(NIMR 2010a). 

2.11.4 Malaria in Pregnancy in India 

A summary of 5 hospital based studies reviewed for adverse effects due to malaria in 

pregnancy in the mother and infant are presented in the Table 2.3. Although these studies were 

from different regions what is common to all the reports are significant infection with 

P .jalciparum, maternal anaemia, and fetal consequences such as stillbirths, abortions and preterm 

deliveries. Four studies described complications in the pregnant woman with cerebral malaria and 

all the five studies reported maternal deaths. The study in Maqhya Pradesh also reported that 

anaemia was significantly more common in pregnant women with either P .jakiparum or P.viva:I( 

than in non-infected pregnant women or infected non-pregnant women and birth weights of 

infants born to infected mothers were lower than those of non-infected mothers. All the studies 

reported higher malaria frequency in primigravidae than in multigravidae. The gravidity effect 

observed in these studies might be related to the selection of only symptomatic study population 

and may not reflect malaria frequency in general pregnant population i.e. a combination of 

symptomatic and asymptomatic pregnant women. 

Community based studies on malaria in pregnancy has been reported less frequently in 

India. One study from Orissa, a region highly endemic for malaria reported adverse birth 
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outcomes were more frequent in infected women than in non-infected women (Das 2000). 

Similarly, a community-based study of tribal population in Madhya Pradesh found that a higher 

proportion of P falciparum malaria, abortion and stillbirths occurred in febrile primigravidae 

(ICMR 2004, Singh, et aI1998). Other community-based malaria in pregnancy studies is during 

outbreaks and suggests pregnant women have more severe P falciparum associated adverse effects 

than non-pregnant women. These studies were all on febrile symptomatic women. There is a 

dearth of information from population based asymptomatic pregnant women. A study that 

included both symptomatic and asymptomatic women conducted recendy in Jharkand state 

showed 1.8% prevalence in women attending antenatal clinics and 1.7% peripheral and 2.4% 

placental parasitaemia in women delivering in health facilities (Hamer, et 01 2009). Although 

malaria prevalence was low, surprisingly the study also reported primigravidae and 

secundigravidae and women who reported a history of fever in the week prior to delivery had a 

higher risk of malaria. A study that modelled malaria in pregnancy burden based on prevalence 

reported from past studies estimated there could be 220,000 malaria in pregnancy cases per year 

with 1000 maternal deaths and 95,800 lost fetuses occurring in Madhya Pradesh (Diamond

Smith, et 012009). 

Studies on HIV -1 and malaria in pregnancy from India are deficient. Madhya Pradesh is 

considered a low HIV prevalent area in India with 1.7% prevalence reported in SID clinics and 

zero in antenatal clinics in 2007(HIV-Statistics 2007). There is no publications available onHIV-1 

malaria interaction in pregnant women from Madhya Pradesh. 
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TABLE 2: 3: SUMMARY OF HOSPITAL BASED STUDIES IN PREGNANT WOMEN IN 5 DIFFERENT STATES OF INDIA 

STATE I MADHYA PRADESH I RAJESTHAN I GUJRAT GUJRAT I CHANDIGARH 

N Singh /1999* I Kochar DK /19991 Maitra N / 1993 1 Nair LS / 1993 r·5h~i~p~;k·~·~Ti98·8·;·-

! ! . 1. ___ ......................... ____ .•. 
1992·1995 I 11990-1991 11987.1988 I 1985 

. , . I 

Author/year 

Study period 

Sample (n) 2127 45 445 322 1" ... ·· ... 78· ..... --.. ··· .. --·· .. ·· 

Predominant species 
+-------+------t---~--_+---____,_____1I· .. ······ ..... ········· ..... · ... ···· 

Pf (11%) Pf Pf (97%) Pf (62%) I Pf (1.4 incidence) 

i 

Maternal anaemia (severe)/ ++ 20% 22% 7.9% 1"·········6·0%"··················· 

---_ ..... _------------------ .. -------_ .. -
6.9% 75% (3/4) 1.1 (5) ! 7% 

-----------t-------l------+------+-I -----I ................................... . 
! 33% (4/12) 

I 

Cerebral malaria 

4% 

________ + _______ -+ ______ -+ ______ -+-_____ -;1 ........... __ ...................... . 
10.7% 5% 

---t--------t-------+---------i------ll· ...... ················· ..... --..... 
10.7% 

--------+--------+------+-------+--------ij ................................... . 
9% 

-------+-------+------+-----+------ll········ ... ·····--····· ............ . 
++ 

1 

Note: 'studies reported on P.vivox, not shown in this table, ++ indicates parameter was mentioned, but values for proportions were not stated. 
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Chapter 3 

Study Design and Methods 

"But I was thinking of a wqy To multiplY fry ten, And alwqys, in the answer, get The question back again" 
-Lewis Caroli, Adeventures of Alice in Wonderland-
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3.1 Introduction 

The study aimed to assess the burden of MiP within a relatively short period of time and 

at relatively low cost. The US based CDC, Atlanta had compiled a Rapid Assessment Package for 

evaluating the burden of MiP in Africa. It was later adjusted for use in Asia and South America 

and developed into a WHO supported guideline for conducting MiP burden surveys. The rapid 

assessment methodology which is based on the principle of timely focused surveys aimed at 

gathering information required for needs analysis for policy makers, and together with the limited 

budget the methodology was chosen for this study. 

This chapter provides an overview of the methodology. Thereafter it describes the study 

area and population, study design and details of the study procedures. Finally, the statistical 

methods used for the different analyses are outlined. 

3.2 Rapid Assessment Package 

The rapid assessment package consists of 10 modules and a set of tools containing both 

qualitative and quantitative questionnaires. They are as follows: 

1. Antenatal clinic survey (ANC) 

2. Delivery unit survey (DU) 

3. Severe Malaria Disease Surveillance (DS) 

4. Client exit survey 

5. Antenatal Clinic Facility Assessment 

6. Antenatal Clinic Health-Care Worker Observation 

7. Focus Group/ Interviews with Health-Care Workers 

8. Focus group/ Interviews with Trained Birth Attendants 

9. Focus group/Interviews with recently/ currently pregnant Women 

10. Focus group/ Interviews with Key Informants 

The overall package provides a standardised guidance to obtain data, allowing 

comparison of results between regions of varying malaria transmissions. The magnitude of the 

burden of~fiP is assessed with the antenatal care (module 1), delivery unit (module 2) and disease 

surveillance tools (module 3). Coverage of interventions and sources of care are assessed with the 

facility (modules 4-7) and client dependent material, together with health care observation tools 

(modules 6-10). In conducting a rapid assessment survey, for each region or country, a minimum 

of 3-5 antenatal clinics and 2-3 delivery units are recommended to be included (parise, et aI2003). 
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However, depending on the available resources, logistics and objectives, it is possible to vary the 

individual modules. 

Selection of Modules for the Study 

Three core modules are structured to obtain data on the impact of malaria on the mother 

and baby, which is essential to establish the burden (Figure 3:1). In this survey, the 3 

recommended core modules and minimum number of sites (3 ANC and delivery units) were used 

because of limited funds. Before starting the survey, these tools were adjusted to incorporate 

questions to capture variations in the Indian socio-cultural and ethnic background, malaria 

treatment and control policy and transmission pattern. The modifications were adjusted after a 

pilot study of the rapid assessment methodology in Jabalpur in 2004 by the investigator (Ahmed 

2004, MTrop dissertation). 

FIGURE 3: 1: RELATIONSHIP BETWEEN STUDY MODULES & STUDY OBJECTIVES 
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3.3 Study Method (general) 

3.3.1 Study Design 

The study was conducted in two phases (Figure 3:2): 

1. The rapid assessment burden survey was conducted m the antenatal, delivery and 

inpatient units of three hospitals. It consisted of two 6-week cross-sectional surveys 

corresponding with the anticipated peak transmission season and low season. 
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2. After completion of the second rapid assessment survey, the study was continued to 

complete a full year of data collection. This was done in the delivery units in Katni and 

Maihar, the two rural sites for a furtJ::ter 46 weeks. Because of the limited budget, the 

ANC and IPD modules and Jabalpur, the site where almost no transmission was recorded 

in the peak season were excluded in the full year data collection. 

FIGURE 3: 2: DIAGRAM SHOWING SURVEY PHASES 
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3.3.2 Study outcomes 

Antenatal Module 

- Primary outcome: Prevalence of maternal peripheral parasitaemia by plasmodium species. 

- Secondary outcome: Prevalence of mild/moderate maternal anaemia (Hb <llg/dL & Hb 

<9g/dL) 

Delivery unit Module 

- Primary outcome: Prevalence of placental malaria by plasmodium species. 

- Secondary outcome: Prevalence of adverse pregnancy outcomes Oow birth weight and preterm 

delivery) and prevalence of maternal parasitaemia and anaemia. 

Inpatient Disease Surveillance Module 

- A description of manifestation of malaria illness in pregnant. 
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3.4 Sample size selection for the overall survey 

Sample size calculations were done using the StatCalc population survey module in 

Epilnfo 3.01 version (2003). The following parameters were used for calculations: N baseline 

population = 1,000,000, 0(=0.05, Design effect = 1.5 to correct for cluster design (clinics). The 

primary consideration used to determine the sample size was the desired precision and the point 

estimate of the prevalence of malaria among pregnant women. However, an acceptable level of 

precision for other parameters of interest such as maternal anaemia, low birth weight and 

prematurity were also considered in calculating the sample size. 

Limited background information hampered the determination of specific a pnon 

estimates for the endpoints of interest and the sample size calculations were driven by feasibility 

and logistical capacity. Previous studies from the area has mosdy assessed parasitaemia (18% -

26%) in women who attended health facilities and reported a history of fever in the past week or 

had a documented fever and do not allow the estimation of the overall prevalence of malaria 

parasitaemia in women attending ANC services (Singh, et al 1999a, Singh, ct al 1996). One 

community-based survey in pregnant women during a malaria epidemic followed 325 women for 

an average period of around 2 month and found 11 % to become parasitaemic over this follow up 

period (study conducted for 10 months between April 1995 and January 1996) (Singh, ct aj 1998). 

The variable considered for the design effect was anaemia (Hb <llg/elL). Based on 

previous reports, it was assumed that a design effect of 1.5 was acceptable. 

3.4.1 Rapid Assessment Surveys 

3.4.1A: Sample size for Antenatal Clinics 

Sample size for low transmission SU11ley: A low prevalence was expected during the dry season 

survey (referred hereafter as survey 1). On this assumption a sample size of 800 women would 

allow estimation of a prevalence of 3%-15% maternal parasitaemia, (wide-range was assumed due 

to lack of specific data) with a precision of ±3% with a 95% confidence level and corrected for a 

design effect of 1.5. Taking into account the overall monthly antenatal attendance of 1050-1300 

women at the antenatal facilities the sample size of 800 women from the three sites was 

considered an achievable target in six week period (Table 3:1). 

Sample size for high transmission SU11ley: A higher prevalence was expected in the post monsoon 

period (referred hereafter as survey 2). A sample size of 1100 women would allow estimation of a 

20% prevalence of maternal parasitaemia with a precision of ±3% with a 95% confidence level 
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and corrected for a design effect of 1.5. Based on the monthly attendance figures, a total sample 

size of 1100 was an achievable target from the three sites in six weeks. 

3.4.1B: Sample size for Delivery Unit 

Sample size for low transmission survey: Similar to the antenatal survey, for the dry season the 

proportion of women with placental parasitaemia was assumed would be as low as 3%-5%. On 

this assumption a sample size of 400 would allow estimation of 3% prevalence of placental 

malaria with a ±3% precision and 95% confidence level and corrected for design effect of 1.5. 

Taking into account the monthly attendance rates of 550-675, the sample size of 400 was an 

achievable target in six week period from all three delivery units (Table 3:1). 

Sample size for high transmission survey: For the post monsoon period, a higher prevalence of 

placental malaria than the dry season was assumed, but lower than in women attending for 

antenatal care in the same period. On this assumption, a sample size of 600 would allow 

estimation of a 10% prevalence of placental malaria with a high precision ±3%, with a 95% 

confidence level corrected for design effect of 1.5. Based on the total monthly attendance, 600 

was an achievable target from all three units during the six week period. 

TABLE 3: 1: POTENTIAL SAMPLE SIZE CAPACITY AT THE STUDY HEALTH FACILITIES 

Maihar Katni Jabalpur Total 

Antenatal Clinicsj 

Attendance /month 150-200 400-500 500-600 1050-1300 

Enrolment/mo (75%) 113-150 300-375 375-450 787-975 

Enrolment 6weeks 170-225 450-563 563-675 1181-1463 

DeliveQ! Unit: 

Attendance/month 100-125 200-250 250-300 550-675 

Enrolment/mo (75%) 75-94 150-188 188-225 413-507 

Enrolment 6 weeks 113-141 225-253 282-338 620-732 

Note: This shows the average monthly attendance at ANC and delivery unit at the 3 health facilities. The 
calculations were made on the assumption that 75% of women attending ANC and DU would meet the 
inclusion criteria and would agree to participate. 

83 



3.4.2 Year Round Survey 

Sample size for enrolment at two delivery units 

To calculate the sample size for the year round survey in the delivery units, findings of 

the rapid assessment surveys in combination with the anticipated number of deliveries were used. 

The wide variation in the anticipated maternal malaria prevalence from approximately 2% in the 

dry season to 6% in the post rainy season was taken into account. A sample size of 1500 would 

allow an estimation of 2-8% prevalence of placental malaria with precision ±2%. It would also 

allow estimation of other parameters of interest such as low birth weight, prematurity and 

maternal anaemia with a precision of ±3%. This sample size was considered an achievable target 

for the two sites, (Katoi and Maihar) during the 46 week extended period. 

3.5 Eligibility Criteria 

All pregnant women ~ 15 years were eligible for enrolment. The legal age for marriage in 

India is 18 years and above. However, in India some women younger than 18 years are married 

and run households. The aim was to include this vulnerable group of adolescents to enable 

generalization of results to the overall population of pregnant women. Because the community 

considers women less than 18 years old who are running independent households emancipated 

minors, they were allowed to sign their own consent. 

Inclusion criteria for women at ANC 

Pregnant women who met the following criteria on presentation to the antenatal clinic 
were enrolled: 

~15 years of age. 

Had felt quickening or gestational age was ~14 weeks as determined by fundal height 

(14 week gestational cut off was selected for uniformity with previous rapid 

assessment studies in Africa and to avoid complications of drug use other than the 

national recommended policy in asymptomatic first trimester cases that detects 

positive results). 

Agreed to comply with study procedures. 

Able to provide informed consent. 

Inclusion criteria for women at DU 

Women who presented for delivery and met the following criteria were enrolled: 
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2: 15 years of age. 

Agreed to comply with the study procedures. 

Able to provide informed consent. 

Inclusion criteria for Inpatient surveillance 

Women admitted to the inpatient wards during the 6 weeks of survey who met the 

following criteria were enrolled. 

Both pregnant and non-pregnant women aged 18-49 years (this study sample includes 

both pregnant and non-pregnant. Non-pregnant women below 18 years are not 

considered emancipated minors, and therefore 18years was chosen to keep uniformity of 

consenting age in both groups). 

Had a confirmed malaria diagnosis or at admission were being treated presumptively for 

malaria. 

Agreed to participate and comply with study protocol. 

Able to provide informed consent. 

For women who were delirious or unconscious on admission consent was obtained from 

the husband or accompanying adult. 

General Exclusion criteria 

Women with a mental disability unable to provide informed consent 

3.6 Study Timing 

Rapid Assessment Surveys: Women attending the antenatal clinics, delivery unit and inpatient 

wards were enrolled simultaneously from all the three health facilities. Survey 1 was conducted in 

the dry months of April-May 2006 for 6 weeks when P.vivax was expected to dominate (Figure 

3:3). Survey 2 was conducted in October-November 2006 for 7 weeks shordy after the rainy 

season when P .faldparum was expected to dominate. These timings were chosen to capture the 

extremes of burden spectrum and the corresponding differences. 

Year Round Survey: The survey was continued from survey 2 onwards until the end of 

September 2007. This was to determine the length of transmission period for the two species and 

to capture the species specific seasonal variation in the prevalence and burden throughout the 

year. 
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FIGURE 3: 3: DIAGRAM REPRESENTING ANTICIPATED MALARIA TRANSMISSION PEAKS & SURVEY TIMING 
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Year round survey-3 (continued from November 2006 -September 2007) 

p/= P./a/ciparum; Pv= P.vivax 

3.7 Description of Study Area 

Nov Dec 

Madhya Pradesh, the name literally meaning 'middle province' is in central India (Figure 

3:4). It is the second largest state in India with a population of over 60 million (60,348,023 

Census 2001) covering an area of 308,245 sq km divided into 48 districts. The eastern districts 

where the study sites were located consist mostly of undulating rocky hills and forested areas with 

the river Narmada running across the area about 5 kms from Jabalpur city, the urban town 

selected for the study. The study was conducted at hospitals in three of the eastern districts, 

namely Jabalpur, Katni and Satna (Figure 3:4). 

Climate: The climate is characterised by a hot dry "summer" from March through June with 

temperatures ranging from 30-4SoC and a cool "winter" in the months of October to February 

with temperatures of 15-25°C. The rainy monsoon months extend from July to September 

with average temperatures of 19u -30°C. The eastern districts of the state gets more rainfall with an 

annual average of 112-137cm. while the rest of the state has an annual average ranging from 50-

62.5 mm. 

Rainfall in Study Districts: In Jabalpur district, the rainfall pattern of the past 38 years is shown 

in figure 3:5. The average monthly rainfall of the study year 2006 fell within the observed range 
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for the past years, except for March and May where the rainfall average was slightly higher. The 

rainfall pattern of Katni for the past 8 years and that of the past 15 years in Maihar are shown in 

FIGURE 3: 4: MAP OF MADHYA PRADESH SHOWING STUDY DISTRICTS 

Map of Madh,Ya f"radcsh 

Katni 

Jabalpur 

(Figures 3:6 & 3:7). In Katni, the rainfall pattern for the study years 2006 and 2007 were 

comparable to the past years, although rainfall was at the lower range of the monthly deviation in 

the monsoon months of June, July and August in 2007. In Maihar, the rainfall pattern for the 

years 2006-2007 were within the range of past 14 years except for June which was drier compared 

to previous years while August-September rainfall was in the lower range. 

Malaria transmission pattern: Both P falciparum and P.vivax are endemic in this region of Madhya 

Pradesh with malaria transmission reported to be prevalent throughout the year. Th~ 

transmission closely follows the rainfall pattern with P falciparum. dominating from September to 

November, following the rainy season. The prevalence of P.vivax varies, with higher prevalence 

reported between April-July when prevalence of Pfalciparum starts to decline (N. Singh, et al 

2004)(Figure 3:8). However, a change in the pattern of P.vivax epidemiology is seen in the years 

1991-92. This report was based on passive surveillance of febrile cases between the years 1987-

1992 among all age groups in 15 villages in Mandla, which is the district south east of J abalput. 

87 



FIGURE 3: 5 : MONTHLY RAINFAll IN JABAlPUR DISTRICT IN 2006 AND 1968-2005 
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FIGURE 3: 6: MONTHLY RAINFAll IN KATNI REGION IN 2007 AND 1999-2006 
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FIGURE 3: 7: MONTHLY RAINFALL IN MAIHAR IN 2007 AND 1992-2006 
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Malaria Vectors in the study region: The two dominant malaria vectors in Madhya Pradesh are 

A .culicifacies and A .flumtalis. Of these, A .culicifacies, feeds on domestic animals but mainly bites 

humans and contributes about 95% of all malaria transmission in the region. Feeding and resting 

of this species occur both in and outdoors while breeding takes place in clean and polluted water 

habitats. The second vector A . flumtalis behaves similar to A . culcifacies but breeds in water streams 

and contribute 1-2% of malaria transmission (Service 2002, Joshi 1998). 

FIGURE 3: 8: MALARIA TRANSMISSION PATTERN IN MADHYA PRADESH 
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3.8 Study Population 

Madhya Pradesh has a predominantly rural (73.3%) population with the majority of 

people engaged in agriculture and subsistence farming (Figure 3:9). It is one of the less developed 

states of India, with 37.43% living below the poverty line2 (national estimate 26.1%). The overall 

literacy rate is 63.7% with an overall and rural female literacy rate of 50.28% and 43.0% 

respectively (Census 2001). The total fertility rate of the state is 3.1 comparable to the national 

rate of 2.7 (NFHS3 -III 2005-2006). Infant mortality and maternal mortality rates are 72 per 1000 

live births and 379 per 100,000, compared to national rates of 55 per 1000 live births and 301 per 

100,000 respectively (SRS4 2007). 

Antenatal Care: A national survey (NFHS-III) conducted in 2006 reported that 40% of women 

in Madhya Pradesh had 3 antenatal visits during their last pregnancy and that 29.7% delivered in 

health facilities. These reproductive health indices are changing with the recent introduction of a 

new rural reproductive health scheme, launched in 2005 by the Government of India as part of 

the National Rural Health Mission to improve the quality of rural health care (NRHM 2005-

2012). Under this scheme a group of women designated as the Accredited Social Health Activists 

(ASHA) were selected at village level to improve the health care of women and children in rural 

areas, particularly those having difficulties in accessing health services. Included in their many 

tasks are motivating rural women to seek health care during pregnancy. To facilitate this, the 

ASHAs are responsible for arranging transport and accompanying pregnant women to the health 

facilities for seeking treatment, admission of risk pregnancies and deliveries. A monetary 

incentive of rupees 1000-1400 (US$ 25-35) is provided for the woman delivering at a health 

facility and additional rupees 200-400 is provided by the government to the ASHA to escort the 

pregnant woman. The ASHA scheme has shown to be very popular among rural women 

resulting in a dramatic increase in health facility attendance and deliveries. The scheme started in 

Madhya Pradesh in mid 2006 and lead to a steady increase in the number of deliveries of over 

100% in both the rural study facilities (Figures 3: 10 & 3:11). 

2 Indian government defines 'below poverty line' as earning less than Rs 10.00 per day per person translating to Rs 
276 monthly income in rural India, an amount that would buy food equivalent to 2200 calories per day, which is medically 
sufficient to prevent death. 

3 NFHS= National Family Health Survey, which in India is the equivalent of DHS elsewhere. 
4 SRS = Sample Registration System. This is a system used by the Office of the Registrar General & Census 

Commissioner, India for enumerating births and deaths and generating data on these vital events. More details can be 
found at :- http:censusindia.gov.in/Vital_Statistics/SRS/Sample_Registration_System.aspx 
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FIGURE 3 : 9: FARMING AREAS ADJACENT TO THE RURAL STUDY SITES 
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FIGURE 3 : 10: MONTHLY DELIVERIES IN DISTRICT HOSPITAL KATNI FOR 2004-2007 
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FIGURE 3 : 11: MONTHLY DELIVERIES AT CIVIL HOSPITAL MAIHAR FOR 2004-2007 
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3.9 Selection of Study Sites 

Truee different levels of health facilities in the towns, Jabalpur, Katni and Maihar each 

approximately 100km apart in three adjacent districts were selected for the study. T he 3 health 

facilities include a primary care civil hospital in Maihar, a secondary level district hospital at Katni 

and tertiary referral hospital in Jabalpur. The different levels o f health facili ties were selected to 

get a sample representative o f the rural and urban population of pregnant women in the region. 

An additional factor was that the National Institute o f Malaria Research (NIMR) had es tablished 
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malaria clinics at Jabalpur and Mamar hospitals. Katni hospital, the new site chosen for the study, 

was located on the same route from Jabalpur to Mamar. The catchment of the three sites 

provided a suitable mix of urban and rural women and the site locations were near the main road 

which made logistics easier. 

Site 1: Nethqji Subash Chandra Bose (NSCB) Medical College Hospital, Jabalpur 

The Medical College Hospital is a tertiary referral facility situated in the city of Jabalpur. 

Jabalpur has a population of 1,098,000 (Census 2001) with approximately 0.8 million living in 

the surrounding peri-urban areas. The hospital catchment covers referrals from the adjacent 6 

districts in addition to serving the population of Jabalpur municipality. The hospital has 2500 

beds with a busy 100 bed Gynaecology /Maternity unit and a 4 bed delivery unit. The maternity 

department is equipped to manage high risk deliveries with facilities for obstetric and 

gynaecological surgery. The department is staffed with a number of doctors in training, nurse

midwives, nurse trainees and nine Obstetrics- Gynaecology Specialists. Antenatal clinics are run 

6 days of the week from 9am-2pm with an average monthly attendance of 500 women. 

Site 2: Katni District Hospital 

The Katni district hospital is situated in central Katni municipality, a semi-rural town with 

a population of 186,738 (Census 2001). The hospital catchment serves an estimated population 

of 1,063,689 with greater than 50% of the population attending the hospital coming from the 

villages within Katni district. The Gynaecology and Obstetrics unit is staffed by three 

gynaecologists and 10 nurse-midwives. The hospital has a 32 bed maternity ward. The delivery 

unit has 3 beds with facilities to manage emergency obstetric surgeries. Routine ANC clinics are 

run 6 days of the week with an average monthly attendance of 400 women. 

Site 3: Civil Hospital & Private Antenatal Clinic in Maihar 

The Civil Hospital is a level one primary care facility situated in Maihar, which is a town 

in Satna district that has a population of 229,307(Census 2001). The Civil Hospital, serves the 

population from the villages adjacent to Mamar together with Maihar municipality which has a 

population of 34,342. The hospital has 51 beds in total and is staffed with five Specialist 

physicians including one Gynaecologist. The maternity unit has 5 trained nurse-midwives who 

manage non-risk pregnancies amounting to a monthly average of 100-150 deliveries. These 

delivery figures have changed considerably with the introduction of the AHSA program. The 

nurse-midwives manage the hospital ANC together with the Gynaecologist. The same 

Gynaecologist runs a private antenatal service that charges a fee, but is attended by the same 

catchment population. The two ANCs combined have an average monthly attendance of 150-200 
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pregnant women. The women attending ANCs in both the hospital and the private clinic were 

recruited for the study. 

3.10 Ethical Considerations & Clearance 

Ethical clearance 

This study was conducted as part of a collaborative project between NIMR/ICMR India, 

LSTM and CDC Atlanta, USA. The ethical committee and the review boards of each of the 

three institutions approved the study protocol. Annual reports were submitted while the study 

was running and ethical approval was renewed yearly. Any changes made to the study were also 

submitted to the institutions and approval sought as amendments of the initial protocol. 

Informed consent 

Written informed consent was obtained from each participant. The consent forms were 

translated first to Hindi then translated back to English for an accuracy check and printed finally 

in Hindi. The consent included information about the purpose of the study, the study 

procedures, risk and benefits, confidentiality and voluntary participation. The participants had 

their right to refuse enrolment explained and it was emphasised that any refusal would not affect 

their access to routine care provided in the antenatal clinic, delivery unit or inpatient services. 

For the participants who were unable to read the consent form was read out by a team member 

and asked questions to assess their understanding of the content. Women unable to sign were 

asked to provide a thumbprint while a witness attested the consent procedure. Minors below 18 

years who were tnarried and running independent households were allowed to sign their own 

consent. A waiver for parental consenting of minors was obtained from the Ethical Committees 

during protocol approval. 

Confidentiality 

Each participant was assigned a unique identification number which was used in the 

questionnaires, logbooks, blood slides and blood samples. The names of participants and 

identification information were documented in the questionnaires and consent forms. After data 

cleaning was completed the names were removed from the final data set. The data forms were 

filed and kept in locked cabinets during the study and after data entry was completed. Access to 

the locked cabinets and data set was permitted only to authorized study personnel. The 

identification of participants was not used in any analysis or reports. 
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3.11 General Study Procedures 

The study was designed for enrolling pregnant women attending the antenatal clinics 

(ANC), hospital delivery units (DU) and patients admitted for suspected malaria illness in these 

health facilities (Table 3:3). 

TABLE 3: 2: STUDY UNITS INCLUDED FOR THE TWO PHASES OF THE 3 SURVEYS 

Rapid Assessment Surveys Year Round Survey 

Study Facility Antenatal Delivery Inpatient Delivery Unit 
Clinic Unit Ward 

Jabalpur ...j ...j ...j 

Katni ...j ...j ...j ...j 

Maihar ...j ...j ...j ...j 

3.11.1 Consent & Enrolment 

GeneraL' Women attending the antenatal clinic or delivery unit were first screened for study 

eligibility. If they fulfilled the study criteria they were approached for consent and enrolled. 

Antenatal enrolment was not restricted to flrst ANC visits. Since IPTp was not implemented 

in the region, whether women were enrolled at flrst ANC visit or at a subsequent visit 

during the 6 week study period was unlikely to affect the study objectives. A structured 

questionnaire printed in bilingual fonnat (English & Hindi) was administered in Hindi by a study 

staff, after obtaining infonned written consent (Annexe 1). A logbook entry of important 

infonnation such as the identiflcation number, age and test results were kept for all the 

participants. Any refusals to enrol were noted and their age and gravidity recorded to allow 

comparison of baseline characteristics between the enrolled women and refusals. 

Consent in Delivery Unit The consenting procedure in the delivery unit was based on the stage 

of labour on arrival in the unit. Women presented to the delivery unit at various stages of labour. 

Study staff were trained to judge whether a woman was able to provide consent prior to delivery 

or after delivery. This was based on whether a woman was able to converse clearly without being 

interrupted by labour pain. Staff was instructed to observe a woman for several minutes to assess 

her labour pain status and then approach for consenting. If a woman was in a comfortable phase 

of labour, consent was obtained and measurements and flnger prick blood samples were taken. 

Because parasites have been shown to clear soon after delivery (Nguyen-Dinh 1988 quoted in 

(Brabin and Rogerson 2001), the aim was to get the blood smear and haemoglobin prior to 
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delivery. The completion of the questionnaire and the rest of study procedures, if needed was 

completed post delivery when the woman was more comfortable. If a woman was in an advanced 

stage of labour consent was delayed until after delivery, and the finger prick for haemoglobin and 

malaria status was deferred until consent was obtained after delivery. The proportion of samples 

taken after delivery was small: in survey 1 there was 5 cases in Jabalpur, 3 in Katni and 0 in 

Maihar (overall 1.9%); in survey 2 there was 9 cases in Jabalpur, 6 in Katni and 2 Maihar (2.7%). 

Although this was noted in the log book in the three surveys, it was not entered as separate data. 

3.11.2 Questionnaires 

Antenatal Clinic Questionnaire 

The ANC questionnaire consisted of five main sections (Annexe 2). The first section 

included questions on demographics including age, marital status, schooling and socioeconomic 

status of participants. The next sections covered questions on reproductive history. The third 

section was on the history of current pregnancy regarding malaria or fever related symptoms, 

health care seeking behaviour, malaria preventive measures together with the use of antimalarial 

drugs for treatment or prevention during pregnancy. The last part consists of a section to record 

the measurements, test result and drugs given to the women. 

Delivery Unit Questionnaire 

The delivery unit questionnaire was structured similar to the ANC questionnaire covering 

general identification and demographic parameters, reproductive and malaria morbidity and 

prevention history during pregnancy (Annexe 3). In addition a section was included which 

covered maternal and birth outcomes and baby measurements. An additional form was used for 

Ballard scoring to determine the gestational age of the baby (Annexe 4). 

Inpatient Data Form 

Inpatient surveillance forms consisted of questions related to identity and demographic 

data (Annexe 5). Information was extracted from the patient's hospital records while any missing 

data was obtained direcdy from the participant The data obtained included symptoms patient 

presented with at the time of admission, results of any investigations done during the hospital 

stay, history of antimalarial drug use together with treatment in hospital and admission and final 

discharge diagnosis documented in the patients file. 
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3.11.3 Study Tasks 

A: Antenatal Clinic 

After completion of the questionnaire the axillary temperature, blood pressure and mid

upper arm circumference (MUAC) were measured (Figure 3:12). Two measurements were taken 

for accuracy assurance and their average used for data analysis. 'Whenever there was a >O.SOC 

discrepancy between the two temperature measurements, both recordings were repeated after 

approximately ten minutes time interval. Similarly, for blood pressure if the difference between 

readings was >10 mrnHg for either the systolic or diastolic pressures, a new set of recording was 

taken. For the assessment ofMUAC, new measurements were taken when a discrepancy >Smm 

was found between two readings. Blood was drawn by finger prick for assessment of the 

haemoglobin level, malaria RDT (PLDH First Response Pf/Pv~ and blood smear. In addition, a 

blood sample was collected in an EDT A tube for PCR. 

For women who reported a history of fever within the past week or who had a 

documented fever (temp ~37.S°C) but a negative RDT result, their blood slide was examined 

while they waited in the clinic (Figure 3:13). Any women found to be positive for malaria by RDT 

or microscopy were referred to the hospital ANC staff to inform the gynaecologist for treatment 

according to the national guidelines. For all other women, malaria slides were read daily after the 

closure of ANC. If any of these slides were found positive, the responsible hospital staff member 

was informed in order to contact the woman. 

At the time of the survey conduction, the recommended drugs for malaria treatment in 

pregnancy were chloroquine as first line (chloroquine 600mg stat followed by 300mg x 3 days) 

and sulfadoxine-pyrimethamine (3 tablets of SOO/25mg) as second line drug. Quinine was used 

for severe malaria. The recommendation for chemoprophylaxis was chloroquine 300mg 

base/week. All women found to be anaemic (Hb <11g/dL) were given haematinic 

supplementation (the preparation used commonly was Fefol tablets which has a combination of 

IS0mg ferrous sulphate and O.Smg folic acid). Any woman found to have moderate-severe 

anaemia (Hb <9g/ dL) was referred back to the ANC staff for appropriate management. 

B: Delivery Unit 

Similar procedures to those used in the antenatal clinics were carried out for delivery unit 

participants. In addition a measurement of maternal height was taken from these women. Again 

two measurements were taken and if there was a discrepancy of ~5 mm between two recordings, 

it was repeated. Placental sampling was done approximately within 3 hours from delivery for all 

births that occurred before 11 pm daily. Because of budget constraints, deliveries occurring 

between 11 pm and 7 am were not included. 
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FIGURE 3: 12: WORK SCHEME AT ANTENATAL & DELIVERY UNITS 

Step 1- verify eligibility 
criteria 

~---=----I.'-----+ ask to participate 

Step 2 -
Obtaining consent 

Step 3 -
filling questionnaire 

perform tasks 

temperature 

BP record 

MUAC 

height 

Complete log entry 

NOTE. HEIGHT RECORDED ONL YIN DU. 

Enter into 
logbook 

note refusals 

Blood in 
EDTA tube 

Finger prick 

measure Hb 

ROT 

smear 

Maternal weight was nat recorded because this was a cross-sectional study and pre- pregnancy weight is 
unknown in these women . Instead MUAC, which is an indicator of maternal nutritional status and remains 
stable through pregnancy, was taken . 
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Placental blood was collected from the maternal side for incision and impression smears. 

A biopsy was also taken for histopathology examination (details of the procedure are described in 

the chapter on placental histology). An additio.nal blood sample was collected in EDTA tubes for 

PCR. Cord blood smears were only introduced during the second survey and the extended year 

round survey. All singleton live babies were examined for physical abnormalities and weight 

recorded. Babies were weighed within 2 hours of delivery time. Babies delivered by Caesarean 

section were weighed within 24 hours of delivery. Gestational maturity was assessed by a staff 

member trained to perform the Ballard score (Figure 3:14). If a baby appeared unwell at delivery, 

Ballard assessment was delayed until condition stabilized and if illness persisted beyond 24 hours 

FIGURE 3 : 13: ALGORITHM FOR MALARIA DIAGNOSIS & TREATMENT 

Rapid Diagnostic 
Test 

Negative but negative 
positive Temp ~37.50C or no fever 

T Hlo fever last 7 days 1 
refer no action 

toANC staff 
for malaria treatment examine slide 

positive 1--'- negative 

r 

refer to ANC staff refer for appropriate 
treatment 

for malaria treatment 

examination was deferred. For quality assurance, examination of babies and performance of all 

study tasks was supervised by the investigator (RA, a paediatrician) on a weekly basis at each 

study site. 

c: Inpatient Disease Surveillance 

A study staff member approached all female patients between the age of 18-49 years 

admitted with malaria, or cases with fever suspected of malaria, to request participation in the 

study. After obtaining informed consent, data was extracted from the hospital records. Consent 

was obtained from the husband or attending adult care-giver for women with altered 
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consciousness. Information missing in the records was obtained direcdy from the patient. Data 

collected included presenting symptoms of illness, results of investigations performed while in 

hospital, treatment taken before admission and in the hospital, admission and discharge 

diagnosis. This component did not include performing extra tests other than those done by the 

hospital physicians. 

3.11.4 Diagnostic Procedures 

A: Haemoglobin Assessment 

Haemoglobin was assessed using the HemoCue machine (HemoCue® B-Hemoglobin, 

Angelholm Sweden). After wiping off the first drop of blood, the microcuvette was filled with 

capillary blood. The cuvette sides were cleaned for any excess blood before placing in the 

HemoCue machine. The machines were verified at the start of each day for quality control using 

the standard quality control kit supplied by the manufacturer. The verification reading was noted 

in the logbook to ensure haemoglobin readings did not deviate more than O.3g/ dL of the 

haemoglobin standard. 

B: Rapid Diagnostic Test 

The plasmodium lactate dehydrogenase (PLDH) based ROT kit called First Response 

Pf/Pv®, (premier Medical Corporation, Ltd, India) was used to determine the malaria status for 

women in both antenatal and delivery units. The ROT cassette has 3 lines: a control line, a 

P .falciparum specific line and a PAN species line. The RDT was designed to detect both 

P .falciparum and PAN species (p.vivax) with a drop of capillary blood. The test details are 

described later in the chapter 7. 

c: Blood Smears 

Peripheral Slides: A thick and thin blood smear was made from each participant on the same 

slide. The thin smear was first fixed with methanol. The top part of the thin smear was not fixed 

if it was too close to the thick smear. All blood smears were stained with JSB stain (J aswant Singh 

& Bhattacharjee 1944). The JSB stain is an Indian preparation used for rapid staining similar to 

Field stain. It consists of two solutions: JSB-1 which is methylene blue based and JSB-2 which is 

eosin based (red). It is advantageous over Field stain because parasites stain clearer and it can be 

used for both thick and thin smears. The slides were first dipped in JSB-2 solution, washed with 
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FIGURE 3 : 14: DELIVERY UNIT PROCEDURES 

l-Placenta sampling 2-Baby weighing 

3-Perfarming Ballard scare 4-measuring maternal height 

steril e buffer water and then JSB-l solu tion was poured on the slide and left for 40-50 seconds. 

T hereafter slides were rinsed gently in tap water and le ft to dry in an uprigh t position. 

Slides were stained daily at each field site and examined under o il immersio n 100x 

lens by a trained technician. Parasites in peripheral smears were counted against 300 leukocytes 

and densities calcula ted based on the assumed leukocyte count o f 8000 per ~L o f blood. T he 

standard fo nnula , (parasite f..lL= no. asexual parasites x 8000 / no. of \\ 'BC) was used . £\ blood 

smear was considered nega tive when no parasites were detec ted after examining 200 high -power 

fi elds. T wo hundred instead o f the more commo nly used 100 fields were read to enhance th e 

sensitivity to detec t lower density infections. The number o f asexual paras ites and gametocytes 

were counted and recorded separately in the laborato ry result forms. T hin smears were Llsed for 

species identification. 

Placental S lideJ' The placental slides were also stained with ]SB solu tion as described above. 

T hick and thin placental incision smears were exarnined similar to the peripheral blood films. In 

addition schizonts and malaria pigment were counted separately per 300 \'\ 'Bc. The number of 

101 



pigmented \VEC were counted and expressed as a percentage. E.g. if 20 pigmented \VECs were 

counted among 300 total \VEC then the pigment percentage was 6.6%. (20/300 xl00). 

Impression smear results were expressed as percent parasitaemia by counting the number of 

infected red blood cells and dividing this by the total number of red cells in 50 high power fields. 

The number of parasites per micro litre cannot be used for these smears because the average 

number of WBCs in the intervillous space is not known. The methods used for placental 

histopathology examination is detailed in chapter 5, describing the histopathology findings. 

Quality Control Mechanism: The first microscopic examination was performed at each field site 

by a technician unaware of the RDT result. After the first reading, the slides were transported 

weekly to the NIMR field station in Jabalpur, the central research facility of the study. Here all 

the slides were re-examined by a senior technician. The second examiner was blind to the results 

of the first reader and the RDT results. The discrepant results between first and second reader 

were re-examined by the senior microscopist at the central field station and the investigator (RA) 

and findings taken as final. Discrepancy was defined by parasite positive and negative detections 

and any RDT and slide discrepancies or vice-versa. The positive slides and 10% of the negative 

slides were also re-examined by the investigator (RA) for quality control. 

D: Blood for Molecular studies 

Finger prick blood (2S0-S00uL) from women attending the antenatal clinic and placental 

and cord blood from were collected in an EDT A microtainer tubes. These samples were spun at 

1500 rpm for 10 minutes and the plasma and red blood cell pellets were separated and stored in 

the freezer. The samples were transported from the field sites twice weekly in thermo-cool boxes 

with ice-packs to the central location in Jabalpur and stored at -70°C. PCR was performed to 

confirm species detected by microscopy and RDT on the red blood cell pellets from the malaria 

positive samples collected in antenatal clinics. In addition PCR was performed for detection of 

sub-microscopic infections in a randomly selected sub-sample of the malaria negative pellets as 

described in more detail in chapter 7. PCR analysis was carried out at the NIMR field station 

laboratory in Jabalpur. 

PCR Amplification of Plasmodium genus: DNA was extracted from the red cell pellet using the 

BS 484 EZ 10Spin Column Genomic DNA Kit (Bio Basic Inc, Ontario, Canada). The primary 

reactions were conducted in volume of 25fLi total consisting of SfLl of DNA solution in 20fLi of 

reaction mixture containing the reagents Taq buffer lX, MgCl2 lmM, dNTP 200fLM, forward and 
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reverse primer 240nM and 1 U o f Taq D NA polymerase E P0402 (Ferm entas International Inc, 

O n tario, Canada). 

Amplijication of P falciparum: An aliquo t o f 2!-l1 in 1: 1 0 dilutio n o f the ftrst reac tion mi.xture and 

reagent concentration o f dNTP 160fll , forward and reverse primer 200nM, Taq buffer l X, MgCl2 

ImM and l U Taq D NA polymerase was used for the second round o f PJalciparum nested PCR. 

T he species specific primers encompassed 18S ribosome RNA. The amplified D NA was 

electrophoresed o n 1.5% agarose gel and D NA bands visualized with ethidium bromide in the 

gel documentation system (Figure 3: 15). Of the 314 samples selected for PCR analysis, 122 

samples had blood volume ::::30fll. T he second reaction for the low blood volume samples were 

performed on a 1 :50 dilution. T he PCR analysis was based o n the principle described by Snounou 

et al (1993) 

Amplification of P. vivax: Using a similar technique and reagent mixture as for PJalcipartml the 

amplificatio n o f P.vivax was performed with a species specific primer. T he annealing temperature 

was different to that used for the Pf alciparum analysis. A fter D NA ampliftca tion, electrophoresis 

on agarose gel was done and D NA bands were viewed in the gel documentation system . 

T he staff that performed PCR was unaware o f the microscopy and the RDT results. T he 

identiftcation numbers on the PCR list were anonymised and data analysis was performed only 

after all the PCR results had been entered . 

FIGURE 3 : 15 : AMPLIFICATION OF P.FALlCPARUM FOR DIFFERENT DNA STRAINS 

E>.planation : Lane 1-11: D NA isolates; Lane 12 positive control ; Lane 13: negauve 
control; Lane 14: 100 bp D NA ladder 
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3.12 Study Definitions 

1. Symptomatic malaria: An axillary temperature 2:37.5uC, or a history of fever in the past 
seven days, in the presence of asexual forms of any plasmodium species detected on 
thick or thin smear or a positive RDT. 

2. A!Ymptomatic malaria: Presence of any plasmodium species detected on thick or thin 
blood smears or by a positive RDT in the absence of a documented fever or a history 
of fever in the previous 7 days or at visit. 

3. Severe malaria: A conftrmed PJalciparum or P.vivax malaria by RDT or microscopy and 
the presence of any of the following: cerebral malaria, severe anaemia, renal failure, 
pulmonary oedema, hypoglycaemia, shock, bleeding or repeated convulsions. 
(Selected from the WHO guidelines using those symptoms that were used in the day
to-day routine record keeping of clinical inpatients). 

4. Fever. A documented axillary temperature 2:37.5°C 

5. Anaemia: Haemoglobin < 11.0g/ dL 

6. Moderate-severe anaemia: Haemoglobin < 9.0 g/dL 

7. Severe anaemia: Haemoglobin <7.0g/dL 

8. Placental malaria: Presence of asexual parasites of any plasmodium species on an 
impression smear made from the maternal side of placenta. 

9. Low birth weight (LBW): A birth weight <2500g taken within 24 hours of delivery. 

10. SGA: Small for gestational age is defined as a birth weight below the 10th percentile on 
birth weight for sex speciftc gestational age percentile chart (Williams reference 
curves)(Williams 1975). 

11. Intrauterine growth retardation (lUGR): Term baby (~37 weeks by Ballard score)·with birth 
weight <2500g 

12. Preterm balry: Delivery before 37 weeks of gestation as assessed by Ballard score 

13. Abortion: Expulsion of products of conception prior to 205 weeks completed gestation 
(estimated by LMP or fundal height) 

14. Stillbirth: Delivery of a dead fetus where death had occurred after 20 weeks completed 
gestation estimated either by last menstrual period or fundal height measurement (if 
LMP unknown). 

5 In India abortion is legal under the Medical Termination of Pregnancy (MTP) Act 1971. Through the Act, 
the MTP Rules, 2003 permit abortions up to 20 week gestation, hence a 20 week cut off was used for defining 
abortion for the study. For details of MTP Act refer to http://www.mohfw.nic.in/MTP%20ACT%201971.htm 
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3.13 Preparation for conducting the surveys 

Study Team 

The study teams were set up with locally hired staff working at each site. Each team 

consisted of 4 staff members and included 1 interviewer in the antenatal clinic, 2 

nurse/midwifes for the delivery unit and 1 technician. A member of the team assigned as the 

team leader was responsible for keeping stock of supplies at each site and overseeing the work. 

The data entry clerk and second laboratory technician worked at the central location at NIMR, 

Jabalpur. Additional assistance for data management, microscopy and logistics management 

were provided by the respective staff at NIMR, J abalpur. 

Staff Training 

Prior to commencing the surveys, a one week workshop was held for training the study 

team in obtaining consent, filling the questionnaires and the specific tasks and procedures related 

to handling of blood and biohazard material according to universal precautionary measures. 

During the workshop the team members were taught how to perform finger pricks, make blood 

smears, use HemoCue machine and to perform and read the RDT results. Their skills were 

updated on measuring temperatures, blood pressure with a digital machine, MUAC, and maternal 

height. Staff was also trained to obtain placental samples, measuring birth weight and the use of 

Ballard score for assessing the newborn gestational age. At the end of the workshop a pilot study 

was run at each site for two days to familiarise the staff with all the procedures in conducting the 

survey. Regular enrolment was commenced after assessing the performance of the staff and 

adjusting for problems encountered during the pilot period. 

Safety Precautions 

Universal safety precautions were followed when collecting peripheral and placental 

blood samples with the use of gloves, gown and mask. Each site was provided with sharps and 

biohazard containers for safe disposal of sharps and infectious waste. When sharps and bio 

hazardous waste containers were full they were sent for incineration. Any blood spills were 

cleaned immediately with 10% chlorhexidine. The members of study team who had not had 

Hepatitis B vaccination were vaccinated at the time of training workshop. All team members 

were instructed on the procedures to be followed for needle stick and accidental bio hazardous 

fluid exposure. Additionally, safety guidelines covering accidental injury was included in the study 

handbook ensuring HIV testing and availability of post exposure prophylactic treatment with 

anti-retroviral. 
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3.14 Data Management 

Data entry screens were developed using Microsoft Access (2003) and Visual Basic 

software packages. The data screens incorporated a range of logical entry restrictions and skip 

patterns. The data entry clerk was trained in using the data screen and reading the study 

questionnaires. Two different individuals (one being the investigator) carried out data entry and 

entered the fonns in duplication (double entry). The two data sets were compared using the 

EpiInfo (version 3.4.3) data compare utility. All inconsistent errors identified were checked 

against the hard copies and discrepancies corrected. In addition, the performance of the data 

entry clerk was assessed regularly using random checks for a selected number of questionnaires. 

Data files were backed up daily. Data were cleaned using range and consistency checks. In the 

cleaned data set, personal identifier information was removed. The hard copies of the 

questionnaires are archived at NIMR field station in Jabalpur. 

3.1S Data analysis and statistical methods (Overview) 

The data analysis was done using the statistical programs SAS 9.1, (SAS Institute, Cary, 

NC). The data from the two rapid assessment surveys were used for comparison of the results 

between urban and rural sites and for differences between the two transmission peaks. The data 

from the extended survey, together with the second survey were used as the year round survey 

data. The inpatient data provides descriptive infonnation of malaria illness severity in pregnant 

women. Peripheral parasitaemia often referred to in this thesis as maternal malaria were 

expressed as a proportion (%) based on the results of peripheral blood microscopy. Placental 

parasitaemia estimates were based on the impression smear results, unless stated otherwise. 

Anaemia is categorised as mild (Hb= 10-ltg/dL), moderate (Hb = 7-9g/dL) and severe (Hb 

<7g/ dL). The relative contributions of parasitaemia and associations between maternal anaemia, 

low birth weight and other parameters are reported separately for P falciparum and P.vivax. 

Differences in maternal haemoglobin, birth weight and prematurity were assessed as continuous 

variables. 

Different types of statistical methods were used to analyze the diverse data collected to 

meet the different study objectives described in chapter 1. The main statistical methods applied 

to obtain the results relating to each objective are briefly outlined below. The details of the 

statistical methods used for data analyses are described in the respective result chapters. 

1. Epidemiology and burden of MiP: Log-binomial regression was used for the analysis of 

dichotomous outcome variables. GENMOD and the COPY-method, which provides 
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better approximate maximum likelihood estimate (M.LE) was used for the multivariate 

analysis. The COPY-method functions on the principle of the log binomial method and 

involves a process of data simulation on an expanded data set of the original data using 

MLEs when data does not converge on log binomial model. These same statistical 

methods were used for the analysis of the determinants of adverse birth outcomes. 

2. Studies on Placental Histology: General linear models (GL11) were applied to estimate 

the association between histological features and placental infection on birth outcome. 

Birth weight, gestational age and haemoglobin were taken as continuous variables in this 

analysis. 

3. Accurary of the Rapid Diagnostic Test: This was assessed comparing the results of 

sensitivity, specificity, positive and negative predictive values with reference to 

microscopy and PCR. A modified discrepant analysis approach was used where the 

concordant and discordant samples between microscopy and the RDT were selected for 

analysis and compared with PCR as the resolver test. 

4. Comparison of different diagnostic tests: The sensitivity/specificity and positive / negative 

predictive value pairs were used to determine the diagnostic accuracy of the test methods 

for detecting placental malaria (placental histopathology was considered as the disease 

status). The likelihood ratios were used to express the ability of the tests to accurately 

detect placental infection using placental histopathology as the gold standard. 
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Chapter 4 

The Epidemiology and Burden 
o/Malaria in Pregnancy 

'To understand God's thoughts we must stu4J statistics, for these are the meaSilres of HIS purpose" 
Florence Nightingale, 1820-1910. 
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4.1 Introduction 

Development of optimal evidenced based malaria in pregnancy control policy for 

India has been challenging because of hick of data on the magnitude of the problem. 

Previous studies from India reported on the susceptibility of pregnant women to the 

harmful effects of malaria in pregnancy. These studies focused on the effects of disease 

severity among symptomatic women presenting to urban health facilities, or on community 

surveys conducted during malaria outbreaks (Chattopadhyay and Sengupta 2000, Das 2000, 

Singh, et 011995). There is little known about the prevalence and the role of asymptomatic 

malaria in pregnancy and further systematic quantitation of the burden of malaria in 

pregnancy is needed to determine the public health impact of malaria in pregnancy in India. 

The primary objective of the study as stated in chapter 1 was to determine the 

burden of malaria and the main determinants of risk in women attending the antenatal and 

delivery units in an urban and rural setting of Madhya Pradesh. This chapter discusses the 

malariometric findings, including a description of the seasonality of peripheral and placental 

malaria and, the relative contributions of symptomatic and asymptomatic P falciparum and 

P.vivox infections. The association between birth outcome and placental malaria are 

discussed in the next chapter (5). 

4.2 Methods 

4.2.1 Enrolment Procedures 

The details of the general study design and methods were described in chapter 3. In 

brief, the study recruited women in three health facilities from the antenatal clinics, the 

delivery units and inpatient wards, during two 6-week periods; one during the dry season 

and one during the post-monsoon malaria transmission season using the rapid assessment 

methodology. In addition, the delivery unit component was extended after the second 

survey for a further 46 weeks ('survey 3') to complete a full "year round survey" (October 

2006-September 2007) to capture the length of transmission season and the seasonal 

variation in species. For survey-3, the delivery units of the rural sites, Katni and ~1aihar were 

selected, because of the near zero malaria prevalence detected in J abalpur, the urban site, 

during the rapid assessment surveys. Due to limited funding, enrolment from the antenatal 

clinics was excluded. During the survey-3, a random selection of one in three and one in 

four eligible deliveries were enrolled at Maihar and Katni, respectively, to allow spacing out 

the total sample over the duration of the study. Women could enrol only once in the 
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antenatal module and once in the delivery module. If a woman previously enrolled in the 

antenatal clinic attended for delivery, the study recruited her as a new participant in the 

delivery unit module. 

4.2.2 Statistical Methods 

The analyses presented in this chapter relate to the burden and risk identifier models 

associated with malaria. Since the rapid assessment surveys were designed to use pooled data 

from the 3 sites, analysis of the antenatal module was performed on site specific and 

combined data. The pooled data from the three sites were used for the univariate and 

multivariate models. The delivery unit analyses also include site specific and combined data 

of the year round surveys consisting of only the rural and semi-rural sites for outcomes of 

interest includes. 

All analyses were performed using SAS® version 9.1 (Statistical Application Software, 

SAS Institute Inc. Cary NC). Graphs were produced using Microsoft Excel 2007. Chi-square 

(X2
) and Fisher's exact test (for cells with an expected frequency ~5) were used to compare 

proportions for categorical variables. PROC GENMOD was used to compute the 

unadjusted (univariate) and adjusted (multivariate) prevalence ratio (PR) and 95% 

confidence intervals for binary and categorised variables. Results were considered to be 

statistically significant when the 2-sided P-value was <0.05. 

4.2.2.1 Determinants Analysis 

Log binomial regression: Log binomial regression was used to calculate prevalence ratios 

and to measure the strength of associations between risk factors (as independent 

predictor/ exposure variables) and malaria (as outcome variable) in univariate analyses. 

Examinations for malaria outcome were performed separately for a) any malaria (any 

species), b) Pfolciporum and c) P.vivox, for peripheral and placental parasitaemia. The 

association between malaria (as exposure variable) and anaemia and fever as outcome 

variables were also assessed by species, for the antenatal clinic and delivery unit data. 

Log binomial regression was preferred over logistic regression because it has the 

benefit of direcdy estimating prevalence ratios (risk), whereas logistic regression estimates 

odds ratios, which are more difficult to interpret (Lee, et 01 1994, Skov, et 01 1998). 

Furthermore, (Deddens, et 012008) and colleagues showed that the log binomial method has 

advantages over robust Poisson regression, in that it results in less bias, smaller standard 

errors and did not result in modelled prevalence estimates below zero or exceeding one. 
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One limitation of the log binomial model is a greater possibility of models failing to 

converge, particularly in situations where the outcome is relatively rare. To overcome this 

problem, Deddens (2008) and colleagues had developed a process called the COPY-method. 

The Copy-method: The method compnses of an expanded large data-set of the original 

copies (minimum 100, recommended 1000 or !pore, up to 100,000 copies) minus one copy 

of the original data-set and one copy with the dependent variable transposed (1 s and Os are 

reversed). With the COPY-method, the correct estimate of the standard error of the 

prevalence ratio is estimated after adjusting the standard error of the prevalence ratio on the 

large modified data-set. Some investigators have recommended using the 'robust Poisson 

method' when the log binomial method fails to converge (Spiegelman, et al2005). However, 

as mentioned earlier, the 'robust Poisson method' gives larger standard errors compared to 

the COPY-method and may produce probabilities greater than 1. The shortcomings of the 

COPY-method are that it involves some dat~ manipulation and maybe more sensitive to 

outliers and model misspecification, while rarely it may produce invalid Wald confidence 

intervals. On the other hand, the advantage of COPY -method is that it produces correct 

approximation of the maximum likelihood estimates (MLE) and can be run using the 

existing PROC GENMOD procedure that had failed on the original data. The group that 

developed the COPY -method also provides a SAS MACRO for executing the method. The 

MACRO first runs the PROC GENMOD procedure on the original dataset. If no 

convergence occurs, it automatically switches to the COPY-method and MLE set to 1000 

copies. 

4.2.2.2 Multivariate Modelling 

The univariate analyses were performed with malaria as the response/ dependent 

variable. All the variables with P-value <0.1 were considered. for inclusion in the full (initial) 

model. In addition, other known predictor variables such as gravidity and maternal education 

were also included in the full model, even if the P-value was above the selected threshold of 

0.1. Firstly, collinearity between all the independent variables was assessed using the 

Pearsons correlation to produce a correlation coefficient matrix (Annexe 6 & 7). When pairs 

of variables with values of Rho greater than 0.7 were used and the model was found to be 

unstable, one variable out of the multi-collinear pairs was selected for inclusion. For 

example, fever in pregnancy and drug use in pregnancy were two variables highly correlated 

(Annexe 6). When they were both in the model, the model became unstable, so fever was 

selected. The next step included assessing for interactions. There was no evidence of 
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interactions and therefore interaction terms were not included In subsequent modelling 

steps. 

The study site variable was assessed initially in the multivariate model for antenatal 

data which included thirteen other variables of interest. Using sequential backward 

elimination, non-significant variables were deleted manually to obtain the fmal model. The 

order proceeded with the variable with the weakest association leaving the model first. A P

value <0.05 based on the Wald type 3 statistic was used as the significance threshold. In this 

initial model, site proved to be a strong predictor in the univariate analysis, but dropped out 

in the last step. A second model was run including only the rural popula tion who are likely 

to have more malaria and moderate-severe anaemia. Site was not assessed as a variable in 

this second model. Surprisingly moderate-severe anaemia was not a determinant in the rural 

model. Because of the known association between anaemia and malaria we assessed a third 

model which excluded site, but including the variable residence which consisted of women 

residing in both rural and urban areas from all 3 sites (full population). The third predictor 

model was initiated with thirteen variables and the results of this model are presented. 

Gravidity was not a statistically significant parameter, but was forced into the 

models. In the multivariate models, multigravidae was considered ~ 3 pregnancies, to 

strengthen the reference group due to the small number of women in gravidae 4 and 5. The 

seasons when included as a 3 category variable resulted in unstable models and was 

therefore used as a bi-variate variable representing the high transmission season (cool 

period) and the low transmission season (dry and monsoon rain). A similar model was set up 

for the determinants of placental malaria using the delivery unit data. Eleven variables fitted 

into the initial delivery module model. 

4.2.2.3 Attributable Fractions 

The population attributable fraction (P AF) was calculated usmg the following 

formula: PAF = prevalence (E) (RR -1) / 1 + prevalence (E) (RR -1), where RR= relative risk 

and (E) = exposure. The formula (RR-1) / RR was used to calculate the attributable fraction 

exposed (AFJ in the exposed cases. 
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4.3 Results 

4.3A: Rapid assessment surveys i,n antenatal clinics 

4.3A.l Characteristics of enrolled women 

During the two 6-week rapid assessment surveys, 1817 women were enrolled from the 

antenatal clinics in the three sites: 817 in dry season (survey-l) and 1000 in post-monsoon season 

(survey-2). Refusal to participate was rare: only 10, 6 and 0 women (0.9%) refused in Jabalpur, 

Katni and Maihar, respectively. The differences in age or gravidity between the enrolled women 

and women who refused were not significant. The main reason quoted for refusal was a lack of 

time among the women, many of whom had already waited for a long time for their routine 

antenatal check up. 

The characteristics of women who participated in the two surveys are provided by site in 

Table 4:1. The mean (SD) age was 23.7 (3.9) years; 80.9~/o were aged between 20 and 29 years. 

Nearly all the participants reported to be married (99.9%). As expected, the women enrolled in 

Jabalpur were predominantly from urban areas (70-79(~/o) while in Maihar, the population was 

predominantly rural (76-81 %). The population in Katni was from both urban and rural settings. 

The average levels of education and the socio-economical status were lower in Katni and I\iaihar, 

the semi-rural and rural sites, than among the women attending the antenatal clinic in Jabalpur. 

Overall, 36.7% of the women were primigravidae while 4.3% were grand multigravidae (2=5 

pregnancies). The median gestation at first antenatal visit was 24 weeks (range 18-32). 

Sel/reported history o/malaria control measures 

Bed net use was moderate with 41 % women reporting to use it at anytime during 

pregnancy, while 34% reported using a bed net in the previous night (fable 4:1). Only 11 women 

(0.6%) reported having an insecticide treated bed net. Twenty women (1 %) reported using drugs 

for malaria prevention in pregnancy (chloroquine). More than half the women (55%) reported 

taking iron and folic acid provided as a fixed combination supplement (commonly used 

combination is Fefol capsules/tablets containing 150mg ferrous sulphate and O.5mg folic acid). 
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TABLE 4: 1: CHARACTERISTICS OF 1817 WOMEN ENROLLED FROM 3 ANTENATAL CLINICS IN 3 SITES 
(SURVEY 1&2) 

Dry season survey-l (6 weeks April-May 2006) 

Survey sites: Jabalpur Katni Maihar Total 
Characteristics (n=286) (n=307) (n=224) (n=817) 

Age in years, mean (SO) 23.4 (3.5) 24.3 (3.9) 22.9 (4.3) 23.6 (3.9) 
Age Group 

<20 yr, n (%) 24 (8.4) 19 (6.2) 32 (14.3) 75 (9.2) 
20-29 yr, n (%) 238 (83.5) 249 (81.4) 176 (78.6) 663 (81.4) 
>30 yr, n (%) 23 (8.1) 38 (12.4) 16 (7.1) .... .??J~:~L ........ 

Married, n (%) 285 (100) 306 (100) 224 (100) ... ~.~.~J!Q2L ...... 
Residence 

Urban, n (%) 200 (70.2) 199 (65.0) 52 (23.2) 451 (55.3) 
Rural, n (%) 85 (29.8) 107 (35.0) 172 (76.8) .. ~.~.{~·?L .. _ .. 

Caste Category· 
cBC,n (%) 138 (48.9) 97 (32.0) 101 (45.1) 336 (41.1) 
GEN, n (%) 68 (24.1) 108 (35.7) 61 (27.2) 237 (29.0) 
SC, n (%) 44 (15.6) 61 (20.1) 49 (21.9) 154 (18.8) 

ST, n (%) 32 (11.4) 37 (12.2) 13 (5.8) ._.~~.(~Q:.~L ...... 
Education 

No schooling, n (%) 44 (15.4) 98 (32.0) 63 (28.1) 205 (25.2) 
Primary, n (%) 35 (12.3) 107 (35.0) 108 (48.2) 250 (30.7) 
Secondary··, n (%) 206 (72.3) 101 (33.0) 53 (23.7) 360 (44.1) 

Higher, n (%) ........ --...... _ .. _----------------
SES rank in quintiles, n (%) 

O=Poorest 33 (11.5) 40 (13.1) 76 (34.0) 149 (18.3) 

l=Second 64 (22.4) 61 (19.9) 52 (23.2) 177 (21.7) 
2=Third 53 (18.5) 77 (25.2) 48 (21.4) 178 (21.8) 
3=Fourth 63 (22.1) 58 (19.0) 29 (12.9) 150 (18.4) 
4=Richest 73 (25.5) 70 (22.8) 19 (8.5) ... ~.~?J~~:~L ...... 

Gravidity 
Primigravidae, n (%) 112 (39.2) 111 (36.3) 89 (39.7) 312 (38.2) 
Secundigravidae, n (%) 104 (36.4) 89 (29.1) 54 (24.1) 247 (30.3) 
Gravidae-3, n (%) 53 (18.5) 66 (21.5) 43 (19.2) 162 (19.8) 
Gravidae-4, n (%) 10 (3.5) 30(9.4) 21 (9.4) 61 (7.5) 
Multigravidae, (~5)1 n (%) 7 (2.4) 10(3.3) 17 (7.6) .. _~~.J~?L .... _._ 

Gestation 1
st 

ANC visit, median (IQR)" 24 (20-28) 24 (18-30) 20 (17-26) ... ~.~.(!~.:_~.~L. .... _ 
MUAC, cm, mean (SO) 24.1 (2.7) 24.5 (2.8) 23.2 (2.1) .. ?~:QJ~?L ....... 
BP Systolic, ~ 130mm Hg, n (%) 

Not measured in this survey 
BP Diastolic, ~ 90mm Hg, n (%) --_ .. _ ....... __ ..... _---------_ .. __ .. 
Bednet use (any), n (%) 195 (68.6) 104 (33.9) 79 (35.2) 378 (46.4) 
Bednet use previous night, n (%) 181 (63.7) 94 (31.1) 46 (20.5) 321 (39.6) 
ITN (any), n (%) 2 (0.7) 0 0 ...... ?JQ:~L ........ _ 
Used any drug to prevent malaria, n (%) 3 (1.1) 1 (0.3) 6 (2.7) ...... ~.QJ!:?L ....... 
Reported using haematinics, n (%) 179 (63.0) 263 (85.9) 85 (37.9) 527 (64.7) 

• OBC= Other Backward Caste, GEN= General Caste, SC=Scheduled Caste, ST=Scheduled tribe;·· = secondary & higher 
combined in survey 1; 1= pregnancy number; SES=socioeconomic status;*IQR=lnterquartile range (25th _75th percentiles); 
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post-monsoon survey -2 (6 weeks October-November 2006) Survey 1 & 2 

Jabalpur Katni Maihar Total ! Total 
(n=337) (n=407) (n=256) (n=1000) I (n=1817) 

I 

2304 (3.5) 24.1 (4.2) 23.2 (3.9) 23.7 (3 .9) 1 23.7 (3.9) 

30 (8 .9) 27 (6.7) 34 (13.5) 91 (9.2) i 166 (9.2) 
284 (84.5) 325 (80.5) 189 (75.0) 798 (8004) i 1461 (80.9) 
22 (6.6) 52 (12 .9) 29 (11.5) 103 (lOA) i 180 (10.0) 

337 (100) :~~:?::I!22}:::~:::::::=::::~~~::(~~~~i:::: ::: := ::~~~:i~~~:$f:::::::T:i~f.~~[~~~~)==~~~~== 
267 (79.2) 256 (62.9) 48 (18.8) 571 (57.1) 1022 (56.3) 

_ 7_0-,-(2_0_.7-"-.) _-.-__ ~_?_~J??:~L ______________ ~~~J.?_~:?'l. ___ _______ ~?~.l~_~:_~J _________ __ ?~~J~?:?L ______ _ 

174 (51.6) 166 (40.8) 135 (52 .7) 475 (47.5) 811 (44.8) 
49 (14.5) 107 (26.3) 53 (20.7) 209 (20.9) 446 (24.7) 
53 (15.7) 65 (16.0) 48 (18.8) 166 (16.6) 320 (17-7) 

--=6..::.1 ~(1~8._1,-) _______ §~_.c~_~~L _______________ ~~_~.?:_?) _____ ________ ~?'9._!_~~:gJ____ _ _ _ __ __~_~_~ __ \]:~:!~L ________ _ 

48 (14.2) 113 (27.8) 80 (31.3) 241 (24.1) 
57 (16.9) 140 (34.4) 101 (39.5) 298 (29.8) 

167 (49.6) 120 (29.4) 70 (27.3) 357 (35.7) 
--=6-=-.5 ~(1~9.-,3 )'--_. ____ ~~Jl!'.:~L ________________ __ __ ? _\~:~L ______ __ ___ ~_~~.!~9:_~_L ______ _ 

446 (24.6) 
548 (30.2) 
707 (39.0) 
~_~~_J~}1 ___________ _ 

28 (8.3) 87 (21.4) 85 (33.2) 200 (20.0) i 349 (19.2) 
53 (15.7) 72 (17.7) 80 (31.3) 205 (20.5) i 370 (20.4) 
66 (19.6) 82 (20.1) 48 (18.7) 196 (19.6) j 386 (21.3) 

101 (29.9) 73 (17.9) 24 (9.4) 198 (19.8) j 348 (19.2) 
89 (26.4) 93 (22.8) 19 (7.4) 201 (20.1) i 363 (20_0) 

~~=-'--"-------- - - ----- --- - --------------- --- - - --- - - -. - - - --- ---- - -- ---- - - - - - - ----- ----- ---------.--
I 

120 (35.6) 135 (33.2) 100 (39.0) 355 (35.5) ! 667 (36.7) 
123 (36.5) 144 (35.4) 66 (25.8) 333 (33.3) i 580 (31.9) 
70 (20.8) 79 (19.4) 46 (17.9) 195 (19.5) ! 357 (19.7) 
18 (5.3) 31 (7 .6) 24 (9.4) 73 (7 .3) I 134 (7.4) 
6 (1.8) 18 (4.4) 20 (7.8) 44 (4.4) I 78 (4.3) 

- 20 (16-28 -i8--i2o~36r--------------28-("i-o~34i""---- --- --24-(18~32i--------"\2-4-( 1~8--3~2-) ---

-.::.2-=-3 . .!.::7~(2-.3-) --j:~:·:$:I?;?L::::::::::::=j~:~:I?~~i:::::::::=::?~;~j~~:~C::: : :::r~~-7(2.6i------
13 (3 .9) 18 (4.4) 19 (7.5) 50 (5 .0) i 50 (5.0) 

~~:.::~~~6:....(~-!..;.-0)--}:H?-:?L--------- - --------~~J?:-?-L.- ___________ ??_(§}L ___ ______ __ ~~-?-l?:?L-------

~~8_0_(_53_.6_) __ l~:i~~~I _______ _____ ~~)~~~: __ ~_~~~~~~~: _f~~~ \~:L __ 
~-1~(-=-0.-'3)'---:--JJ.~JL.------------- ------~jg:-?J - - - - ---- _________ ~~_(~:gL ____ __ ______ ~gJ~_:!L _____ ___ _ 

168 (50.1) 211 (51.9) 95 (37.1) 474 (47.5) 1001 (55.0) 
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FIGURE 4: 1: PREVALENCE OF PLASMODIUM SPECIES IN ANTENATAL WOMEN IN SURVEYS 1&2 
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FIGURE 4: 2: MALARIA (ANY) PREVALENCE BY SITE & SURVEY IN WOMEN AT 3 ANTENATAL CLINICS 
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4.3A.2 Malaria, anaemia and malaria morbidity among women attending 
antenatal clinics 

Malaria infection 

The overall prevalence of malaria detected by microscopy, defined as the presence of 

asexual stages of Plasmodium species, was 4.5%. Of these 79.8% were mono-infections with 

P falciparllm and 20.2% were mono-infections with P. vivax. There were no rnLxed infections 
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detected by microscopy (fable 4: 2). In survey-1, conducted during the dry season months of 

April and May 2006, the prevalence of malaria infection among the antenatal women was 1.9%, 

of which 60% were P.vivax (1.1%) and 40% Pfaldpa17lm (0.7%) (fable 4: 2), (Figure 4: 1). During 

survey-2, conducted in October and November 2006 (post-monsoon transmission season), the 

overall prevalence ofparasitaemia was 6.5% with 89% caused by Pfaldpa17lm (5.7%) and 11% by 

P.vivax (0.7%) (Figure 4: 1). Thus, P.vivax was the predominant species in the dry season and 

P fakiparum in the post-monsoon transmission season. Malaria prevalence varied remarkably 

between the three study sites ranging from a low 0.3% in Jabalpur, the urban site, to 20.7% in 

Maihar, the rural site (Figure 4: 2). The proportion of parasitaemia increased rather than decrease 

with increase in gravidity, however the differences were small and there was no statistically 

significant difference between gravidity groups (P=0.6) an in measures of trend (Figure 4: 3). 

Anaemia 

Nearly two thirds of women had mild anaemia (Hb <llg/dL) with similar prevalence in 

the two surveys (61.7% and 63.9%) (Table 4: 2). The mean (SD) haemoglobin level was 10.2g/dl 

(1.9). Moderate to severe anaemia (Hb<9g/ dl) was present in 22% of the antenatal women. The 

proportion of moderate to severe anaemia was higher in the post-monsoon transmission season 

survey (26%) than in the dry season (17%) and higher in the rural sites than in the urban site. The 

presence of moderate to severe anaemia increased with gravidity and was 17.7% in primigravidae 

and 34.7% multigravidae (Figure 4: 4). 

Morbidity 

Self reported history of fever at any time during pregnancy was higher in the post-

monsoon survey (42%) than in the dry season survey (25%) (Table 4: 2). Similarly, fevers in the 

week prior to enrolment were higher in the post-monsoon survey (23% versus 10.7%) but 

documented fever at visit was comparable between the two surveys (5% and 4%). The overall 

drug use to treat fevers any time during pregnancy was 23% ~nd 7% in the week prior to the 

antenatal visit respectively, while the reported use of antimalarials was low in both surveys (2.7% 

and 0.9%). 

Sub-Microscopic Parasitaemia (peR) 

Blood samples of 314 women had peR assays performed (see chapter 7). This included 

262 samples that were parasite negative by microscopy and RDT examination. The negative 

samples were selected randomly out of the 1000 women enrolled from the antenatal clinics in 

survey 2 to perform peR to assess RDT sensitivity (details described in chapter 7). Sub-
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TABLE 4: 2: MALARIA, ANAEMIA & MALARIA MORBIDITY IN 1817 WOMEN AT 3 ANTENATAL CLINICS IN 3 
SITES (SURVEY 1&2) 

Dry season survey 1 (6 weeks April - May 2006) 

Survey Site: Jabalpur Katni Maihar Total 
(n=286) (n=307) (n=224) (n=817) 

Overall Parasitaemia:t:, n (%) 0.0 9 (3.1) 6 (2.8) 15 (1.9) 
P./alciparum, n (%)1 0.0 5 (55.6) 1 (16.7) 6 (40.0) 
P. vivax, n (%)1 0.0 4 (44.4) 5 (83.3) 9 (60.0) 
Mixed, n (%)1 0.0 0.0 0.0 0.0 -....... _-.. --------.. --_ ... _- ... -------------------_ .... -

Parasitaemia 
Primigravidae, n (%) 4 (3.7) 1 (1.1) 5 (1.6) 
Secundigravidae, n (%) 3 (3.7) 3 (6.0) 6 (2.6) 
Gravidae-3, n (%) 0 1 (2.4) 1 (0.7) 
Gravidae-4, n (%) 2 (7.1) 1 (5.0) 3 (5.3) 
Multigravidae (~5)2, n (%) 0 0.0 0.0 -------_ .. _-------........ _--- -------_ ............ _------

Haemoglobin (g/dL), mean (SO) 10.7 (1.6) 10.0 (1.6) 10.5 (1.9) 10.4 (1.7) 
Mild anaemia (Hb <l1g/dL), n (%) 159 (56.6) 216 (71.3) 100 (44.6) 499 (61.7) 
Mod-severe anaemia (Hb <9g/dL), n (%) 34 (12.1) 65 (21.4) 41 (18.3) 140 (17.3) 
Severe anaemia (Hb <7g/dl), n (%) ...... ~J~.:?! ........ 10 (3.3) 9 (4.0) .... ~~J.~.:~l. ....... 

Moderate-severe anaemia (Hb <9g/dl) 
Primigravidae, n (%) 12 (10.8) 26 (23.4) 11 (12.4) 49 (15.8) 

Secundigravidae, n (%) 11 (10.8) 21 (23.8) 11 (20.4) 43 (17.6) 
Gravidae-3, n (%) 8 (15.4) 12 (18.1) 12 (27.9) 32 (19.9) 
Gravidae-4, n (%) 3 (30.0) 4 (13.3) 5 (23.8) 12 (19.7) 
Multigravidae (~5)2, n (%) 0 2 (25.0) 2 (11.8) .... ~.t~.?:~J._ ...... 

Fever~ documented at visit, n (%) 
-..... --_ .. _-----_ ... _--------
}.!J~:~L ........ 14 (4.6) 17 (7.6) .. ~~PJ~:?L ...... 

Reported fever current pregnancy, n (%) 35 (12.4) 74 (24.5) 100 (44.6) 209 (25.8) 
Used antimalarials for fever, n (%) 3 (1.0) 4 (1.3) 15 (6.7) 22 (2.7) 

Used any drug for fever, n (%) ... ~.~.{?:~L ....... 49 (16.2) 76 (33.9) __ !~PJ!r:~L_ 
Reported fever previous week, n (%) 19 (6.7) 27 (8.9) 41 (18.3) 87 (10.7) 

Used antimalarial for fever, n (%) 0 2 (0.65) 7 (3.1) 9 (1.1) 
Used any drug for fever, n (%) 6 (2.1) 8 (2.7) 21(9.4) 35 (4.3) 

:t:=estimates by microscopy; 1= Column percentages, presence of asexual parasitaemia; 2= pregnancy number; 
3= axillary temperature ~37.SoC 

microscopic parasitaemia was detected in 64 out of the 262 negative samples: 42/64 were 

Pjalciparum mono-infections, 17/64 P.vivax mono-infections and 5/64 mixed species. Sub

microscopic parasitaemia was prevalent in all the 3 sites and the detection rate in the 314 samples 

were: 9% P jalciparum (9/99) was detected in J abalpur, where the prevalence was near zero by 

peripheral smear. In Katni and Malliar this was 12.9% (15/116) and 18.1% (18/99) Pjalciparum 

mono-infections respectively. P.vivax mono-infection rates were 6.0%, (7/116) at Katni and 

10.1%, (10/99) at Malliar, with 2 and 3 mixed species respectively 
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Post monsoon survey 2 (6 weeks Oct-November 2006) I Survey 1&2 

Jabalpur Katni Maihar Total i Total 
(n=337) (n=407) (n=256) (n=lDOO) i (n=1817) 

1(0.3) 11 (2.7) 52 (20.7) 64 (6.5) I 79 (4.5) 
o 11 (100) 46 (88.5) 57 (89.0) 1

1

63 (79.8) 
1 (1) 0 6 (11.5) 7 (11.0) 16 (20.2) 

o 0 000 

~IOMI :lH! ~~----- ~~l:fl~i-l:i - - - - ----- -
o 2 (6.5) 2 (8.3) 4 (5.7) 7 (5.4) 
o ~ (5.7) ____ ~J~9.:..gL_________ 5 (11.4) ___ ~J?_:?L ___________________ . 
10.6 (1.7) 9.8 (1.8) 9.5 (2.3) 10.0 (1.9) 10.2 (1.9) 
186 (55.4) 274 (67.3) 179 (70.0) 639 (63.9) 1138 (63.0) 
51 (15 .2) 113 (27.8) 98 (38.3) 262 (26.2) 402 (22.3) 

7 (2.1) 30 (7.4) ___ ~?'J~?.:..~L______ 69 (6.9) _____ ~?J~_·_~L ___ . ____ . ______ . 

16 (13.5) 26 (19.3) 27 (27.0) 69 (19.5) i 118 (17.7) 
17 (13 .8) 37 (25.6) 28 (42.4) 82 (24.6) i 125 (21.7) 
14 (20.0 30 (38.0) 22 (47.8) 66 (33.9) i 98 (27.5) 
1 (5.7) 11 (35.5) 11 (45.8) 23 (31.5) i 35 (26.1) 

--=~~~'::';~~:-~~-!..) ---__ -;-:~~~~2"7"·~:) =--=--=::~I:f:t~~~i:::::::::::.~~~~~:-::!~~3~·~,-"-)_-_ -_ ---41 :J~::(~ir:::::::::::::::::::: : 
157 (46.8) 99 (24.4) 165 (64.7) 421 (42.1) i 630 (34.9) 
18(5.3) 0 9(3 .5) 27(2.7) I 49(2.7) 

124 (37.2) 83 (20.4) ____ ~~J?_~:_?l ________ 273 (27.3) ! _~_~_~J?'?':9L ________ .. ___ .. ...::.::-..:-!--'----
- 30 (8.9) 118 (29.3) 81 (31.7) 229 (23.0) i 316 (17.5) 

1 (0.3) 4 (1.0) 2 (0.8) 7 (0.7) i 16 (0.9) 
11 (3.3) 57 (14.1) 25 (9.8) 93 (9.3) i 128 (7.1) 

4.3A.3 Malaria associated anaemia and morbidity in women attending ANC 

Pjalciparum: Women with Pjaicipam/71 infection had an increased risk of being anaemic (Hb 

< llg/dL) compared to aparasitaemic women (Table 4: 3). Pjaiciparum infected women were 

more likely to have moderate to severe anaemia (RR 2.6, 95%CI 2.1-3.4) compared to 

aparasitaemic women. The mean haemoglobin levels were 1.6g/ dL lower in women with 

P j aicipan'l71 infection. There was no statistical difference in the risk of anaemia between 
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FIGURE 4 : 3 : MALARIA (ANY) PREVALENCE BY GRAVIDITY IN WOMEN AT 3 ANTENATAL CLINICS 

(SURVEY 1&2) 
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FIGURE 4 : 4 : ANAEMIA BY GRAVIDITY IN WOMEN AT 3 ANTENATAL CLINICS (SURVEYS 1&2) 
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FI GURE 4: 5: ASSOCIATI ON BETWEEN MALARIA & M OD ER ATE-SEVERE AN AEM IA 
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• mala ria positive 

Primi 

RR 2.3 
95% CI (1.3-3 .9) 

• malaria negative 

Secundi 

RR 2.3 
95% CI (1.5-3.5) 

16/30 

Multi ~3 

RR 2.0 
95% CI (1.4-2.9) 

parasitaemic women who were asymptomatlc (48.3%) and symptomatic (46.0%, documented 

fever or history of fever previous week) (RR 1.0, 95% CI 0.6-1.6). There was also no statistical 

difference in the association between any malaria and moderate to severe anaemia «9g/ dL) in 

primi, secundi and multigravidae (Figure 4: 5). Women with Pia/cipar-tlm infection were at greater 

risk of a documented fever than aparasitaemic women (RR 7.5, 95% CI 4.7-12.0) (Table 4: 3) . 

Women with a Pia/cipar-tlm infection were 4 times more likely to report a history of fever in the 

past week, or twice as likely at any time during pregnancy. A MUAC <23cm was observed in 

56.4% women \vith Pia/cipar-tlm compared \-vith 42.3% in aparasitaemic women. Overall 63.3% of 

parasiraemic women were symptomatic with either a history of fever in the previous week or with 

documented fever (not shown in the table). 

p.vivax: The associations between P. vivax malaria and anaemia were not statistically significant 

(RR 1.1, 95%CI 0.8-1.6) although the proportion \-vith anaemia among the P. vivax infected 

women was high (11 / 16, 68.8%, Table 4: 4). Women with P.TJivax infection were 7 times more 

likely to have a documented fever than women without infection (RR 6.8, 95% CI 2.8-16.6), and 

were three times more likely to have a history of fever in the past week than aparasitaemic 

women. 
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4.3A.4 Risk factors of malaria in women at antenatal clinics 

4.3A.4.1Univariate analysis for P.falciparum malaria 

Education and Socia-demographic factors: The univariate analysis with malaria as outcome 

variable showed the level of education, area of residence, socioeconomic status, survey site and 

season were predictive factors of malaria and strongly associated with P .falciparum infection (fable 

4: 5). Women with no schooling were seven times more likely to have P.falciparum malaria 

infection compared to women with higher education (PR 7.1,95% CI 1.98-52.0). Women living 

in the rural areas were nine times more likely to develop malaria compared to women in urban 

areas. Women from the lowest socioeconomic quintile were seven times more likely to develop 

malaria compared to women in the highest socioeconomic quintile. 

Other factors of interest: Risk of P jalciparum malaria was nearly eight times higher in the post

monsoon "cool season" (winter), compared to the dry hot months (summer) (PR 7.7, 95% Cl 

3.3-17.2). There was no significant association between age (categorized either into 2 age groups 

of ~ 20 and 2: 21 years, ~30 and 2:31 years, or in 3 age groups as shown in the Table 4: 5), 

gravidity or caste and P ja/ciparum infection among women attending antenatal clinics. The risk of 

PJacliparum was 1.7 times (95%CI 1.06-2.84) higher in women with MUAC <23cm compared 

with women MUAC >23cm. 

Morbidity factors: The presence of anaemia (Hb <l1g/dL) and moderate-severe anaemia (Hb 

<9g/ dL) was strongly predictive of the presence of P Jalciparum malaria (PR of 4.1 and 4.4 

respectively) (fable 4: 6). A history of drug use for fever, anytime in pregnancy and the use of 

antimalarial in the past week also indicated an association with P Jalciparum infection. 

Bednet use: Among women who reported using a bed net anytime in pregnancy, the risk of 

P.falciparum malaria was lower compared with women who did not use bed nets (PR 0.4, 95% CI 

0.2 - 0.68). Similarly, women who reported sleeping under a bed net in the previous night had a 

lower risk of having P .falciparum infection (fable 4: 6). 

Vlvax malaria 

Women living in the rural area and rural sites were at a higher risk of having P.vivax 

malaria compared to those living in urban areas (Table 4: 5). Fever at antenatal visit and history 

of fever in the previous week were predictive of P.vivax infection ([PR 8.4, 95% CI 2.7 -25.2] [PR 
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TABLE 4: 3 ASSOCIATIONS OF P.FALCIPARUM MALARIA AND ANAEMIA, FEVER & MUAC IN WOMEN AT 3 
ANTENATAL CLINICS (SURVEYS 1&2) 

Parasitaemic Aparasitaemic· RR (95%CI) P-value 
Women, % Women, % or 
n = 63 n = 1680 mean difference 

Haemoglobin mean (SO) 8.6 (1.8) 10.2 (1.8) -1.6 (-1.1,2.1) <.0001 

Anaemia (Hob<l1g/dL) 87.3 (55/63) 61.8 (1037/1679) 1.4 (1.3-1.6) <.0001 

Moderate-severe anaemia' 55.6 (35/63) 20.9 (352 /1679) 2.6 (2.1-3.4) <.0001 

Fever at visit" 27.4 (17/62) 3.7 (61/1671) 7.5 (4.7-12.0) <.0001 

History of fever previous week 60.3 (38/63) 15.5(259/1671) 3.9 (3.1- 4.9) <.0001 

History of fever in pregnancy 74.6 (47/63) 33.3 (559/1680) 2.2 (1.9-2.6) <.0001 

MUAC <23cm 56.4 (35/62) 42.3 (709/1679) 1.3 (1.1-1.7) 0.02 

.= aparasitaemic for any malaria species; RR= Relative Risk; CI = confidence Interval; 'Hb <9g/dL; tt=axillary temperature 

~37.s°C 

TABLE 4: 4: ASSOCIATION OF P. VI VAX MALARIA AND ANAEMIA, FEVER & MUAC IN WOMEN AT 3 
ANTENATAL CLINICS (SURVEY 1&2) 

Parasitaemic Aparasitaemic· RR (95%CI) P-value 
Women, % Women, % or 
n = 16 n = 1680 mean difference 

Haemoglobin mean (SD) 10.2 (1.8) 10.2 (1.8) 0.0 0.9 

Anaemia (Hb <11g/dL) 68.8 (11/16) 61.8 (1037/1679) 1.1 (0.8-1.6) 0.6 

Moderate-severe anaemia' 12.5 (2/16) 20.9 (352/1679) 0.6 (0.2-2.1) 0.5' 

Fever at visit" 25.0 (4/16) 3.7 (61/1671) 6.8 (2.8-16.6) 0.0026
t 

History of fever previous week 50.0 (8/16) 15.5 (259/1671) 3.2 (2.0-5.3) 0.0002 

History of fever in pregnancy 50.0 (8/16) 33.3 (559/1680) 1.4 (0.8-2.4) 0.2 

MUAC<23cm 37.5 (6/16) 42.3 (709/1679) 0.8 (0.5-1.6) 0.7 

·=aparasitaemic for any malaria species; RR= Relative Risk; CI ;Confidence Interval; 'Hb <9gJdL; tt=axillary temperature 
~37 .sOC; t =Fisher' 5 Exact test; 

5.3, 95% CI 2.0-14.0]). None of the other factors assessed in the univariate analysis showed a 

statistically significant association with P.vivax malaria (fable 4: 6). 

sub-microscopic infections: A comparison of the demographic and morbidity parameters for 

sub-patent, patent and negative infections are shown in Tables 4: 7 & 4: 8. Sub-patent infections 

were significandy associated with education, area of residence and in the rural study sites. 

Compared with women without malaria, the risk of sub-patent infection was greater in women 

with a documented fever (temp~37.5°C). 
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TABLE 4: 5: UNIVARIATE ANALYSIS OF DEMOGRAPHIC FACTORS ASSOCIATED WITH MALARIA INFECTIONS 
IN WOMEN AT 3 ANTENATAL CLINICS (SURVEY 1&2) 

any malaria Infection 
Parasltaemla In (%) PR (95% el) 
n=79 (positive) 

Age group 
<20 yr 71165 (4.2) 
20-29 yr 6211424 (4.4) 

0.7 (0.28-1.87) 
0.7 (0.39-1.43) 
reference 

P-value 

0.67 

.~30 Y~ ____ r-_____ 1.QD72 (5.8) ._------_ ....................... . 
Caste Category 

OBC 381 789 (4.8) 
SC 171306 (5.6) 
ST 91 228 (3.9) 

1.4 (0.78-2.51) 
1.6 (0.82-3.20) 
1.2 (0.51-2.60) 
reference 

0.51 

GEN 151440 (3.4) _________ --=.;..L... ~~~ ___________ •••••••••••••••••••••••• 

Education 
321432 (7.4) 
291 533 (5.4) 
171691 (2.5) 

0.0002 
No Schooling 
Primary 
Secondary 
Higher 

8.4 (1.15-60.59) 
6.1 (0.84-44.66) 
2.7 (0.37-20.68) 
reference , ____ --=1:..L1:::.;11=3~(0::;;.9::!..)-----------....................... . 

Residence 
rural 661772 (8.6) 6.6 (3.72-12.5) <0.0001 

_~ba.n __ . ____ ~1997 (1.3)~ ____ re_fe_r_en_c_e _____ ....................... . 
SES 

5.5 (2.14-14.14) 
4.7 (1.81-12.19) 
2.7 (1.01-7.52) 
1.6 (0.53- 4.91) 
reference 

<0.0001 

____ ----=:..L:"..::.::..l:::..:!..-----------....................... . 

0.5 (0.21-1.38) 
0.7 (0.28-1.79) 0.57 
0.8 (0.31-2.10) 
0.8 (0.30-2.51) 
reference ,--------_ ....................... . 

75.6 (10.5-544.05) 
17.6 (2.36-130.38) 
reference 

<0.0001 

, ______ .::..L=-l:::=.t... ___________ ............•••..•••.... 

Cool humid months 641989 (6.5) 3.36 (1.93-5.85) <0.0001 
Hot dry months 151 780 (1.9) reference 

PR=Prevalence Ratio, CI= Confidence Interval; '=OBC=other backward caste, SC=scheduled caste, ST=scheduled tribe, 

GEN=general caste; o=pregnancy number; SES=socioeconomic status; 
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, 
P.folelporum Infection I P. vivox Infection I 

Parasitaemia In (%) PR (95% CI) P-vo/ue ! Parasitaemia In (%) PR (95% CI) P-value 
n=63 (positive) I n=16 (positive) 

I 
I 
I 
I 

61164 (3.7) 0.7 (0.27-2.19) I 
11159 (0.6) 0.5 (0.04-5.63) 0.85 I 

I 

4911411 (3.5) 0.7 (0.33-1.53) 0.71 I 1311375 (0.9) 0.8 (0.17-3.41) 
I 

81170 (4.7) reference J~l!64 (1.~) reference ....... __ ....... __ ..... _ ............................................ -.... ---.................. 

291780 (3.7) 1.3 (0.65-2.30) 91760 (1.2) 2.5 (0.54-11.64) 

131302 (4.3) 1.5 (0.68-3.08) 0.82 41293 (1.4) 2.9 (0.53-15.80) 0.41 

81227 (3.5) 1.2 (0.49-2.81) 11220 (0.5) 0.9 (0.08-10.60) 

131438 (2.9) reference T~J~~7 (0.5) reference -----_ .. _-_ ...... __ .......... _---_ ... -.... ---....... _-_ ....... _-----_ .... _ ..... -_ .... 
I 
I 

271427 (6.3) 7.1 (1.98-52.00) ! 5 1405 (1.2) 
231527 (4.4) 4.9 (0.67-36.11) 0.0002 I 61510 (1.2) 0.56 

12 1686 (1.8) 1.9 (0.25-15.10) ! 51679 (0.7) 

11113 (0.9) reference ! 0 1112 reference 
----I 

I 

551761 (7.3) 9.0 (4.34-20.00) <.0001 ! 111 717 (1.5) 3.0 (1.06-9.09) .04 

81992 (0.8) reference I 5 1989 (0.5) reference I 
I 

201335 (5.9) 6.9 (2.07-23.02) 71322 (2.2) 3.7 (0.78-17.97) 

221354 (6.2) 7.1 (2.17-23.79) 21334 (0.6) 1.0 (0.14-7.30) 

12 1376 (3.2) 3.7 (1.05-12.97) 0.0001 31367 (0.8) 1.4 (0.23-8.41) 0.15 

61342 (1.8) 2.0 (0.51-8.04) 21338 (0.6) 1.0 (0.14-7.22) 

31347 (0.7) reference 21346 (0.6) reference 
I 

181659 (2.8) 0.4 (0.16-1.11) 51637 (0.8) 
211 558 (3.8) 0.5 (0.22-1.49) 51542 (0.9) 

161344 (4.6) 0.7 (0.27-1.89) 0.30 21330 (0.6) 0.09 

31125 (2.4) 0.4 (0.09-1.50) 41126 (3.2) 

5 177 (6.5) reference 01 172 reference 
I 

471456 (10.3) 
<0.0001 

111420 (2.6) 16.4 (2.06-123.4) 
0.0002 

161690 (2.3) 41678 (0.6) 3.5 (0.4-32.05) 

o 1608 reference 11609 (0.2) reference 

571982 (5.8) 7.7 (3.33-17.2) <0.0001 71932 (0.8) 0.6 (0.24-1.72) 0,37 
61771 (0.78) reference 91774 (1.2) reference 
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TABLE 4: 6: UNIVARIATE ANALYSIS OF MALARIA MORBIDITY AND CONTROL MEASURES ASSOCIATED WITH 
MALARIA INFECTIONS IN WOMEN AT 3 ANTENATAL CLINICS (SURVEY 1&2) 

Anaemia (Hb <l1gJdL) 

Any malaria Infection 

Parasitaemla I " (%) 
"=79 (positive) 

Yes 6611108 (5.9) 

PR (95% el) P-llalue 

3.0 (1.67-5.43) <0.0001 
reference _N_O~ ____ -:--:-_-:-.--:---.:~!J 659 (1.9) ,--_._ .... __ ..... _._ •..... -.............. _----

Mod-severe anaemia (Hb <9g/dL) 
Yes 371389 (9.5) 3.1 (2.03-4.78) <0.0001 

__ N_O __ ~.--------_~.~J.~37.~Q:!l-.-.-_-.. -.~~!:~.~.~~.~ ... _ .................. ____ _ 
Fever at visit TT 

Yes 21182 (25.6) 7.5 (4.8-11.79) <0.0001 

__ N_o ___________ .~Z.J.f6?~J~:~ .. ____ ..... _.~~!:~.~.~.~.~ ...... _ ............. ____ _ 
History of fever past week 

Yes 461306 (15.0) 6.6 (4.3-10.16) <0.0001 

__ N_O:--_~----------'-3~}4~~J~:~.-•• --•.•.. -.~~!:~.~.~~.~ ...... _ ............. ____ _ 
Used antimalarials past week 

Yes 5116 (31.3) 7.3 (3.45-15.81) <0.0001 

__ N_o ___________ .!.~.L~.~;J~~L_ ........ __ .. _.~~!:~.~.~~.~ ...................... ____ _ 
Used any drug past week 

Yes 211128 (16.4) 4.6 (2.88-7.31) <0.0001 

__ N_o ____________ ~~.J.~§~~J~~.L ... ___ ..... _.~~!:~.~.~.~.~ ...................... ____ _ 
History of fever in pregnancy 

Yes 551614 (8.9) 4.3 (2.67-6.83) <0.0001 

__ N_o ___________ •. ~~.J.!;i~J~.:91._ .... _ ... _ .. _.~~!:~.~.~~.~ ..................... ____ _ 
Used antimalarials in pregnancy 

Yes 4149 (8.2) 1.8 (0.71-4.91) <0.27
t 

__ N_o ___________ .!.~.J.~Z.!.~J~:~L __ ............ _.~~!:~.~~.~.~ ..................... ___ , 
Used any drug in pregnancy 

Yes 261405 (6.4) 1.6 (1.03-2.57) 0.04 

__ No ___________ .~~.J.~~~.~.J~:~l .................. _.!.~!:~.~.~.~.~ ..................... ___ _ 
Used any drug to prevent malaria 

Yes 2 120 (10.0) 2.2 (0.59-8.49) 0.22 t 

__ N_o ___________ 7Zl~Z.~J~:~._ .. _ ........ _.~~!:~.~.~.~.~ ..... _ ............... ____ _ 
Used haematinics 

Yes 341971 (3.5) 0.6 (0.4-0.95) 0.03 

__ N_o ___________ .i~.~~.~ (5·~L .. __ ._ .. _.~~!:~.~.~.~.~ ...................... ____ _ 
Used bed net in pregnancy 

Yes 181723 (2.5) 0.4 (0.25-0.71) 0.0008 

__ N_o:-:--:-________ --:~lll044 (5Jil. __ ._ .. _.~~!:~.~.~~.~ ................ _ .... ____ _ 
Used bed net previous night 

Yes 131598 (2.2) 0.4 (0.21-0.68) 0.0008 

__ N_O--:--:-:_:--_______ -=.;66:..;11..:1:.;:1.:.62~(5--'. 7l.._._ ... _.~~!:~.~.~.~.~_ ........ _ ........ , ____ _ 
MUAC «23cm) 

Yes 411750 (5.5) 1.5 (0.96-2.29) 0.07 

_N~o:...-_:_"7""~-_:__---.~? 11007 (3.7) 
BP Systolic (0!130mm Hg) 

reference _._-_ ..... _ .....•..... _ ..... _ .•................ ,-----

Yes 1 146 (2.2) 0.3 (0.04-2.31) 0.35
t 

__ No __ ---"7' ________ .§.U~~§..~~L ........ _._ ..... _.~~!:~.~~.~.~ ..................... , ____ _ 
BP Diastolic (0!90mm Hg) 
Yes 
No 

3159 (5.1) 
60 1923(6.5) 

0.8 (0.25-2.41) 
reference 

PR= Prevalence Ratio; CI= Confidence Interval; t = Fisher's Exact test; tt =axillary temperature ~37.s°C; 
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P.falciparum infection P.llillax infection 
Parasitaemia I n (%) PR (95%CI) P-llalue Parasitaemia I n (%) PR (95% CI) P-llalue 
n=63 (positive) n=16 (positive) 

<0.0001 1111053 (1.0) 1.3 (0.47-3.89) 0.56 55 11097 (5.0) 
8 654 (1.2) 

4.1 (1.96-8.55) 
reference 5 651 ( ~~~), ____ ,_!.:_!~~_:~.~.: ... __ ............. __ .. _._ ..... ___ . __ .. _ 

i 
351387 (9.0) 4.4 (2.71-7.14) <0.0001! 21354 (0.6) 0.5 (0.12-2.38) 0.54t 

_::.:1~:J;'-=~~;:;"'{;';":;~~;"':~':"': ___ ;_:;_:{_~_;_;~_1_3'_4_1) ___ <0_'0_0_0_1_~~_~~~~~=~:~~::_.::: 
! 

381298 (12.8) 7.4 (4.51-12.01) <0.0001 i 81268 (2.9) 5.3 (2.01-14.06) 0.0002 

..:;;.:;~;~;_;_!;_;:...;_:~.:...: ___ ;_:;_:{_~_';_~_'2_0_'1_8) ___ <0_'0_0_0_1_t 1~~~:: ::--~===~::~.~:.-_ 
191 126 (15.1) 5.5 (3.32·9.15) <0.0001! 21109 (1.8) 2.1 (0.47·8.99) 0.2i 

_4.:-4;:..J1~1~6;...10;...{:...2-. 7.:...) ___ r_e_fe_re_n_ce ________ +i _1_4 ...... 1~~9 (0.9) .~.:.!~~.:.~.~_: ...... __ ............................... . 
471606 (7.8) 5.5 (3.15·9.63) <0.0001 81567 (1.4) 1.9 (0.75-5.27) 0.15 
1611137 (1.4) reference 8 1129 (0.7) reference 

...;!:.::J_L.=;...;...~.!.-------------+-..:c.I..~....,......:.---.. -...... -............................................. . 

31 48 (6.3) 1.8 (0.57-5.45) 0.24
t 

1146 (2.2) 2.4 (0.32·17.81) 0.3st 

60 11704 (3.s) reference lsI16~~Jg~ .... ) ___ , reference 
"::':':J_t..::.:.~=.!.-------------+~ --- ......... -..................................... ----.... . 

221 401 (5.5) 1.8(1.07-2.95) 0.02 41383 (1.0) 1.1 (0.36'3.49) 0.76 t 

...:.4:::1::J1,-=1~33~3~(~3.;c:;1.:...) ___ r_ef_e_re_n_ce ________ .j-.!~J11Q!i~.:.~_) ____ .!.~.!~~.:.~.~.: ........ _ .............................. . 

2120 (10.0) 2.8 (0.73-10.68) 0.16
t 

0118 

_6~1::J1'-=1:.:..7::.:10:..;(~3;.:.6.:...) ___ r_ef_e_re_n_ce _______ +-=1~6.!.!~~? (0.9 ..... ) ___ ........................................................ . 

25 1962 (2.6) 0.5 (0.32·0.88) 0.01 9 1946 (0.9) 1.0 (0.38-2.74) 0.95 
38 788 (4.8) reference 7 757 (0.9) reference 
-=:.~.::.:::.~:!..-------------_+~.L..:..::.:..l=~---, ........................................................ . 

131718 (1.8) 
50 11033 (4.8) 

101595 (1.7) 
53 11149 (4.6) 

0.4 (0.2-0.68) 
reference 

0.4 (0.18·0.71) 
reference 

0.001 

0.002 

51710 (0.7) 0.6 (0.22·1.82) 0.39 

11 I 994 ( 1.1J,~ ___ .!.:~~~.:.~.~.: .............................. __ .. __ .. __ 
3 1588 (0.5) 0.4 (0.2·1.52) 0.29 t 

13 1109 (1.2) reference --'---_.------.... ------.--.. ----.. --.--....................... . 
351144 (4.7) 1.7 (1.06·2.84) 0.02 61715 (0.84) 0.8 (0.30·2.25) 0.70 
271977 (2.7) reference 101980 (1.02) 
..::;.~-'---'--------------_t--'-------..!------... --.---.. -.--.. --...... ----....................... . 

0.6 (0.14·2.34) 
reference 
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reference 
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TABLE 4: 7:SUB-ANALYSIS OF 314 SAMPLES OF WOMEN ATTENDING THE ANC: DEMOGRAPHIC PARAMETERS WITH PATENT & SUB-PATENT P.FALCIPARUM MONO
INFECTIONS AND WOMEN WITHOUT MALARIA (NEGATIVE BY SMEAR, ROT & PCR) 

Negative" Patent -1 Sub-patent --- Patent "s Negative Sub-patent vs 
(n=218) (n=34) i (n=38) Negative 

Patent vs. 
Sub-patent 

DEMOGRAPHICS I P-volue I P-volue I P-volue 

Age group I I 
<20 yr 211215 (9.8) 2134 (5.8) 8138 (21.1) I I 
:~~~~ Y' '~~II~~~ (r~~) 2::: ::~~) 12~::; :~~:~: 1 ............. ~:7 .............. J. ......... ~:~ ............ L ___ ~ __ 

Caste Category·· I i I 
OBC 1041218 (47.7) 17134 (50.0) 117138 (44.7) ! I 
SC I 391218 (17.9) 7134 (20.5) ! 2138 (5.3) 0.9 0.1 I 

STt I 361218 (16.5) I 4134 (11.7) I 7138 (18.4) I . I 
0.1 

GEN ]~1?~8 (17~9) ~@~l!7.6) __ ! 1~J38J~1.6) ! ........... __ .............. ___ ... .:. ... _ ..... _ ... _ ...... _ .. __ .. __ .... 1 __ 

Education 
No Schooling 571218 (26.2) 12134 (35.3) 10 138 (26.3) 

____ ~_;;~~ary______ _~~~:~~_~!~:~~_ 1:1~: ~~~~ ___ .I :~:~: :~:~: 1 ......... ~:.02 .................. m.m~:~ ......... [_O.7 ____ _ 
Residence I ! i I I" 

rural I 801218 (36.7) 131134 (91.2) 121138 (55.3) I <0.0001 I 0.03 0.001 
. _____ L!!ba.~_. __ ._____ ~~lU~18J~3.3) I 3134 (8.~1. ______ .~.!? 138 (44:?1._.---l_. ___ m _____ mmmm ____ .. ___ l.mmmm_.mmmmm ____ -l---_____ . __ 

SES 
Poorest 421218 (19.3) 
Second 391218 (17.9) 
Third 441218 (20.2) 
Fourth 431218 (19.7) 

_________ ~~c:.hes_t___________ ~g!~J?_?:~ __ _ 
Gravidity 

Primigravidae 771218 (35.3) 
Secundigravidae I ;~ 1218 (33.9) 

___ ~ravi~ae~3 t ~g!8 (3~: 7) 
Survey Site 

Maihar 
Katni 
Jabalpur 

401218 (18.3) 
881218 (40.4) 
901218 (41.3) 

6134 (17.6) 11138 (28.9) 
16134 (47.1) 7138 (18.4) 
9134 (26.5) 9138 (23.7) 0.0002 0.5 0.02 
3134(8.8) 5138(13.2) 
0134 6138 (15.8) ------------... ---. ·--------·-·--·-·-··----1---·-------···-----····--·-·---...•.......... -........ -.. ------.. ----------... --.------.----. 

10134 (29.4) 114138 (36.8) 
14134(41.2) '112138(31.6) 
10134 (29.4) 12138 (31.6) 

27134 (79.4) 
7134 (20.6) 
0134 

--- I 

16138 (42.1) 
12138 (34_2) 

9138 (9.1) 

I 
0_6 , I 0.9 0.6 

--.4 .... -....... -......... --.-... --... j.-----.-..... -.-...... --.. -.-..... f--------

<0_0001 0.004 0.001 

·Negative for P. vivax;··OBC=other backward caste, SC=scheduled caste, ST=scheduled tribe, GEN=general caste;' =pregnancy number; 
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TABLE 4: 8:SUB-ANALYSIS OF 314 SAMPLES OF WOMEN ATTENDING THE ANC: MORBIDITY FACTORS WITH PATENT AND SUB-PATENT P.FALCIPARUM MONO-INFECTION 
AND WOMEN WITHOUT MALARIA (NEGATIVE BY SMEAR, ROT & PCR) 

Morbidity parameters 

Maternal Hb in g/dL, mean 
(SO) -------
Mild anaemia (Hb <11.0g/dl), 
n (%) 

Moderate-severe anaemia 
(Hb <9.0g/dL), n (%) 

Moderate-severe anaemia 
(Hb <8.0g/dL), n (%) 

" 

Negative· 
(n=218) I

· Patent 
(n=34) 

I Sub-patent " Patent VS.j' P-value I'. Sub-patent VSol' P-value ,'patent vs. I (n=38) . negative negative Sub-patent 
I P-value 

I Difference in means (95% (I) & RR (95% (I) 
. I ~. r 

10.1 (1.9) 18.7 (1.8) 19.8 (2.10 -1.4 (-2.1,-0.6) I 0.0002 1-0.3 (-0.9, 0.5) I 0.5 -1.1 (-2.1, 0.2) I 0.01 

1421218 (65.1) I 29134 (85.3) 122138 (57.9) 11.3 (1.1,1.5) I <0.0001 I 0.9 (0.6, 1.2) 1 0.4 1.5 (1.1, 2.0) I 0.01 

531218 (24.3) 120134 (58.8) 114138 (36.8) 12.4 (1.7, 3.4) 1 0.01 /1.5 (0.9, 2.4) 11.5 (1.0, 2.6) I 0.1 

251218 (11.4) /14 134 (41.2) I 5138 (13.2) /3.6 (2.1, 6.2) I <0.0001 1 1.1 (0.5, 2.8) 1 3.1 (1.3, 7.7) 0.01 

Fever at visitt 41216(1.9) /10134(29.4) I ~138(1O.5) 1 15.5 (5.2,47.8) fo.0001 5.5 {1.4, 21.7) 2.7(0.9,8.0) 0.04 

History of fever past week 471214 (21.9) I 20134 (58.8) I 9138 (23.7) 12.6 (1.8, 3.9) I <0.0001 1.1 (0.5, 2.0) 0.8 2.4 (1.3, 4.6) 0.002 
I I I ! 

History of fever in pregnancy r 1~;1218~~~2~~127134(79.4) 11138(28.9) 1.6(1.3,2.0) 1 0.001 I 0~~0.3, 1.0) 1 0.03 

Antimalarial use past week 21218 (0.9) 1134 (2.9) I 0138 3.2 (0.3, 34.3) 0.3 ---

2.7 (1.6, 4.6) 

--

1 <0.0001 
i 

/--
Any drug in pregnancy J 681213 (31.9) 12134 (35.3) 6138 (15·;~---f~·1 (~.7, 1.8) .~ ~~ 10.6 0.5 (O.2, 1.1) 2.2 (0.9, 5.3) 0.05 

Used any drug past week r 211213 (9.8) 9134 (26.5) u~I~~{_1~.8) ______ 12.~_(1·~'_=~=)ml~·01 1 (O.4, 3.0) 0.8 2.4 (0.8,7.2) 0.08 

Antimalarial in pregnancy 
61216 (2.7) 1134 (2.9) 1138 (2.6) 1 (0.1, 8.3) 

'negative for P.vivax; t=axillary temperature ~37.50C; RR= Relative Risk; CI= Confidence Interval 

0.9 1 (O.l, 2.7) 0.9 
I 

1.1 (0.1, 17.2) ! 0.9 
i 



4.3A.4.2 Multivariate predictor model of P./alciparum malaria 

The variables included in the multivariate predictor model of P .falciparum infection in 

antenatal clinic women were: education, residence, socio-economic status, season, gravidity, 

moderate-severe anaemia, fever at visit, history of fever in past week and in pregnancy, use of 

antimalarial, MUAC <23cm, iron-supplement and bednet previous night (fable 4: 9). The 

following variables were predictive of malaria in the final model: residence, season, anaemia, 

documented fever, and history of fever (Table 4: 10). Residence in rural area was associated with 

a five-fold increase in the risk of P.falciparum malaria (PR 5, 95% CI 2.34-10.7) compared to urban 

residence. P .falciparum infection was 4.5 fold higher in the post-monsoon season than in dry 

season or peak of the monsoon period. Women with fever at visit, history of fever in the past 

week or fever anytime during pregnancy were twice as likely to have P falciparum compared to 

women without fevers. Gravidity was not associated with P .falciparum malaria with primigravidae 

being equally at risk compared to gravidae ~3 (fable 4: 10). 

P.vivax: A model for identifying risk factors for P.vivax was not possible because of the low 

number of positive cases and its associated risk factors. 

4.3A.S Malaria Risk Index for women at antenatal clinic 

There were six determinants of P .falciparum identified in the multivariate model. These 

were used to develop a simple composite malaria risk index to identify whether the risk of malaria 

increased with a combination of risk factors. The frequency of malaria among women with 

different risk factor combination groups were as follows: in women with one risk factor, malaria 

prevalence was 0.35% and if five risk factors were present, malaria prevalence was 45% (Figure 4: 

6). The risk index in women between sites was also different: in women in Maihar if four risk 

factors were present the prevalence of malaria was 22.4% and if five factors were present it was 

51.3% (20/39). In Katni the presence of four risk factors showed a prevalence of 6.4% and it was 

30.0% (3/10) if five risk factors were present (not shown as a figure). Since there was only one 

case in Jabalpur it was not possible to perform risk index for this site. 
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TABLE 4: 9: MULTIVARIATE MODEl OF MALARIA RISK FACTORS IN WOMEN AT ANTENATAL CLINICS 
(PARAMETERS IN INITIAL MODEL) 

Dependent variable: P./alciparum 

Variable Level PR" 

Education No schooling 1.6 
Primary 1.6 

95% CI 

0.79-3.25 
0.81-3.19 

P-value 

0.37 
_____________ ~Seco~dary .... _ ........ _ ....... _.__'_re::...:f...::.e'_'re'_'_n_=c...::.e _________________ _ 

Rural 4.7 2.14-10.20 0.0001 Residence 
urban reference 

socio-economic status Poorest 0.7 
Second 1.2 

0.37 .. 1.31 
0.66-2.11 0.14 

__ -----------... ::r..~.i.r.~ ... ~.r.'.~ ... ~.ig~.~r. ..... -.---... --'-re.:.;f...::.e.:....re::...:n.c:c...::.e _________________ _ 
Cool-months 4.5 1.95-10.47 0.0004 Season 
Summer&monsoon reference ----------_ ........................................................ .. 

Gravidity Primigravidae 1.0 
Secundigravidae 1.2 

_---------:-:---- Mul~igr.~y.i.~.~~.(~3J'............ reference 
Moderate-severe anaemia"" Yes 1.7 

0.55-1.82 
0.74-1.98 

0.97-2.92 

0.70 

0.06 
No reference 

-Fe-v-e-r-a-t v-i-si-;ttfTt------- ye·s·······-······················· .. -················ .. · .. ·····--'-2'-'-.2-------1-.2-9--3-.-7-3-----0-.0-0-3----

No reference -----------_ ........................ _ .... _ ...... _ ....................................... ~:.:=..::..:.....~----------------
Yes 2.5 1.45-4.16 0.001 History of fever past week 
No reference ------------ ............................. - ......... - ................... - ... ~:.=:...::..:..:..=--------:-----------

History of fever in pregnancy Yes 2.4 1.34-4.23 0.003 
No reference ----:--:-:---:---:------_ ................. _ ............ _ .............. -........ - ............. --=-~----'-.-----------------

Use of antimalarial Yes 0.7 0.18-2.44 0.53 
No reference -----------_ ....................... _ .................................................. -.. ~:.=:...::..:..:..=-----------------
Yes 1.29 0.80 .. 2.06 0.28 MUAC «23cm) 
No reference reference ------------ ................ _ ... _ ....... _ ................... _._ ..... _ ... -=-=:.=:...::..:..:..=----...:....::~::.:..:..:=-----------
No 1.2 0.77-1.93 0.39 Use of iron-supplement 
Yes reference .............. _ ........................ _ .................. -.-.-=-=:.:.::..:..==-----~~-::-:----------
No 1.2 0.59-2.29 Use of bed net previous night 0.65 
Yes reference 

- "PR=prevalence Ratio; CI= Confidence Interval; t=pregnancy number; "=Hb <9g/dL; tt=axillary temperature 
~37.50C; 

TABLE 4: 10: MALARIA RISK FACTORS IN WOMEN AT ANTENATAL CLINICS 
PARAMETERS IN FINAL MULTIVARIATE MODEL 

Variable Level PR" 

Residence Rural 5.0 
Urban reference 

Season Cool months 4.5 
Summer & monsoon reference 

Gravidity Primigravidae 0.9 
Secundigravidae 1.0 
Multigravidae (>3) t reference 

-Moderate-severe anaemia"" Yes 1.8 
No reference 

- .. ++ 
Fever at VISit Yes 2.2 

No reference 

History of fever past week Yes 2.4 
No reference 

-History of fever in pregnancy Yes 2.3 
No reference 

95%CI P-value 

2.34-10.7 <0.0001 

1.95-10.5 <0.0001 

0.53-1.71 
0.65-1.62 0.96 

1.05-3.02 0.03 

1.32-3.75 0.001 

1.43-4.12 0.001 

1.31-4.16 0.004 

- ttpR=prevalence Ratio; CI= Confidence Interval; 
t 
=pregnancy number; ". =Hb <9g/dL; tt= axillary temperature ~37.50C; 
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FIGURE 4 : 6 : MALARIA RISK INDEX FOR WOMEN AT ANTENATAL CLINIC 
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severe anaemia, fever at visit; hlo fever post week & hlo fever in pregnancy 
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4.38: Results in Delivery Unit Surveys 

4.38.1 Characteristics of enrolled women 

2696 women were enrolled in the delivery module (Figure 4:7). This included 414 women 

during the fIrst 6-week dry season survey in April-May 2006 (survey-1); 611 during the 6-week 

post-monsoon season survey in October and November 2006 (survey-2); and 1671 women 

during the extended survey from the end of November 2006 to the end of September 

2007(survey-3). Thus, 1025 women were enrolled during the two 6-week rapid assessment 

surveys 1 and 2, from the three study sites. Because of negligible malaria in Jabalpur during 

surveys 1 and 2, only r-.1aihar and Katni were included in the extended survey. The characteristics 

of the study participants and analyses of malaria prevalence include data from all the three 

surveys and sites (n=2696) (Tables 4: 11 & 4: 12). The subsequent analyses (which provided 

continuous year-round information from October 2006-September 2007) include data of the 

surveys 2 and 3 from Katni and Maihar only (N=2080). 

The characteristics of the 2696 women enrolled in the delivery module were similar in 

age, marital status, educational status, and gravidity compared to women enrolled in the antenatal 

module (Tables 4: 11 & 4: 12). One notable exception was that in the delivery units in Maihar and 

Katni the proportion of rural women increased considerably during the extended survey, 

following the introduction of the ASHA program in this region, which promoted delivery at 

health facilities (see chapter 3). Women tended to be short in stature, with a mean height (SD) of 

151cm (4.6) and lean, with a mean MUAC (SD) of 23.0cm (2.1). Blood pressure recordings 

showed that 20% of delivering women had high blood pressures (systolic ~ 130mm Hg, diastolic 

~90mm Hg) (Table 4: 12). The same staff performed the blood pressure recordings using the 

same machines, but the observations in Katni and Maihar during survey-3 showed an increase in 

the proportion of women with high blood pressure over time. This may also have reflected the 

introduction of the ASHA program, resulting in an increase in referrals of high-risk pregnancies 

and encouragement by the Indian Government to deliver at health facilities. 

Self reported frequency of Antenatal clinic visits 

Nearly 90% of women reported at least one antenatal visit/contact by the time they came 

for delivery (Table 4: 12). This number was equally high in all three sites. The median number of 

antenatal visits was 2 (interquartile range 2-3). 36.6% women reported attending 2 antenatal visits 

prior to delivery and 32% reported 3 antenatal visits (Figure 4: 8). 
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FIGURE 4: 7: DIAGRAM SHOWING WOMEN ENROLLED IN THE DELIVERY MODULE DURING THE 3 SURVEYS 

survey -1 
(dry season) 
n=414 (6 weeks) 

3 surveys 
(rapid assessments + extended) 

n=2696 

survey -2 
(post-monsoon) 
n=611 (6 weeks) 

Rapid assessments 
n= 1025 (3 sites) 

Jabalpur excluded 
n=202 
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FIGURE 4: 8: ANTENATAL ATTENDANCE PRIOR TO DELIVERY 
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In women enrolled from the delivery units, 27.5% used a bed net anytime and 22% reported 

using it the previous night (Table 4: 12). This was lower than that found among women at the 

antenatal clinics. The use of ITNs or drugs to prevent malaria in pregnancy was small (0.24%). 

However, 86.8% women acknowledged using iron and folic acid supplementation6 compared to 

55.3% in the antenatal clinic module. 

6 An iron and folic acid combined preparation are provided for pregnant Women in Madhya Pradesh. 
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TABLE 4: 11: CHARACTERISTICS OF 414 WOMEN ENROLLED FROM 3 DELIVERY UNITS (SURVEY 1) 

Dry season survey (6 weeks April -May 2006) 
Survey site: Jabalpur Katni Maihar Total 

(n= 125) (n=178) (n=l11) (n=414) 
Age in years, mean (SO) 3.8 (24) 4.0 (24) 4.0 (23.8) 4.0 (23.9) 
Age Group 

<20 yr, n (%) 4 (3.2) 9 (5.3) 2 (1.8) 15 (3.7) 
20-29 yr, n (%) 107 (86.3) 142 (83.0) 95 (85.6) 344 (84.7) 
~30 yr, n (%) 13 (10.5) 20 (11.7) ___ !.~_'{!~:§L ______ 47 (11.6) 

Married, n (%) 123 (99.1) 170 (100) _._!_!!J?:99L __ .. 404 (99.8) 
Residence 

Urban, n (%) 59 (47.6) 85 (50.0) 22 (19.8) 166 (40.9) 
Rural, n (%) 65 (52.4) 85 (50.0) __ ~_~_'{~2:~L ______ 239 (59.0) 

Caste Category· 
OBC, n (%) 55 (44.4) 88 (51.2) 67 (60.4) 210 (51.6) 
GEN, n (%) 32 (25.8) 44 (25.5) 23 (20.7) 99 (24.3) 
SC, n (%) 19 (15.3) 24 (14.0) 19 (17.1) 62 (15.2) 

ST, n(%) 18 (14.5) 16 (9.3) _____ ~_i~_:~t __________ 36(8.9) 

Education 

No schooling, n (%) 30 (24.2) 39 (23.1) 39 (35.1) 108 (27.0) 

Primary, n (%) 34 (27.4) 84 (49.7) 27 (24.4) 145 (35.6) 

~Secondaryt, n (%) 60 (48.4) 46 (27.2) __ ~_?_'{~9.:?L ______ 151 (37.4) 

SES rank quintiles, n (%) 
0., Poorest 17 (13.6) 35 (19.6) 32 (28.8) 84 (20.3) 

l=Second 11 (8.8) 46 (25.8) 18 (16.2) 75 (18.1) 

2=Third 28 (22.4) 26 (14.6) 32 (28.8) 86 (20.8) 
3.,Fourth 33 (26.4) 35 (19.7) 18 (16.2) 86 (20.8) 

4.,Richest 36 (28.8) 36 (20.2) ___ !_!_'{~:~L ________ 83 (20.1) 

Gravidity 

Primigravidae, n (%) 60 (48.0) 85 (47.8) 34 (30.6) 179 (43.2) 

Secundigravidae, n (%) 36 (28.8) 52 (29.2) 24 (21.6) 112 (27.1) 

Gravidae-3, n (%) 19 (15.2) 22 (12.4) 28 (25.3) 69 (16.7) 

Gravidae-4, n (%) 6 (4.8) 9 (5.0) 10 (9.0) 25 (6.0) 

Multi~ravidae (~5)1 n (%) 4 (3.2) 10(5.6) ___ ;_?J!~:?L ______ 29 (7.0) 

Self reported ANC ~lvisit, n (%) 112 (90.3) 122 (72.2) ___ ~_~J~~:?L ______ 277 (68.6) 

Maternal heisht in cm, mean (SO) 153.9 (5.9) 152.0 (6.1) ___ !_?_~_:?_(§:~L ___ 152.5 (6.2) 

MUAC in cm, mean (SO) 25.0 (3.6) 22.9 (8.2) ___ ~_~_:?'J?':91 _______ 23.8 (5.8) 

High BP, n (%) (systolic ~ 130mm Hg, 
Not measured in this survey 

diastolic ~ 90mm Hg) .................................................. 
Bednet use (any), n (%) 69 (55.6) 48 (28.4) 21 (18.9) 138 (34.1) 

Used net previous night, n (%) 39 (31.5) 45 (26.6) 8 (7.3) 92 (22.8) 
ITN (any), n (%) 0 3 (1.8) 0 3 (0.8) ......... __ ........................... _ ..... -
Used any drug to prevent malaria, n (%) 2 (1.6) 4 (2.4) ___ !J~:~) _____________ 7 (1.7) 

Reported using haematinics, n (%) 110 (89.4) 113 (67.6) 66 (61.1) 289 (72.4) 

·OBC=Other Backward Caste, GEN=General Caste, SC= Scheduled Caste, ST= Scheduled Tribe; 
t = secondary and higher combined; SES=socioeconomic status; 1= pregnancy number; 
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FIGURE 4: 9 : MATERNAL MALARIA PREVALENCE BY SITE & SURVEY AT 3 DELIVERY UNITS 
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FIGURE 4 : 10: PLASMODIUM SPECIES BY SURVEY IN WOMEN AT 3 DELIVERY UNITS 
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TABLE 4: 12: CHARACTERISTICS OF WOMEN ENROLLED FROM 3 DELIVERY UNITS (SURVEY 2&3) 

Age in years, mean (SO) 
Age Group 

Post monsoon season survey (6 weeks, October-November 2006) 

Survey site: Jabalpur Katnl Malhar 
(n=202) (n=251) (n=158) 

23.9 (3.7) 24.0 (3.4) 24.2 (3.9) 

Total 
(n=611) 

24.0 (3.6) 

<20 yr, n (%) 5 (2.6) 7 (2.8) 4 (2.5) 16 (2.7) 

20-29 yr, n (%) 169 (86.2) 224 (89.9) 14 (89.9) 535 (88.7) 

--:~~-=-:30=--,y,:-,r,:.-;.n~(~%~) --___________ ~~J.~_~_._~L ______ .. _____ ~~_E:~L _________ ~12;...(!-7~.6.!_) ..,...--___ 52_(-:-8_.6~) :--_ 

--:;-M~ar~r~ie,;:;.:d,~n~(~%.!-) --_________ ~~~_l~_~! __ ............ ___ ~~.~._(!QQL __ ... _ .. ,-..;;;1,;;;..58~(!-1..;,..00.;.:.) ___ 60_8....:(_99_. 7...:;) __ 
Residence: 

Urban, n (%) 119 (59.5) 116 (46.2) 29 (18.4) 264 (43.4) 

__ R_ur_a~l, _n ",-(%~o)--:-_________ .... ~!.!~g:.?L ......... _.}~_?_J?~~L ... __ .. ~12;;;.;;9;....l(,;;;..81:o.;..6,,-!) __ ..:3_45,,-,-(5_6._6),---_ 
Caste Category" 

OBC, n (%) 76 (38.0) 116 (46.2) 59 (37.3) 251 (41.2) 
GEN, n (%) 43 (21.5) 54 (21.5) 40 (25.3) 137 (22.5) 
SC, n (%) 63 (31.5) 49 (19.5) 45 (28.5) 157 (25.8) 

-:-~ST..:..., --:-n .!-(%;,:..) __________ .. ~~.t~:.~L. ............. __ ... ~3J.;.~!L ........ _14....:(_8 . .....:9) ____ 64.....:(_10_.5-"-) _ 
Education 

No schooling, n (%) 44 (21.8) 80 (31.9) 57 (36.1) 181 (29.6) 

Primary, n (%) 34 (16.8) 67 (26.7) 31 (19.6) 132 (21.6) 

Secondary, n (%) 68 (33.7) 90 (35.8) 54 (34.2) 212 (34.7) 

__ Hi.><.gh-:e-!r,_n....!.(%~)'--_________ , .. ~~.t~.?:?L .......... _ .. ~~J?:~L ___ ..... _ .. ,~16-=-:(=10.;:.... . ..;.:1):....-_,--8:.:6....!.(1,;;;..4~.1:!..)_ 
SES rank in quintiles, n (%) 

O=Poorest 31 (15.4) 57 (22.7) 34 (21.5) 122 (19.9) 
l=Second 30 (14.8) 58 (23.1) 34 (21.5) 122 (19.9) 
2=Third 34 (16.8) 48 (19.1) 41 (26.0) 123 (20.1) 

3=Fourth 51 (25.3) 40 (16.0) 31 (19.6) 122 (19.9) 

-:-_4=-:-R7:"ic_he_s_t __________ .~~J~.?:?L .......... _ .. ~~J!~:!L_ ... ___ .. ,_18_("...1_1.-<4):....-__ 12_2....:(_19_.9-'-)_ 
Gravidity 

Primigravidae, n (%) 88 (43.5) 97 (38.6) 57 (36.0) 242 (39.6) 
Secundigravidae, n (%) 69 (34.2) 102 (40.6) 47 (29.8) 218 (35.7) 
Gravidae-3, n (%) 33 (16.3) 32 (12.8) 29 (18.4) 94 (15.3) 
Gravidae-4, n (%) 8 (4.0) 12 (4.8) 16 (10.1) 36 (6.0) 

Multigravidae (~5)1 n (%) .•.• ~J~:gL .............. _ .... _~J~:.~L __ .. ___ .. ,_9~(~5.;.;..7.!_) ___ -'2_1~(3_.4~):--_ 
Self reported ANC ~1 viSit, n (%) _~?'~.E~:~L ..... m_ .. ~g.H~Q:..~L .. ____ .,--=1::.::33:....l(L::.84':':'.:...J.7) ___ 4;,.;.8,;;;..9 ,.!.;(8~0~.6,-:-) _ 

Maternal height in cm, mean (SO) .~?~:.~.J~:~L ....... _ .. ~~_~:.~J?.:~L._._ .. ,-..;;;1,;;;..51;:,;..,;;;..1 ~(5..:.2:!..) ___ 15_1_.3~(,-5.-:-9,-) _ 

MUAC in cm, mean (SO) }~:~J?:QL ......... _ .. ~~:'?J!:?L __ .. _ .. ,--=2=.:2 . .=-3 .!,;;(2~.3:.!..) __ ....;;2;,.;.2;..:..8:-!:(2:-:·73) __ 
High BP n (%) (systolic ~130 mmHg, 37 (22.3) 18 (8.1) 19 (14.1) 74 (14.2) 

diastolic ~90 mmHg) ........•.....•...•..•.....•.. _ ..•. ___ ••••• ____ ••• _. ___ •• __ ., ______ --:-:-:--: __ 
Bednet use (any), n (%) 74 (36.4) 79 (31.5) 27 (17.1) 180 (29.5) 

Bednet use previous night, n (%) 54 (27.0) 55 (22.1) 12 (7.6) 121 (19.9) 

ITN (any), n (%) ... .!Jg:.~L .............. _ .. Q:g __ .... ___ ._._._....... 0.0 1 (0.2) 

Used any drug to prevent malaria, n (%) _.g:g ........................ __ .. ~.lQ:~L ...... _...... 3 (1.9) 4 (0.7) 
Reported using haematinics, n (%) 149 (75.6) 183 (72.9) 145 (92.4) 477 (78.8) 

"OBC = Other Backward Caste, GEN= General Caste, SC= Scheduled Caste, ST=Scheduled Tribe; SES=socioeconomic status; 
1= pregnancy number; 
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survey-3 (November 2006-September 2007) 

Katni Maihar Total 
(n=985) (n=686) (n=1671) 

24.2 (3 .8) 24.1 (3.5) 24.2 (3 .7) 

39 (4.0) 19 (2.8) 58 (3.5) 
810 (82.3) 599 (87.3) 1409 (84.4) 

Survey 2 &3' 
Total 
(n=2282) 
24.2 (3.7) 

3-Surveys ... 
Total 
(n=2696) 
24.1 (4.0) 

1 Year survey· 
Total 
(n=2080) 
24.2 (3.6) 

74 (3.3) 89 (3.3) 69 (3.3) 
1944 (85.5) 2288 (85.4) 1775 (85.5) 

135 (13.7 68 (9 .9) 203 (12.1) -=~~ ____ -'--'-_ _ _ _ ""!"---"~ __ . •.. ???J~~:.~L ... _ ...... +-3~0~2-!.(1~1....;.3.:...) __ ~2~33=-(~1~1.~2)~._ 
-=~~~ _ _ --,----,_.!.---_~~~_._I .. ?'?'?'?'J~.~.:~L. ......... f-2681 (99.8) I 2078 (99.9) __ _ 983 (99.9) 686 (100) 1669 (99.9) 

365 (37.4) 85 (12 .4) 450 (27.1) ! 716 (31.4) i 716 (32.9) i 597 (28.7) 

612 (62.6) 601 (87.6) 1213 (72.9) i 1561 (68.6) i 1800 (67 1) i 1480 (71 3) j ................................ . . f-=; 1-_·_--_·-
436 (45.0) 356 (51.9) 
209 (21.6) 120 (17.5) 
217 (22.4) 127 (18.5) 
106 (11.0) 83 (12.1) 

316 (32.1) 255 (37.2) 
219 (22.3) 174 (25.4) 
373 (37.9) 235 (34.2) 
76 (7.7) 22 (3 .2) 

197 (20.0) 136 (19.8) 
178 (18.1) 158 (23.0) 
178 (18.1) 180 (26.2) 

792 (47.9) 
329 (19.9) 
344 (20.8) 
189 (11.4) 

571 (34.2) 
393 (23 .5) 
608 (36.4) 

98(5.9) 

333 (19.9) 
336 (20.1) 
358 (21.4) 

I 
I 1043 (46.1) 
I 466 (20.6) 
I 501 (22.1) 

' .... ???J~.~:.~L ......... . 

752 (33.0) 
525 (23.0) 
820 (35.9) 

.. !?~.!~:.~L ............. . 

455 (20.0) 
458 (20.1) 
481 (21.0) 

162 (16.4) 142 (20.7) 304 (18.3) 
269 (27.4) 70 (10.3) 339 (20.3) .:::=.:...!.::_'--___ ::.....!..::.~'----~=-=='--__ il .. ;~~.:~~.:.;.~ ............. . 
458 (46.5) 274 (40.0) 732 (43.8) 974 (42.7) 
286 (29.1) 193 (28.1) 479 (28.7) 697 (30.6) 
154 (15.6) 132 (19.2) 286 (17.1) 380 (16.7) 
55 (5.6) 47 (6.9) 102 (6.1) 138 (6.0) 

1253 (46.9) 
565 (21.2) 
563 (21.1) 
289 (10.8) 

860 (32.0) 
670 (25.0) 
971 (36.1) 

.~.6.9) 

539 (20.0) 
533 (20.0) 
567 (21.0) 
512 (19.0) 
544 (20.0) 

1153 (20.0) 
809 (30.0) 
449 (16.7) 
163 (6.0) 
121 (4.5) 31 (3.2) 40 (5 .8) 71 (4.3) 92 (4.0) . 

844 (86.4) 679 (99.1) 1523 (91.6) ·-[?9.~~j~:~·:?i::: :::::: :: 
...:1:::...5:..:.1..!..:7:..:(4~0.:...)-----=1.;...50=-5~(~4~7:-) ---=15:'::1'::"'2.!.:(4"::'3:":')!....-- i 1513 (48) : 151 (51) 

2297 (85.9) 

........ ... ............ ............. _-- ..... ... -
-22.9 (2.0) 23.5 (1.9) 23 .1 (1 .9) .. ??:~J?:.~L ............. 23.2 (2.2) 

191(24.9) 105 (19.3) 296 (22.6) 370 (20.2) 370 (20.2) 

.. --_ ....... --_ .... _ ... ..... _- ... _------_ .. 
344(35.1) 116 (16.9) 460 (27.6) 646 (28.4) 784 (29.2) 

315 (32.2) 74 (10.8) 389 (23.4) 510 (22.5) 602 (22.5) 
5 (0.5) 0.0 5 (0.3) ...... ~J9.:~L .............. 9 (0.3) 

1 (0.1) 0.0 1 (0.1) .. ?.(~:~). .................... 1-}2 (0.5) 
814 (88.3) 657 (95.7) 1471 (88.5) 1948 (86.0) 2237 (83.8) 

I I 967 (46.9) 
I 423 (20.5) 
1 438 (21.2) 

235 (11 .4) 

708 (34.0) 
491 (23.6) 
752 (36.2) 
128 (6.2) 

424 (20.4) 
428 (20.6) 
447 (21.5) 
375 (18.0) 
405 (19.5) 

1886 (42.61 
628 (30.2) 
347 (16.7) 
130 (6.3) 
88(4.2) 

1859 (89.8) 
: 1512 (4 6) 

23.0 (2.1) 
333 (20.0) 

572 (2t5) 
456 (22.0) 

5 (0.24) 

1 5(0.24 
1799 (86.8) .... . , Includes all sites In surveys 2& 3; Includes data from all sites In all the 3 surveys; ·excludes Jabalpur data in survey 2; 
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FIGURE 4 : 11 : PREVALENCE OF MATERNAL AND PLACENTAL MALARIA (ANY SPECIES) BY GRAVIDITY 
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Primi Secundi Gravid3 Gravid4 ~GravidS 

Note: Cochran-Armitage trend test P = 0.9 for maternal & placental parasitaemia 

Somer's 0 RIC test for trend, P = 0.6 for maternal & P = 0.7 for placental parasitaemia 

FIGURE 4: 12 : MATERNAL PARASITAEMIA BY PLASMODIUM SPECIES 
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Note: Cochran-Armitage trend test, P = 0.6 for P.falciparum & P = 0.3 for P.vivax 

Somer's 0 RIC trend test, P = 0.2 for P.falciparum & P = 0.3 for P. vivax 

Figures above the bars represent number of malaria positives cases for each species (n/NJ 
by microscopy 
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4.38.2 Prevalence of malaria, anaemia at delivery and birth outcome 

Maternal Malaria 

Rapid assessment surorys 1 and 2 (3 sites): There were only 3 women (0.8%) with evidence of 

maternal malaria infections (peripheral blood) during the dry season survey-l (April -May 2006) 

in the 3 sites. (2 cases of P.vivax [66.7%] and 1 case of mixed infection [33.3%]) (Figure 4: 9). By 

contrast, in the post monsoon survey-2, the prevalence was 3.3% (20 cases) with 85% P folciporum 

mono-infection (n= 17) and 15% P.vivox mono-infection (n=3) [P=0.0017]. 

Year-round data (2 sites): Seasonal trends: Among the 2080 women included in the analysis of 

the full-year data (October 2006-September 2007) the average year-round prevalence of 

peripheral parasitaemia was 2%; 71.8% were mono-infections of P folciporum and 28.2% were 

mono-infections of P.vivox (P = 0.006) (Table 4: 14). There were no mixed infections detected by 

microscopy. 

The monthly observations showed October to December to be the period with the 

highest prevalence of malaria, while in the rest of the year, the transmission remained low for 

both species (Figure 4: 12). The peak prevalence of Pfolciporum occurred in October (5.2%) about 

6 weeks after the rainfall peak. There was little seasonal variation for P.vivox and the prevalence 

was low all year round varying between 0 to 1 %. Similar to the observations from the antenatal 

clinics, malaria prevalence was comparable between gravidities (Figure 4: 11& 4:12). The 

prevalence of maternal P.vivox was 0.7%% in primigravidae and 0.6%% in third gravidae (P=0.3). 

Placental Malaria 

The year round prevalence of placental parasitaemia detected microscopically by 

impression smear was 1% (Table 4: 14). The monthly prevalence of placental parasitaemia 

showed that the peak for Pfolciporum occurred in October and November (about 2%) during the 

post-monsoon months, comparable to peripheral parasitaemia, while the prevalence was less th~n 

1 % for the rest of the year (Figure 4: 13). Again a gravidity specific effect was not seen with 

P Jalciporum or P.vivox (Figure 4:11). Only 2 women (0.1 %) had microscopically detected placental 

malaria with negative peripheral parasitaemia. In contrast, half of the women positive for 

peripheral parasitaemia (51%) were negative for placental infection indentified by microscopy. 

Anaemia 

Rapid Assessment S U17Jrys 1 &2 (3 sites): The overall anaemia prevalence was 51.1 % (Hb 

<11g/dL). The prevalence of moderate to severe anaemia (Hb <9g/dL) was 13.2% in the dry 
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season and 23.8% in the post monsoon season (Tables 4: 13 & 4: 14). The anaemia prevalence 

was higher in Jabalpur than the two rural sites (P=0.001). 

Year-round Suroey (2 sites): Half the women (50%) had mild anaemia (Hb<l1g/dL) and 20% 

moderate to severe anaemia (Hb < 9g/ dL). Moderate to severe anaemia prevalence was higher in 

Katni (23%) than at Maihar (14%, P=0.0001) (Table 4: 14), which reflects that Katni hospital is 

equipped with blood transfusion capabilities while Maihar delivery unit can manage only non-risk 

cases. 

Fever and history 0/ antimalarial drug use 

Year-round suroey (2 sites): Documented fever at delivery was 6.3% and reported history of fever 

in the previous week was 12.5% (Table 4: 14). The documented fever cases were higher in Katni 

(9.2%) than at Maihar (2%). The overall use of antimalarials in pregnancy was 2% while self 

reported use of any drug during pregnancy is 11.5%. 

Low Birth Weight 

Rapid assessment suroeys 1 & 2 (3 sites): The overall prevalence oflow birth weight «2500g) 

was 39.2% and was higher in the post monsoon season (42%) than in the dry season 34% for all 

gravidity (P=0.023) (Table 4: 13 & 4: 14). The prevalence of low birth weight was higher at 

Jabalpur, the urban site, while it and lowest at Maihar, the rural site (P=0.013). This reflects the 

difference between the tertiary and primary site's capability in handling complicated cases. The 

low birth weight between gravidities were similar: 48% in primigravidae and 42% in grand

multigravidae (~5) (P=O.23) in survey-2. 

Year-round suroey (2 sites): The overall prevalence of low birth weight was 33.8% for all 

gravidities. The mean (SD) birth weight was 2536g (464g). The proportion of low birth weight 

among primigravidae (38.7%) was higher than in other gravidae (P=O.OOOl) (Table 4:14). 
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TABLE 4: 13: MALARIA, ANAEMIA, MATERNAL MORBIDITY & BIRTH OUTCOMES IN WOMEN IN 3 DELIVERY 
UNITS (SURVEY 1) 

Dry season survey (6 weeks April-May 2006) 
Survey sites Jabalpur Katnl Maihar Total 

(n=125) (n=178) (n=111) (n=414) 
Overall Maternal Parasitaemia:l=, n (%) 0.0 1 (0.67) 2 (1.9) 3 (0.8) 

P./oleiporum, n (%)1 0.0 0.0 0.0 
P.vivox, n (%)1 1 (100) 1{50.0) 2 (66.7) 
Mixed species, n (%)1 0.0 1 (50.0) __ !J~~:~J. ____________ 

Overall Placental Parasitaemia ., n (%) 0.0 1 (0.63) 1 (0.97) 2 (0.53) 
P./oleiporum, n {%)1 0.0 0.0 0.0 
P.vivox, n (%)1 1 (lOa) 0.0 1 (50.0) 
Mixed species, n {%)1 0.0 1 (laO) __ !J?Q:QL __________ 

Cord Parasitaemia, n (%) not done in this surv~y ............................. -.............. 
Placental Parasitaemia 

Primigravidae, n (%) 1 (1.3) 1 (3.1) 2 (1.2) 

Secundigravidae, n (%) 
Gravidae-3, n (%) 
Gravidae-4, n (%) 
Multigravidae {~5)2, n (%) ................. __ .... -.................. 

Maternal Hb in gjdL, mean (sD) 10.6 (1.9) 11.2 (1.9) 11.4 (1.8) 11.0 (1.9) 

Mild anaemia (Hb <11.0g/dL), n (%) 68 (54.4) 64 (38.3) 44 (39.6) 176 (43.6) 

Mod-severe anaemia (Hb<9.0gjdL), n (%) 24 (19.2) 20 (11.9) 9 (8.1) 53 (13.2) 

Severe anaemia (Hb <7.0g/dL), n (%) 4 (3.2) ~J~:~l 2 (1.8) ______ ~_J?:~) ___________ 
Maternal fever 3at delivery, n (%) 20 (16.0) 33 t~~:'?J 12 (10.8) __ ?'?J~§}L ________ 
Reported fever current pregnancy, n (%) 16 (13.0) 59 (35.1) 11 (10.0) 86 (21.5) 

Used antimalarial for fever, n (%) 5 (4.0) 23 (13.6) 1 (0.9) 29 (7.2) 

Used any drug for fever, n (%) 9 (7.2) 46 (p.3) 7 (6.4) __ ?~_{~~:~1. _________ 
Reported fever previous week, n (%) 5 (4.0) 20 (11.9) 8 (7.2) 33 (8.2) 

Used antimalarial for fever, n (%) 0.0 1 (0.6) 0.0 1 (0.3) 

Used any drug for fever, n (%) 1 (0.8) 9J5.~) 3 (2.7) 13 (3.3) 

Birth weight (g), mean (SO)4 2566 (457) 2602 (409) 2716 (457) --2626-(44-6r-----
Birth weight <2500g, n (%)4 35 (34.6) 58 (37.6) 31 (28.7) __ !~~_{~~}L ______ 
LoW Birth Weight 

Primigravidae, n (%) 15 (33.3) 37 (5L4) 9 (27.3) 61 (40.7) 
Secundigravidae, n (%) 10 (31.3) 11 (23.4) 11 (50.0) 32 (31.7) 
Gravidae-3, n (%) 5 (31.3) 6 (28.6) 8 (28.6) 19 (29.2) 
Gravidae-4, n (%) 2 (40.0) 2 (28.6) 1 (10.0) 5 (22.7) 
Multigravidae {~5)2, n (%) 3 (100.0) 2 (~8.61 2 (13.3) __ "?J?~:2L _______ . 

Baby's gestational age in weeks, mean{SD) 37.5 (L8) 37.8 (1.3) 37.0 (L2) 37.5 (L4) 
Preterm babies «37 weeks)5, n (%) 21 (20.8) 19 (12.3) 20 (18.5) 60 (16.5) 
IUGR, n (%)t 24 (23.7) 47 (30.5) 20 (18.5) 91 (25.0) 

SGA, n (%). 47 (46.5) 85 t54.8) 30 (27.8) __ ?_!?.!~~:_~L_._ ... 
Stillbirths, n (%) 11 (9.3) 5 (3.0) 0.0 (a) 16 (4.0) 

:l=estimates by microscopy; i-COlumn percentages; *=Placental Impression smear; 2=pregnancy number; 3= axillary 
temperature~37.5°C; 4=Singleton births only; 5=gestational age using Ballard score; t IUGR=gestation ~37weeks and birth 
weight <2500g; • SGA calculated using Williams reference score 

145 



TABLE 4: 14: MALARIA, ANAEMIA, FEVER & BIRTH OUTCOME IN WOMEN IN 3 DELIVERY UNITS 
(SURVEYS 2 & 3) 

Post monsoon season survey (6 weeks October· November 2006) 
Survey sites: Jabalpur Katnl Malhar Total 

(n=202) (n=251) (n=158) (n=611) 
Overall Maternal Parasitaemia*. n (%) 1 (0.5) 11 (4.4) 8 (5.0) 20(3.3) 

P.falciparum, n (%)1 1 (100) 10 (90.9) 6 (75.0) 17 (85.0) 
P.vivax, n (%)1 a 1 (9.0) 2 (25.0) 3 (15.0) 

..... J~~!~~~.~P.~.~j.~.~!.~.t~l~ ....................................... a a a a 
Overall Placental Parasitaemia·, n (%) 2 (0.99) 7(2.8) 4 (2.5) 13 (2.1) 

P.falciparum, n (%)1 2 (100) 7 (100) 3 (75.0) 12 (91.7) 
P.vivax, n (%)1 a a 1 (25.0) 1(8.3) 

...... ~!~~~.~p.~~.i.~.~!.~J.~{ ....................................... a a a a 

... ~?~~ .. ~~.~~~~!~~!!.1j.~! .. r:'.J~L ................................... 0 2 (0.8) 0 2 (0.3) 
Placental Parasitaemia 

Primigravidae, n (%) 0(0) 4(4.2) 1(1.8) 5 (2.1) 
Secundigravidae, n (%) 1 (1.5) 2 (2.0) a (0) 3 (1.4) 

Gravidae-3, n (%) 1 (3.0) 1 (3.1) 3 (10.3) 5 (5.3) 
Gravidae·4, n (%) 0(0) a a a 

...... ~~!~.i.~.r:~Y.~~~~J~~)~!.~J~L .............................. a a 0 a 
Maternal Hb in g/dL , mean (SO) 10.2 (2.3) 10.2 (2.2) 10.9 (2.2) 10.3 (2.3) 

Mild anaemia (Hb <11.0g/dL), n (%) 121 (59.9) 149 (59.8) 71 (44.9) 341 (55.9) 

Mod-severe anaemia (Hb <9.0g/dL), n (%) 52 (25.7) 69 (27.7) 24 (15.2) 145 (23.8) 
Severe anaemia (Hb <7.0gldL), n (%) 16 (7.9) 18 (7.2) 9 (5.7) 43 (7.0) 

··· .. ··· .. ···· .. ····· .... ···T········· .. ······ .. ···· .. ·· .. ··· .................. 
27 (13.5) 9(3.6) 15 (9.6) 51(8.4) ... ~~~.':.~~~!.!.~~~.r: .. ~~ .. ~.~~~~.':.~!.~J~L .................... 

Reported fever current pregnancy, n (%) 62 (30.8) 94 (37.5) 16 (10.1) 172 (28.2) 

Used antimalarials for fever, n (%) 9 (4.5) 13 (5.2) 8 (5.1) 20 (4.9) 

...... ~~~.~.~~Y-.~~.':l.~.~~~ .. ~~y.~.~!.~J.~L ....................... 44 (21.9) 62 (24.9) 13 (8.2) 119 (19.6) 

Reported fever previous week, n (%) 12 (6.0) 53 (21.1) 11 (7.1) 76 (12.5) 
Used antimalarial for fever, n (%) 1 (0.5) 2 (0.8) 4 (2.5) 7 (1.2) 
Used any drug for fever, n (%) 9 (4.5) 18 (7.2) 10 (6.5) 37 (6.1) ................................................ ;r ............................... 

2534 (502) 2536 (464) 2623 (367) 2556 (453) Birth weight (g), mean (SO) 
Birth weight <25OOg, n (%)4 ------_ .. _------------_ .. _-----------------_ .. _-._--------------- ... ------------_ .. ---- 69 (40.1) 111 (48.2) 54 (35.3) 234 (42.1) 

Low Birth Weight 

Primigravidae, n (%) 34 (42.5) 48 (52.8) 26 (48.2) 108 (48.0) 
Secundigravidae, n (%) 20 (35.1) 41 (44.1) 14 (31.1) 75 (38.5) 
Gravidae-3, n (%) 11 (40.7) 12 (40.0) 7 (24.1) 30 (34.9) 
Gravidae-4, n (%) 3 (60.0) 5 (55.6) 5 (31.2) 13 (43.3) 

....... ~~!~j.I3!.~Y.~~~~J~~J.~!.~J~L ............................. 1 (33.3) 5 (71.4) 2 (22.2) 8 (42.1) 

Baby's gestational age in weeks, mean SO 37.3 (1.2) 37.2 (1.2) 36.7 (1.1) 37.0 (1.3) 
Preterm babies «37 weeks)s, n (%) 30 (17.6) 58 (25.2) 44 (28.8) 132 (23.8) 
IUGR, n (%)t 48 (28.2) 57 (24.8) 12 (7.8) 117 (21.1) 
SGA, n (%). -_ ........ _----------_ ... _------------_ ... __ .. _-.... _----.. _--.... _--...... _---_ ... ----------_ ... 64 (37.7) 88 (38.4) 26 (16.9) 178 (32.3) 
Stillbirths, n (%) 20 (10.3) 6 (2.5) 3 (1.9) 29 (4.9) 

*= estimates by microscopy; I=Column percentages; *=Placentallmpression smear; 2=pregnancy number; 3= axillary 

temperature;<:37.SoC; 4=Singleton births only; s=gestational age using Ballard score; t IUGR=gestation ;<:37weeks and birth 
weight S2500g; • SGA calculated using Williams reference score 
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Survey 3- November 2006-September2007 

Katni Maihar Total 
(n=985) (n=686) (n=1671) 
13 (1.3) 7 (1 .0) 20 (1.2) 
6 (46.2) 6 (85.7) 12 (60.0) 
7 (53.8) 1 (14.3) 8 (40.0) 

0.0 0.0 0.0 

'Survey' 2 & 3 

Total 
(n=2282) 
40 (1.8) 
29 (72.5) 
11 (27.5) 
0 

~----------------------

Survey·· 1,2 & 3 

Total 
(n=2696) 
43 (1.6) 
29 (67.5) 
13 (30.2) 
1 (2 .3) 

1 Year survey· 

Total 
(n=2080) 
39 (2.0) 
28 (71.8) 
11 (28.2) 
0 

3 (0.4) 10 (0.6) ! 23 (1.0) ! 25 (1.0) 21 (1.0) 
3 (100) 8 (80.0) i 20 (87.0) 1 20 (80.0) 18 (85.7) 
0.0 2 (20.0) i 3 (13.0) i 4 (16.0) 3 (14.3) 

7 (0.7) 
5 (71.4) 
2 (28.6) 
0.0 
0.0 

0.0 0.0 1 0 ! 1 (4.0) 0 
-0-.0----...;0:..;...0~----+I·-2(O~li-----~-m--+1-2-(0!-.1-).:-.----~2 -(0-.1-) - --

3 (0.7) 
2 (0.7) 
2 (1 .3) 
o 

1 (0.4) 
1 (0.5) 
1 (0.8) 
o 

4(0.6) 
3 (0.6) 
3 (1.1) 
o 

1 9 (0.9) 1 11 (1.0) 
! 6 (0.9) 1 6 (0.8) 
j 8 (2.1) j 8 (1.8) 

i 0 i 0 
o o o ! 0 i 0 

10.4 (2 .1) 
540 (54.9) 
225 (22 .9) 
65 (6.6) 

11.1 (1.9) 
282 (41.2) 
96 (14.0) 
23 (3.4) 

10.7 (2.1) 
822 (49.3) 
321 (19.3) 
88 (5.3) 

------_ .... --
10.6 (2 .1 ) 

1) 
5) 

1163 (51. 
466 (20. 

9l(9.2j---
1 ______ _ ~~~J~:_? -. 

15 (2.1) 106 (6.4) 157 (6.9) --
108 (15.7) 263 (15.8) 435 (19.1 ill-(15.8) -----

8 (0.8) 12 (1.8) 20 (1.2) 50 (2 .2) 
62 (9.0) 164 (9.8) --~~~?~ ~J10.4) ___ ~L __ _ --

171 (17.5) 24 (3.5) 195 (11.7) I 271 (11.9) 
4 (0.4) 2 (0.3) 6 (0.4) : 13 (0.6) 

I 
37 (3.8) 13 (1.9) 50 (3 .0) ! 87 (3.8) 

----'~--C.!..---~~.!..-._---il ------------------
2680 (404) 2671 (421) 2676 (411) 2646 (425) 

-

~ (29.3) ______ ._2_33_{!-34_.--"8)c--__ 5_04--'-{3_1._6!..) _ -1 __ ?'?_~J~_~:~L ______ _ -
141 (32.4) 113 (42.3) 254 (36.1) 362 (39.1) 
68 (25.4) 69 (36.7) 137 (30.0) 212 (32.6) 
40 (20.0) 26 (20.3) 66 (24.2) 96 (26.8) 
10 (20.0) 13 (27.7) 23 (23.7) 36 (28.4) 

~(44.4) ____ 12 (30.8) 24 (36.4) 32 J~l:.?l. _ __ _ 

10.7 (2 .1) 
1339 (50.0) 
519 (19.4) 
140 (5.2) 

222 (8.3) 
521 (19.5) 
79 (3.0) 

346 (13.0) 
304 (11.4) 

14 (0.5) 
100 (3.8) 
2643 (427) 
862 (34.3) 

423 (39.3) 
244 (32.4) 
115 (27.1) 

41 (27.5) 
39 (35.4) 

9 (1.0) 
5 (0.8) 
7 (2 .0) 
o 
o 
10.7 (2.1) 
1042 (50.2) 
414 (19.9) 
115 (5.5) 

130 (6.3) 
373 (18.0) 
41 (2 .0) 

239 (11.5) 
259 (12.5) 

12 (0.6) 
78 (3.8) 

2656 (417) 
669 (33.8) 

328 (38.7) 
192 (32.3) 
85 (25.6) 
33 (27.1) 
31 (37.8) 

37.8 (1.2) 37.3 (0.9) 37.6 (1.1) 37.5 (1.2) : 37.5 (1.3) i 37.2 (1.5) 
104 (11.2) 88 (13.2) 192 (12.0) 324 (15.1) i 384 (15.3) ! 294 (14.8) 
174 (18.8) 147 (21.9) 321 (20.1) 438 (20.4) i 529 (21.1) i 390 (19.7) 
335 (36.2) 461 (69.0) 543 (34.1) 721 (33.6) j 868 (34.6) i 289 (14.6) 

36(3.7)--- 9 (1.3) 45 (2.7) 74 (3-.3)----- ---1 90 (3.4) :T54 (2.6) 

• Includes all sites in survey 2& 3; .. includes data f rom 3 sites in all the 3 surveys; 6excludes Jabalpur data in survey 2 
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FIGURE 4: 13 : MATERNAL MALARIA PREVALENCE AT DELIVERY (SURVEYS 2 & 3) WITH RAINFALL 
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FIGURE 4 : 14 : PLACENTAL MALARIA PREVALENCE AT DELIVERY (SURVEYS 2 & 3) WITH RAINFALL 

6 

'<f!. 5 
Q) 
u 
c 
2 4 
II) 

> 
Q) 
"-
0.. 

.!!! 3 
"
II) 

II) 

E 
II) .... 
c 
Q) 
u 
II) 

2 

C. 1 

o 

Pv _Pf --Katni-rain ....... Maihar-rain 

................................................... .... . ) ···· .... · .... · .. i'iIonsOOi'i · .... · .......... · ~ .... ·coorm·ii·ii'ifis·· .. · .. ·· .... h·~i .. d·;y;:;;·~·~i·h~· ...... ·· ...... · .... ~............ mo';lSCi'on 

temp 190-300( I temp lOO-270( temp 290-480( temp 190-300( 

-i ............................ .. .................... .. 

Jan Feb Jun Jul Aug 

survey - 1 
year 2006 

.... ~ ..... 
'. 

'''1'''''''' ...................... . .... ·1 ........ ··· .. ·· .......... · ........ ···· .......... , ... 

I 

........................................ J 

Dec Jan Jul Aug Sep 

survey -2 
year 2007 

Note: placental malaria= detected by impression smear; temp= temperature 

400 

350 

300 
E 
E 
c 

= 
250 ~ c 

II) 
"-

200 ~ 
.r: .... 
c 

150 ~ 

100 

50 

o 

Q) 
tlD 
~ 
Q) 

> 
II) 



TABLE 4: 15: ASSOCIATION OF PLACENTAL P.FALCIAPRUM 6 MALARIA WITH ANAEMIA, FEVER, MUAC & 
BIRTH OUTCOME AT DELIVERY (SURVEYS 2 & 3) 

Parasitaemic Aparasitaemic* RR (95%CI) P-va/ue 
Women,% Women,% or 
n = 18 n = 2048 mean difference 

Haemoglobin mean (SO) 9.2 (2.4) 10.7 (2.1) -1.5 (-2.4, -0.44) 0.005 
Anaemia (Hb<l1g/dl) 72.2 (13/18) 50.0 (1020/2040) 1.4 (1.1-1.9) 0.06 
Moderate- severe anaemia' 38.9 (7/18) 19.8 (403/2040) 2.0 (1.1-3.5) 0.04 
Fever at visit ~~ 0 6.3 (129/2041) 
History of fever previous week 55.6 (10/18) 12.0 (245/2037) 4.6 (3.0-7.0) <.0001 
History of fever in pregnancy 66.7 (12/18) ...._ .. ~?~.~.J~.?.~!.~.~) _ 3.8 (2.7-5.3) <.0001 --_ ........................... _ .........• 

MUAC<23cm .}~:~j§!!~1. . ........ _ .... ?9:~ .. (.!9~?!.?9_~?) 0.7 (0.3-1.2) 0.14 
Birth weight mean (50)*' 2173 (524) 2660 (415) -487 (-722, -250) <.0001 
Gestation mean (50)*' 36.3 (1.4) 37.5 (1.2) -1.2 (-1.87, -0.48) 0.001 

low birth weight «2500g)*' 66.7 (8/12) 33.5 (654/1949) 2.0 (1.3-2.9) 0.02 
Preterm «37 weeks)" 50 (6/12) 14.6 (284/1948) 3.4 (1.9-6.1) 0.0006 

6=Placental impression smear; * = aparasitaemic of any malaria; RR= Relative risk; CI=Confidence Interval; 'Hb <9g/dL; 
tt =axillary temperature ~37.50C; "singleton babies only 

TABLE 4: 16: ASSOCIATION OF PLACENTAL P.VIVAT MALARIA WITH ANAEMIA & FEVER, MUAC & BIRTH 
OUTCOME AT DELIVERY (SURVEYS 2 & 3) 

Parasitaemic Aparasitaemic* RR (95%CI) P-va/ue 
Women, % Women, % or 
n=3 n = 2048 mean difference 

Haemoglobin mean (SO) 10.9 (1.7) 10.6 (2.1) 0.3 (-2.1-2.6) 0.8 

Anaemia (Hb<llg/dl) 33.3 (1/3) 49.9 (1021/2043) 0.7 (0.1-3.3) 0.56
t 

Moderate-severe anaemia' 0 19.8 (404/2046) 
Fever at visit ~~ 33.3 (1/3) 6.3 (129/2044) 5.3 (1.1-26.6) 0.05~ 

History of fever previous week 66.7 (2/3) 12.0 (245/2037) 5.5 (2.5-12.4) 0.004
t 

History of fever in pregnancy _.~~:?.~~!.~L ...... 17.5 (358/2044) ..~:~J~:Z.:~:~L_ .. __ . __ . 0.25t 

MUAC<23cm __ !QQ:Qt~l~1. ...... _ 50.6 (1035/2045) .. !:~J~:~_:!:!L. __ ... ___ 0.08 

Birth weight mean (SO,.' 2533(144) 2659(414) -126(-596, -343) 0.3 

Gestation mean (SO)" 36.5 (0.6) 37.5 (1.2) -1 (-2.23-0.54) 0.13 

low birth weight «2500g,.' 66.6 (2/3) 33.6 (656/1952) 1.9 (0.9-4.4) 0.22 

Preterm «37 weeks)" 33.3 (1/3) 14.6 (285/1951) 2.3 (0.5-11.3) 0.37 

6=Placental impression smear; * = aparasitaemic of any malaria; RR= Relative Risk; CI= Confidence Interval; tFisher's Exact 
test 'Hb<9g/dL; tt=axillary temperature ~37.50C; "singleton babies only; 

Preterm & other Birth Outcomes 

The overall prevalence of pretenn babies «37weeks) was (14.5%) (fable 4: 14). The 

mean gestational age (SD) (assessed by Ballard score) was 37.2 (1.5) weeks and did not differ 

between sites (P=O.21). The overall proportion of SGA babies (based on Williams reference 

score) was 14.6%. 19.7% babies were IUGR, defined as term babies with weight <2500g and 

stillbirth in 2.6%. 
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4.38.3 Associations between placental malaria, morbidity symptoms and birth 
outcome 

P./alciparum: Women with placental Pfaicipamm parasitaemia were twice as likely to be 

moderate to severely anaemic «9g/dL) compared to women without any parasitaemia (RR 2.0, 

95% CI 1.1-3.5) and had mean haemoglobin levels that were 1.5 g/dL lower (95%CI -2.4, -0.44) 

(fable 4: 15). They were also 4.6 times more likely to have a history of fever in the previous 

week, and three times more likely to have a history of fever anytime during pregnancy. The risk 

of low birth weight was double and the risk of preterm birth 3.4 fold higher for women with 

placental Pfalcipamm malaria as compared to aparasitaemic women. Mean birth weight was 487g 

(95%CI -722,-250) lower in women with parasitaemia, and the mean gestation was 1.2 weeks less 

(95%CI -1.87,-0.48) (fable 4:15). Similar associations were observed in women with peripheral 

parasitaemia at delivery and birth outcome (fable 4:17). 

P. vivax: Delivering women with P.vivax parasitaernia were more likely to have documented fever 

at visit (RR 5.3, 95% CI 1.1-26.6) as well as a history of fever during the previous week (RR 5.5, 

95% CI 2.5- 12.4). However, there was no significant association with haemoglobin levels, 

anaemia, low birth weight or preterm birth (fable 4: 16). 

The associations between maternal parasitaemia (for P .falcipamm & P.vivax) and morbidity 

symptoms were similar to the findings with placental malaria (fable 4: 18). 

4.38.4 Determinants of Maternal and Placental P.falciparum malaria at delivery 

Maternal malaria: In the univariate analysis the factors associated with maternal P .fakipamm 

malaria were similar to that of placental malaria (fables 4:19 & 4: 20). There was no difference 

between gravidity groups and the effect of malaria on low birth weight (Figure 4: 15). Likewise, 

there was no difference in the risk of low birth weight among paucigravidae (with and without 

malaria) (RR 1.5, 95%CI 1.03-2.24) and multigravid (~3 pregnancies) women with and without 

malaria (RR 1.4, 95%CI 0.7-3.1) (results not shown in the figure). 

4.38.4.1 Univariate analysis lor P./alciparum Placental malaria 

S ocieta~ demographic and seasonal factors: The univariate analysis showed a significant 

association between placental parasitaemia and the following factors: caste, rural residence, 

socioeconomic status, antenatal attendance and season (fable 4: 21). Women of the Scheduled 

tribe had higher risk of placental malaria compared to women of the General caste. Antenatal 

attendance was strongly associated with placental malaria; women who had not attended 
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FIGURE 4: 15 : ASSOCIATION OF LOW BIRTH WEIGHT WITH MATERNAL MALARIA (ANY SPECIES) 
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antenatal care was more at risk of malaria at delivery (PR 5.6, 95% CI 2.1-14.2). Age, gravidity 

and educational level were not significantly associated with placental malaria infection. 

Malaria Morbidity and Control factors: Women with moderate-severe anaemia were more likely 

to have placental Pfalciparum malaria. Similarly, a history of fever during pregnancy (PR 9.1, 95% 

CI 3.4-24.2) or fever in the past week (PR 8.8, 95% CI 3.5-22.1) was also strongly predictive of 

the presence of placental malaria (fable 4: 22). Likewise, the risk of placental P falciparum malaria 

increased in women with a history of antimalarial use for fever in pregnancy. Unlike in the ANC 

based analysis, fever at the time of delivery was not associated with placental malaria. Self 

reported use of bed net and use of haematinics was not associated with placental malaria. 

P. vivax: Caste was the only socio-demographic factor associated with maternal parasitaemia. A 

history of fever and drug use in fever in the previous week was the morbidity factors strongly 

associated with P.vivax infection (fables 4: 19 & 4: 20). None of the other parameters had a 

significant association \vith P.vivax infection. 
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TABLE 4: 17: ASSOCIATION OF MATERNAL P.FALCIPARUM MALARIA WITH ANAEMIA, FEVER, MUAC & 
BIRTH OUTCOME AT DELIVERY (SURVEY 2&3) 

Parasitaemic Aparasitaemictt RR (95%CI) P-value 
Women, % Women, % or 
n =28 n = 2028 mean difference 

Haemoglobin mean (SO) 9.5 (2.5) 10.7 (2.1) -1.2 (-1.9,-0.4) 0.003 

Anaemia (Hb<11g/dl) 64.3 (18/28) 49.9 (1009/2020) 1.2 (0.9-1.7) 0.1 

Moderate-severe anaemia· 35.7 (10/28) 19.6 (398/2020) 1.8 (1.1-3.0) 0.03 

Fever at visit' 3.7 (1/27) 6.3 (127/2021) 0.6 (0.1-4.1) 0.5
t 

History of fever previous week 50.0 (14/28) 11.7 (236/2017) 4.2 (2.8-6.1) <.0001 

History of fever in pregnancy 53.8(15/28) 17.5 (353/2024) 3.1 (2.1-4.4) <.0001 

MUAC<23cm 78.7(22/28) 48.9 (992/2025) 1.6 (1.3-1.9) 0.002 

low birth weight «2500gr' 54.5 (12/22) 33.5 (647/1930) 1.6 (1.1-2.4) 0.04 

Preterm «37 weeks)"' 45.5 (10/22) 14.4 (278/1929) 3.1 (1.9-5.0) <0.0001 

tt= aparasitaemic of any malaria; RR=Relative Risk; CI= Confidence Interval; t=Fisher's Exact test ·Hb <9g/dL; '=axillary 
temperature ~37.50C; "singleton babies only; 

TABLE 4: 18: ASSOCIATION OF MATERNAL P. VI VAX MALARIA WITH ANAEMIA, FEVER, MUAC & BIRTH 
OUTCOME AT DELIVERY (SURVEYS 2 & 3) 

Parasitaemic Aparasitaemictt RR (95% el) P-value 

Women, % Women, % or 
n = 11 n = 2028 mean difference 

Haemoglobin mean (SO) 10.9 (1.7) 10.6 (2.1) 0.3 (-1.0-1.5) 0.7 

Anaemia (Hb<l1g/dl) 45.5 (5/11) 49.9 (1009/2020) 0.9 (0.5-1.7) 0.8 

Moderate-severe anaemia· 0 19.7 (398/2020) 

Fever at visit' 18.2 (2/11) 6.3 (127/2021) 2.9 (0.8-10.3) O.l
t 

History of fever previous week 54.6 (6/11) 11.7 (236/2017) 4.7 (2.7-8.1) <.0001 

History of fever in pregnancy 36.4 (4/11) 17.5 (353/2024) 2.0 (0.9-4.4) O.l
t 

.... --............. _---.... __ ..... _---_ .. _-- -_ ........ -._-_ ...... _ ..... 
MUAC<23cm 63.6 (7/11) 48.9 (992/2025) 1.2 (0.8-2.0) 0.3 --------------_ .. _------------ -_ ....• -...... _ .. 
low birth weight «2500g)" 40.0 (4/10) 33.6 (649/1933) 1.1 (0.6-2.5) 0.7 

Preterm «37weeks)" 20.0 (2/10) 14.4 (279/1932) 1.3 (0.4-4.8) 0.6
t 

tt= aprasitaemic for any malaria; RR=Relative Risk; CI=Confidence Interval; t= Fisher's Exact test ·Hb <9g/dL; '=axillary 
temperature ~37.50C; "singleton babies only; 

4.38.5 Multivariate Predictor model of Placental P.falciparum Malaria 

The results of the multivariate model on the determinants of maternal P falciparum malaria 

were comparable to the outcome of the placental malaria model. Therefore, only the results of 

the placental Pfalciparum model are presented. Eleven factors fitted the initial model (fable 4: 23). 

In the final multivariate model, caste, antenatal attendance, season, history of fever in the past 

week and fever in pregnancy were predictive of placental malaria, as it remained strongly 

associated with placental P falciparum infection (fable 4: 24). 
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TABLE 4: 19: UNIVARIATE ANALYSIS OF DEMOGRAPHIC FACTORS ASSOCIATED WITH MATERNAL MALARIA 
AT DELIVERY (1 YEAR SURVEY) 

any malarla Infectlan 

Parasltaemla I n (%, PR (95% CI) P-value 

n=39 (positive) 
Age group 

<20 yr 11 68 (1.4) 3.4 (0.22-54.06) 0.21 
20-29 yr 3711763 (2.1) 4.9 (0.67-35.47) 

_~_3_0~y_r __ -:--____ --=~.L~~~JO.~ , ____ re~fe::.r.:.en~c:..:.e _________ _ 

Caste Category" 
CBC 181962 (1.9) 2.0 (0.67-5.81) 
SC 61433 (1.4) 1.5 (0.41-5.15) 0.005 

ST 111233 (4.7) 5.0 (1.60-5.51) 
_G_E_N ______________ ~,.L~23(0.~9)~ _____ re_re_r_e_nc_e ____________ __ 

Education 
No Schooling 131702 (1.8) 
Primary 131487 (2.7) 0.24 

Secondary 131749 (1.7) 
Higher 0 ---=-------------.:------- reference 

Residence 
rural 3511472 (2.4) 3.5 (1.25-9.85) 0.01 

__ ur_b_an ________ ~_592 __ -l(i.::.0;:...7J..) ____ re:.:.f.:;er-=e:.:.nc:.:e~ _____ -----

SES 
Poorest 141424 (3.3) 13.3 (1.76-100.9) 
Second 81423 (1.9) 7.6 (0.95-60.81) 
Third 81443 (1.8) 7.2 (0.91-58.07) 0.03 
Fourth 81372 (2.2) 8.6 (1.1-69.13) 

__ Ri_ch_e_st ____________ ~1,J4~Ji.::.0~.3J..) ______ re_f_er_e_nc_e ___________ __ 

Gravidity 
Primigravidae 141879 (1.6) 
Secundigravidae 131625 (2.1) 
Gravidae-3 111 344 (3.2) 
Gravidae-4 11130 (0.8) 

_M_u_lt...;ig~r_av_id_a_e~(~_5..:..)"_" _____ 0 18U:) 
Attended ANC (any) 
No 
Yes 

possessed ANC card at visit 
No 
Yes 

Survey Site 
Katni 
Maihar 

111209 (5.3) 
2811850 (loS) 

33 11604 (2.1) 
61446 (~.4) 

2411226 (1.9) 
15 1841 (1.8) 

--------------,--------
Season 
Cool humid months 
Monsoon 
Hot dry months 

251720 (3.5) 
71694 (1.0) 
71652 (1.1) 

reference 

3.4 (1.75-6.91) 
reference 

1.5 (0.64-3.60) 
reference 

1.0 (0.57-2.07) 
reference 

3.2 (1.40-7.42) 
0.9 (0.33-2.71) 
reference 

0.17 

0.0002 

0.33 

0.7 

0.001 

PR= Prevalence Ratio; CI= Confidence Interval; 'OBC = Other backward caste, SC = Schedule caste, ST= Schedule Tribe, 

GEN=General caste; SES=socioeconomic status; "pregnancy number; 
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P.falciparum infection 
Parasitaemia /n (%) PR (95% (I) 
n =28 (positive) 

P. vivax infection 
P -value Parasitaemia /n (%) PR (95%(1) 

n = 11 (positive) 

0/67(-) 1/68 (1.5) 
27/1753 (1.5) 3.5 (0.48-26.2) 0.24 10/1736 (0.6) 

P-value 

0.3 

1/233 (0.4) reference 0 reference 
~:...L:::::'::""~~------------+-~-.------... ----.-----.-.----.-.-.-------.---

8/952 (0.8) 0.9 (0.26-2.93) 10/954 (1.1) 
6/433 (1.4) 1.5 (0.41-5.15) 0.006 0/427 (-) 0.02 

10/232 (4.3) 4.5 (1.40-14.37) 1/233 (0.5) 

.--:4:.J./..;.4:::.:23~{0~.9::.!) ____ re_fe_r_en_c_e -------.f-Q~~:L------~:.!:~-:-~-~.:---.. ---.... ----.. ---
13/702 (1.9) 0/689 (-) 
8/482 (1.7) 0.22 5/479 (1.0) 0.05 

7/743 (0.9) 6/742 (0.8) 

--=0..J./_1_28-,(~-) _____ re_fe_r_en_c_e _______ i-°1!?1!J::.L ____ .~:.::~.:.~_~.: _____ . __ .... __ ... __ _ 

26/1463 (1.8) 5.2 (1.2-22.01) 0.01 9/1446 (0.6) 1.8 (0.39-8.47) 0.42 

--=2:.J./~5;:.:90:....:(:..;;.0'..;.3!,..) ____ re_fe_r_en_c_e ______ -+ 2 159.Q.J9.:.~.~) ____ ~_~.!:~.~_~_~=._. __ .. ___ . _____ .. __ _ 
13/423 (1.6) 12.4 (1.63-94.5) 1/411 (0.2) 
5/420 (1.2) 4.8 (0.56-40.98) 3/418 (0.7) 
6/441 (1.4) 5.4 (0.66-45.45) 0.008 2/437 (0.5) 0.10 

3/367 (0.8) 3.3 (0.34-31.60) 5/369 (1.4) 

_--=1:..L1..;.40~4--'-(0_.3:c!.)----re-fe-re-n-c-e _______ ~ . .9JiQ~J:.L_.----~.:-~:~:.~-~.:--.. -------------__ _ 

8/873 (0.9) 6/871 (0.7) 

10/622 (1.6) 31615 (0.5) 
9/342 (2.6) 0.12 2/335 (0.6) 0.81 

1/130 (0.8) 0/129 (-) 
__ .-:.0:.J.1.=8=.8 ~(-..!...) ____ re_fe_r_en_c_e _______ -!-.=OJ 88 (:1 ______ ~:_~:~.:_~_~_: _____ . __________ .. __ _ 

101208 (4.8) 4.9 (2.20-10.51) <0.0001 11199 (0.5) 0.9 (0.11-7.15) 0.9 

..::;.18::..J/-=1~84..:...;0:....!(~0.~9)!..._ ___ re_fe_r_en_c_e ______ _j_:~!W~32 (0.61 ____ ~~_!:~.~_~_~_~ _________ . _______ . __ _ 
25/1596 (1.6) 2.3 (0.70-7.60) 0.15 8/1579 (0.5) 0.74 (0.19-2.81) 0.6 

__ ~3;..1/_4_43_{~0_.7.:...) ___ re_fe_r_en_c_e _______ .f-~ I 44U9._·7...:.)____ .~~.!:~.~.~.~.:. ... _ ............. __ _ 

1611218 (1.3) 0.9 (0.40-1.91) 0.8 811210 (0.7) 1.8 (0.48-6.8) 0.36 

_;.1=-2 1...::18;=.3.=..8 -:(L;:.1.;..:.4!,..) ___ re_f_er_e_nc_e _______ +-=3:..J...829 .!.::(0..:...;.4:I..) ___ .~.~.!:~.:.~.~.:._ .. _._ ... _ ... _ .. __ _ 
20 1715 (2.8) 

41691 (0.6) 

4/649 (0.6) 

4.5 (1.55-13.2) 
0.9 (0.23-3.71) 
reference 

0.0002 
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51700 (0.7) 

31690 (0.4) 

3/648 (0.5) 

1.5 (0.37-6.4) 
0.9 (0.10-4.6) 0.73 
reference 



TABLE 4: 20: UNIVARIATE ANALYSIS OF ANAEMIA, FEVER & MALARIA CONTROL MEASURES ASSOCIATED 
WITH MATERNAL MALARIA AT DELIVERY (1 YEAR SURVEY) 

ony mo/or/o species 

Aparasitaemia I n (%) PR (95% el) P·llalue 
n= 39 (positive) 

Anaemia (Hb <l1gJdL) 

Yes 23 11033 (2.2) 1.4 (0.76-2.69) 0.26 
No 1611029 (1.6) reference 

Mod-severe anaemia (Hb <9g/dL) 
Yes 10 1409 (2.4) 1.3 (0.68-2.83) 0.35 
No 2911653 (1.7) reference 

Fever at visit t 

Yes 31130 (2.3) 1.3 (0.39-4.08) 0.68 
No 3511932 (1.8) reference 

History of fever past week 
Yes 20 I 256 (7.8) 7.4 (4.00-13.67) <0.0001 

No 1911800 (1.1) reference 

Used antimalarial past week 

Yes 3111 (27.3) 15.6(5.62-43.08) <0.0001 

No 3612055 (1.8) reference 

Used any drug past week 
Yes 14177 (18.2) 14.4 (7.80-26.6) <0.0001 

No 2511981 (1.3) reference 

History of fever in pregnancy 
Yes 191372 (5.1) 4.3 (2.32-8.00) <0.0001 

No 20 11691 (1.2) reference 

Used antimalarial in pregnancy 
Yes 4141 (9.76) 5.6 (2.10-15.14) 0.0002 

No 3512025 (1.70) reference 

Used any drug in pregnancy 
Yes 111239 (4.6) 2.9 (1.51-5.90) 0.001 
No 2811819 (1.5) reference 

Used any drug to prevent malaria 
Yes 115 (20.0) 10.8 (1.80-64.20) 0.003 
No 3812057 (1.9) reference 

Used haematinics 
Yes 3211794 (1.8) 0.68 (0.30-1.52) 0.35 
No 71267 (2.6) reference 

Used bed net in pregnancy 
Yes 81508 (1.6) 0.78 (0.36-1.70) 0.54 
No 3111555(1.9) reference 

Used bed net previous night 
Yes 61418 (1.4) 0.71 (0.31-1.69) 0.44 
No 3311641 (2.0) reference 

MUAC «23cm) 
Yes 2911021 (2.8) 2.96 (1.45-6.04) 0.002 
No 1011043 (0.9) reference 

BP Systolic (~130mm Hg) 

Yes 61621 (0.9) 0.42 (0.17-1.00) 0.04 
No 3311445 (2.3) reference 

BP Diastolic (~90mm Hg) 
Yes 41453 (0.9) 0.4 (0.14-1.13) 0.07 
No 3511613 (2.2) reference 

PR= Prevalence Ratio; CI = Confidence Interval; t axillary temperature~37.50C; 
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_______ P.:.../Q_lc-!..ip~r.~.'!!.!!!t.*:!:!!~~ ............. _ ................... t-_____ ....:P~.v:::iv:.:a.~~t!:£.~~.~ _____ _ 
Parasitaemia I n (%) PR (95% el) P-value Parasitaemia In (%) PR (95%CI) P-value 
n = 28 (positive) n= 11 (positive) 
:':"-~~~--'----"""""''''''''''''''''''''''''''-'''''''''''''''''''r-~~:'=~~--

i 

181 1028 (1.6) 1.8 (0.83·3.86) 0.13 I 511015 (4.9) 

...::.:10:..J1-=1~02=3=--,(~0~.9.!.,) ___ .. ~~!:!.:~:: .................. _ ................... I 6 1019 (5.9) 

101409 (2.4) 2.2 (1.03 - 4.79) 0.03 01399 

0.83 (0.25·2.71) 
reference 

0.76 

1811642 (1.1) reference 11 1635 (6.7) 
"'::'::..J"~.:.::..:=.!----.................................... - .................... t--"-~...;..c...~~-------------

11128 (0.8) 0.6 (0.07 - 4.20) 1.0 21129 (1.6) 0.15 3.3 (0.71·15.03) 
reference ..,;2::.;6:..11_1_92_3...::(_1._4:--) ---'!.~!:!.:~::"""""""''''-'''''''''''''''''''i-, 9--L..1_9_06_(:,;.0--:;.5,:..) _____________ _ 

! 
141250 (5.6) 7.2 (3.46 -14.91) <0.0001! 61242 (2.5) 

_1::..4:.JI...:::l.:.;79::..::;5...::(.c:.0.;,::.8.!.,) ___ .. ~~!:!.:~:: .................. _ ................... i 5 1786 (0.3) 

8.8 (2.72-28.79) 
reference 

<0.0001 

3111 (27.3) 22.3 (7.80-63.1) <0.0001 018 

...:2::.:5:.J1..:2,;:..04_4...::(,-1._2.!..) ___ .!.~!:!.:~:: .................. _ ................... t--=..:11~2.:.;03.:.;0:....l(~0-=.5.!.,) _____________ _ 

11174 (14.9) 17.2 (8.40-35.50) <0.0001 3166 (4.6) 11.1 (3.02-41.1) 0.004 

_1::.;7-,1-1-97-3...::(,--0-.9.!..) ___ .:':!:!.:~:: .................. _ ................... ~8 J..:1:..;.9.:.;64~(0.:.;.4;,!..) ____ r_e_fe_re_n_ce ________ _ 

151368 (4.1) 5.2 (2.53-11.00) <0.0001 41357 (1.1) 0.11 2.7 (0.79·9.1) 
reference _1::.:3:.J1..;;.1.:.;68_4-'-(_0.-'8):........ ___ , .. ~~!:!.:~:: .................. _ ................... !-7.:..L..:1:...:.6.:.;78~(0.:.;.4;..:..) _____ . _______ _ 

4141 (9.8) 8.1 (2.97-22.50) <0.002 I 0137 

_2::..4:.J1...:::2.=.:01:..:4~(.::..:1..::.;2):....... ___ .:.:!~!.:~:: .................. _ ................... 1-1 ::.;11~2.:.;00.:.;1:...:(~0-=.5.!.,) ______ . ______ _ 

101238 (4.2) 4.2 (1.97-9.00) <0.0001 11229 (0.44) 1.0 0.78 (0.11-6.10) 
reference ...:1::.:8:.JI...:::l.:.;80::..::;9...::(.c:.1..:.;0.!..) ___ .. ~~!:!.:~:: .................. _ ................... t-10~1_80_1...::('--0_.5_6)'--___ ' ________ _ 

115 (20.0) 15.1 (2.52-91.01) 0.0003 i 014 (-) 

...:2::.;7-,1..:2.:.;04_6...::(,--1._3.:...) ___ ':':!:!.:~::""'''''''''''''._ .. '''''''''''''''''rl _11-,-2_03_0...::{,--0_.5.:...) _____________ _ 

51265 (1.9) 1.46 (0.56-3.80) 0.43 911771 (0.51) 0.66 (0.14-3.06) 
reference 

0.64 
2311785 (1.3) reference 2 262 (0.76) ...::.::..L-::_--"----'-___ .................................... _ ................... I-, --L.._-!...--..:..!.-___________ _ 

1.0 61506 (1.19) 0.83 (0.33-2.04) 0.68 1 21502 (0.4) 0.67 (0.14-3.11) 

_2::.:2::..JI_l_54_6...::('--1_.4-'2)c-__ .. ~~!:!.:~:: .................. _ ................... rl 9 ...... 1_5_33...:..(0_.6;..:..) ____ r_e_fe_re_n._ce _______ _ 

41416 (0.9) 0.65 (0.22-1.87) 0.63 21414 (0.5) 0.86 (0.18-4.00) 1.0 
....:::..24.:...J1-=1_6_32....;{,--1_.5.:...) ___ .. ~:!.:!.:~:: .................. _ ................... t-9 ...... 1_6_1_7 .:.::(0,:.:.6:.!,) ____ r..:e..;:fe.:..,re:.;,n;,:c.:..e ______ _ 

2211041 (2.2) 3.75 (1.52-9.22) 0.002 171999 (0.7) 1.81 (0.53-6.18) 0.3 

.-:.6:.l.1.:.;10:..:3....;9--..l.::(0_.5'-'-) ___ .E~f!:!:~~~~ .................. _ ................... t-! 4_1,--1.:.;03.:.;7..,;(!,;;.0:..:..4.!...) ___ ....:r~ef~eren_c_e ______ _ 

31618 (0.5) 0.27 (0.08-0.92) 0.24 31618 (0.5) 0.86 (0.20-3.20) 1.0 
_...:2::.:5:..11_1_43_7...::{:...1._7,--) ---.. ~~!:!.:~:: .................. -................... r: _8 ..... 1_4_2.:.;0 .:.::(0.:.;.6:.!,) ____ r..:e..;:fe:...re.:..,n..:c.:..e ______ _ 

31452 (0.7) 0.42 (0.12-1.40) 0.17 l 11450 (0.2) 
25 11603 (1.6) reference i 1011588 (0.6) -
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TABLE 4: 21: UNIVARIATE ANALYSIS OF DEMOGRAPHIC FACTORS ASSOCIATED WITH PLACENTAL MALARIA 
AT DELIVERY (1 YEAR SURVEY) 

Age group 

Any malaria Infection 

Parasltaemla I n (%) 
n=21 (malaria positive) 

PR (95% el) P-lla/ue 

<20 yr 0168 (-) 0.41 
20-29 yr 2011765 (1.1) 2.6 (0.35-19.58) 

_>_3_0~y_r _________ ... }1?'~~jQ:~L .................... _ .. ~:~.~~:~~: .................. -....................... . 
Caste Category. 

OBC 71962 (0.7) 1.5 (0.35-7.30) 
SC 51434 (1.2) 2.4 (0.47-12.49) 0.01 
ST 71234 (2.9) 6.3 (1.32-30.2) 

_G_E_N __________ ._~1~23J9·5) _________ .~:~~:.:~~~ ... _. __________ . ________________________ . 

Education 
No Schooling 81703 (1.1) 1.4 (O.18-11.S) 

Primary 61488 (1.2) 1.5 (0.19-12.9) 0.86 

Secondary 61 749 (0.8) 1.0 (0.12-8.4) 

_H_i.;;...gh_e_r ___________ lJ}28 (0.8) reference 

Residence 
rural 1911473 (1.3) 3.8 (0.89-16.36) 0.05 

___ -ur-b-an---------... -?l~~~.-.JQ:~L.-----------------.. ~:~.~E:~~: __ ._._ ... ____ .... __ .. __ .. ___________ ._. ___ . 
SES 

Poorest 101424 (2.4) 
Second 5 1424 (1.2) 

Third 4 1444 (0.9) 
0.01 

Fourth 21372 (0.5) 
Richest 0 L404 reference ---------------- ------_.-------------_ .. _._._. __ ................... __ .... __ .. __ .... _-_ ...... __ ._._. 

Gravidity 
Primigravidae 
Secu nd igravidae 
Gravidae-3 
Gravidae-4 

91879 (1.0) 
51626 (0.8) 

71345 (2.0) 
0.19 

Multigravidae (~5r· 0188 reference __ -=-__ ~~ _____ .:::.c ___________________ . __ •• _ •.• ______ •• _._ ••• __ • ______ •• _______________ • ______ • ___ . 
Attended ANC (any) 
No 71210 (3.3) 4.4 (1.79-10.79) 0.0004 

_Y_e_s ___________ !.411851 to.8)_. _______ .. ~:~.~.~~~~~._ .•........•..... _._. __ ••••• __ ••••• ___ .•.. 
Possessed ANC card at visit 
No 1811605 (1.1) 1.7 (0.49-5.61) 0.40 

_y_es __________ .•• __ ~J 447 (0. 7L ____ . ____ ..... _ .. ~:~.~!.:~~: .. __ ...... _ ....... __ ......... _ .. _ .. __ ._._. 
Survey Site 

Katni 
Maihar 

1411227 (1.1) 

71842 (0.8) 

1.4 (0.55-3.38) 
reference 

0.49 

-----------_ ..... _._._._ ..... _--_.-._._ ... _-_ .......... _._ .................. _ .. -...... __ .... _ ....... _ ............... . 
Season 
Cool humid months 141720 (1.9) 3.2 (1.04-9.58) 
Monsoon 31696 (0.4) 0.7 (0.15 - 3.12) 

0.008 

Hot dry months 41652 (0.6) reference 

PR=Prevalence Ratio; CI= Confidence Interval; ·OBC = Other backward caste, SC = Schedule caste, ST= 
Schedule Tribe, GEN=General caste; SES=socioeconomic status;··pregnancy number; 
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P.falciparum infection 

Parasitaemia 1 n (%) PR (95% el) 
n=18 (positive) 

0168 (-) 
1711762 (0.9) 2.2 (0.3-16.8) 

P-value 

0.52 
11233 (0.4) reference 
~~~~-----......................................... -... -----

41959 (0.4) 0.9 (0.16-4.79) 
51434 (1.2) 2.4 ( 0.47·12.4) 
71234 (2.9) 6.3 (1.32·30.2) 0.001 
21423 (0.5) reference 

-=-L-:.::.:..!.:.~ _____ ...................................... __ ... __ _ 

1.4 (0.18-11.54) 
1.3 (0.15-11.14) 

81703 (1.1) 
51487 (1.0) 
41747 (0.5) 0.7 (0.07-6.08) 0.63 
11128 (0.8) reference 
~~~~-----..................................... . 

1711471 (1.2) 6.8 (0.91-51.2) 0.02 
11592 (0.2) reference 

~:.J...::,;~..l:..:.~ ____ ......................................... _. ___ _ 

101424 (2.4) 
41423 (0.9) 
41444 (0.9) 
01370 (-) 

0.001 

reference o 1404 (-) --=..J.,..;.;:....:....l..!..-_____ ...................................... _._., ___ _ 

71877 (0.8) 
51626 (0.8) 
61344 (1.7) 

01130 

0.20 

reference o 188 
..;:..~-------........................................ -.----

71210 (3.3) 5.6 (2.19-14.29) <0.0001 
1111848 (0.6) reference 

...=.:;:;..L...::.:;:..;.:;...!.::.:..:.!.-----.................................... .. 

1611603 (1.0) 2.2 (0.51-9.61) 
0.27 21446 (0.4) reference 

--=~~~~----, ........................................ -... ----

1211225 (0.9) 1.4 (0.51-3.60) 0.50 
61841 (0.7) reference 

.....:::.J...::..,;-=-....!..::.:~---- ........................................ __ .... ___ _ 

131719 (l.8) 
21695 (0.3) 
31651 (0.5) 

3.9 (1.12-12.70) 
0.6 (0.1-3.71) 
reference 

0.003 
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TABLE 4: 22: UNIVARIATE ANALYSIS OF ANAEMIA, FEVER & CONTROL MEASURES ASSOCIATED WITH 
PLACENTAL MALARIA AT DELIVERY (1 YEAR SURVEY) 

any malaria Inject/on 

Parasitaemia I n (%) PR (95%CI) P-value 
______________ '_~_:_?_~JR~!!!~~~) ________________ _ 

Anaemia (Hb <l1g/dL) 
Yes 1411035 (1.4) 1.9 (0.80-4.90) 0.12 

__ N_o ________ ~~--,---Z.l-!Q~~.1Q:?L-----------------re-fe_r_e_nc_e ________ _ 
Mod-severe anaemia (Hb <9g/dL) 

Yes 71411 (1.7) 2.0 (0.81-4.92) 0.12 
__ N_o ______ .,. ____ , __ ~~_L~~l (O:~L ______________ re_fe_r_e_nc_e ________ _ 

Fever at visit (temp~37.5°C) 
Yes 11130 (0.8) 0.8 (0.10-5.80) 0.81 

-:-:-:-N_O_-:-:: ____ -:--____ ,_~~.l.;~!~ (O:~L ______________ ,_re_f_er_e_nc_e ________ _ 
History of fever past week 

Yes 121257 (4.7) 9.3 (3.97-21.91) <0.0001 
_N_o _____________ ~.L!.~~_tl9.:.~L ______________ re_fe_r_en_c_e ________ _ 

Used antimalarial past week 
Yes 0111 (-) 

-:-:-N_o-:----: ___ ~---_~-U~'??-?J!:QL---------------------------
Used any drug past week 

Yes 8177 (10.4) 15.8 (6.71-37.10) <0.0001 
-:-:-:-No_---:-:.--__________ ;~_H~~_~.19.:.?L ________________ re_fe_r_e_nc_e ________ _ 

History of fever in pregnancy 
Yes 141372 (3.8) 9.1 (3.69-22.39) <0.0001 

_N_o ______________ Z.L!.~~!.t'?.:~L_________________ re_fe_re_n_c_e _________ _ 
Used antimalarial in pregnancy 

Yes 3141 (7.3) 8.2 (2.52-26.8) <0.0001 
__ N-:o_~ ____________ ~!!J~Q?_?"JQ:~L____________________ reference 

Used any drug in pregnancy 
Yes 91239 (3.8) 5.7 (2.4-13.4) <0.0001 

-:-:-_No-:-_-:.--__________ ~_?.J_!.~_?_HQ:ZL _________________ re_f_er_e_n_ce _________ _ 
Used any drug to prevent malaria 

Yes 015 (-) 

_N_o~----------~-;.l~Q-~~J!:QL-------------------
Used haematinics 

Yes 1711795 (0.9) 0.6 (0.2-1.04) 0.40 
-:-:-_N-:o-:.---:.----:-___________ ~.L~§~_j_!:_?_L_________________ referenc_e ______ . __ _ 

Used bed net in pregnancy 
Yes 61508 (1.2) 1.2 (0.45-3.30) 0.67 

-:-:-N_o-:-:---:-__ ~_-----,~~?l.t9.:~L-----------------re-fe-r-en-c_e ________ _ 
Used bednet previous night 

Yes 51418 (1.2) 1.2 (0.45-3.30) 0.68 
~:-:-N~O-:-:--::::_:--_______ 16 J}~3 (O~l _______________ ,_re_f_er_e_nc_e ________ _ 

MUAC «23cm) 
Yes 1211022 (1.2) 1.4 (0.57-3.20) 0.47 

~~N~o -7."""-;-:::-:---:-.--:------,---~.l.;~ (O:~L __________________ ...:..:re~fe:c;.r.:.en..:.;c:.:e ________ _ 
BP Systolic (~130mm Hg) 

Yes 21622 (0.3) 0.2 (0.05-1.04) 0.04 
__ N_o_~-:-~ __ :--____ , __ ~~.L~~_~J~~L ____________________ re_f_er_e_nc_e ________ _ 

BP Diastolic (~90mm Hg) 
Yes 
No 

41454 (0.9) 
1711614 (1.1) 
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P.fa/ciparum infection 

PR (95%CI) Parasitaemia 1 n (%) 
n= 18 (positive) .-:.:....::.::...!.!:..::.==.:..::..!...----....•.............•..................••... 

P-value 

1311034 (1.3) 2.5 (0.92-7.2) 0.06 
511027 (0.5) reference 

--=:..J..--=..:..:~:.;..:.!----........................................ -

71411 (1.7) 2.5 (0.99-6.5) 0.04 
1111650 (0.7) reference 

-=.::..J..--=..:..:~~:..----....................................... . 

01 129 (-) 
1711932 (0.9) 
-=:.;-L-==~~----.--.. ______ ........ __ .... __ .............. . ___ _ 

10 I 255 (3.9) 8.8 (3.5-22.1) <0.0001 

811800 (0.4) reference 
--=~..:..:..:...!..:..-!...----......................................... -.-.. _---

0111 (-) 

181 2052 (-) ...::.;.::..,L..::=.:.::.!-!-----......................................... __ ._---. 

7176 (9.2) 16.5 (6.61-41.6) <0.0001 
1111981 (0.6) reference -=.::.L..===:...!.::.,;=-----........................................ _ . ____ _ 

121370 (3.2) 9.1 (3.45-24.2) <0.0001 
611692 (0.4) reference 

..-:::..,L..::=.:.:~:.:..:!.----....................................... . 

3141 (7.3) 9.8 (2.97-32.79) <0.0001 
1512024 (0.7) reference 

~:..J. . .::.::.:~~----.......................................... --__ -

81238 (3.4) 6.1 (2.43-15.3) <0.0001 
10 11819 (0.6) reference --=.:::.J . .:::::..:::...~:..!.-.----......................................... _ .. -___ _ 

015 (-) 
_1;::::8:..t1.::;20::.:5=.6 .L(-)l.-____________ ._ ............... _____ .. _______ . ______ _ 

1511793 (0.8) 0.8 (0.21-2.56) 0.63 
31267 (1.1) reference 

--=:..J."..::..=..;~="------....................................... . 

51507 (0.9) 1.1 (0.42-3.29) 0.75 
131 1555 (0.8) reference --!.::J . ..=:::.::=..!.~~---........................................ _____ _ 

41417 (0.9) 1.1 (0.37·3.3) 0.83 
1411641 (0.9) reference .-:::.::..J. . ..::=...:.::...l.~:...----........................................ _____ _ 

1211022 (1.2) 2.0 (0.76-5.40) 0.14 
611041 (0.6) reference 

..-::.l-::.:..:..;;:~~----.......................................... --.-__ _ 

21622 (0.3) 0.3 (0.06-1.25) 0.07 
1611443 (1.1) reference 

...::.;.::..J.~~~~----.----... -................................ __ .--___ _ 

41454 (0.9) 
1411611 (0.9) 

1.0 (0.33-3.06) 
reference 

PR=Prevalence Ratio; CI= Confidence Interval 

0.98 
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TABLE 4: 23: MULTIVARIATE ANALYSIS FOR RISK FACTORS ASSOCIATED WITH PLACENTAL MALARIA 
PARAMETERS IN THE INITIAL MODEL 

Dependent variable: P./alclparum 

Variable 
Caste category" 

Residence 

Level 
GEN 
SC 
ST 
OBC 
Rural 
urban 

...................................••......... -..... . ............................................. . 
Socio-economic status Poorest 

Second 

............... .... .....H.T.~.i.~~~.~i8~~~H 
Education No schooling 

Primary 

..................................................................... ~Seconda.ry 
Attended ANC 

Season 

Gravidity 

.... P.r..f!!.8.':1.~.~.c=.\LH ....... H ............ .. 
Use of antimalarial 

....... _ .................................... . 

No 
Yes 
Cool months 

Yes 
No 

Moderate-severe Yes 

Prevalence ratio 
1.7 
2.9 
6.3 
reference 
4.4 
reference 
2.8 
1.5 
reference 
0.5 
0.7 
reference 
2.8 
reference 
2.5 
reference 
1.3 
0.9 
reference 
2.8 
reference 
3.7 
reference 

3.1 
reference 
1.5 

anaemiat No reference 

95%CI P-value 

0.32-9.27 
0.76-10.76 

0.06 
1.64-23.81 

0.54-34.79 0.16 

0.74-10.45 
0.36-5.97 0.29 

0.13-1.95 
0.18-2.84 0.61 

1.00-8.01 0.05 

0.84-7.63 0.09 

0.39-4.51 
0.27-3.26 0.83 

0.91-8.64 0.07 

1.11-12.65 0.03 

0.70-13.59 0.14 

0.50 -4.60 0.45 

"GEN = General caste, SC= Scheduled caste, ST =Schedule Tribe, OBC = other backward caste; tHb <9g/dL; 
CI= Confidence Interval 

TABLE 4: 24: RISK FACTORS ASSOCIATED WITH PLACENTAL MALARIA: PARAMETERS IN THE FINAL MODEL 

Variable Level 

Caste category" GEN 
SC 
ST 

Prevalence ratio 
1.4 
3.3 
6.6 

95%CI 

0.27-7.51 
0.92-12.05 
1.98-22.06 

P-va/ue 

0.01 

aBC reference 
...........................•.••...... ---'---'---------:--------_ ... _-_._-_ ....... _----_ .... _ .. -_ .... _-.... _------

Attended ANC No 3.1 1.20-8.16 0.02 
Yes reference ........................................... H ....................... H ............ H .... --'...::.c:...._ .. ______ --'-'--_--'-____ .............. _ ......................... _ ..................... H ______ _ 

Season Cool- months 2.9 1.00-8.56 0.05 

.................................. Summer-monsoon reference --=..::c..:."-'-=---:-'-.::..:..:.::...:::....::..:..'--_--'-:o.....;;..-'-...:....:. ____ ......... ___ ........... _ ......... _._._ ............... ______ _ 

Gravidity Primigravidae 1.3 
Secundigravidae 0.8 

..... ......... H .. H ..... H.....HHH_.HH. Multigravidae reference 
History of fever past Yes 4.2 
week No reference 
History of fever in Yes 4.7 
pregnancy no reference 

0.43-3.72 
0.27-2.60 

0.78 

... H·_· .. H .. _· .... __ .. _HH .. H._H ______ _ 
1.50-11.95 0.006 

·· ... H ..... _ ... H ... H .. _ ....... H. ______ _ 
1.52-14.4 0.007 

"GEN = General caste, SC= Scheduled caste, ST =Schedule Tribe, OBC = Other backward caste; CI=Confidence Interval 
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4.3C Public health impact of malaria at antenatal & delivery unit 
women 

Attributable fractions (AF) which represent the proportion of moderate to severe 

anaemia and birth outcomes attributable to women with P falciparum exposure were calculated. In 

women at antenatal clinics the AF for moderate to severe anaemia was 61.5% (fable 4: 25). It 

suggests that Pfalciparum accounted for 61.5% of all cases of moderate to severe anaemia among 

those with Pfalciparum malaria in the ANC. In the delivery unit the AF for moderate to severe 

anaemia was 50%. 50% of all low birth weight and 70% of all cases of preterm babies among 

women with placental malaria at delivery could be attributable to P fakiparum malaria. 

P AF calculations assessed the overall impact of malaria exposure at population level on 

moderate to severe anaemia and birth outcome. PAF showed that P faldparum exposure explained 

8.4% of moderate to severe anaemia at population level, which indicate that malaria control can 

prevent 8.4% of moderate to severe anaemia among the antenatal women. Likewise, placental 

malaria exposure explains only 4.6% low birth weight and 6.6% preterm babies at population 

level. 

TABLE 4: 25: MALARIA ATTRIBUTABLE FRACTIONS 

Outcome Exposure Exposure RR Attributable fractions 
Prevalence (95% (I) AF PAF 

AN( moderate-severe 
P·falciparum 3.5% 

2.6 61.5% 8.4% 
. t (2.1-3.4) anaemia 

moderate-severe 2.0 50% 4.6% 
. t 

(1.1-3.5) anaemia 

lBW «2500g) 
P·fa/ciparum 

0.86% 
2.0 50% 4.6% 

DU (placenta) (1.3-2.9) 

Preterm «37week) 
3.4 70% 6.6% 
(1.9-6.1) 

T= Hb <9g/dL 

4.3D Malaria surveillance among Inpatient Women 

Women of reproductive age, admitted with a suspected or conftrmed malaria illness 

during the two rapid assessment surveys were enrolled from the 3 facilities. 39 women fulfilled 

the enrolment criteria out of which 18 were pregnant (46%) and 16 of them had the required data 

recorded in their hospital history sheet. Descriptive information relating to their malaria illness 

are provided (Figure 4: 14). 9/16 (56%) pregnant women had a documented microscopically 

conftrmed malaria diagnosis: 77.8% mono-infection with Pfaldparum and 22.2% mixed species. 

Two of the nine women with conftrmed malaria delivered while admitted in hospital; one was a 
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FIGURE 4: 16: MALARIA SURVEILLANCE IN WOMEN ADMITTED IN THE HOSPITAL (SURVEY 1 & 2) 

-mild malaria = 8/9 

(88.9%) 

-severe malaria =1/9 

(11.1%) 

39 women 
enrolled 

/\~ 
18 
pregnant women 

21 non-pregnant 
women 

9/16 (56.2%) 
malaria confirmed 
by microscopy 

2 women delivered 

1 stillbirth 
o maternal deaths 

Treatment given In hospital for malaria 
• Chloroquine injections = 13/38 (34.2%) 
-Intravenous Quinine = 27/39 (69.2%) 
- a/~ Arteether injection =7/39 (18%) 
- Glucose infusion = 37/39 (94.9%) 
- Blood transfusion = 6/38 (15.8%) 
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stillbirth. There was 1 case with diagnosis of severe malaria. There were no document cases of 

cerebral malaria or death among the admitted pregnant women during the survey period. The use 

of antimalarial drugs in the hospital was as follows: chloroquine injections 34%, intravenous 

quinine 69% and 18% received IX~ artether (Emal) injections. It is should be noted that many of 

the pregnant women were cases diagnosed with malaria in the antenatal clinic by the study team, 

and admitted for treatment, particularly in the rural sites. The detection of malaria by the study 

team leading to initiation of treatment pardy might have contributed to the reduced number of 

severe malaria cases in these facilities. 

4.4 Discussion 

The burden of malaria in pregnancy in Madhya Pradesh was determined by conducting 

two rapid assessment surveys followed by a year round survey in an urban, semi-urban, and rural 

site. The overall prevalence of malaria, as assessed by microscopy among the women attending 

the antenatal clinics during the two 6-week surveys was low (4.5%); 6.5% during the post

monsoon peak transmission season and 1.9% during the dry season. The year-round survey 

conducted only in the delivery units of the semi-urban and the rural sites confirmed the overall 

low prevalence with findings of 2% and 1 % respectively for peripheral and placental 

parasitaemia. This is the first time active screening of both symptomatic and asymptomatic 

pregnant women was used in this region. The recent study from the adjacent state of Jharkhand, 

which used similar screening methodology, also reported a comparable malaria prevalence of 

1.8% and 1.7% respectively among the antenatal and delivering women (Hamer, et aI2009). 

The majority of infections were due to P faldparum (80%). There was a marked variation 

between the three study sites with the highest prevalence of infection seen in Maihar, the rural 

site. In contrast, in Jabalpur, a city with over one million inhabitants (Census-India 2001), the 

prevalence was 0.3% in the post monsoon transmission peak, with no infection in the dry season. 

As expected a distinct seasonal trend was observed for P faldparum. 69% of the infections 

occurred during the 3 months between October and December, starting approximately 6 weeks 

after the peak of the monsoon rains, while 83% occurred in the 6 month period, fulfilling the 

definition of 'marked seasonality'(Roca-Fe1trer, et al 2009). The P.vivax infections were low 

throughout the year «1 % for peripheral and placental smears) with litde seasonal variation. The 

P.vivrL'< and P.falciparum ratio was lowest in the post-monsoon season (1:8) and highest in the dry 

season with 60% of infections being P.vivax. The lack of seasonal variation in P.vivax infection is 
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likely due to relapses from the dormant liver stages persisting throughout the year, rather than 

ongoing transmission of P.vivax in the dry season (Mayxay, et 012004, Snounou and White 2004). 

Almost two-thirds (63%) of the women attending the antenatal clinics with P .f0lcipomm 

infection were symptomatic (documented fever or history of fever in the previous week). This 

contrasts with findings from malaria endemic regions in most of sub-Saharan Africa. The 

findings reflect the low level of malaria transmission and corresponding low levels of acquired 

malaria immunity in this population, which is in keeping with previous studies from India and, 

other low or unstable transmission regions (Das 2000, Hamer, et 012009, Kochar DK, et 01 1998, 

Nosten, et 012004, Singh, et 01 1999a) 

Previous studies from India have reported higher prevalence of parasitaemia in 

paucigravidae and in younger women «2Oyears) (Hamer, et 012009, Singh, ct 01 1999a). In the 

present study, age was not a determinant of malaria risk. Similarly, a gravidity specific effect, 

which is common in areas with high transmission was not seen in this study, reflecting the low 

risk of exposure and lack of acquisition of pregnancy specific immunity in first pregnancies. The 

risk of low birth weight and maternal anaemia associated with malaria was also similar among the 

different gravidity and age groups. This is consistent with studies in the highlands of Madagascar 

with comparably low prevalence (2%) and in areas with low or unstable transmission such as in 

Ethiopia, Brazil and Sudan (Cot, ct 012002, Newman, ct 012003, Martinez-Espinosa, ct 012004, 

Adam, ct (12009). 

Although the infection risk appeared to be low in this study population, the impact of 

patent infection was considerable. Infected women were much more likely to be anaemic, or give 

birth to a preterm or low birth weight babies. Anaemia was common in this setting throughout 

the year, including among women without malaria (62%) and equally prevalent in the three study 

sites, implying that aetiologies other than malaria are dominant. Because haemoglobin levels are 

generally low in this population, malaria has the potential to exacerbate and was associated with a 

1.3g/ dL and 1.6g/ dL lower haemoglobin (placental and maternal) and doubling the risk of 

moderate to severe anaemia compared to uninfected women. Overall, P folcipomm accounted for 

61 % of moderate to severe cases of anaemia in P folcipomm infected women. Because severe 

anaemia is associated with increased maternal morbidity, mortality and low birth weight (Brabin, 

et 012001 a, Shulman 1999, Steketee, et (12001), the level of malaria induced anaemia observed in 

this population is likely to have a significant adverse impact on the health of individual pregnant 

women and their newborns. 

The adjusted mean birth weight of babies born to women with placental P f0lcipomm 

malaria was 487g (95% CI 250-722g) lower and the risk of low birth weight was twice as high 

compared to women without placental malaria; this was evident in all gravidity groups. This 
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impact on birth weight was greater than previously reported from India and other Asian 

countries (India [350g], Indonesia [192g], Thailand [151gD and of stable transmission areas of 

Africa [169g] (Guyatt and Snow 2004, Nosten, et 01 1991, Poespoprodjo, et a12008, Singh, et 01 

1999a). This study also found 3.4 fold increased risk of preterrn delivery and a 1.2 weeks 

reduction in the average duration of pregnancies, which might explain the relatively large 

reductions in birth weight associated with P falcipomm infections. P jakipomm was responsible for 

70% of the preterm deliveries in parasitaemic women. A history of fever was associated with 

preterm delivery (RR 1.7 CI 1.4-2.2) similar to earlier studies in other Asian countries 

(Luxemburger, et 012001, Menon, 1972, Wickramasuriya 1937). Fever induces inflammatory 

cytokines which trigger uterine contractions that can result in premature deliveries, and is the 

mechanism thought to occur in cases of placental malaria (Menendez, et aI2000). 

At delivery, caste, season, lack of antenatal clinic attendance, and history of fever anytime 

in pregnancy were factors predictive of placental malaria. The women of the Scheduled caste had 

a higher risk of malaria. Women of this caste were more likely to live in remote rural areas and 

get more exposure to mosquitoes. Likewise, women who had not attended antenatal care were 

those living in the more remote areas with less accessibility. Similar factors together with 

residence were predictive of malaria in antenatal women suggesting that the determinants of 

malaria in this population were similar despite the wide difference in prevalence seen between the 

rural and urban antenatal women. 

Even though the number of P.vivax cases was small, the observations suggest P.vivax 

infections are also associated with reductions in mean birth weight (126 g, 95%CI -596, -343) and 

mean gestational age (7 days), although to a lesser degree than that observed with P jalcipamm. 

While these differences were not statistically significant, the findings are consistent with previous 

reports from Thailand and Indonesia (Nosten, et al 1991, Poespoprodjo, et aI2008). There was 

also a strong association between P.vivax infection and history of fever in the past week and this 

association was stronger than that observed with P jalcipamm infections in delivering women. 

P.vivax is not known to sequester in the placenta and none of the placental histopathology 

examinations found evidence of sequestration or pooling of infection in the placenta (see 

Chapter 5). Although the cross sectional nature of the study does not permit to make inferences 

about causality and time line of events, the effect on birth weight with P.vivax maybe a result of 

systematic infection leading to fever inducing early labour. In contrast to previous studies from 

the region, there was no evidence that P.vivox infections were associated with anaemia (Singh, et al 

1999a). 

Placental P jalcipamm infections in the absence of peripheral malaria were rare: only 2 

women (0.1 %) with negative peripheral parasitaemia had placental infections, detected by 

167 



impression smears. This is consistent with observations reported from Thailand, but contrasts 

with reports from areas of high transmission such as a study of Tanzanian women, where 46% of 

women with parasitized placentas had no evidence of peripheral parasitaemia (Ismail, et aJ 2000, 

McGready, et aJ 2004). However, placental histopathology which is known to be more sensitive 

than standard microscopy found 4.6% of the placental impression smear negative women had 

histological evidence of active infections, and this figure was 2.8% among women who had 

negative peripheral smears at delivery (described in detail in the next chapter). 

Interestingly, the diagnostic PCR studies suggested a very high prevalence of sub

microscopic infections among women attending antenatal care. During the peak transmission 

period, 16.0% and 6.4% of the 262 smear negative cases were PCR positive for mono-PfaJciparum 

and mono-P.vivax respectively. The PCR study excluded dry season ANC samples. Women in the 

rural areas had the highest frequency of sub-microscopic infections, but interestingly, in Jabalpur, 

the urban site, 9% of the smear negative women were PCR positive for P faJciparum in the post 

monsoon transmission season. This difference could not be explained by antimalarial drug use 

which is low and as the variation of antimalarial use between patent and sub-patent infection did 

not differ by sites. As opposed to patent infections, a higher rate of mixed species infections was 

detected by PCR implying that cross-species suppression maybe occurring (Duffy 2001, Snounou 

and White 2004). Experimental and other studies have shown lower parasite densities for P.vivax 

and inhibition of P.vivax from co-infection with P faJciparum. Examiner error is also possible, with 

one species space overlooked because of difficulty of differentiating the ring-stages of the two 

parasite species. The level of sub-microscopic infections suggests that exposure to malaria might 

be considerably higher than suggested by prevalence of the patent infections. It is unclear from 

this cross-sectional study, whether women contain their infections or, if left untreated, whether 

these eventually become patent and symptomatic. There are very few publications on sub-patent 

infections and they differ according to setting and immune status of the pregnant population 

(Mockenhaupt, et aJ 2000, Saute, et oj 2002). The current study was not designed to assess the 

association of sub-microscopic infections and morbidity (only a sub-selection of women in the 

ANC component was assayed for PCR to assess ROTs; ANC component was chosen because 

ANC is where ROTs would be used to screen pregnant women in MiP control programmes). 

But, among this sub-group, sub-microscopic P foJciparum infections were associated with 

documented fever (RRS.5, 95%CI 1.4, 21.7) and a marginally significant association with 

moderate-severe anaemia (RR 1.5, 95%CI 0.9, 2.4, P=O.I). 

The estimates in our study are likely to be representative of the women attending 

antenatal care, or for delivery, for the larger region, at the time of conducting the study. The 

general characteristics of the women in the 3 surveys were comparable to that reported in the 
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NFHS III (NFHS-3 2005-2006) for Madhya Pradesh. The rainfall average of the study years 

(2006-2007) was within the average for the previous 8-10 years as defmed by the rainfall anomaly 

index (refer to chapter 3) (van Rooy, 1965 cited in, (Tilahun 2006). The low coverage of ITNs 

and inconsistent implementation of IRS in the study districts, reflect the current pattern of 

malaria control in the state. 

Because of the low prevalence of P falciparum malaria, the impact on the prevalence of 

maternal malarial anaemia, low birth weight and thus the overall infant health will be modest. For 

example, as many as 60% of the moderate to severe anaemia in parasitaemic women could be 

attributed to malaria. However, the population attributable fraction, which is a function of the 

prevalence of the risk factor (malaria) suggest that elimination of malaria would only reduce the 

prevalence of moderate to severe anaemia by 8.4%. Similarly, the etiological fraction of malaria 

towards low birth weight and preterm deliveries was 50% and 70% respectively, but elimination 

of malaria would only result in 4.6% and 6.6% reductions in the prevalence of low birth weight 

and preterm deliveries in this population. Madhya Pradesh is the largest state in India, and the 

absolute number of women and infants that are likely to benefit is high. In this regard, a recent 

study based on the prevalence of 6.4% as found in this study, estimated 183,000 cases of malaria 

in pregnancy could be averted each year (Diamond-Smith, et aI2009). It is possible that these are 

underestimates and the true impact may be greater, particularly if accounted for the impact of 

sub-microscopic infections. This has important implications for the anticipated impact of 

successful malaria control on maternal and newborn health. 

Although the national recommendation in India, at the time of this study, was to use 

chemoprophylaxis with chloroquine during pregnancy, the study showed that these guidelines 

were not implemented. Malaria control in pregnancy consisted mainly of passive surveillance, and 

diagnosis and treatment in symptomatic women. A new control policy is essential for this region. 

Considering the low prevalence and the short seasonal predominance of transmission, prevention 

with IPTp might not be the most feasible approach, unless timed to implement only in the peak 

malaria transmission season. General use of IPTp, throughout the year could lead to many 

women receiving antimalarials needlessly. Seasonal implementation of interventions however is a 

logistical challenge. ITN distribution is a choice that is likely to be acceptable by this population, 

because the use of non-treated bednet is already common. However ITN alone may not be as 

effective as observed in Africa, because the predominant vector populations (A.jluviatilis and 

A.culicifacies) in this region are mainly dusk biters and are exophilic and zoophilic. An additional 

strategy to consider is the expansion of the current methods of case detection to screening 

approaches. One such option is scheduled intermittent screening and treatment (IST) provided as 

part of focused antenatal care. 1ST consists of screening women at regular intervals using RDTs 
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and treating the RDT positive women with a long-acting ACT. It may be a particularly suitable 

intervention in areas where there is a lot of heterogeneity in exposure risk (e.g. 20% of the 

population has 80% of the malaria burden) as it would limit drug use to the highest risk groups 

and the peak transmission seasons. Studies are planned to assess the efficacy and feasibility of 

1ST in India (Chandramohan, personal communication). 

Many limitations need to be considered in this study. The rapid assessment surveys have 

proven to be informative in determining the seasonal peak malaria burden. The surprising 

variation between study sites that are less than 100 km apart, and the marked seasonal variation in 

malaria prevalence stress the limitations of rapid assessment cross-sectional surveys. They do not 

solve the lack of information of the trend and the totallength of the transmission seasons for P. 

faldparum and P. vivax. Although a year round survey was conducted to capture the transmission 

duration, it had to be restricted to the delivery units due to funding limitations. The rapid 

assessment methodology with 6-8 weeks duration per survey was also not practical to capture the 

severity of disease in pregnant women in low transmission areas as found in Madhya Pradesh. 

The cross-sectional design of the surveys could provide an estimate of malaria at a given moment 

in time only. P.vivax infections were relatively low, and as a result, the MiP burden associations 

with p.mvax malaria could not be conclusively established. 

In conclusion, the prevalence of malaria in these three sites in Madhya Pradesh was low 

with wide variation between sites and markedly seasonal with predominance of P .faldparum. The 

majority of infections were symptomatic, reflecting the relative low level of background immunity 

that may predispose women to developing fever and delivering prematurely, doubling the risk of 

low birth weight. Despite the low prevalence of malaria, malaria in pregnancy was associated with 

major adverse effects to the mother and newborn and, unlike in areas with stable transmission, 

primigravidae and multigravidae were equally affected. Even though the exposure risk to the 

individual is relatively low, the potential public health impact of successful control of malaria in 

pregnancy is considerable, because of the large population of reproductive age women at risk of 

malaria in Madhya Pradesh. 

**************************** 
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Chapter 5 

Placental histopathological changes and the 
association with birth outcome & maternal anaemia 
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5.1 Introduction 

The pathognomonic feature of placental malaria centres on the cytoadhesion of 

P fa/aparum infected erythrocytes to chondroitin sulphate A (CSA) and other placental receptors 

and the associated inflammatory response involving a homing in of monocytes and macrophages. 

The presence of parasites, inflammatory cells and pigment (haemozoin) in immune cells and 

fibrin are the characteristic features of placental malaria and have been used to classify the 

chronology of placental infection (Bulmer, et a11993a, Ismail, et aI2000). 

The association between these placental changes and low birth weight and maternal 

anaemia has been documented for P .fakiparum infections, however, the exact mechanism is not 

yet clear (Leopardi, et a11996, Menendez, et a12000, Rogerson, et a12003b, Watkinson, et aI1983). 

Early investigations showed a strong association between the presence of parasites and low birth 

weight and that the accumulation of parasites per se may affect placental function (Brabin, et al 

2004, Leopardi, et aI1996). There is now clear evidence that the placental inflammatory response 

to the sequestration of parasites and the presence of pigment are associated with fetal growth 

restriction, although it is not clear whether this is causal with placental function, or whether these 

are proxies for disease severity or the duration of infection (Abrams, et a12003, Duffy 2001, 

Muehlenbachs, et al 2010). These previous studies of Pfakiparum were conducted in highly 

endemic regions in sub-Saharan Africa. 

There is far less information on malaria associated placental histological changes with 

placental P fa/aparum in low transmission areas and those associated with P.vivax malaria. Only 

two studies have reported on histopathological findings associated with P.vivax (McGready, et al 

2004, Parekh, et aI2010). P.vivax is not known to cytoadhere in the placenta, yet has been found 

to have an association with a significant reduction in maternal haemoglobin levels and reductions 

in birth weight, although the effects appear less pronounced than with P .falaparum. The present 

study describes both P fa/ciparum and P.vivax associated morphological changes in the place~ta 

and the associated impact of placental P .fa/aparum infection on birth outcome and maternal 

anaemia in a low malaria transmission area. 

5.2 Material 

5.2.1 Sample Collection 

Women were enrolled at delivery during a one year period between October 2006 and 

September 2007. A finger prick blood sample was collected for malaria microscopy and RDT 

before delivery. The placental samples included incision and impression smears for microscopic 
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examination, a biopsy for histological examination and placental blood for peR. The different 

sampling techniques are described in chapters 3 and 8. 

Placental histopathology sections: Two 2x2xlcm biopsies were cut from the maternal side of 

the placenta at opposite ends half-way between the umbilical cord insertion and the edge of the 

placenta. The two sections were placed in jars containing 100ml of 10% phosphate buffered 

fonnalin and fixed overnight. Neutral buffered fonnalin was used in order to avoid fonnation of 

fonnalin pigments. The following day the fixed placental tissues were trimmed to make about 

3mm thick sections. The trimmed sections were placed in labelled cassettes and in fresh 10% 

buffered fonnalin fixative and transported to the central field station in Jabalpur and stored in an 

air conditioned room until processed to wax blocks. While stored, the fixative was changed 

monthly to ensure pH stability, and all specimens were processed within a maximum of 3 

months. The sections were processed using standard techniques and embedded in paraffin wax. 

The paraffin blocks were cut into 5fl.m thick sections for each of the two biopsies, mounted on 

slides and stained with haematoxylin and eosin (H&E). 

5.3 Methods 

5.3.1 Sample Selection for histopathology examination 

Placental histology sections were processed from 2282 women. The sections 

corresponding to malaria positive results by any of the following diagnostic tests: RDT, 

peripheral, placental incision and placental impression smears, were selected for histopathological 

examination. 50 malaria positive sections were selected for histological examination, including 40 

from women with positive peripheral smears and an additional 10 from women with positive 

placental smears C1) or RDT (3). 

In addition to the positive smears, 456 negative sections were selected at random using a 

random selection procedure in SAS Software. To minimize selection bias and to allow 

extrapolation of the results to the total sample, the number of negative controls was selected 

proportional to the number of positive samples, stratified by site and survey. The number of 

negative sections required from each site was: 18, 91 and 91 for Jabalpur (9.1 % of 200), Katni 

(45.1%) and Maihar (45.1%) in survey 2 and 159 and 97 for Katni (63.6% of 250) and Maihar 

(38.6%) in survey 3 respectively. A spare list of 10 sections was generated for each site to replace 

any missing sections. 
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5.3.2 Histopathological Examination 

The histology slides were first examined using standard light microscopy, and thereafter 

using polarized light to increase the sensitivity of haemozoin detection (Romagosa, et aI2004). 

The birefringence of haemozoin pigment under polarized light makes identification of parasitized 

cells within the placental structures easier, particularly in cases with scanty parasitaemia. The 

slides were read by the study investigator (RA) who was aware of blood smear results, but was 

unaware (at the time of slide examination) of the maternal characteristics, obstetric history and 

pregnancy outcome corresponding to the sections examined. The histological examination was 

done according to the approach described previously (Bulmer, et a11993a, Ismail, et aI2000). 

Parasitized cells and pigment: The intervillous spaces and villous structures were examined for 

the presence of parasitized cells. The slides were examined under 40x, or 100x magnification and 

parasite presence scored semi-quantitatively as follows: scanty = between 1-5 parasites in any 

high power field (HPF), moderate= 5-10 parasites in 2 or more HPF, heavy= >10-15 in 2 or 

more fields examined (fable 5:1) and absent if no parasites were detected in any of the 50 fields 

examined at 40x magnification. 

Observation of brownish granular looking material that birefringence under polarized 

light was identified as pigment. Pigment deposition was semi-quantitatively assessed: mild if small 

amounts were present focally, moderate when pigment was seen distributed either as small spots 

in many locations or larger deposits, and severe when large amounts were distributed in the 

placental structures (fable 5:1). The structures examined for the presence of pigments was 

intervillous and perivillous fibrin, inflammatory cells, villous stroma, the syncytium and Hofbauer 

cells. 

Inflammatory cells: The slides were scanned at lOx magnification and examined at 40x 

magnification for the presence of polymorphonuclear cells and monocytes and macrophages, 

henceforth referred as monocytes. The structures observed for presence of inflammatory cells 

were the villi and the intervillous spaces. The findings were recorded semi-quantitatively as mild 

if «10 cells), moderate (10-25 cells), severe (>25 cells) per field (fable 5:1). Inflammatory cells 

were considered absent if none was observed in any of the 50 fields examined at 40x 

magnification. 
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TABLE 5: 1: SYSTEM FOR EVALUATION OF THE SEVERITY OF PLACENTAL PATHOLOGICAL CHANGES 

Perivillous or intervillous fibrin 

Fibrinoid necrosis 

Syncytial knots 

Pigment deposition 

Polymorphonuclear cells 

Mononuclear cells 

Parasite presence 

mild 

Present in 
20% IVS 

Focal: localised to 
few fibrin areas 

Normal: <1/3 villi 
affected 

Focal presence in 
small amounts 

<10 cells/HPF 

<10 cells/HPF 

Scanty: 1-5/in any 
HPF 

IVS= intervillous space, HPF=High power field 

Pathological severity 

moderate 

Present in 
20-50% IVS 

Small spots or larger 
deposits in many 
locations 

10-25 cells/HPF 

10-25 cells/HPF 

5-10 in 2 or more 
HPF 

severe 

Present in 
~50% IVS 

Diffuse:>50% fibrin 
affected 

>1/3 villi affected in 
total fields viewed 

Large amount 
present widely 

>25cells /HPF 

>25 cells/HPF 

Heavy: >10 in any 2 
or more HPF 

Placental structures: The placental features evaluated include the presence of intervillous and 

perivillous fibrin scored subjectively as mild if contained in less than 20% of the intervillous or 

perivillous space, moderate if present in 20-50% and severe if deposited in more than 50% of the 

spaces (fable 5:1). Syncytial knots were categorised as either normal, or increased if present in 

>1/3 of the villi in the total fields viewed. Fibrinoid necrosis and calcification was recorded as 

focal if localized in a few fibrin areas, and diffuse if greater than 50% were affected, or absent if 

none were viewed. Appearance of dark bluish purple spots in the placental structures that did not 

show birefringence on polarized light was recorded as calcifications. In addition to these 

structures, Hofbauer cells, fetal red blood cells and villous stroma were also evaluated for 

morphological changes. 

5.3.3 Histological Classification of Infection 

Malaria infection was classified using a combination of the criteria described by Bulmer et 

al (Bulmer, el a~and Ismail et al as follows (fable 5:2). Acute infection: parasites present in the 

maternal erythrocytes with or without pigmented monocytes. Very mild presence of pigment in 

fibrin (few pigment spots) if present were included. Chronic: presence of parasites with 
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pigmented monocytes either present or absent and moderate to severe presence of pigment in 

fibrin. Past infection: only pigment in the fibrin present (in any concentration). No-infection: 

absence of both parasites and pigment. Accordingly, all the cases with parasites were classed as 

active infections (acute and chronic) and those with only pigment as past infection. 

TABLE 5: 2: HISTOLOGICAL CLASSIFICATION 

Class I Description I Class I Description 

1 Acute Infection: 3 Past Infection: 
parasite + Parasite = 0 
pigment in monocyte ± pigment in fibrin+/ ++ 

...................... .P.~~.~~~~.).~ .. ~~~~}.~ .. ~ ............................... 
2 Chronic Infection: 4 No Infection 

parasite + parasite = 0 
pigment in monocytes ± pigment = 0 
pigment in fibrin or cells ++ 

5.3.4 peR analysis for species confirmation 

PCR was performed for species confirmation on a selected number of samples due to 

budget constraints. This consisted of the samples corresponding to histology positive cases and a 

similar number of negative samples chosen for quality assurance matched by gravidity and the 

study sites. In total 115 samples of placental red blood cell pellets collected at the time of delivery 

and stored at _40nC were analysed for PCR using the process described in chapter 3. In brief, 

nested PCR was performed with the first round for genus specific analysis and the second round 

for species specific amplification to detect P falcipa17lm and P.vivax. 

5.3.5 Statistical Analysis 

Data was entered in Microsoft Access (2003) and analysed using SAS® 9.1 (Statistical 

Application Software, SAS Institute Inc. Cary NC). Changes to the placental lesions by infection 

class were evaluated using the :! test. The impact of infection on birth outcomes was assessed 

using univariate and multivariate analyses. Univariate analysis was performed using Student's t 

test and analysis of variance (ANOV A) for continuous endpoints. Multivariate analysis was 

performed using General Linear Models (GL11) with birth weight, gestational age and 

haemoglobin as the continuous dependent variables and histology parameters as the independent 

predictors of interest. Separate models assessed the association between birth weight, gestational 

age and haemoglobin and the predictor variables consisting of different histologically classified 
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infections: acute, chronic, past and no infection. All the variables representing placental 

parameters of interest were included in all the initial models regardless of the strength of the 

association with the dependent variable in the univariate analysis. The socio-demographic 

parameters; socioeconomic status, education, residence and gravidity were also included in the 

initial model to adjust for potential confounding and to assess for effect modification. Backward 

elimination was used with a significance level of P=0.05 to retain variables in model. The 

interaction between the presence of parasites and pigmented monocytes was assessed. Pigmented 

monocyte was entered as a variable consisting of 3 categories: mild, moderate-severe and absent. 

5.4 Results 

A total 506 sections were examined for histology including 50 samples from women with 

evidence of malaria by standard microscopy or RDT and 456 negative controls. The proportion 

oflow birth weight «2500g) and pretenn birth «37 week by Ballard score) was 37% and 20%, 

which, as expected was higher than in the main sample (33.3% and 14.5% respectively) because 

the sample selection for this sub-study included a higher proportion of women with malaria than 

in the overall sample. The prevalence of moderate to severe anaemia (Hb<9g/ dL) was 21 %. 

5.4.1 Malaria infection by histopathology 

On histological examination, placental malaria was identified in 52 of the 506 sections; 38 

(7.5%) sections were active infections defined by the presence of parasites and 14 (2.8%) were 

classified as past infections defined by the presence of only pigment in fibrin. Out of the 38 

active infections, 20 (3.9%) fulfilled the classification criteria of acute infection and 18 (3.6%) 

were chronic infections (Table 5:3). 

The overall distribution of parasitized erythrocytes in the intervillous space was sparse: 

60% was identified as scanty, observed by the presence of 1-5 parasitized cells in any high power 

field (40x). Most of the infected erythrocytes were seen within the intervillous spaces and they 

were rarely seen adhering to the syncytial layer. No parasites were seen in fetal erythrocytes or 

within the villous structures. Monocyte infiltrate, when present, was generally mild (60%) or 

moderate (30%) with only 1 case identified as severe intervillous infiltrate. Overall 64% of 

infected sections had a ratio of inflammatory cells to parasitized cells of < 1 0%. 

178 



TABLE 5: 3: MALARIA INFECTION BY DIFFERENT TEST METHODS CORRESPONDING TO HISTOLOGICALLY 
CLASSIFIED INFECTION IN 506 SAMPLES 

Histopathology Positive Acute Chronic Past Non-infected 

N n(%) n (%) n(%) n(%) 

52 20 (3.9) 18 (3.6) 14 (2.8) 454 (89.7) 

Any species 

Peripheral blood microscopy, n (%) 39 20 (51.3) 5 (12.8) 2 (5.1) 12 (30.8) 

Placenta l impression smear, n (%) 22 14 (63.6) 3 (13 .6) 1 (4.6) 4 (18.2) 

Placental incision smear, n (%) 32 18 (56.3) 5 (15.6) 2 (6.2) 7 (21.9) 

peR", n (%) 62 19 (30.6) 13 (21.0) 6 (9.7) 24 (38.7) 

p./a/ciparum 

Peripheral blood microscopy, n (%) 28 20 (100.0) 5 (27.8) 0 3 (0.7) 

Placental impression smear, n (%) 19 14 (70.0) 3 (16.7) 0 2 (0.4) 

Placental incision smear, n (%) 26 18 (90.0) 5 (29.4) 0 3 (0.7) 
------------

peR, n (%) 45 18 (90.0) 12 (66.6) 3 (37.5) 12 (25.0) 

p.vivax 

Periphera l blood microscopy, n (%) 11 0 a 2 (14.3) 9 (2.0) 

Placental impression smear, n (%) 3 a 0 1 (7.1) 2 (0.4) 

Placental incision smear, n (%) 6 a 0 2 (14.3) 4 (0.9) 

peR, n (%) 10 0 0 3 (37.5) 7 (14.5) 

.. peR was performed only on a sub-set of 115 samples. 

Correlation with microscopy: Table 5:3 shows the results of conventional rrucroscopy of 

peripheral and placental smears corresponding to the histological class of infection; 20 out of the 

28 cases with a P .falciparum positive peripheral smear corresponded to histology classed acute 

infection and 5 to chronic infection; i.e. 25/28 (89%) had an active infection. In contrast, none of 

the peripheral smear P.vivax positive cases had evidence of either acute or chronic infection by 

placental histology (0/11). Also none of the smear positive P .falciparllm cases corresponded to 

past infection, whereas 2 smear positive P.vivax cases had a matched histologically classed past 
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TABLE 5: 4: CHANGES IN THE PLACENTA ACCORDING TO HISTOLOGICAL CLASSIFICATION OF INFECTION 

Placental features I No' Acute j Chronic i Past" ! Active· Active vs Past vs 
'infection infection! infection I Infection Iinfection No No 
! (n=454) (n=20) 1 (n=18) ! (n=14) 1 (n=38) infection infection 

Syncytial Knots 
Normal, n (%) 
Increased (>1/3), n (%) 

Fibrinoid necrosis 
Absent, n (%) 
Focal, n (%) 
Diffuse n (%) , 

Calcification 
Absent, n (%) 
Focal, n (%) 
Diffuse, n (%) 

IVS· Polymorphonuclear cell 
Absent, n (%) 
Mild, n (%) 
Moderate, n (%) 
Severe, n (%) 

IVS· monocytes 
Absent, n (%) 
Mild, n (%) 
Moderate, n (%) 
Severe, n (%) . . 

IVS fibrin 

1414 (91.2) 
I 40 (8.8) 

1393 (86.5) 
! 58 (12.8) 

3 (0 7) 

416 (91.6) 
31 (6.8) 
7 (1.6) 

340 (74.9) 
80 (17.6) 
33 (7.3) 
1 (0.2) 

358 (78.8) 
74 (16.3) 
22 (4.9) 
0 

12 (60.0) , 6 (33.3) 
8 (40.0) ! 12 (66.7) 

20 (100.0) 
o 
o 

20 (100.0) 
0 
0 

14 (70.0) 
4 (20.0) 
2 (10.0) 
0 

1 (5.0) 
12 (60.0) 
6 (30.0) 
1 (5.0) 

i 7 (38.9) 
I 9 (50.0) 
j 2 (111) 
1 

9 (50.0) 
7 (38.9) 
2 (11.1) 

12 (70.6) 
5 (29.4) 
0 
0 

2 (11.1) 
12 (66.7) 
4 (22.2) 
0 

I 8 (57.1) 
: 6 (42.9) 
! 
! 7 (50.0) 
I 
J 6 (42.9) 
! 1 (7 1) 

9 (64.3) 
4 (28.6) 
1 (7.1) 

13 (92.9) 
1 (7.1) 

0 
0 

11 (78.6) 
3 (21.4) 
0 
0 

! 

i 18 (47.4) 
! 20 (52.6) 
1 
i 
I 27 (71.1) 
i 9 (23.6) 
! 2 (5 3) , 

29 (76.3) 
7 (18.4) 
2 (5.3) 

26 (70.3) 
9 (24.3) 
2 (5.4) 
0 

3 (7.9) 
24 (63.2) 
10 (26.3) 
1 (2.6) 

Absent, n (%) 134 (29.5) i 4 (20.0) 0 i 0 4 (10.5) 

P-value 
P-value 

<0.0001 <0.001 

0.003 0.0001 

0.008 
0.002 

0.75 0.47 

<0.0001 0.63 

Mild, n (%) 268 (59.0) ! 15 (75.0) 10 (55.6) I 5 (35.7) 25 (65.8) 0.0002 <0.001 
Moderate,n (%) 52 (11.5) I 1 (5.0) 7 (38.9) I 9 (64.3) 8 (21.1) 
Severe, n (%) 0 I 0 1 (5.5) .! 0 1 (2.6) 

Note: all are column %; 'histology classified no-infection, "includes 2 cases corresponding to P.vivax 
infection; ·includes histology classed acute & chronic cases ·IVS = intervillous space 

infection. Subsequent PCR analysis showed the smear positive results corresponding to the 

respective histological class to be positive. 

5.4.2 Placental structures associated with Malaria Parasites and Pigment 

P./alclparum: Table 5:4 shows the placental morphological changes stratified by their 

histological categories. Compared to histologically uninfected placentas, chronic infections were 

associated with an increased frequency of syncytial knotting (66.7%), focal fibrinoid necrosis 

(50%) and focal calcification (38.9%); whereas monocyte inftltrate was significantly associated 

with active infection. Intervillous polymorphonuclear cell infiltrates were not associated with 

acute, chronic, or past infections. 
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TABLE 5' 5' PLACENTAL CHANGES AMONG PERIPHERALLY PATENT CASES BY SPECIES 

Placental feature No PI Pv P/vs Pv vs P/vsPv 
infection (n: 28) (n=l1) no no 
(n= 441) Infection Infection 

P-value P-value P-value 

Syncytial Knots 
Normal, n (%) 406 (92.1) 16 (57.1) 4 (36.4) <0.0001 <0.0001 0.03 
Increased (>1/3), n (%) _3.~JZ:_~l __ .. ~.~.{~3:~L ... 7 (63.6) 

Fibrinoid necrosis i 

Absent, n (%) 380 (86.2) 24 (85.7) 9 (81.8) 
0.68 

Focal, n (%) 58 (13.2) 3 (10.7) 2 (18.2) 0.25 0.85 
Diffuse, n (%) . 3 (0.6) 1 (3.6) 0 I"··· .. ···-·····_··T ... · ... · ... ······ ... ·I 

I 
--.------

Intravillous Calcification I 
Absent, n (%) i 403 (91.4) I 25 (89.3) i 11 (100.0) I 

1
0

.
73 0.59 I 0.52 Focal, n (%) I 31 (7.0) I 2 (7.1) 0 

Diffuse, n (%) I .?'J~:~L_.I .... ~J~:§L. ..... 0 

Intervillous fibrin 
Absent, n (%) 125 (28.3) 6 (21.4) 7 (63.6) 

Mild,n(%) 265 (60.1) 20 (71.4) 4 (36.4) 0.48 0.03 0.03 

Moderate,n (%) 51 (11.6) 2 (7.2) 0 

Severe, n (%) 0 0 0 ----------------- -_ ................ _-------_._-
IVS· polymorphonuclear cells 
Absent, n (%) 335 (75.9) 19 (70.4) 3 (27.3) 

Mild, n (%) 77 (17.5) 6 (22.2) 3 (27.3) 0.91 <0.0001 0.01 
Moderate, n (%) 28 (6.4) 2 (7.4) 5 (45.4) 

Severe, n (%) ...... !J2:J.J. ...... a a .................. _ ... _ ............. 
Intervillous monocytes 
Absent, n (%) 351 (79.6) 4 (14.3) 5 (45.5) 

Mild, n (%) 69 (15.7) 13 (46.4) 5 (45.5) <0.0001 0.02 0.12 
Moderate, n (%) 21 (4.7) 10 (35.7) 1 (9.0) 

Severe, n (%) 0 1 (3.6) 0 . Note: all are column %; negative for parasites by smears & histology; PI = P.falclparum; Pv = P.vlvax IVS 
=intervillous space 

P.vivax: Table (5:5) shows placental morphological changes and inflammatory response in the 

placenta of women with peripheral blood P.vivax mono-infections. PCR conflrmed P.vivax mono 

infections were associated with increased frequency of syncytial knots (63.6%), presence of 

intervillous polymorphonuclear cells (P<O.OOOl), and monocytes (P=O.02). 

P.falciparum associated placental changes in peR positive and smear negative women: 13 

sections were negative by conventional smear microscopy, but positive by PCR. They 

corresponded to histologically classed chronic infections. These infections were associated with 

increased morphological changes in the placental structures compared with uninfected placenta, 

with the exception of changes in intervillous polymorphonuclear cells (Table 5:6). Sub-clinical 

placental infection was detected in samples in Katni and Maihar: 13/265 (4.9%) and 8/196 

(4.1%) respectively. None was detected In ]abalpur, urban site samples. 
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TABLE 5: 6: PLACENTAL CHANGES ACCORDING TO SMEAR NEGATIVE, PCR POSITIVE P.FALCIPARUM 
INFECTIONS 

Placental features ! No PI PI vs 
I Infection placental no 

(n= 441) only infection 
(n= 13) I P-value 

Syncytial Knots 
Normal, n (%) 406 (92.1) 5 (38.5) . <0.0001 
Increased >1/3, n (%) 35 (7.9) .. ~'{~~:~L ..... 

Fibrinoid necrosis 
Absent, n (%) 380 (86.2) 6 (46.2) <0.0001 
Focal, n (%) 58 (13.2) 6 (46.2) 
Diffuse, n (%) 3 (0.6) .. !,{?:§L ....... 

Calcification I 
Absent, n (%) 403 (91.4) 7 (53.8) <0.0001 

Focal, n (%) 31 (7.0) 5 (38.5) 

Diffuse, n (%) 7 (1.6) .. ~J?:?L ....... I 
IVS' polymorphonuclear cells 

Absent, n (%) 335 (75.9) 10 (76.9) 
0.78 

Mild, n (%) 77 (17.5) 3 (23.1) 

Moderate, n (%) 28 (6.4) 0 
Severe, n (%) 1 (0.2) 0 ................. _-_ .. _---- ........ 

IVS monocytes 
Absent, n (%) I 351 (79.6) 2 (15.4) 

<0.0001 I 
11 (84.6) Mild, n (%) I 69 (15.7) 

I Moderate, n (%) 21 (4.7) 0 

_::;Se:,:v::.e=-::re:!.., :..:.n~(%~)'--_____ +_....;o=----l .... g ................ +-----
IVS fibrin i 

Absent, n (%) I 125 (28.3) ! 0 
Mild, n (%) ! 265 (60.1) I 6 (46.2) 

<0.0001 

Moderate, n (%) 51 (11.6) I 6 (46.2) 
Severe, n (%) 0 i 1 (7.6) 

Note: all are column % 'negative for parasites by smears & histology; PI = P.falciparum; "IVS =intervillous 

space; 

5.4.3 Impact of histological infection (P.falciparum) on birth outcome & 
anaemia 

Birth weight 

Univariate analYsis: Factors significantly associated with birth weight were the presence of 

parasites and pigmented monocytes. The presence of parasites was associated with a 218g 

lower mean birth weight (95%CI -379, -58) compared to no parasites and with a 378g 

difference (95%CI -602, -152) in the presence of pigmented monocytes compared to the 

absence of pigmented monocytes (Table 5:7). Pigment in fibrin (108g) and focal 

calcification (116 g) were also associated with reduced birth weights, but these associations 

were not statistically significant. 
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Multivariate analYsis: The GLM analyses adjusted for gravidity, education, residence and 

socioeconomic status, with the interaction terms for pigmented monocytes and parasites 

showed that the presence of parasites in the absence of pigmented monocytes was 

associated with a non-significant reduction of -51g (95%CI -264, 161) in mean birth 

weight, but this reduction was 371g (95%CI -591, -151) in the presence of parasites and 

pigmented monocytes, when compared against the mean birth weight among women with 

neither malaria parasites or pigment (Table 5:7). Further stratification showed that the 

reduction of birth weight was greatest (623g) in women with moderate-severe infiltration 

of pigmented monocyte and parasites, compared to 315g in women with mild inflltration 

of pigmented monocyte and parasites. None of the other histological measures were 

significantly associated with birth weight independent of the presence of parasites and 

pigmented monocytes. 

In other models that looked at the association between birth weight and the 

conventional histological class of placental malaria infection, only acute infections were 

associated with reductions in birth weight (390g; 95% CI -690, -169). Sub-patent infections 

(histology positive, peripheral and placental smear negative) were not associated with a 

significant reduction in birth weight in the presence of pigmented monocytes, but 

numbers were small (n=7) and the confidence interval wide (207g, 95%CI -534, 119). 

Gestational Age 

U nivanate analYsis: Table (5:8) shows factors significantly associated with gestational age. 

These were presence of parasites, pigmented monocytes, increased syncytial knots, and 

focal calcification. 

Multivariate analYsis: In the GLM adjusted for gravidity and socioeconomic covariates, 

reduction in mean gestation was significantly associated with the presence of parasites and 

pigmented monocytes, but not with the other factors (Table 5:8). The adjusted mean 

gestational age in uninfected cases was 37.2 weeks. The presence of parasite and 

pigmented monocytes reduced the mean gestational age by 0.6 weeks (95%CI -1.3, 0.01). 

The presence of parasite together with moderate-severe infiltration of monocyte shortened 

mean gestation by one week (95%CI -2.5, 0.3). With histologically classified acute 

infections the mean gestational age was associated with a reduction by 0.8 weeks (95%CI -

1.4, -0.2) but the reduction of gestational age associated with either chronic or past 

infection was not statistically significant. In the smear negative, histology positive model 
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the mean gestational age was reduced by 0.5 weeks if parasite and pigment were both 

present, but this was not significant. 

Maternal Anaemia 

Univariate anafysis: A significant reduction in mean haemoglobin was associated with the 

presence of parasite and with pigmented monocytes (fable 5:10). There was no association 

between other morphological changes and mean haemoglobin. 

Multivariate anafysis: In the GLM adjusted models the presence of parasite together with 

pigmented monocyte was associated with reduced mean haemoglobin [1.1g (95%CI -2.1,-

0.1)] (fable 5:11), and this was worse in those with moderate-severe pigmented monocyte 

infiltration (1.3g). Histologically classed acute infection was also associated with a decrease 

of 1.5g in mean haemoglobin (95%CI 0.5, 2.5). With the smear negative placental 

infections, the combined presence of parasites and pigmented monocytes decreased the 

mean haemoglobin but this did not reach significance. 
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TABLE 5: 7: UNIVARIATE ANALYSIS OF PLACENTAL HISTOLOGICAL DETERMINANTS OF BIRTH 
WEIGHT 

Factors Mean birth Mean difference P-value 

__________ ~!~~~~.1~.~L._ ........ J!~~.~!L .................... ____ _ 

2419 (535) -218 (-379, -58) 0.01 
Placental parasite 

present (n=33) 
absent (n = 427) . __ . __ .. ?~~?'J~~~L ............. !.~f~!.~.~~.~ .................... ____ _ 

2546 (524) -86 (-216, 44) 0.2 
Syncytial knots 

increased (n =53) 
normal (n = 411) _ ........ _ ...... ??~!J~~.~L ............. !.~!~~!~~~ .................... , ____ _ 

Fibrinoid necrosis 
present (n=73) 
absent (n =391) 

Intervillous fibrin 

2620 (483) ·1 (-116, 111) 0.9 

__ ... ?~~~J~~~L ............. !.~!!:!.~.~~.~ .................... ____ _ 

mild (n=277) 2615 (473) -25 (-142, 92) 0.8 
moderate-severe (n=68) 2616 (432) -24 (-186, 139) 

absent (n=119) _____ ._ .. ??~Q.!~.?~J.. .............. !.~!~~.~~~.~ .................... ____ _ 
Calcification 

focal (n =51) 2519 (426) -116 (-248, 16) 0.1 

_a;...b_se_n_t...:(_n _=4_1_3~) _____ ... ?~~?J~~.?L ............. !.~f!:!.~.~~.~ .................... ____ _ 
Pigmented fibrin 

present (n=34) 2522 (465) -108 (-266, 51) 0.2 

absent (n = 430) ____ ••••• __ •.. ??~2J~.~.~L ............. !.~!~!:~~~.~ .................... ____ _ 
Pigmented monocytes 

present (n = 16) 2257 (516) -377 (-602, -152) 0.001 

absent (n = 441) . ____ .. .?E?~.?J~~?) ............... ~~!.'=!.~~~~ ..................... ____ _ 
"IVS Polymorphonuclear cells 

mild (n=82) 2647 (440) 30 (-101,161) 
moderate-severe (n=28) 2605 (448) -12 (-222, 198) 0.8 

absent (n=353) • ___ •. ~.~.~.?J~?~L ...... _ ..... !.~!!:!.~~~.~ .................... ____ _ 
"IVS monocytes 

mild (n=90) 
moderate-severe (n=30) 
absent (n=344) 

·IVS =intervillous space 

2565 (454) 
2634 (515) 
2636 (444) 

185 

-71 (-197, 55) 0.4 
-2 (-205, 201) 

reference 
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TABLE 5: 8: UNIVARIATE & MULTIVARIATE ANALYSIS OF THE IMPACT OF HISTOLOGICAL PLACENTAL INFECTIONS ON BIRTH WEIGHT IN 506 PLACENTAL SAMPLES 

Factors ! Crude birth weight j Adjusted birth weight· ... --.---... _ ................... ___ .. ________________________ ............................ _------_ .. _------------_ ..... ---. ... .......... _ ........... ------------...... _ ..... __ .. _--_ .. __ .. _-_ ....... _ ... ----.. ---~---I 
N j Mean (SD) j Mean difference j P-value ~ Mean (SD) Mean difference i P-value 

I I (95 " CI) I! (95" CI) 
1. Placental infection 
parasite +pigmented monocyte 
parasite only 

16 2257 (516) -379 (-645, -111) 0.003 2286 (440) -371 (-591, -151) 
17 2570 (523) -66 (-324,194) 2606 (437) -51 (-264,161) 

both absent 427 2636 (440) reference 2657 (447) reference 
2. Placental infection r--- ·1 . ---- .. T . ----

iii 
parasite + mod-severe monocyte I 3 I 2010 (582) -626 (-1293, 40) I 0.01 2035 (439) -623 (-1125, -120) 
parasite + mild pigmented monocyte ! 13 ! 2315 (507) -321 (-645, 2.9) i 2343 (436) -315 (-557, -72) I : : 
parasite only ! 17 ! 2570 (523) -66 (-324,194) I 2606 (437) -52 (-264,161) 
parasite, monocyte, absent i 427 i 2636 (440) reference I 2658 (445) reference 

3. Placental infection i 
acute ~ 16 2232 (541) 
chronic 117 2594 (481) 
past ~ 14 2790 (484) 
no infection ! 427 ~ 2636 (439) 

---Caicificatio~---------·----------------------------------------r----r------

focal j 51 j 2519 (426) 
absent ! 423 ! 2633 (452) 

! -399 (-683, -114) 1 ... 12206 (460) -390 (-609, -169) 

! -37 (-312, 239) ! 0.002 ! 2618 (432) 21 (-197, 241) 
! 159 (-144, 462)! I 2819 (434) 223 (-11, 458) 
! reference ! ! 2596 (721) reference 

r:::-~-~:::~-:-~-;-----mT~-.-~mm--m----.! 2493 (449) -133 (-266, 0.6) 

! reference I I 2626 (431) reference 

4. Smear negative infection (any) 
parasite + pigmented monocyte 7 2449 (481) -189 (-578, 200) 0.5 2450 (436) -207 (-534, 119) 
parasite, no pigmented monocyte 13 2668 (490) 30 (-257, 317) 2688 (432) 31 (-210, 217) 
no infection 427 2636 (440) reference 2657 (447) reference 

0.004 

0.01 

0.001 

0.05 

0.4 

• Models adjusted for socioeconomic status, graVidity, education, residence and site; Note: serial number denotes a separate GLM model. Model 4 = infections detected on histology but 
negative on peripheral and placental impression smear examination. 



TABLE 5: 9: UNIVARIATE ANALYSES OF PLACENTAL HISTOLOGICAL DETERMINANTS OF 
GESTATIONAL AGE 

Factors Mean Mean difference P-va/ue 
gestational 95% CI 

____________ ... ~.(!J~!?.L ........... _ ...................................... ____ _ 
Placental parasite 

present (n=33) 36.7 (1.2) -0.5 (-1.04,0.11) 0.02 

_a_b_s_en_t-:-:(!...n_=4_2_7,:..) ______ .. ~.?:~J~:~L ........ _.E!:!~!:~~:~ .................... ____ _ 
Syncytial knots 

increased (n= 53) 36.8 (1.7) -0.5 -0.87, -0.11) 0.01 

_~ab=-;.s~en....;t--:(,-n_=_4_10...:.) ______ .. ~.?:~J~:.~J. .......... _.E!:!~!:~~:~ ................... . 
Fibrinoid necrosis 

present (n =73) 37.0 (1.4) 0 0.9 

_a::-.b;..;.s~en....;t-!(_n_=3_9_0~) ______ .. ~.?:QJ~:~J. .......... _ ...................................... ____ _ 
Intervillous fibrin 

mild (n=276) 37.2 (1.3) 0 
moderate-severe (n=68) 37.1 (1.4) -0.1 (-0.55, 0.39) 0.8 

_a_b_s_en_t--:(,-n_=_11_9~) ______ .. ~.?:?J~:~L ........ _.E~!~!:~~:~ .................... ____ _ 
Calcification 

focal (n =51) 36.8 (1.3) -0.5 (-0.88, -0.11) 0.01 

_a_b_s_en_t--'(':-n:-=_4_12...:.) ______ .. ~.?:~J~}L ........ _.E~!~!:~~:~ .................... ___ . 
Pigmented fibrin 

present (n =34) 37.0 (1.2) -0.2 (0.75, 0.17) 0.2 

_.;:...ab,;...;s-=.e,;...;nt~( n=-;.=....;4..::.2~9~)~ ______ ... ??:?J~}J. .......... _ .. ~~!!:!:~~~~ .................... _____ . 
Pigmented monocytes 

present (n = 16) 36.5 (1.2) -0.7 (-1.38, 0.10) 0.02 

~_ab-s_e-nt--'-(n-=-4-4-7-.:....) ______ .. ~.?:?.!~}J.. ......... _.E~!~!:~~~~ ..................... ____ _ 
'IVS Polymorphonuclear cells 

mild (n=81) 

moderate-severe (n=28) 
absent (n=353) 

'IVS monocytes 
mild (n=90) 
moderate-severe (n=30) 

absent (n=343) 

'IVS = intervillous space 

37.3 (1.3) 0.1 (-0.10, 0.56) 

37.5 (1.1) 0.3 (-0.25, 0.96) 0.2 

.. ~.?:?.!~}J. .......... _.E~!~!:~~:~ .................... ____ _ 

37.1 (1.2) 
37.4 (1.6) 
37.2 (1.3) 

187 

-0.1 (-0.48, 0.25) 
0.2 (-0.43, 0.74) 
reference 

0.6 
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TABLE 5: 10: UNIVARIATE & MULTIVARIATE ANALYSES OF THE IMPACT OF HISTOLOGICAL PLACENTAL INFECTIONS ON GESTATIONAL AGE IN 506 PLACENTAL SAMPLES 

Factors Crude gestational age Adjusted gestational age" 
N I Mean (SO) Mean difference I P-value I Mean (SO) Mean difference I P-value 

I (95%CI) i ; (95%CI) I .. _____ . ______________________________________________ -----------------------;------------------~ -----------+--------------------------..1---- ------------------------------------~----------------- ___ a_a. 
1. Placental Infection !! !! ! 

parasite +pigmented monocyte ! 16 ! 36.6 (1.1) -0.7 (-1.5, 0.04) i 0.04 ! 36.6 (1.2) -0.6 (-1.3,0.01) i 0.03 
parasite, no pigmented monocyte ! 17 ! 36.8 (1.3) -0.5 (-1.2, 0.3) ! ! 36.7 (1.2) -0.5 (-1.2, 0.1) ! 
both absent ! 427 ~ 37.3 (1.3) Reference i ~ 37.2 (2.0) reference I 

2. Placental Infection 
parasite + mod-severe monocyte 
parasite + mild pigmented monocyte 
parasite, no pigmented monocyte 
both absent 

3 36.0 (1.0) -1.3 (-3.1, 0.5) 0.06 36.1 (1.7) -1.1 (-2.5, 0.3) 
13 36.7 (1.2) -0.6 (-1.5, 0.3) 36.7 (1.0) -0.5 (-1.2, 0.2) 
17 36.8 (1.3) -0.5 (-1.2, 0.3) 36.7 (1.2) -0.5 (-1.2, 0.1) 
427 37.3 (1.3) Reference 37.2 (2.0) reference 

3. Placental infection ! ! 
acute 1 16 36.5 (1.3) -0.8 (-1.6, 0.03) 0.05 36.3 (1.2) -0.8 (-1.4, -0.2) ! 
chronic ! 17 36.8 (1.3) -0.3 (-1.1, 0.4) 37.0 (1.2) -0.1 (-0.7, 0.5) ! 
past i 14 37.3 (1.0) 0 37.2 (1.1) 0.1 (-0.6 i 

0.05 

0.05 

no infection ! 427 I 37.3 (1.3)! Reference 37.1 (2.0) reference ! _______ .. ______________________________________________ .. ----......... ----... --------"T--.. -----..... --------. ________ -+ -------------------------- --.... --.... ----....... ----............ --.... -------:-----------------_____ a_ 
Calcification !!! ! 

focal I 51 I 36.8 (1.3)! -0.5 (-0.8, -0.1) 0.01 36.6 (1.4) -0.4 (-0.8, -0.1) I 0.02 
absent 1 423 ~ 37.3 (1.3) 1 reference 37.1 (2.0) reference 1 

. i i . 

4. Smear negative infection (any) !! ! 
parasite + pigmented monocyte 1 7 ! 36.8 (0.4) 1 -0.5 (-1.7, 0.5) 0.5 36.8 (1.3) -0.5 (-1.5, 0.4) 0.4 
parasite, no pigmented monocyte ! 13 ! 37.2 (1.3) I -0.1 (-1.0, 0.7) 37.1 (1.4) -0.1 (-0.8, 05) 
no infection i 427 I 37.3 (1.3)! reference 37.3 (2.0) reference 

.. Models adjusted for socioeconomic status, gravidity, education, residence and site; Note: serial number denotes a separate GlM model. Model 4 = infections detected on histology but 
negative on peripheral and placental impression smear examination. 



TABLE 5: 11: UNIVARIATE ANALYSIS OF PLACENTAL HISTOLOGICAL DETERMINANTS ON 
HAEMOGLOBIN 

Factors Mean (SD) Mean difference P-value 
95%CI _._ .. _-_ .... _-_ .. _-_ .... __ . 

Placental parasite 
present (n=38) 9.6 (2.4) -0.9 (-1.62, -0.16) 0.02 
absent (~=427) 10.5 (2.1) reference -- ---.. -------_ ... _-_ ........ __ ....... -----_. 

Syncytial knots 
increased (n =58) 10.3 (2.6) -0.2 (-0.93, 0.27) 0.3 
normal (~= 433) 10.5 (2.1) reference ----------_ ....... _----_ ... _-_ ...... __ ........ _. 

Fibrinoid necrosis 
present (n=75) 10.6 (2.2) 0.2 (-0.32, 0.76) 0.4 
absent (n=415) 10.4 (2.2) 

... _------_ .. _-----------_. 
Intervillous fibrin 

mild (n=281) 10.4 (2.3) -0.4 (-0.90, 0.18) 0.1 
moderate-severe (n=68) 10.2 (1.8) -0.6 (-1.34, 0.20) 

absent (~=125) 10.8 (2.1) reference --_ ... -...... ---.... _-------_. 
Calcification 

focal (n=51) 10.2 (2.8) -0.3 (-1.02, 0.25) 0.2 

absent (n=440) 10.5 (2.1) reference .................... _ ..... _ .. _ ... 
Pigmented fibrin 

present (n =34) 10.2 (2.1) -0.3 (-1.04, 0.43) 0.4 
absent (n= 431) 10.5 (2.2) reference ---_._--_ .. _---------.. -_. 

Pigmented monocytes 
present (n =19) 9.1 (2.7) -1.4 (-2.40, -0.38) 0.01 
absent (n = 441) 10.5 (2.1) reference .......................... _--.... -.......... 

*IVS Polymorphonuclear cells 
mild (n=87) 10.4 (2.3) -0.1 (-0.73, 0.51) 
moderate-severe (n=31) 10.8 (2.5) 0.3 (-0.60,1.34) 0.5 
absent (n =356) 10.5 (2.1) reference ---_._----------.. -.. -....... 

*IVS monocytes 
mild (n=95) 10.4 (2.4) -0.1(-0.70,0.48) 
moderate-severe (n=32) 9.7 (2.7) -0.8 (-1.87, 0.04) 0.1 
absent (n =348) 10.5 (2.1) reference 

*IVS= intervillous space 
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TABLE 5: 12: UNIVARIATE AND MULTIVARIATE ANALYSES OF THE IMPACT OF HISTOLOGICAL PLACENTAL INFECTIONS ON HAEMOGLOBIN IN 506 PALCENTAL SAMPLES 

Factors Crude HaemOllobin Adjusted Haemoglobin· 

N Mean (SO) Mean difference ! p·.,olue Mean (SD) I Mean difference i P·value 

_-------l--m---J~~-~S~L---------.L-m----------------- I ________ J~~~_S!L ________ J ____________________ __ 
---------"i:-jij~~;~t;;i-i~f;cti;;~-----------------------------------1 

parasite +pigmented monocyte 1 19 
19 

9.1 (2.7) -1.4 (-2.6, -0.2) I 0.01 9.3 (1.7) 1-1.1 (-2.1, -0.1) I 0.05 
10.1 (2.1) -0.3 (-1.5,0.8)! 10.2 (1.7) ! -0.2 (-1.2, 0.7) ! parasite, no pigmented monocytes ! 
10.5 (2.1) reference: 10.4 (2.1) : reference : both absent l 427 

2. Placental Infection 
Parasite + mod-severe monocyte 
Parasite + mild pigmented monocyte 
Parasite, no pigmented monocytes 
both absent 

3. Placental Infection 
acute 
chronic 
past 
no infection 

4. Smear negative infection (any) 
parasite + pigmented monocyte 
parasite, no pigmented monocyte 
no infection 

! 4 8.9 (1.5) -1.6 (-4.3, 1.7) 0.04 9.1 (2.0) -1.3 (-3.4, -1.2) 
1 15 9.2 (2.9) -1.3 (-2.8, 0.1) 9.3 (1.9) -1.1 (-2.2, 0.1) 
I 19 10.1 (2.1) -0.3 (-1.6,0.9) 10.2 (1.7) -0.2(-1.2,0.7) 
L_. 427 10.5 (2.1) Reference 10.4 (2.0) reference I ---OJ -- -- j 

I 20 I 8.8 (2.4) I -1.7 (-3.0, -0.4) 0.01 8.9 (1.7) -1.5 (-2.5, -0.5) 
i 18 i 10.6 (2.2) ! 0.1 (-1.3,1.4) 10.6 (1.8) 0.2 (-0.8,1.1) 
! 13! 10.5 (2.1) ! 0.0 10.3 (1.8) -0.1 (-1.3, 1.0) 
& I : L 427! 10.5 (2.1). ! Reference 10.4 (2.0) reference 

I 7 ! 9.9 (3.1) -0.6 (-2.5, 1.3) 0.7 10.0 (2.1) -0.5 (-2.1,1.1) 
I 14 I 10.3 (2.3) -0.2 (-1.5,1.1) 10.3 (1.9) -0.2 (-1.3,0.9) 
I 42? J_-----.!.0.5 (2.1) Reference 10 .. 5 J2.1) reference 

0.1 

0.02 

0.7 

• All models adjusted for socioeconomic status, gravidity, education, residence; Note: serial number denotes a separate GLM model. Model 4 = infections detected on histology but 
negative on peripheral and placental impression smear examination 



5.5 Discussion 

Histological examination of a sub-set of 506 placental sections was performed to assess 

the placental changes associated with P fa/ciparum and P.vivax infections in a low transmission area 

and the associated impact on adverse birth outcome and maternal anaemia. Placental infections 

were classified according to the commonly accepted histological classification (Bulmer, et al 

1993a, Ismail, et al 2000). Most of the peripherally patent P faldparum infections corresponded 

with histologically classified active infections defined by the presence of parasites in the placenta. 

Accordingly, it was rare for peripherally patent infections to be negative by histological 

examination (0.7%) in this setting. In contrast, 13 women (3%) with negative conventional smear 

microscopy proved to have placental infections based on histology. These were chronic 

infections, indicating that parasites could remain sequestered within the infected placenta while 

being absent or present at sub-microscopic levels in the peripheral circulation. This highlights 

that placental histology is a more sensitive method to detect infection and conventional 

peripheral and placental microscopy smear results alone may underestimate the true burden in 

this region. 

Histology is recognised as a useful method of characterizing the chronology of placental 

infections (Bulmer, et al 1993a, Ismail, et al 2000). In this study, acute infections were more 

frequent than past infections. An explanation for this might be that the low malaria exposure and 

low host immunity in this population triggers delivery early when the placenta becomes infected. 

The low exposure is also reflected by the sparse distribution of parasites seen within the placenta 

and the corresponding mild inflammatory response, which is in contrast to the massive monocyte 

infllttation reported from highly endemic areas in sub-Saharan Africa (Ordi, et aI1998a). Similar 

to the reports from elsewhere, parasites were rarely seen adhering to the syncytial layer, and none 

were observed within the villous structure (Ismail, et a12000, McGready, et aI2004,Yamada, 1989 

#1062) }. 

Chronic P .faldparum infection was also associated with increased frequency of changes in 

syncytial knots, focal fibrinoid necrosis and calcification. Interestingly, these changes were also 

evident in past infections, suggesting they may persist for longer than previously appreciated 

(Ismail, et aI2000). Alternatively, there may have been insufficient time for their resolution as 

time between occurrence of infection and delivery might have been shorter in this study as was 

described in studies on the Thai-Burmese border and contrasts to studies in semi-immune 

women in malaria endemic Africa (McGready, et aI2004). 

Despite the scarcity of parasites within the placenta, a striking finding was the impact of 

placental P .fakiparum infection on the baby and maternal anaemia. Of all the histological 

measures, only the presence of parasites and pigmented monocytes were consistently associated 

191 



with maternal anaemia, reduced birth weight and shorter gestation in multivariate analysis. There 

was evidence of interaction between the two parameters that were significandy associated with 

birth weight, in that a much greater effect on birth weight was observed when parasites were 

present together with pigmented monocytes (-371 grams) rather than the presence of parasites 

alone (-51 grams). The reduction of birth weight was associated with the severity of pigmented 

monocytes. The reduction in birth weight may in part be explained by the average reduction of 8 

days in the duration of pregnancy observed in the presence of parasites and moderate to severe 

levels of pigmented monocytes compared to pregnancies with uninfected placentas. The findings 

suggest that the inflammatory response to acute infections consisting mainly of monocyte

macrophage might induce premature labour. There is increasing evidence that mononuclear cells 

have a role in the pathophysiology of poor fetal growth in placental malaria (Abrams, et a12003, 

Rogerson, et aI2003c). Moreover inflammation has been indicated as a source of cytokines which 

trigger premature delivery (Fried, et a11998a, Moormann, et a11999, Abrams, et a~. The scanty 

level of infection of 1-5 parasites per field found in this study also suggests that mechanisms 

other than the presence of placental parasitaemia per se play a role. This is further supported by 

the fact that P.vivax, which is not known to sequester in the placenta also affects birth weight 

(N osten, et a11999, Poespoprodjo, et aI2008). 

Placental malaria with its inflammatory response of monocytes was associated maternal 

anaemia. The reductions in haemoglobin ranged from 1.1g/ dL in cases of parasite and mild 

monocytosis to 1.5g/ dL (95%CI -2.5, -0.5) in cases of acute infection. This compares with a 

study from Malawi where an association with pigmented monocytes and anaemia was reported 

(Rogerson, et aI2003b). Our findings also implicate the role of inflammation with TNF and 

monocytes related to placental malaria and anaemia, as suggested by previous investigators (Fried 

et aI1998). 

There was no evidence of P.vivax sequestration in the placenta. Pigment in the fibrin, 

corresponding to past infection was observed in two peripherally patent P.vivax cases, although 

previous infections with P falcipa17lm cannot be excluded. The results are consistent with previous 

studies from Thailand and Peru where both P falcipa17lm and P.vivax are co-endemic, and which 

demonstrated the presence of placental pigment associated with P.vivax infections (McGready, et 

al 2004, Parekh, et al 2010). A noteworthy finding in our study was the significandy higher 

presence of polymorphonuclear leukocytes and syncytial knots observed in P.vivax cases 

compared to P falciparum infected placentas, possibly reflecting an inflammatory response within 

the placenta that may be different from that observed with P falcipa17lm. There was no association, 

however, between polymorphonuclear cells or increased syncytial knots and birth weight or 

preterm births. 
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The flndings of this study differ from placental histological studies from high 

transmission regions of Africa. In the African studies, heavy parasitaemia and massive monocyte 

infIltrates were predominant and with it chronic infections were associated with low birth weight 

~fenendez, et a/ 2000, Galbraith, et a/ 1980, Ordi, et a/ 1998a). In contrast to previous studies 

from Malawi, there was no evidence that past infections, deflned by the presence of haemozoin 

pigment in flbrin were associated with reduced birth weight and shorter duration of pregnancy 

(Rogerson, et a/ 2003b). Haemozoin is considered an inert substance which does not attract 

inflammatory cells in the absence of parasites (Leopardi, et a/ 1996, McGready, et a/ 2002, 

Menendez, ct a/2000). However, there are similarities between our fmdings and those observed in 

Thai-Burmese border such as scanty parasitaemia, and the low rate of massive intervillositis and 

chronic infections (McGready, et a/2004). These together with the major impact of parasites and 

pigmented monocytes infIltrates on birth weight, is consistent with the notion that malaria 

associated low birth weight results primarily from a shortening of gestation in women with little 

protective immunity triggered by acute infections. The low proportion of chronic infections 

further suggest the occurrence of low birth weight related to fetal growth restriction associated 

with insidious placental inflammatory responses and placental insufflciency associated with 

chronic infection as observed in predominantly asymptomatic infections in Africa is less likely. 

As expected, placental histology was more sensitive than standard placental or peripheral 

smear microscopy. Overall, 2.8% active infections (acute or chronic) were detected in women 

that were peripheral smear negative, and 4.6% in women that were placental smear negative. 

When these 'sub-patent' infections are taken into account and extrapolated to the overall sample 

of 2282 women enrolled, the prevalence of placental malaria increases from 1.0% to 5.5%, a five

fold increase compared with the prevalence estimates based on placental or peripheral blood 

microscopy only (see chapter 4), but consistent with the high rate of sub-microscopic infections 

detected by peR in antenatal women (chapter 7). However unlike antenatal sub-microscopic 

infections no sub-clinical placental infections were detected in Jabalpur the urban site. 

Importandy, the sub-microscopic infections detected by histology were associated with 

reductions in birth weight and gestation although this did not reach statistical significance. 

The fmdings of this study stress the importance of malaria control in this population. The 

fact that malaria association with negative birth outcomes were significandy greater in women 

with acute rather than chronic or past infections, suggest infections should be captured early 

through intermittent scheduled screening or should be prevented by use of intermittent 

preventive treatment together with ITNs. 

The study was limited by its cross-sectional design, which did not allow assessing the 

impact of previous infections that may no longer be evident as 'past' infections. It also makes the 
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differentiation between the effects by species difficult. Since the investigations did not include 

immuno-histochemistry, we were unable to characterize the inflammatory and immune cells and 

had to rely on a description of the morphological changes only. Although a single reader 

examined the sections, and only a selected number of positive slides and those corresponding to 

peripherally patent p.mvax were reviewed by a second reader; (a senior placental histopathologist) 

the results were matching. Since the number of slides re-examined were few, a formal correlation 

testing between reader 1 and 2 using kappa was not done. However, histological detection and 

species were confirmed on all positive histological cases by PCR. 

In conclusion, in this population of pregnant women, there was a higher rate of sub

clinical infections detected by placental histology among women with negative peripheral or 

placental smears. Overall the placental changes associated with P .falciparum infections were 

generally milder than those reported from studies in highly endemic areas in sub-Saharan Africa, 

yet the combined presence of P falciparum parasites and moderate to severe levels of pigmented 

monocytes were consistently associated with maternal anaemia, and major reductions in mean 

birth weight. The shortened gestation is likely to be the main contributor to the observed 

decrease in birth weight rather than fetal growth restriction resulting from chronic placental 

infections. In women with PCR confirmed P.vivax infections, although mild placental changes 

were observed with infiltrates of polymorphonuclear cells, there was no evidence P.vivax 

sequestration. 
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Chapter 6 

Risk factors associated with low birth weight 
in Madhya Pradesh 

"low birth weight is essentiallY a manifestation oj maternal nlltn'tion" 
quoted with reference to S.Asia by S.R.Osmani 
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6.1 Introduction 

Low birth weight «2500g) is a consequence of pre term birth and intrauterine growth 

retardation (IUGR) and a well recognised indirect determinant of child health. It is associated 

with poor growth and development, impaired cognition in children and an increased risk of 

chronic diseases in adulthood. Recent UNICEF estimates shows that 15% of all newborn babies 

are born with low birth weight «2500g) and it is an underlying factor in 60-80 percent of 

neonatal deaths globally. Of these deaths an estimated 27% were due to pre term birth «37 

weeks gestation), while the other two main causes were severe infections and birth asphyxia 

(UNICEF 2009). However, a proportion of low birth weight can be averted by reducing the risk 

of specific causes such as infectious diseases. 

Globally, 40% of low birth weight babies born in developing countries are born in India. 

The malaria in pregnancy survey we conducted also showed a high prevalence of low birth weight 

and preterm births, and was consistent with the NFHS-India estimates of 34% prevalence of low 

birth weight in Madhya Pradesh. Furthermore, Madhya Pradesh is a state that has a high neonatal 

(59 per 1000 live births) and infant mortality rate (1 in 14 children die in the first year of life) in 

India (NFHS-3 2005-2006). Despite this high prevalence, the risk factors of low birth weight and 

preterm births have been poorly studied in India. Malaria is a known determinant of low birth 

weight and preterm. But malaria prevalence is generally low in India, including the findings of the 

current study (chapter 4); in which malaria could only explain 4.6% of low birth weight in the 

population. To support efforts to reduce low birth weight in India, a sub-analysis was conducted 

to identify amendable determinants of preterm birth and IUGR-LBW. 

6.2 Methods 

The methods were discussed in detail in chapter 3. In brief, this sub-analysis included 

the mother-infant pairs which were enrolled at the delivery units from the rural and semi

rural sites ~faihar and Katni during surveys 2 and 3 (October 2006-September 2007). The 

Jabalpur site was excluded from this analysis as it is a tertiary referral centre with more high 

risk and premature deliveries than the two rural sites and because the site was excluded in 

survey 3 due to the low malaria burden observed in surveys 1 and 2. 
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6.2.1 Procedures 

Birth We~ht: The babies were weighed to the nearest 10g on a digital weighing scale (Sansun 

model, Sansui Electronics Pvt Ltd, India) within 24 hours of delivery. The weighing scales were 

calibrated fortnighdy with a standard weight. 

Gestational Age Assessment: The gestational age of babies was estimated within 24 hours of 

delivery by trained staff using the modified Ballard assessment (Ballard, et 011991). The Ballard 

assessment consists of a simplified scoring system for assessing fetal maturation. It uses six 

separate criteria of physical and neuromuscular maturity of the newborn baby with a score 

ranging from 0-5 for each criterion (Annexe 4). The method was chosen to determine gestational 

age, because the majority of women in this setting were uncertain of their last menstruation date. 

Additionally, antenatal ultrasonography was not a standard practice in the selected sites. 

Definitions 

Babies with a Ballard assessment of less than 37 weeks gestation were classified as 

preterm; those between 28-31 weeks as very pre term, 32-33 weeks as moderate and 34-36 weeks 

as mild preterm births (Moutquin 2003). Small-for-gestation-age (SGA) was defined by birth 

weight below the 10th percentile on the Williams gender specific percentile curves. This is the 

WHO recommended growth reference for classifying newborns into different gestational 

categories. The other categories were appropriate for gestation (AGA) = birth weight between 

the 10th and 90th percentiles, large for gestation (LGA) = birth weight above the 90th percentile 

(Williams 1975, Williams, et 011982). Low birth weight was defined as a birth weight <2500g. 

Term babies (~37 weeks gestation) with birth weight <2500g were classed as IUGR. This IUGR 

definition was used rather than the SGA definition because the definition of SGA includes term 

babies with birth weights >2500g as well as preterm babies. Therefore it does not suit this 

analysis which aimed to assess the risk factors of low birth weight by its two components; 

preterm-LBW and IUGR-LBW. MUAC was categorised as a binary variable with 23cm as the cut 

off value based on the criterion described in the WHO Collaborative studies, and considered as 

the criterion indicative of poor maternal nutrition (WHO. 1997). Short stature was defined as 

maternal height <150cm. This cut-off was used for uniformity with other studies from India and 

elsewhere, but it should be noted that the mean maternal height in this study sample was 151cm. 
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6.2.2 Statistical Analysis 

Predictive Models: Data were analysed usmg SAS® verSIon 9.1 (Statistical Application 

Software, SAS Institute Inc. Cary NC). A log binomial model using PROC GENMOD was 

applied to conduct the unadjusted (univariate) and adjusted (multivariate) dctcrminants 

analysis to obtain prevalence ratios. Separate models were run with low birth weight, 

preterm birth and IUGR each as the dependent variable (i.e. outcome). If the models did 

not converge, the COPY-method was used as described in chapter 4. In brief, with the 

COPY-method the data set was expanded to 1000 original copies together with one copy of 

the original data set where the dependent variable is transposed (1 s and Os are reversed). The 

method gives a more accurate maximum likelihood ratio (MLE) by calculating the correct 

estimate of the standard error of the prevalence ratio after adjusting the standard error of 

the prevalence ratio of the large expanded dataset. Potential co-variates were eligible for 

entry into the initial models if the P-valtte for the association with the dependent variables 

was <0.1 in the univariate analyses. Using backward elimination, non-significant variables 

were deleted manually to obtain the final models. The [mal models of low birth weight, 

preterm birth and IUGR contain the variables that remained statistically associated with the 

dependent variable at P-value <0.05 based on the Wald type 3 statistic. A series of separate 

multivariate models were run for each outcome variable (i.e. low birth weight, preterm birth 

and IUGR). These included 1) models with all the variables of interest, 2) models to assess 

the association of malaria (exposure) in which the variable 'use of bednet' was excluded: 

when these two factors are in the model together, it could introduce bias and weaken the 

effect of malaria on LBW. 3) Models to assess the association of bednet in which morbidity 

factors such as history of fever, malaria and the use of drugs for fever were excluded. In 

model 3 the socio-demographic covariates: education, caste, socio-economic status, and 

residence were included to adjust for potential confounding and effect modification. 

Gravidity was categorised into 5 groups as prmu, secundi, third, fourth and 

grandmultigravidae (~5 pregnancies). The gravidae-3 group was used as the reference 

category to find out whether the association of LBW and preterm births increased in 

grandmultigravidae. 

Percentile Curves: Growth curves of birth weight for gestational age and g-plot graphs were 

drawn with SAS software using the parametric quintile regression analysis to obtain the 

growth cunres. This is an alternative approach to the conventional LMS growth modelling 

method and does not depend on a prior distribution assumption and is more suitable for use 

with small data sets (Chen 2005). 
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Seasonality analysis: The seasonal pattern of preterm births, IUGR and birth weight data 

was described using line and frequency bar charts by calendar month. The WIN -PEPI 

(pEPI acronym = 'Program for EPIdemiologists') program was used to clarify whether there 

was a statistically significant seasonal difference in the occurrence of preterm and IUGR 

babies. The Edwards' and Hewitt's sum-rank tests for harmonic analysis of seasonality 

which takes into account the order of monthly frequencies were used. The Edwards' test 

uses data on the frequency of events grouped into equal time intervals within a year or 

months (Edwards 1961, Reijneveld 1990). The year is represented as a circle with the rim 

divided into 12 parts representing the months. The model tests whether the events follow a 

harmonic curve of a single trough and peak within the 12-month period. The data is 

generated in a circular form (360lJ with time intervals divided into equal sectors, with the 

centre of gravity at the centre. The amplitude or the distance from the centre of the circle 

indicates the relative strength of the seasonal variation. The downside of the Edwards 

method is that it lacks power in samples with a low number of events. The Hewitt's sum

rank test ranks the monthly events from the lowest to the highest and assesses all the 

possible sequences for consecutive months. The Hewitt's test is applicable as long as the 

lower limit of monthly frequencies does not equal to zero which did not occur for low birth 

weight or pre term births (Hakko, et al 2002). Additional assessments with seasonality tests 

were carried out for mean birth weight and gestational age. Also seasonality tests were run 

to assess the seasonal significance of the proportion of MUAC <23cm. 

Birth weight distribution: The frequency of the birth weight distribution was also assessed 

using a dedicated online programme (Analyze) provided by the National Institute of 

Environmental Health Sciences, USA (Wilcox 2002). The framework for the calculations in 

'Analyze' programme are based on the Wilcox-Russell hypothesis which states that at 

population level birth weight is not on the causal pathway to mortality. The theoretical basis 

of their hypothesis is on the relation between optimum and mean birth weights and is 

founded on the controversial low birth weight paradox: low birth weight babies in high-risk 

populations usually have lower mortality than low birth weight babies in better-off 

populations (Hernandez-Diaz, et al 2008, Wilcox 2001). The parameters estimated by this 

programme are: 1) the predominant distribution (normal) defined by the mean and standard 

deviation and represents mainly term babies (~37 weeks). 2) The residual distribution which 

is the tail of the curve that lies outside the predominant distribution, and is summarized as a 

percent of the whole population. Nearly all babies in the lower tail of the residual curve 
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represent preterm babies and correspond to the small preterm babies. Thus it estimates the 

percent of small and preterm babies who are also the babies at highest risk of mortality. 

Attributable Fractions: The population attributable fraction (P AF) was calculated with the 

following formula: PAF = prevalence (E) (RR -1) / 1 + prevalence (E) (RR -1) where RR= 

relative risk and (E) = exposure. The formula (RR-1) / RR were used to calculate the 

attributable fraction (AF) in the exposed cases. 

6.3 Results 

6.3.1 Prevalence of Low Birth Weight, Preterm & IUGR 

Between October 2006 and September 2007, 2080 women were enrolled from the 

delivery unit surveys conducted in Katni and Maihar. A flowchart is presented in Figure 6:1. 

There were 2050 singletons (98.6%) and 29 (1.4%) twin deliveries. Among the singleton births 

there were 1983 live births (97.4%) and 54 (2.6%) stillbirths. The data presented in this analysis 

includes 1977 singleton live babies for whom birth weights and gestational ages were available. 

The overall prevalence of low birth weight was 33.8%. This was 14.5% for preterm and 

19.2% for IUGR-LBW deliveries. Among the low birth weight babies, 381 (57.0%) were IUGR

LEW deftned as term babies (~37weeks) and weight <2500g, and 288 (43%) preterm-LBW «37 

weeks by Ballard score), of whom 48.3% were preterm-SGA and 57.7% preterm-AGA (Figure 

6:2). Table 6:1 shows the mean and median birth weights in the 

TABLE 6: 1: MEAN & MEDIAN BIRTH WEIGHT AMONG SINGLETON LIVE BIRTHS 

Category n Birth weight Birth weight median 

................ _ ...... _.!n~~_~ .. (?~L (25 -75 percentiles) 

Total babies 1977 2656 (417) 2650 (2404 -2917) 
.............................. _---

Term Babies 1689 2751 (355) 2728 (2515 - 2970) 
.......................... __ .... _ ........... _--_ .. ------

IUGR 381 2312 (159) 2352 (2234 - 2434) 
... _-_ ... --_ .... _------_ .... _-------------

Preterm 288 2098 (297) 2169 (1980 - 2313) 
................ _-.... --------.. _-... -....... __ .................... -

Male babies 1055 2693 (432) 2714 (2416 - 2976) 
.. _-- .. -................ _---.... _--------------_ .. 

Female babies 922 2612 (394) 2590 (2370 - 2844) 
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FIGURE 6: 1: STUDY FLOW CHART 

Live birth 
1983 

(97.4%) 

Singleton 
2050 

(98.6%) 

Women 

enrolled 2080 

----------. 

Twins 
29 

(1.4%) 

------+ Missed delivery 
13 

(0.6%) 

Stillbirth 
54 

(2.6%) 

-------------. Missing BW/GA 
6 

NBW 

1308 
(66.2%) 

LBW 

669 

(33.8%) 

/". 
r-----------, ~---------~ 

IUGR 
381 

(57.0%) 

Preterm 

288 
(43.0%) 

AGA preterm 

149 

(51.7%) 

(0.3%) 

Preterm-SGA 

139 
(48.3%) 

Missed status 
1 

(0.05%) 

Note: NBW=Normai birth weight, LBW =Iow birth weight, IUGR=intra uterine growth retardation 
GA=gestationai age, AGA= appropriate for gestation, SGA= small for gestation 
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FIGURE 6 : 2 : PROPORTION OF PRETERM & IUGR BABIES 

IUGR 

n=381 
AGA preterm 

n=149 

Preterm-SGA 
n=139 

Note: IUGR= intrauterine growth retardation, AGA= appropriate for gestational age, SGA=small for gestatianal age 

different sub categories. The mean birth weight (SD) of the overall sample was 2656g (417), with 

a mean difference of 81g (95% CI 44 -11 7) between males and females. 

6.3.2 Birth weight & gestational age distribution 

The birth weight distribution in increments of 250g is shown in Figure 6:3 A, and as 

expected followed a Guassian (bell-shaped) distribution. This was confirmed by the birth weight 

distribution graph generated using the online 'Analyze' programme and shown in Figure 6:3 B. It 

provided additional information o f the predominant (normal) and the residual (tail) distribution. 

The predominant curve mainly represents term births while the residual curve Qower left tail) in 

effect, consists of preterm births. The weight group between 2000-2500g comes under the 

predominant curve (Figures 6:3 A, and 6:3 B), 
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FIGURE 6: 3: BIRTH WEIGHT DISTR IBUTION IN SINGLETON LIVE BIRTHS 

A: Distribution of Birth weight 
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FIGURE 6: 4 : DISTRIBUTION OF GESTATIONAL AGE AT BIRTH IN 1977 SINGLETON LIVE BABIES 
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FIGURE 6: 5 : FREQUENCIES OF PRETERM & IUGR BY GRAVIDITY 
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FIGURE 6: 6 : FREQUENCY OF IUGR -LBW AND PRETERM -LBW BY MATERNAL HEIGHT 
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Note: maternal height data was available for 99.5% of LBW (1968/1977) 

whereas the lower tail starts at weight <1875g of the residual distribution «2000g) .The 

optimum truncation point, which in biological systems infer the point beyond which death may 

occur, and it was at 1750g (Figure 6:3B; Annexe 8) . The residual tail shows the small pre term 

babies who are the apparent high-risk group and was 1.1 % in this study population. 

The overall distribution of live births in completed weeks of gestation is shown in Figure 

6.4: 39.8% were born at 37 weeks. The mean gestation (SD) was 37.2 weeks (1.5) and the median 

and mode was 37 weeks. The proportion of preterm births was 23.4% in primigravidae with a 

decrease in gravidae 2-4 and 17.7% in grandmultigravidae (2:5pregnancies). The proportion of 

IUGR-LBW was 24.8% in grandmultigravidae (Figure 6:5). The frequency of low birth weight 

was higher in women with height <149.9cm and it decreased as height increased (Figure 6:6). 

6.3.3 Seasonality of low birth weight 

IUGR & Preterm Births: The monthly frequency of preterm births, IUGR, the average monthly 

rainfall and prevalence of maternal malaria in delivering women are shown in Figure 6:7. The 

trough of preterm birth prevalence (2.7%) occurred in the dry season month of April, and the 

peak (25%) was observed in November, about 2 months after the peak of the rainy season. The 

significance of seasonality was confirmed by the Edwards test (P < 0.000) (Figure 6:9) . 45.5% of 

all preterm births occurred in the months of October to December and this period was the 

statistically significant season (P = 0.005) by the seasonality tests. The estimated peak date 

calculated by the Edwards test was 1 S! November (Figure 6:9). 
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FIGURE 6: 7: PRETERM-LBW AND IUGR-LBW DISTRIBUTION BY MONTH 
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FIGURE 6 : 9 : SEASONALITY TESTS FOR IUGR- LBW & PRETERM BIRTHS 
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Freedman's test 
(for any deviation from a uniform incidence) : 
V(N) = 0.052 P > 0.1 

Edwards's test 
(for a harmonic curve [6 months between peak 

and trough]) : 
Amplitude = 15.6% of peak frequency 
Peak angle (year: 360·) = 312 .8· 
Peak date = November 13th 
Chi -square = 1.15 (DF = 2} P = 0.564 

Ratchet circular scan test 
(for a short seasonal peak) : 
2-month peak: September to October 
21.3% of events 

Test statistic = 2.24 P > 0.1 
3-month peak: September to November 
29.7% of events 

Test statistic = 2.01 P > 0.1 

Hewitt's rank-sum test 
(for a seasonal peak) : 

4-month peak: August to November 
Rank sum: 34.5 P > 0.089 

5-month peak: September to January 
Rank sum: 40 P > 0.094 

6-month peak: August to January 
Rank sum: 4S P > 0.130 

',I 

- P6 -P5 - -P2 

100j ? 

Or-i=1~T ;-;~ 
J F M A M J J A SON 0 

Preterm 

Freedman's test 
(for any deviation from a uniform incidence) : 
V(N) = 0.203 P < 0.01 

Edwards's test 
(for a harmonic curve [6 months between peak 

and trough]): 
Amplitude = 71.8% of peak frequency 
Peak angle (year: 360·) = 300.6· 
Peak date = November 1st 

Chi-square = 50.57 (DF = 2} P = 0.000 [l .0E-ll) 

Ratchet circular scan test 
(for a short seasonal peak) : 
2-month peak: November to December 
36.1% of events 

Test statistic = 8.67 P < 0.005 
3-month peak: October to December 
45.5% of events 

Test statistic = 7.79 P < 0.005 

Hewitt's rank-sum test 
(for a seasonal peak) : 

4-month peak: September to December 
Rank sum: 40 P = 0.089 

5-month peak: August to December 
Rank sum: 49 P = 0.029 

6-month peak: July to December 
Rank sum: 57 P = 0.013 

The red triangle indicates the peak date at a 12 month sinusoidal curve within the positivity of the Edwards 
test. The graph shows statistically significant peaks of 2, 3, 5 and 6 months marked with colour bars denoted as 
P2, P3, PS and P6 respectively . 
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FIGURE 6 : 10 : SEASONALITY TESTS FOR BIRTH FREQUE:l"'N...;C...;Y_&;.;..;.;M.;.U;.;A..;.C;;....<.;;;.2;.;3C;;,;M~ ________ ....... 
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incidence): V(N) = 0.046 P < 0.01 

Edwards's test 
(for a harmonic curve [6 months between 
peak and trough)) : 

Ampl itude = 14.0% of peak frequency 
Peak angle (year: 360°) = 272.1° 
Peak date = October 2nd 

Ch i-square = 6.13 (DF = 2} P = 0.047 

Ratchet circular scan test 
(for a short seasonal peak) : 
2-month peak: October to November 
20.5% of events 
Test statistic = 4.36 P < 0.005 
3-month peak: September to November 
28.7% of events 
Test statistic = 3.76 P < O.OOS 

Hewitt's rank-sum test 
(for a seasonal peak) : 
4-month peak: August to November 
Rank sum: 34 P > 0.089 
5-month peak: July to November 
Rank sum: 45 P > 0.094 
6-month peak: July to December 
Rank sum: 48 P > 0.130 

400~ 
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Freedman's test 
(for any deviation 

incidence) : V(N) = 0.091 
from a 
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uniform 

Edwards's test 
(for a harmonic curve [6 months between 
peak and trough)) : 

5.4E-S ) 

Amplitude = 30.9% of peak frequency 
Peak angle (year: 360°) = 277.1" 
Peak date = October 7th 
Chi-square = 19.66 (DF = 2} P = 0.000 [ 

Ratchet circular scan test 
(for a short seasonal peak) : 
2-month peak: October to November 
25 .8% of events 
Test statistic = 7.69 P < 0.005 

3-month peak: September to November 
33.4% of events 
Test statistic = 6.23 P < 0.005 

Hewitt's rank-sum test 
(for a seasonal peak) : 
4-month peak: August to November 
Rank sum: 37 P > 0.089 
5-month peak: July to November 
Rank sum: 47 P = 0.094 

6-month peak: July to December 
Rank sum: SO P > 0.130 

The red triangle indicates the peak date at a 12 month sinusoidal curve within the positivity of the Edwards 
test. The graph shows statistically significant peaks of 2, and 3 months marked with colour bars denoted as P2, 
and P3, respectively. 
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The Hewitts sum-rank test showed the 5 month peak for preterm births occurred from 

August to November (P=0.029). In contrast, the occurrence of IUGR rate was more evenly 

distributed over the year, with the lowest percentage (4.2%) observed in June, and the highest 

(11.3%) in September. An absence of significant seasonality for IUGR was confirmed by the 

Edwards test (P= 0.56) and the other tests for seasonality (Figure 6:9). 

Birth Frequenry, Mean Birth Wczght & Gestational Age: The highest 'means' for gestational 

age (SD) and birth weight (SD) [37.9 weeks (0.97) and 2743g (418g)] were observed in April 

while the lowest 'means' occurred in November [36.8 weeks (1.3) and 2573g (424)] (Figure 6:8). 

November was also the month with the peak frequency of births. A three month seasonal peak 

was observed from September to November (P<0.005) by the Ratchet circular seasonality test 

(Figure 6:9). June was the month with lowest frequency of births. 

MUAC <23cm: Seasonality of MUAC <23 was examined and is shown in figure 6:8. The 

highest proportion of MUAC <23cm was observed in October and November and the lowest in 

February. The rest of the months it was fairly even. The seasonal significance in proportion of 

MUAC <23cm was also confirmed by the seasonality statistical tests and a 3 month seasonal peak 

was seen between September to November (P<0.005) (Figure 6:10). 

In addition an association between MUAC <23cm and caste category was assessed: the 

risk of MUAC <23cm in women of scheduled caste was 1.5 (95%CI 1.27-1.78), in women of 

aBC RR1.2 (95%CI 1.07-1.45) and in women of Scheduled Tribe it was RR 1.29 (95%CI 1.06-

1.56) compared with women of General Caste. 

6.3.4 Percentile Curves 

The Figures 6.11 & 12 shows the 5th
, 10th

, 50th
, 75th and 90th percentiles of the birth 

weight-for-gestational age by gender and pooled growth curves. In the pooled growth curves the 

50th percentile at 37 week falls on 2580g and the 90 th percentile fall on 2950g. 
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FIGURE 6: 11 : SELECTED PERCENTILES FOR BIRTH WEIGHT-FOR-GESTATIONAL-AGE GROWTH CURVES 
FOR FEMALES (A) & MALES (B) 

Gestational Age 
4000 

3000 

2000 

Gestational Age 35 

number in GA group 48 

A --females 

36 

91 

Note: C=percentile, GA =gestational age 

37 

400 

38 

194 

39 

149 

40 

29 

Birth weight ,-- ________________________ _ 
4000 

B--males 

. . -.-_ ... -...... .' 
3000 .•. .. --

.' 

-_ • ..... 
, ~ ,, " 

.... -. ~ : : : ::: : :: :::::::::: ::::: ::: . .... . . 
:::! :.- .... 

2000 .... ::::> .. 

Gestational Age 35 36 37 38 39 40 

number in GA group 48 89 386 260 218 36 

211 

90C 

70C 

soc 

l OC 

SC 

90C 

7SC 

SOC 

10C 

SC 



FIGURE 6: 12: SELECTED PERCENTILES FOR BIRTH WEIGHT-FOR-GESTATIONAL-AGE GROWTH CURVES 
COMB INED DATA FOR BOYS & GIRLS 
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Univanate anajysis: Factors significantly associated with preterm birth and low birth weight was 

similar (fable 6:2 & 6:3). The significant socio-demographic factors were: caste category, rural 

residence, lower socioeconomic status and maternal education (Table 6:2). The maternal risk 

factors were gravidity, short stature « 150cm) and MUAC <23cm. The risk of pre term births 

significantly increased in women with moderate-severe anaemia, severe anaemia, history of fever 

in pregnancy and history of using any drug in pregnancy. Preterm birth was also significantly 

associated with placental malaria (RR 3.3, 95%CI 2.0-5.4). 

A separate univariate analysis was also performed to assess the assoCiation of the 

optimum truncated weight point « 1750g) versus the weight group 1751-2500g with moderate

severe anaemia and placental malaria . In women with moderate-severe anaemia the risk of babies 

with birth weight < 1750g was 1.7 (95%CI 1.18-2.62) times greater than the weight group 1751-

2500g. In women with placental malaria this risk was 6.1 (95%CI 1.66-23.13) compared to birth 
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weight group 1751-2500g. Similar results were observed for the residual tail «1875g) in women 

with moderate-severe anaemia and placental malaria, with risk of 1.67 (95%CI 1.17-2.39) and 

6.60(95%CI 1.91-22.7) respectively, compared with weight 1876-2500g (not shown as a table). 

Other Factors: Preterm birth was associated with season and a significantly higher risk was 

observed in the cool months (RR 2.41, 95%CI 1.82-3.19) compared with the monsoon and dry 

season combined. The risk of preterm birth was also associated with number of antenatal visits 

and was increased 1.7 times in women with no antenatal visit (95%CI 1.26-2.37) compared with 

women who had 3 or more visits. Women who reported using haematinics or sleeping under a 

bednet during pregnancy had a decreased risk of pre term compared to women who did not use 

these measures (fable 6:3). All of these factors were also predictive of low birth weight (fable 

6:2). In addition low birth weight was associated with gender and it was higher in female babies. 

The risk of gender was not associated with preterm birth. 

Multivariate analysis: In the multivariate models lower socioeconomic status, cool season, 

primigravidae, and multigravidae (~5 pregnancies), women with short stature «150cm) and 

MUAC «23cm) were significantly associated with low birth weight and preterm (fable 6:2 & 

6:3). In addition baby gender was predictive of low birth weight, but not for preterm birth. Both 

low birth weight and preterm births were significantly associated with moderate-severe anaemia, 

history of fever in pregnancy and placental malaria. The number of ANC visits and maternal age 

were not factors associated with low birth weight or preterm birth. The multivariate models to 

assess the effect of bednet which included only the socio-demographic and maternal 

characteristic cova~ates, showed a positive association of between bednet and low birth weight 

and pre term births (RR 0.86, 95%CI 0.75-0.99) and (RR 0.78, 95%CI 0.61-0.99) respectively .. 

6.3.5.2 Intra-uterine Growth retardation 

Univariate analYsis: The societal factors significantly associated with IUGR were caste, 

education, rural residence, and socioeconomic status (fable 6:5). The maternal characteristics 

associated with the increased risk of IUGR-LBW were MUAC <23cm, short stature and less 

than 3 antenatal visits compared with ~3 visits. Among the morbidity factors only history of 

fever in the past week was associated with IUGR-LBW. IUGR-LBW was not associated with 

placental malaria, moderate-severe anaemia and season. The risk of IUGR-LBW was higher in 

primi, secundi and multigravidae compared with gravidae-3, but did not reach statistical 

significance. 
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TABLE 6: 2: UNIVARIATE & MULTIVARIATE ANALYSIS OF FACTORS ASSOCIATED WITH LBW 

Univariate Multivariate 
Demographic factors LBW (n=669) RR (95%CI) P-llalue RR (95%CI) P-llalue 
Age category 

<20yr 20 166 (30.3) 1.09(O.71-1.56} 0.09 
20 -29yr 58811690 (34.7) 1.25 (1.00-1.56) 
~ 30yr ... §.~.J.~~2.i~.~:?L._ .. reference 

--... _--------------- --_ ............ --.. --------_. 
Caste Category 

aBC 3271919 (35.6) 1.47 (1.21-1.78) 
SC 991409 (24.2) 1.52 (1.23-1.88) <0.0001 
ST 1541417 (36.9) 1.59 (1.25-2.02) 
GEN .... ~~.L~.~~.i~~:?L.._._~eference ---- .. ---_ ...... _------ .... ---_ .. _--_ ....... __ .......... -

Education 
No Schooling 2541665 (38.2) 2.00 (1.38-2.91) 

Primary 172 1469 (36.7) 1.92 (1.32-2.81) <0.0001 
Secondary 2191717 (30.5) 1.60 (1.10-2.34) 
Higher ... ~~.J.~~~.i~.~:!L. •.•. reference .. .. _ ... _--------_ .......... -----_ ... _--_ ................... 

Residence 
rural 50411399 (36.0) 1.25 (1.08-1.44) 0.002 

urban .. ~.~.~.L??_~ . .i~~:?1.._. reference .. ............ __ .......... _-- ...... _-------_ .......... __ ..... 
SES quintiles 

Poorest 1451396 (36.6) 1.77 (1.40-2.38) 1.56 (1.23-1.96) 
Second 162 1413 (39.2) 1.89 (1.50-2.38) <0.0001 1.62 (1.29-2.05) 0.0001 
Third 1701424 (40.1) 1.93 (1.54-2.43) 1.70 (1.35-2.13) 
Fourth 1131358 (31.5) 1.52 (1.19-1.95) 1.40 (1.10-1.79) 
Richest 79 J 386 (20.5) reference reference 

--_ ..... _ .... - -------------------------------------------------_ ..... _ .. ---_ .. _--------------_. 
Season 

Cool humid months 280 1676 (41.4) 1.37 (1.18-1.60) <0.0001 1.29 (1.15-1.45) 0.0002 

Monsoon 200 1673 (29.7) 0.98 (0.83-1.16) 
Hot dry months 189 628 (30.1) reference Reference§ 

Maternal & Antenatal factors 
Gravidity 

Primigravidae 3281847 (38.7) 1.51 (1.23-1.86) 1.58 (1.30-1.92) 

Secundigravidae 192 1594 (32.3) 1.26(1.02-1.57) 0.0001 1.29 (1.05-1.59) 0.0001 

Gravidae-3 851332 (25.6) reference reference 

Gravidae-4 331122 (27.1) 1.05 (0.75-1.49) 1.02(0.72-1.44) 

Multigravidae (~5) .. }.U~~J3~:~L. ••••• 1.47 (1.05-2.05) 1.49(1.08-2.07) --------.. _--_.-.. _-- _ .... oo .... __ .......................... _. 

MUAC « 23cm) 
Yes 3861965 (40.0) 1.42 (1.26-1.62) <0.0001 1.20 (1.06-1.37) 0.003 
No ... ~~.U.;g.;.!i~.!.; 9) ••• reference reference -_ ....................... _-- ----_ .... _-----_ .......... 

Maternal height 
Yes «150cm) 3151762 (41.3) 1.36 (1.20-1.53) <0.0001 1.24 (1.10-1.39) 0.0003 

No .. ~~.;.J..~.~_?.?J~Q;~L .. reference reference 
........................... . .............................. 

ANC visit number 
o visit 761196 (38.8) 1.28 (1.03-1.60) 
1 visit 671174 (38.5) 1.28 (1.09-1.46) 0.004 
2 visit 2611691 (37.7) 1.28 (1.05-1.59) 
~3 visit 2171728 (29.8) reference 

Baby Gender 
female 3511921 (38.1) 1.26 (1.11-1.43) 0.002 1.21 (1.08-1.36) 0.001 
male 31811055 (30.1) reference 

RR=Relative Risk; monsoon & hot dry months combined as reference 
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991239 (41.4) 1.26 (1.06-1.48) 

56811730 (32.8) reference 

25 \70 (35.7) 1.05 (O.76-1.45) 
641\1898 (33.8) reference 

112\ 313 (35.8) 0.96(0.81-1.14) 
440 \1277 (34.5) reference 

tHb <l1g/dL; t t Hb <9/dL; ·Hb <7g/dL; • ·history offever 

0.01 

0.73 

0.65 

1.48 (1.23-1.77) 0.0002 
reference 

Multivariate AnalYsis: The factors predictive of ICGR-LBW were socioeconomic status, 

gravidity, maternal short stature, antenatal visits and baby's gender (fable 6:5). MUAC at cut-~ff 

<20cm was a significant predictive factor (RR1.5, 95%CI 1.2-2.0) of IUGR-LBW, but not at cut

off <23cm. A history of fever, moderate-severe anaemia and placental malaria was not predictive 

of IUGR-LBW. Use of bednet was positively associated with IUGR-LBW (RR 0.78, 95%CI 0.62-

0.99). 
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TABLE 6: 3: UNIVARIATE & MULTIVARIATE ANALYSIS OF FACTORS ASSOCIATED WITH PRETERM-LBW 

Univariate Multivariate 
Demographic Preterm RR{9S%CI) P-va/ue RR (9S%CI) P-va/ue 
Factors (n= 288) 
Age Category 

<20 yr 4149 (8.2) 0.67 (0.24-1.85) 0.01 
20-30 yr 26211359 (19.3) 1.58 (1.05-2.38) 
~ 30yr 221181 (12.2) reference ----_ ................ _---.... ----.... _---

Caste Category 
OBC 1401730 (19.2) 1.71 (1.23-2.38) 0.002 
SC 69 1329 (21.0) 1.87 (1.30-2.69) 
5T 371170 (21.8) 1.94 (1.29-2.93) 
GEN 391349 (11.2) reference 

.... _-_ .... _----------............. 
Education 

No schooling 1181526 (22.4) 1.57 (1.23-2.00) 0.001 
Primary 711368 (19.3) 1.36 (1.03-1.79) 
Secondary +higher 991696 (14.2) reference ...... _-----_ ............ - .. ---.. _-----

Residence 
rural 217/1108 (19.6) 1.32 (1.03-1.69) 0.02 

urban 711480 (14.8) reference --_ .... -------_ .... ----------
5E5 quintile 

Poorest 731/321 (22.7) 2.81 (1.85-4.25 2.35 (1.56-3.56) 
Second 671316 (21.2) 2.62 (1.72-3.98) <0.0001 2.03 (1.32-3.10) 0.0009 
Third 721325 (21.2) 2.74 (1.80-4.15) 2.24 (1.47-3.41) 
Fourth 491294 (16.7) 2.06 (1.32-3.21) 1.80 (1.16-2.79) 
Richest 271334 (8.1) reference reference 

... ----------------- .. ----------
Season I 

Cool months 1501540 (27.8) 2.41 (1.82-3.19) <0.0001 ! 1.88 (1.53-2.31) 0.0000 
Monsoon 811554 (14.6) 1.27 (0.92-1.74) ~ reference§ 
Hot dry months 571496 (11.5) reference 

Maternal & antenatal factors 
Gravidity 

Primigravidae 158/674 (23.4) 2.10 (1.46-3.00) 2.21 (1.55-3.14) 
Secundigravidae 741474 (15.6) 1.40 (0.94-2.07) <0.0001 1.42 (0.97-2.10) <0.0000 
Gravidae-3 311278 (11.2) reference reference 
Gravidae-4 141102 (13.7) 1.23 (0.68-2.21) 1.05 (0.57-1.93) 
Multigravidae (~5) 11162 (17.7) 1.~~1Q:~~:?_._~~ ___ 1.73 (0.93-3.27) 

MUAC « 23cm) 
Yes 181/756 (23.9) 1.86 (1.49-2.31) <0.0001 11.44 (1.15-1.79) 0.001 
No 107/833 (12.9) reference reference -_ ........ _ .. _--_ .... --..... _ .. _-... 

Maternal height 

Yes «150cm) 132/577 (22.8) 1.44 (1.16-1.77) 0.001 1.27 (1.04-1.56) 0.01 
No 147/924 (15.9) reference reference .. -_ .. ---_ ........ _--_ .... -----...... _-

ANC visit number 
o visit 441164 (26.8) 1.73 (1.26-2.37) 
1 visit 251132 (18.9) 1.22 (0.82-1.82) 0.01 
2 visit 106/533 (19.9) 1.28 (0.99-1.65) 
~3 visit 931602 (15.4) reference 

... --------------_ .. ----------
Baby Gender 

female 142/709 (20.0) 1.20 (0.97-1.48) 0.07 
male 146/880 (16.6) reference 

RR= Relative Risk; monsoon & hot dry months combined as reference; 
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Morbidity & malaria Univariate Multivariate 
-'----~----................................................. _ ....•••........... 

~pr_e_ve_n_t"-,'v.-e_fa_c_to_rs _____ .~!.~!.~.~~J~::~~~L RR (95%CI) .!.:~~!~!! ...... ~.~J~~~.~~L. ....... _.e:.~I?~~~ ... . 
Anaemia f I 

I 
Yes 1571797 (19.7) 1.18 (0.96·1.46) 0.10 1 

_-N-o-----Tl:---,··;~·!·J.?~g·J~~:~L.. reference ........ Ii 

_:_:_~~_:r_:e_:-::-:-:-~a_a~~m_i_a T_T ___ ~ ~~~r~~~:-201)~O:;-'-' i ~~~~ 
Yes 35190 (38.8) 2.30 (1.73·3.05) <0.0001 ! 

-H-/:..:.NO°.:... •• -fe-v-e-r -in-p-r-eg-n-a-nc-y---'·~~·~.J.~~·~·?·J~~:~L.. reference ···················i······························-··· .............. . 

Yes 791278 (28.4) 1.79 (1.43·2.24) <0.0001 11.31 (1.04·1.65) 0.01 

_N-o---------~-~?~~Q~.J!~:~l reference ................... _.!.~.!~~.~.~.~.~ ............. _ ................. . 
Used any drug in pregnancy i 

Yes 561180 (23.9) 1.91 (1.49·2.45) <0.0001 i 
_N-:-o-:-----~----~~~.L;~g.~.J~Z:~1. reference ................... i .............................. _ ... _ ............ . 

H/o fever past week 
Yes 441184 (23.9) 1.37 (1.03·1.82) 0.03 

__ N_O _________ ,.~.~J.~.~.~.~J!~:~L... reference ................... . ............................. _ ................. . 
Used any drug past week 

Yes 13 1 58 (22.4) 1.25 (0.76·2.04) 0.3 

__ N_o_-:--_~ _____ ,.n.~.D.~.~il~Z;~L_r_e_fe_re_n_c_e ___ ......................................... _ ...... _ ................. . 
High BP (systolic ~130mm Hg, 
diastolic ~90mm Hg ) 

Yes 441244 (18.0) 0.95 (0.70·1.27) 0.6 

_-No---------~1,~5 L;g.~.~_{!~;~1._. reference ................................................. _ ................. . 
Placental malaria (any) 

Yes 7112 (58.3) 3.28 (2.01·5.35) 0.0003 
No 27911569 (17.7) reference 

t Hb <11g/dL; ttHb <9/dL; 'Hb <7g/dL; • 'history of fever 
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TABLE 6: 4: UNIVARIATE & MULTIVARIATE ANALYSIS OF FACTORS ASSOCIATED WITH IUGR-LBW 

univariate multivariate 
Demographic factors IUGR (n= 381) RR (95%CI) P-tlalue ! RR (95%CI) P-tlalue 
Age category 

>20 yr 16161 (26.2) 1.33 (0.BO-2.20) 0.4B 
20 -29 yr 32511422 (22.B) 1.16 (0.86-1.56) 

_<_3_0 ..... y_r _____ . ___ .~~J.!~~J~~:.?_L ______ ~!:!_~!.!:~E!: ______ . ____ ... , ____ ~---------
Caste Category 

aBC 1871777 (24.1) 1.48 (1.14-1.93) 
SC 841344 (24.4) 1.50 (1.11-2.02) 0.01 
ST 4711BO (26.1) 1.61 (1.14-2.25) 

_~G_EN _______ .. _ .. ~qJ.~?qJ~§:.~l ...... _.E!:!~!.!:~E~ ... _ .......... ----i-------, , __ _ 
Education 

No schooling 1361544 (25.0) 1.28 (1.04-1.58) 
Primary 1011398 (25.4) 1.30 (1.04-1.63) 0.01 

_.:..Se~c~o~nd~a~ry!._+~hi~g:...:..:he:.:.r __ ._!~J.?~~J.;_~.:~~._ ... ____ .~!:!~!.~~E~-...... ---.... ----r__---------
Residence 

rural 28711178 (24.4) 1.30 (1.05-1.60) 0.01 

_~ur_b-,,-a;..:.n ______ ..... ~~J.?q~j~~:.?J.. .... _ .. ~!:f.~!.~~E~ .... __ ........ _---r-.---------
SES quintiles 

Poorest 721320 (22.5) 1.55 {1.12-2.14} 1.24 {0.87-1. 76} 
Second 951344 (27.6) 1.90 {1.40-2.58} <0.0001 1.66 (1.20-2.30) 0.002 
Third 9BI351 {27.9} 1.92 (1.42-2.60) 1.66 (1.20-2.30) 
Fourth 641309 (20.7) 1.42 (1.02-1.99) 1.20 (0.84-1. 72) 

-:-_Ri_ch_e_st ______ .... ?~E?.~J.;~:_?.L. _____ .~~!.~!.~~E~ ___ ._ .. ___ .... ____ :j-: _Re;;...f.:..er~e_nc~e _____ _ 
Season I 
Cool months 1301520 (25.0) 1.08 (0.87-1.33) I 

Monsoon 1191592 (20.1) 0.86 (0.69-1.08) 0.14 I'! 

Hot dry months 1321571 (23.1) reference . 
Maternal & antenatal factors 
Gravidity 
Primigravidae 1701686 (24.8) 1.38 (1.09-1.81) 11.49 {1.13-1.99} 
Secundigravidae 1181518 {22.B} 1.26 (0.95-1.69) O.OB 11.29 (0.9B-1.74) 0.02 

Gravidae-4 191107 (17.7) 0.98 (0.61-1.58) 0.95 (0.57-1.56) 
Gravidae-3 541301 (17.9) reference I' reference 

_M_u_lt-",ig,-,-ra_vi-,-da-,-e7{'_~S-,-) __ ..... ?qJ.?!.(~~:.?1. ....... _ .. !:??J.;:g.q:~:~J ... ___ -+I..:;;1~.4.c:..8..!.:{1:.;.;.0~6-'-1_.9_1~} ____ _ 
MUAC (< 23cm) 1 

_~_:_s ______ .... ~~~.:.;~~.~.~.;.~;.~_ .... _ .. ~~~:.~~~~:.~~:~~~ .... _0_.0_01_--t1 ________ _ 
Maternal height I 

Yes {<150cm} 1831628 (29.1) 1.46{1.22-1.74) <0.0001 11.38 (1.16-1.66) 0.0003 
No 1941971 (19.9) reference I Reference -------_ ... _ ... _ ... -_ ... _.-.... __ ......... _ ... -_ ... _ ........ _-............. _---!-----------

ANC visit number 
o visit 321152{21.1} 1.07 (0.76-1.51) 1.03 (0.73-1.43) 
1 visit 421149 {28.2} 1.43 (1.06-1.94) 0.01 1.42 {1.06-1.90} 
2 visit 1551582 (26.6) 1.35 (1.10-1.67) 11.22 (1.01-1.50) 

0.04 

....;~::.::3:....;v:.:.:is:.:..:it ______ .. !~~J.~~~J.;.~_:~L. ... __ .. ~!:!.~!.~~E~ .............. ____ ~Re::.:.f.::.:er-=e.:..:.nc::.::e=----__ --
Baby Gender 
female 
male 

2091776 (26.9) 
1721906 (18.9) 

1.41 {1.81-1.69} 
Reference 

IUGR= Intrauterine growth retardation; RR=Relative Risk 
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Morbidity & malaria preventive univariate multivariate ........................... -- .......... _ ............. _---- ..... 
factors IUGR (n=381) RR (95%CI) P-value RR(95%CI) P-value 

t 
................. ~-. 

Anaemia 
Yes 1821822 (22.1) 0.95 (0.80·1.14) 0.63 
No 1981857 (23.1) reference .................. 

Mod·severe anaemia 
tt 

Yes 751307 (24.4) 1.09 (0.88·1.36) 0.40 
No 305 1137 (22.2) reference ............ __ ..... 

Severe anaemia' 
Yes 20175 (26.7) 1.18 (0.80-1.74) 0.39 
No 36011604 (22.4) reference ..... --_ ... _ ..... _----

H/o fever in pregnancy 
Yes 711270 (26.3) 1.19 (0.96-1.49) 0.11 
No 30911410 (21.9) reference ..................... 

Used any drug in pregnancy 
Yes 441168 (26.2) 1.17 (0.89·1.54) 0.24 
No 336 11509 (22.2) reference .................... 

H/o fever past week 
Yes 551195 (28.2) 1.28 (1.00-1.64) 0.04 

No 32411480 (21.8) reference ..... _ ........ --_ .... _-
Used any drug in past week . 

Yes 12157 (21.7) 0.92 (0.55-1.54) 0.77 ! 
No 36711618 (22.7) reference _._ ... _.-t= 

High BP (systolic ~130mm Hg, 

diastolic ~90mm Hg ) 
Yes 671267 (25.1) 1.11 (0.87·1.39) 0.40 

No 24511078 (22.7) reference ........................ 

Placental malaria (any) ! 
Yes 318(37.5) 1.66 (0.67-4.00) 0.31 I No 37611666 (22.5) reference . 

IUGR=lntrauterine growth retardation; t Hb <l1g/dL; t'Hb <9g/dL; 'Hb <7g/dL 
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TABLE 6: 5: UNIVARIATE ANALYSIS OF FACTORS ASSOCIATED WITH NON-ATTENDANCE AT ANC 

univariate 
No ANC attendance RR (95"CI) P-value 

Factors (n= 211) 
Caste Category 

OBC 921962 (9.6) 1.49 (0.98 - 2.26) 
SC 481436 (11.0) 1.72 (1.09 - 2.70) <0.001 
ST 421234 (17.9) 2.80 (1.77 - 4.42) 
GEN 271422 (6.4) reference ....... _--_ ......................... -....... -----------

Education 
No schooling 1011705 (14.3) 3.66 (1.52 - 8.82) 

<0.0001 
Primary 511486 (10.5) 2.68 (1.09 - 6.59) 
Secondary 541750 (7.2) 1.84 (0.75 - 4.51) 
Higher 51128 (3.9) reference .. -----_ .... _--_ ............. _ ........... -_ ...... _-..... _. 

Residence 
rural 16011473 (10.8) 1.29 (0.95 -1.75) 0.09 
urban 501595 (8.4) reference ....... _--_ .................. _ ....... _ ....... _-... 

SES quintiles 
Poorest 601423 (11.6) 3.37 (2.00 - 5.68) 

Second 461421 (10.9) 2.60 (1.51- 4.46) <0.0001 

Third 521447 (11.6) 2.77 (1.62 - 4.71) 

Fourth 361374 (9.6) 2.29 (1.31 - 4.01) 

Richest 171405 (4.2) reference 

OBC=other backward caste, SC= Schedule caste, ST= Schedule Tribe, GEN=General caste; SES= 

socioeconomic status 

6.3.6 Antenatal Attendance 

A separate analysis was performed to assess the association between women who had not 

attended antenatal care (before their enrolment at the time of delivery) and their socio

demographic status (fable 6:6). Non-attendance at antenatal care was significandy associated with 

level of education, socioeconomic status and caste. Women with no schooling were 3.6 times 

(95%CI 1.52-8.82) more likely not to attend antenatal care than women with higher education. 

The risk of non-attendance for antenatal care was highest in women of the Schedule Tribe 

compared with women of the General caste. 
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TABLE 6: 6: ATTRIBUTABLE FRACTIONS FOR SELECTED EXPOSURE VARIABLES 

Outcome Exposure Exposure RR (95%CI) Attributable Fractions 
Prevalence 

AF % PAF % 

LBW «2500g) 1.98 (1.38 - 2.85) 49.5 4.6 

---
BW «1750g) 6.19 (1.66 - 23.13) 83.8 8.2 

P·falciparum 
0.9% 

BW «1875g) 
placental malaria 

6.60 (1.91- 22.70) 84.8 8.3 

--
Preterm 3.28 (2.01- 5.35) 69.5 6.6 

LBW «2500g) 1.24 (1.08 - 1.43) 19.4 4.5 

BW «1750g) 1.76 (1.18 - 2.62) 43.1 13.2 
Moderate-

20.0% 
BW «1875g) 

severe anaemia 
1.67 (1.17 - 2.39) 40.1 11.8 

Preterm 1.61 (1.28 - 2.01) 37.9 10.9 

LBW 1.36 (1.20 - 1.53) 26.5 12.6 
Maternal height 

Preterm 40.3% 1.44 (1.16 -1.77) 30.5 15.1 
«lS0cm) 

IUGR-LBW 1.46 (1.22 -1.74) 31.5 15.6 

LBW 1.42 (1.26 -1.62) 29.5 17.2 

Preterm MUAC «23cm) 49.5% 1.86 (1.49 - 2.31) 60.5 29.8 

IUGR-LBW 1.34 (1.12 - 1.60) 25.3 14.4 

AF= attributable fraction, PAF=population attributable fraction, LBW= low birth weight, BW=birth weight, 
IUGR=intrauterine growth retardation 

6.3.7 Attributable Fractions 

Both attributable fractions (AF) and population attributable fractions (P AF) were calculated. 

The attributable fraction (AF) indicates the prevalence risk in the exposed group, and the 

population attributable fraction (P AF) indicates the overall excess risk in the population and thus 

the reduction in the proportion of low birth weight in the population that could be achieved if 

the exposure is prevented (Table 6:7). Placental malaria accounted for 49.5% of low birth weight 

«2500g) .in women infected with placental malaria (AF). The AF of low birth weight «1750g) 

was 83.8% in women with placental malaria, and 69.6% of preterm births in women with 
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placental malaria was attributable to malaria. The PAF of placental malaria was below 10% for 

low birth weight, preterm and IUGR-LBW. 19.4% oflow birth weight in women with moderate

severe anaemia was attributable to moderate-severe anaemia, and this was 43.1 % for birth weight 

<1750g and 37.9% for preterm births. With maternal stature «15Ocm) as the exposure, 26.5% 

low birth weight, 30.5% preterm and 31.5% IUGR were attributable to short stature. The PAF 

was 12.6%, 15.1% and 15.6% of low birth weight, preterm and IUGR respectively in women of 

short stature. Similarly, 17.2% low birth weight, 29.8% preterm and 14.4% IUGR could be 

explained by maternal malnutrition as defmed by a MUAC <23cm at population level. 

6.4 Discussion 

The study explored the prevalence and determinants of preterm birth and IUGR-LBW as 

two separate conditions in this population found to have a high level of low birth weight (chapter 

4). Distinguishing the two types of low birth weight is important because of their different 

underlying mechanisms and prognoses. 33.8% low birth weight prevalence observed in this study 

is comparable to previous reports (28-30%) and exceeds the WHO recommended threshold of 

> 15% for public health action (Baqui, et al 2006, de Onis, et al 1998, Mavalankar, et al 1992, 

UNICEF-WHO. 2004). Previous studies in India have rarely looked into preterm birth and 

IUGR-LBW as separate conditions. Using the Ballard method of gestational assessment we 

found that lout of every 7 babies born spontaneously was a preterm birth (14.7%) and they 

accounted for 43.0% of low birth weight. The rest were IUGR-LBW (57.0%). By separating low 

birth weight into two entities, a distinctly different determinants profile was observed with 

preterm births mainly associated with acute conditions whereas IUGR-LBW was associated with 

chronic conditions. 

WHO recommends the use of one global reference growth curve for babies on the basis 

that populations across the world have the same intrauterine growth potential. However, the 

scatter plots of gestational age by birth weight of 1949 newborns in this study suggest that this is 

not the case. At 37 weeks gestation the median weight was 2580g: 420g lighter than the 

comparative value (3000g) of the WHO recommended reference curve (Fenton 2003)(Annexe 9). 

The 50th percentile at 37 weeks of the Fenton curve (3000g) in fact corresponds to the 90th 

percentile in this cohort, indicating that only 10% of babies had a birth weight of 3000g or more. 

Similarly, a lower median birth weight at 40 weeks compared with the WHO reference curve was 

observed. Although these findings are not surprising as a large proportion of the Indian 

population has small stature, it does suggest that the global definition of low birth weight at 

<2500g may not be the most appropriate threshold for this population. The low birth weight 

threshold «2500g) was based on a 20 times increased risk of infant mortality rate in babies born 
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<2500g requiring special assistance in the neonatal nurseries in developed countries, and adopted 

by WHO in 1950 as a population measure (WHO 1950). Several investigators have since argued 

that this may not be representative of ~ll populations (Buekens 2002, Chen, et al 1991, 

Hernandez-Diaz, et a12008, Wilcox 2001). 

As discussed above, the dichotomised defmition of low birth weight assumes that all low 

birth weight babies could be pathological. However, on the basis of heterogeneity of birth weight 

in different populations, Wilcox and Russell's argument shows that mortality is independent of 

birth weight between populations (Wilcox 2002). Using their methodology of birth weight 

analysis, the birth weight distribution was separated into predominant (normal) and residual 

groups (pathological). Although the frequency of low birth weight was large, this analysis 

suggested that the residual (pathological) group was only a small proportion (1.1 %) of newborns 

with a birth weight <1750g. The other interpretation of the birth weight distribution suggests that 

a large proportion of low birth weight babies that fall into the predominant group (normal) are 

likely to be constitutionally small babies. The 6 fold increased association with maternal moderate 

to severe anaemia and malaria observed in the small preterm with weight<1750g group compared 

with the 1751-2500g group also suggests that the large group of low birth weight babies <2500g 

may not all be pathological and contain distinct subgroups which require different intervention 

strategies. Although mortality data was not available in our study, these findings support 

suggestions that the universal definition of low birth weight at <2500g might not be a surrogate 

of infant mortality in this high low birth weight prevalent population. 

Exploring the determinants of preterm-LBW and IUGR-LBW as two sub-groups clearly 

showed they represent two distinct determinants pro@es, with few factors common to both 

conditions. Preterm birth was mainly associated with moderate-severe anaemia, history of fever 

in pregnancy, malaria, season and MUAC <23cm. In contrast, IUGR-LBW was more strongly 

associated with socioeconomic status, maternal height; gravidity, antenatal visits and female 

gender. 

Some of the acute morbidity factors associated with preterm may explain the seasonality 

observed for pre term. The risk of pre term birth increased in October and November with a peak 

in November, as mean gestational age and mean birth weight reached their lowest annual level. 

Around this time of the year, women in this region are engaged in crop harvesting which involves 

strenuous physical activity. Although there is conflicting evidence, an increase in preterm birth 

has been associated with hard physical labour, particularly in women engaged in agriculture in 

developing countries (Launer, ct a11990, Rayco-Solon, et aI2005). Previous Indian studies have 

shown a decrease in birth weight associated with physical labour during the harvest season in 

women at around 28 weeks gestation and onwards, and an increase in birth weight with 
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decreased physical activity (Agarwal, et 01 2001, Rao, et 01 2009). In the present study the 

proportion of women with MUAC <23cm which reflects maternal malnutrition status was also 

highest in October and November suggesting that the high level of physical activity and energy 

expenditure during the harvest season is likely to contribute to low maternal nutrition. 

Furthermore, the association between pre term birth and moderate to severe anaemia also 

suggests an underlying nutritional effect in this population where iron deficiency anaemia is 

reported as the commonest cause of pregnancy anaemia (Agarwal 2005, Lone, et a12004, Zhang, 

et al 2009).October and November is also the period corresponding to the peak malaria 

transmission season and malaria was a strong determinant of preterm delivery (chapter 4). As 

malaria transmission is relatively low this however could only explain a small proportion of all 

preterm deliveries in this population. Conversely, the lowest frequency of preterm birth was 

observed in April corresponding to the dry season when there is less agricultural work and 

malaria transmission is low. Thus, malaria together with physical activity is likely to influence the 

seasonality of preterm births and its contribution to low birth weight. 

Maternal stature was a parameter associated with both pre term birth and IUGR-LBW. 

Although a biological explanation is unclear for preterm birth, shorter gestational duration has 

been observed among Asian women living in the United Kingdom (patel, et aI2004). Other 

studies have also shown an increased risk of preterm birth in women with short stature of east 

and south-east Asian ethnicity and suggested an earlier filling of a smaller pelvis similar to the 

mechanism in adolescent pregnancies (Chan, et aI2009). Unlike preterm, the association between 

IUGR-LBW and maternal stature is well recognised (Kramer 1987, WHO. 1997). Maternal 

stature is linked to both genetic and environmental factors. Maternal stature also reflects a 

sustained impact of nutrition in early childhood on attained adult height, which contributes to the 

cycle of low birth weight. This association was evident in a recent study from the UK where the 

authors showed the persistence of lower birth weight in babies of second-generation women of 

Indian subcontinent origin, born and living in the UK (Margetts, et aI2002). The fact that with an 

increase in maternal height there was a decrease in low birth weight and the large proportion of 

women with short stature (40%) may also explain the large occurrence of IUGR-LBW in this 

population. 

The other factors associated with IUGR-LBW that are of a public health interest were 

socioeconomic status and antenatal attendance. The exact biological mechanism by which 

socioeconomic status contributes to IUGR-LBW is unclear. Maternal under- nutrition linked to 

poverty, secondary to societal conditions has been suggested as an underlying basis for the high 

prevalence low birth weight India (Osmani 1997, Ramalingaswami, et 01 1996). A similar 

possibility might also be explained by the association between MUAC <23cm and caste category 
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found in this study. We also found women with lower level of education, lower socioeconomic 

status, and belonging to the Schedule Tribe were less likely to attend antenatal care. This is 

consistent with the factors highlighted to have an association with low birth weight in a recent 

review of some hospital and community based Indian studies (Dharmalingam, et a/ 2010). In 

general, these are factors linked to poverty and as such are likely to be women who may not 

receive adequate nutrition during pregnancy. Thus the fIndings suggest that the non-antenatal 

attendance and under nourished women form a major sub-group associated with low birth 

weight. 

This analysis highlights a number of determinants, however, because the main underlying 

burden study was not designed to assess the determinants of low birth weight, many known risk 

factors of low birth weight were not assessed. These include nutritional factors such as pre

pregnancy maternal weight and BMI, morbidity factors such as periodontal infections, bacterial 

vaginosis, STDs and HIV infections, as well as the use of tobacco smoking and or chewing, 

beetle nut and alcohol consumption. Although tobacco smoking is considered low among Indian 

women (2.4%), tobacco chewing is comparatively higher (12%) and has been shown to have an 

effect on low birth weight in India (Gupta, et al 2004). Furthermore, newborn length and head 

circumference was not measured and it was therefore not possible to separate symmetric and 

asymmetric IUGR-LBW to determine the proportion of pathological IUGR-LBW. The 

gestational age was estimated using the Ballard score which at best could have a variation of ±2 

weeks and is considered less effective for assessing term babies. However, rigorous quality 

assurance by the researcher (paediatrician), made available reliable gestational age data, making it 

possible to distinguish low birth weight into pre term and IUGR. 

The main risk factors identifIed for preterm-LBW; maternal malnutrition, maternal 

malaria, and maternal moderate-severe anaemia are potentially modifIable in the short term. The 

effect of each determinant is dependent on the prevalence and therefore its impact on the 

population could vary. For example 83% of 'small' pre term (weight <1750g, the residual group) 

and 69.5% preterm births in women with placental malaria could be attributed to malaria. 

Similarly about 40% of preterm births in moderate to severely anaemic women could be 

attributed to anaemia. An explanation for this might also be the fact that 20% women were 

moderate-severely anaemia and they could be anaemic early in pregnancy form iron and folate 

defIciency which is common in India (Agarwal 2005). Early to mid-pregnancy nutritional anaemia 

has been associated with pre term births (Scholl 2005, Zhang, et aI2009). However at population 

level the proportion of preterm births that could be reduced by eliminating these determinants is 

modest, because of the low prevalence of malaria, and of low exposure to these factors. 

Nevertheless, the positive impact observed with the use of bed nets and haematinics in 
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pregnancy suggest that these interventions could benefit when targeted at women at risk of 

malaria and anaemia. Maternal malnutrition as defined by a MUAC <23cm was an underlying 

factor for both preterm-LBW and IUGR-LBW suggesting 60% of preterm births and 25% of 

IUGR-LBW occurring in malnourished women could be attributable to maternal malnutrition 

(AF). Because of the high prevalence in this population, the prevention of this major contributing 

factor has the potential to reduce 30% of all preterm births and 14% of all IUGR-LBW in this 

population. If hard physical labour in the third trimester contributes to preterm births, as we 

suspect, efforts to reduce hard physical labour by pregnant women in the harvest season is likely 

to reduce spontaneous preterm births (Rao, et oj 2009). 

The main determinants of IUGR-LBW; maternal short stature and socioeconomic status 

are linked to poverty and as such are more long term modifiable general goals. Poverty reduction 

is the Millennium Development Goal number 1, and related efforts, together with the current 

economic growth in India is likely to improve conditions of the lower socioeconomic quartile 

which could show a positive impact on newborn weight in the long term. Since neonatal 

mortality contributes to 66% of under-5 mortality in India, a reduction in low birth weight would 

contribute to achieving the Millennium Development Goal for reducing child mortality (MDG

Report 2009). Reduction of preterm-LBW has the potential for decreasing neonatal mortality, 

whereas improvement of IUGR-LBW has long-term benefit of reducing the burden of chronic 

adulthood diseases and low birth weight in subsequent generations (Barker 1995). Through 

improved antenatal attendance and efforts directed to improve maternal nutrition there is the 

potential to improve birth weight in the IUGR-LBW group in the short-term as has been shown 

elsewhere (Ceesay, et oj 1997, Lopez, et oj 2009, Shrimpton 2003). Furthermore, the non-antenatal 

attending subgroup could be targeted through the currendy implemented ASHA programme. 

The AHSA programme has successfully increased the number of women attending health 

facilities for deliveries and could be used to encourage antenatal visits and to educate the 

importance of antenatal care in improving newborn birth weight. 

By examining the birth weight distribution and determinants profiles of preterm-LBW 

and IUGR-LBW as two separate entities the study highlights the heterogeneity of maternal 

factors and likely levels of newborn risk within this population. The two risk factor profiles 

suggest a need for different preventive strategies for the short and long-term improvements in 

low birth weight. A better understating of the non-pathological, constitutionally small low birth 

weight group is needed to provide long term public health benefit in this population. However, 

prevention of preterm births should be the key goal and an approach targeting the high risk small 

preterm group is likely to have the highest impact in reducing low birth weight in Madhya 

Pradesh. 
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Chapter 7 

Accuracy of First Response Pf/Pv® pLDH-Rapid 
Diagnostic Test as a Screening Tool for Malaria as 
part of Antenatal Care 

'Tn troth the ~old standard' is alreacfy a barbarous relic" 
-John Maynard Keynes-
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7.1 Introduction 

Microscopy remains the gold standard for the diagnosis of malaria. However, it is a time 

consuming technique and the accuracy is dependent on the smear quality, quality of the 

microscope, and the experience of the technician. Furthermore, the parasite detection threshold 

is limited to 20-50 parasites /~ when read by an expert examiner (Moody 2002). Malaria Rapid 

Diagnostic Tests (RDTs) are a relatively new tool, for the biological detection of malaria. RDTs 

are practical, and allow timely diagnosis in areas where good quality microscopic services are 

unavailable. Although the use of the RDT is more common for the diagnosis of patients with 

symptoms (e.g. in out-patient departments), they are increasingly being considered for screening 

of malaria in asymptomatic populations. One such potential application is for the control of 

malaria in pregnancy in regions that that do not have a strategy of intermittent preventive therapy 

in pregnancy (IPTp) as in many areas of low malaria transmission such as in most malaria 

endemic countries outside of Africa. Recent literature shows numerous malaria RDTs have been 

evaluated in areas of varying transmissions (Hopkins, et a12008, WHO 2008b). However, few 

studies involved pregnant women, and even less have assessed the RDT as a screening tool for 

asymptomatic infections in pregnancy. With the growing interest in strategies for scheduled 

intermittent screening for malaria as part of focused antenatal care, there is a need to evaluate the 

performance ofRDTs in screening asymptomatic pregnant women (Tagbor, et aI2010). 

Most studies in pregnant women have focused on the performance of HRP-2 based 

RDTs in detecting P .falaparum in peripheral or placental samples (Leke, et a/1999, Mockenhaupt, 

et a12002, Singer, et aI2004). Because the HRP-2 antigen is specific to P .falaparum, the HRP-2 

based RDTs are not suited for the detection of P.vivax. Other RDTs based on the detection of 

parasite specific Plasmodium lactate dehydrogenase (PLDH) are currently available as P .falaparum

specific, PAN-species or P.vivax-specific and often manufactured as "Combo tests" in 

combination with HRP-2 strips (WHO-FIND 2009, Makler and Hinrichs 1993, Piper, et aI1999). 

A shortcoming of the HRP-2 based RDT is the potential for false positive results, because of the 

persistence of HRP-2 antigen up to several weeks after clearance of the initial infection (Laferi, et 

a11997, Moody 2002). In contrast, pLDH based tests, although less sensitive, are more specific 

because pLDH rapidly declines to undetectable levels as parasites clear following successful 

antimalarial treatment. 

This study aimed to evaluate the accuracy of the newly marketed (at the time the study 

commenced) pLDH based RDT, First Response Pflpv® (premier Medical Corporation Ltd, 

Mumbai, India) in screening of asymptomatic and symptomatic pregnant women as part of 

antenatal care. peR was used as the resolver test, to evaluate the agreement and disagreement 

between the RDT and microscopy results, and the performance of the RDT in detecting sub-
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microscopic infections. The study also highlights the challenge of evaluating the ROT with an 

imperfect gold standard while using a highly sensitive resolver test. 

7.2 Methods 

7.2.1 Study population 

Women of any gravidity above the age of 15 years attending routine antenatal care in 3 

health facilities in urban and rural sites in Madhya Pradesh were enrolled in two 6-week cross

sectional surveys to determine the burden of malaria in pregnancy (detailed in chapter 3). All 

participants had a finger prick blood sample taken for ROT and malaria smears, and a sample 

stored for subsequent peR analysis. The samples of the survey 2, conducted in October

November 2006, corresponding to the peak post-rainy transmission season were used for this 

analysis. 

7.2.2 Reference and Resolver.Tests 

The ROT (index test) was evaluated using microscopy as the reference test. Microscopy, 

however, is an imperfect 'gold standard' (Ochola, ct at 2006) and misclassification by microscopy 

introduces bias into the sensitivity and specificity estimates (usually downwards). peR is superior 

to both microscopy and ROT in the detection of low density infection as it is capable of 

detecting parasites at densities of ~5 parasites per,..u (Snounou, ct aI1993). peR was the third test 

used as the resolver for the discrepant resolution of the cases for which there was disagreement 

between the results of the ROT and microscopy (discordant results) and to compare the results 

of a concordant sub-sample. The resolver test (peR) should ideally be used on the entire sample, 

but this was not feasible because of budget constraints. Therefore, a sub-set of samples were 

processed for peR analysis. 

7.2.3 Modified discrepant resolution by peR 

The traditional approach to discrepant resolution consists of retesting only the discordant 

results with a third superior, resolver test (peR in this study). However, resolver testing of only 

the discordant cases can bias estimates of test accuracy, inflating estimates of sensitivity and 

specificity (Hadgu 2001, McAdam 2000). Therefore Meier (1998) suggested a method of 

discrepant analysis which consisted of using a random sub-sample of the concordant and 

discordant results. This provides more consistent test estimates that are less prone to bias. A 

modified fonn of the Meier method was used in this analysis. Since the number of positive cases 
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detected by either RDT or microscopy was low, the number of concordant negative samples 

(RDT and microscopy negatives) was much higher than the number of concordant positives 

(positive by both RDT and microscopy) or discordant cases. Therefore, peR analysis included all 

the concordant and discordant positive samples, but only a subset of the concordant negative 

samples. (Hawkins, et a/2001), had developed a method to allow the estimation of the confidence 

intervals of the test performance measures, and determination of the optimal sample size of the 

subsets to be tested when using the Meier method of discrepant resolution. This method was 

applied to determine the number of concordant negative samples needed to be tested by peR 

using the precision of the final estimate of the sensitivity of the RDT as the endpoint as 

suggested by (Flahault, et a/2005). In these sample size considerations the precision of sensitivity 

was given higher priority than optimizing the precision of the specificity estimate. The calculation 

aimed at generating the minimum number of concordant negative samples required for peR 

analysis that would result in a lower limit of the precision of the sensitivity of RDTs against peR 

of at least 85% as outlined below. 

A model was constructed in MicroSoft Excel (2003) based on the example provided by 

Hawkins, et a/ (2001). Using all the samples that had a result for the RDT and microscopy, the 

model took into account the following parameters: malaria prevalence detected by microscopy or 

RDT and the 'relative' sensitivity and specificity of the RDT obtained against microscopy as the 

reference test. Secondly, we assumed that the true sensitivity (using peR) would be lower in the 

context of sub-microscopic infections (defined as peR positive infections not detected by either 

microscopy or RDT). The number of sub-microscopic infections among the asymptomatic 

pregnant women was unknown at the time of the study design for this analysis. The assumption 

was it would be relatively rare because of the very low transmission and patent infections in the 

area and the corresponding low levels of malaria specific immunity among this population of 

pregnant women. Therefore, the assumption was that most infections would result in 

symptomatic malaria and that for every 5 patent infections at least 1 additional sub-microscopic 

infection would be present (as determined by peR). E.g. we assumed that 1 % of the concordant 

negatives could be positive by peR if the prevalence of patent infection was 5%. Based on these 

assumptions, a sample size of 262 concordant negatives (plus all 52 concordant and discordant 

positives) was considered sufficient to detect a sensitivity of a lower 95% confidence limit of at 

least 85% (Annexe 10). 

Selection of the concordant-negative samples: The 262 concordant negative test samples were 

selected proportional to the size of the numbers enrolled at each study facility during the second 

survey to minimize bias when extrapolating the result of the subset to the total study population. 
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The numbers required for each site were: 88, 107 and 67 for Jabalpur (33.4% of 262), Katni 

(41.0%) and Maihar (25.6%) respectively. The SAS software was used to randomly select the 262 

samples from the main sample list. An additional spare list of 20 samples was generated for each 

site to replace missing samples or those with insufficient blood volume for which DNA could 

not be extracted. 

7.2.4 Test Procedures 

RDT procedures: The pLDH First Response® functions on the antigen detection principle 

differentiating between P.falciparum and PAN-species. A drop of blood was drawn up to the 5f!1 

mark of the micro-pipette provided with the kit, and placed in the sample well of the test 

cassette. Two drops of buffer solution were added to the buffer well. Trained study staff 

performed the test. A single reader interpreted and recorded the results within 20 minutes, 

according to the manufacturer's instructions. The results were interpreted as positive or negative 

for P .falciparum and PAN-species- according to the visibility of the line corresponding to the 

species mark. The test was considered invalid if the control line was not visible. The appearance 

of the PAN line only (with control line) was interpreted as P.vivax mono-infection. The 

appearance of P .falciparum line only was interpreted as P .falciparum while a combination of a 

positive PAN line and P .falciparum was considered a mixed species infection. The test applications 

by the staff were supervised regularly for quality assurance, and each batch of RDTs were tested 

on a known positive and negative sample as control, before using in the field. The results of the 

RDTs were recorded prior to the first reading of the malaria smears. 

Microscopy: The procedure for smear preparation and microscopic examination was described 

earlier in chapter 3. Briefly, the field technician who was unaware of the RDT result performed 

the first microscopic examination. A senior technician at the central study laboratory in Jabalpur, 

blinded to the RDT and microscopy results from the field, performed the second reading. Any 

discrepant results (smear positive or negative) identified between the first and second technician 

were re-examined by a senior microscopist or the investigator and their decision taken as final. 

peR Analysis: The blood samples collected for peR testing were spun and plasma and red cell 

pellets separated. The red cell pellets were stored at -20oe until the time of peR analysis. A two

step nested peR assay was used as detailed in chapter 3. The first reaction was for plasmodium 

genus amplification, run on DNA extracted from the red cell pellets. The second reaction was for 

species amplification using rRNA primers for P .falciparum and P.vivax. The amplified DNA bands 

were visualized in the gel documentation system, after electrophoresis on 1.5% agarose gel and 
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staining with ethidium bromide. Staff unaware of the microscopy and the RDT results performed 

PCR analysis. 

Operational quality control: The RDT packs were stored in an air-conditioned room at the 

central NIMR Field Station. All possible care was taken to maintain room temperature at the 

manufacturer's instructed level of 4°C - 30()C. During transport to the field sites, attention was 

paid to avoid exposure to direct sunlight. When the ambient temperature at the field sites became 

higher than 30°C, the packs were stored in the refrigerator. Individual kits were opened only at 

the time of testing. 

7.2.5 Data analysis 

Statistical analysis: The data were double entered and checked using Epi-Info (version 3.5.1). 

SAS® version 9.1 (Statistical Application Software, SAS Institute Inc. Cary NC) software was used 

for analysis. The Standard of Reporting of Diagnostic Accuracy (STARD) was followed to report 

the results (Bossuyt, et af 2003a). The RDT accuracy for P.fafdparum and P.vivax was analysed 

separately. 

A two-step approach based on the method proposed by Hawkins et af (2001) was applied. 

In step one, the RDT (index test) was tested against microscopy as the reference test and the 

results summarized in the standard 2x2 table (Table 7:1). This first step of results therefore 

expressed the 'relative' sensitivity and specificity of the RDTs (the agreement and disagreement 

between the RDT and microscopy results). Second, the results of the PCR analysis were taken 

into account to obtain corrected estimates of the test performance measures, including the sub

sample of negative concordant results that was tested with PCR. Following discrepant resolution 

with PCR, the false negative result of the index test was calculated for the sub-sample. This 

proportion was extrapolated to the total number of concordant negatives to obtain the estimates 

for the total study sample. No such extrapolation was required for the other cells, as all their 

samples, were PCR assayed. The result showed the diagnostic accuracy of the RDT calculated 

from the total sample, reported as the sensitivity and specificity and predictive value pairs, and 

their corresponding 95% confidence intervals to indicate the precision of each estimate relative to 

the PCR results. Confidence intervals were generated using the "adjusted Wald method" because 

the usual 'Wald method' produces intervals that are too narrow with small samples. The Wald 

method is adjusted in that it requires the addition of two artificial positives to the numerator and 

two to the negatives (denominator) from the critical value of the normal distribution (1.96 = 2). 

After obtaining the probabilities as suggested in the Hawkins et af (2001) and other literature, the 

'adjusted Wald method' was applied to generate the confidence intervals (Sauro, et af 2005). The 
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modified discrepant resolution concept using a resolver test is illustrated with the results of 

P ja/ciparum samples. 

There were very few cases of P.vivax mono-infection in this study, and surprisingly the 

peR cases did not match the RDT and microscopy concordant samples. This made it clear that 

the accuracy measures of the First Response® (index test) for P.vivax would be low, regardless of 

the analysis method. Nonetheless, the RDT results were assessed against microscopy and PCR. 

Since in the pLDH only RDT the combined PAN-species and Pja/ciparum lines cannot 

distinguish between Pja/ciparum and P.vivax, the few mixed species (5 samples) were not assessed 

separately. 

TABLE 7: 1: STANDARD MEASURES OF TEST ACCURACY 

Reference test 

Index test Positive Negative 

Positive True positive (a) False positive (b) 
(Type 1 error) 

Negative False negative (c) True negative (d) 
(Type 2 error) 
Sensitivity Specificity 
a /a+c d/d+b 

7.3 Results 

7.3.1 Study Population and samples 

Positive predictive value 
a I(a +b) 
Negative predictive value 
d / (c +d) 

Between October-November 2006, 1000 women were enrolled from the 3 study sites, 

and both microscopy and RDT results were available for 989 women. Out of the 989 women, 76 

were positive for malaria (any species) by microscopy or RDT. Of these 76 cases, 13 samples had 

inadequate volume for PCR analysis: 63 positive samples were available for PCR assay. PCR was 

performed on 314 samples, which included 262 concordant negative samples by both RDT and 

microscopic examination. 

7.3.2 RDT Accuracy for P./alciparum 

7.3.2.1 RDT compared against microscopy (P.falciparum) 

The results of the RDT compared with microscopy for the 989 study samples are shown 

in Table 7:2. Out of the 57 Pja/ciparum cases detected by microscopy, 54 were positive by the 

RDT. Thus, the agreement of positive results between the RDT and microscopy expressed as the 

relative sensitivity ofRDT for Pja/ciparumwas 95% (54/57) (95% CI 84.5-98.6). The agreement 
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TABLE 7: 2: ROT PERFORMANCE AGAINST MICROSCOPY (P.FALCIPARUM) 

Reference test 

Index test Microscopy + Microscopy - Total 

ROT+ 54 6 60 
--............ __ ................ _ ...... -........... _ ......... 

ROT- 3 926 929 

Total 57 932 989 

sensitivity 94.7% (95% CI84.5-98.6%) ------------_ •....................•................................................. -
specificity 99.3% (95% CI 98.9-99.6%) ._-------_ •...................................................................... -

Positive predictive value 90.0% (95% CI 82.4-97.6%) ------------_ ....................................................................... -
Negative predictive value 99.7% (95% CI 98.2-99.9%) ------------_ ....................................................................... -

Prevalence 5.7% ------------_ ................................•...................................... -
Agreement between ROT and microscopy = 99.0% 

of the negative results between the RDT and microscopy expressed as the relative specificity was 

99.3%, (95% CI 98.9-99.6). The overall agreement between RDT and microscopy was 99.0%. 

7.3.2.2 peR resolution of the original microscopy results 

peR results for P.falciparum 

The microscopy and RDT samples tested by PCR are presented in table 7:3. Out of the 

314 samples selected for PCR, there were 47 concordant positive cases (RDT and microscopy 

positive), 5 discordant and 262 concordant negative cases. The cases that tested positive for 

Pfa/ciparum by PCR assay were 43 out of the 47 concordant positive cases (RDT and microscopy 

positive) (91.4%). Out of the 3 apparent false-positive cases (RDT positive, microscopy negative), 

2 were positive for P fa/ciparum by PCR (66.6%). Of the 2 apparent false-negative cases 

(microscopy positive, RDT negative) 1 case was positive by PCR. 42 of the 262 concordant 

negatives (microscopy and RDT negative) cases tested positive for P fa/ciparum on PCR assay 

(16.0%). Thus, there were a total of 2+ 42 cases classified as microscopy negative that were PCR 

positive (false-negatives) and 4+1 cases that were microscopy positive and PCR negative ( false

positives) (Table 7:4). Conceptually they can be considered "errors" of the reference test 

(microscopy). In this situation, 4 of the concordant positive (microscopy and RDT positive) cases 
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TABLE 7: 3: TABULATION OF ROT AND MICROSCOPY SAMPLES TESTED BY PCR 

Reference Test ( microscopy) 

Index Test Positive Negative Total 

ROT + 47 3 50 

ROT- 2 262 264 

49 265 314 

TABLE 7: 4: RESULT OF DISCREPANT RESOLUTION WITH PCR 

PCR Positive (' true') PCR Negative ('true') 

1. Microscopy (reference test) 2. Microscopy (reference test) Total 

Index test positive negative Total positive negative Total 
...................... -_ ..... _- -_ ............ __ ......... _-

ROT+ 43 2 45 4 1 5 50 
.. --_ .... _._--_._-- .... _---_ ......... _--. 

ROT -- 1 42 43 1 220 221 264 

Note: the no: 1 2x2 table shows PCR identified positive cases In each cell, and no: 2 2x2 table shows PCR 
negative cases. 

TABLE 7: 5: REVISED RESULTS OF ROT WITH PCR AS THE REFERENCE TEST (P.FALCIPARUM) 

Reference test 

Index test PCR+ PCR - Total 

ROT + 45 5 50 

ROT - 43 221 264 

Total 88 226 314 

False positive = 0.1% 

False negative = 16.2% 

Agreement between ROT and PCR = 84.7% 

were negative by peR and 42 of the concordant negative (RDT / microscopy negative) cases were 

positive by peR. 
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TABLE 7: 6: RESULTS EXTRAPOLATED TO THE TOTAL STUDY SAMPLE (P.FALCIPARUM) 

ROT compared with PCR 

Reference test 

Index test PCR+ PCR - Total 

ROT + 45 5 50 
_ ............. _------------

ROT - 148 791 939 

Total 193 796 989 

Accuracy measures of ROT compared with peR 

Sensitivity 23.2% (95% CI17.6-30.0%) 
---------------------------------------------------------------------------------,---------------

Specificity 99.4% (95% CI 98.4-99.8%) 
---------------------------------------------------------------------------,----------------

Positive predictive value 90.0% (95% CI 77.4-96.2%) 
--------------------------------------------------------------------------------------------

Negative predictive value 84.2% (95% CI 81.7-86.4%) 
---------------------------------------------------------------------------,---------------

Prevalence (peR) 19.5 % (95% CI17.1-22.1%) 

RDT Accuracy estimation for the total study population (P./alciparum) 

The tabulation after collapsing the results in Table 7:4 over the peR results is presented 

in table 7:5. Based on the peR results there were 5 false positive cases (0.1%) and 43 false 

negative cases (16.2%) detected by RDT (index test), while the percent agreement between peR 

and the RDT was 84.7% for the 314 samples tested with peR (resolver test). 

The 42 P .falciparum positive cases detected by peR (resolver test) from the concordant 

negatives were extrapolated to the total study sample. This resulted in 148 sub-microscopic cases 

among the 989 samples (Table 7:6). Reclassification of the peR results provided the accuracy 

estimates of the RDT for the study population relative to peR: a sensitivity of 23.2% and 

specificity of 99.4% respectively (Table 7:6). 

7.3.3 RDT Accuracy for P.vivax 

7.3.3.1 ROT compared with Microscopy as the Reference Test 

Among the 989 cases with both RDT and microscopy results available, there were 7 

mono-P.vivax cases detected by microscopy. Out of the 7 mono-infection, 6 matched the RDT 
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results (PAN line positive and interpreted for P.vivax). A further 5 cases were positive for P.vivax 

by RDT, but negative by microscopy (fable 7:7). Thus, the relative sensitivity against microscopy 

was 85.7% (95%CI 42.0-99.2), and specificity was 99.0% (95%CI98.8-99.2). 

7.3.3.2 RDT compared with peR as the Reference Test (P.vivax) 

There were 6 concordant RDT and microscopy positive P.vivax cases and surprisingly all 

were negative by peR. However, out of the 5 discordant RDT positive cases, 3 were positive for 

P.vivax by PCR. Among the concordant negative samples, there were 17 new sub-microscopic 

P.vivax cases detected by peR in the sub-set of 314 (Table 7:8). Relative to peR (resolver test), 

there were 3 false positive cases (50.0%). 

TABLE 7: 7: ROT COMPARED WITH MICROSCOPY (P.VIVAX) 

Reference test 

Index test microscopy + microscopy - Total 

ROT+ 6 5 11 
.. -.. ---.. -.. -.... _--._----....... --_ .............. 

ROT- 1 977 979 

Total 7 982 989 

Sensitivity 85.7% (95% CI42.0-99.2%) 

Specificity 99.5% (95% CI 98.8-99.8%) 

Positive predictive value 54.5% (95% CI 24.5-81.8%) 

Negative predictive value 99.8% (95% CI 99.0-99.9%) 

Prevalence 0.7% (0.31-1.52%) 

Agreement between ROT and microscopy = 99.3% 

Accuracy estimation for P. vivax on the total study sample 

The results in Table 7:8, after collapsing and reclassifying are present in Table 7:9. The 17 

cases detected by peR from the concordant negative samples were extrapolated to the total study 

sample. This resulted in 64 P.vivax cases among the total sample of 989 cases. Reclassification of 

the peR results estimated the RDT P.vivax results for the study population relative to peR. 

(Table 7:9) In this situation the sensitivity of the RDT decreased to 4.7% and specificity was 

99.6%. The new prevalence of P.vivaxwas 6.7% (peR). 
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TABLE 7: 8: ROT TEST PERFORMANCE WITH PCR AS THE REFERENCE TEST (P.VIVAX) 

Reference test 

Index test PCR+ PCR - Total 

ROT+ 3 3 6 
--_ ..... -.-_._---_ .... --_ ....... _-... --_ .. _-

ROT - 17 244 261 

Total 20 247 267 

False positive = 50% (95%CI13.9-86.0%) ------------_ ....................................................................... -
False negative = 6.5% (95%CI 4.0-10.0%) ------------_ ................................................................••..... -. 

Agreement between ROT and PCR =92.6% 

TABLE 7: 9: RESULTS EXTRAPOLATED TO THE TOTAL STUDY SAMPLE (P.VIVAX) 

ROT compared with PCR 

Reference test 

Index test PCR+ PCR- Total 

ROT+ 3 3 6 
., 

ROT- 64 919 983 

Total 67 922 989 

Accuracy measures of ROT compared with peR 

Sensitivity 4.7% (95% CI1.2-13.3%) ._ .................................... _._---, .... __ .... __ ... _--------------
Specificity 99.6% (95% CI 98.9·99.9%) 

...•... _ ......... _ •... -.......... _------_._--_._---------------
Positive predictive value 50.0% (95% CI14.0·86.0%) 

........ _ ............•................. _._ .. _.---_._ ..... __ .. _---------------
Negative predictive value 93.4% (95% CI 91.7·94.9%) 

.........•..................•.......... _._ ... - .. _ .. __ ._. __ .... -_ .. _.,---------------
Prevalence (peR) 6.7 % (95% CI 5.3·8.5%) 

7.3.4 RDT positivity at different ranges of parasite densities 

The proportion of RDT detection (relative sensitivity) corresponding to different parasite 

densities assessed by microscopy is shown in Figure 7:1. There was 1 mono P.falcipamm case with 

a parasite density of 80/~ «100/~) detected by microscopy and this case was not detected by 

RDT and was negative by peR (Figure 7.2). The RDT sensitivity for microscopy positive cases 

with densities above 100/~ did not vary by density and was consistendy between 80-90%. The 
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RDT sensitivity for P falciparum cases that were positive for PCR showed a sensitivity of 66.0% at 

parasite densities between 1 00/~- 1000/~ and 91.0% above 1000/~. There were 7 cases of 

P.vivax detected by microscopy and all 7 cases had a parasite density > 1000tJ.1. 6 of the RDT 

P.vivax positive cases corresponded to density > 1000ul. T here were no microscopy positive 

P.vivax cases matching to PCR positive cases. 

FIGURE 7 : 1 : INFECTION DETECTED BY THE RDT AT DIFFERENT PARASITE DENSITIES 

• P,fa/ciparum • P.vivax 
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Note: all P.vivax infections >1000/u/; the figures above the bars represent RDT positive 
numbers by microscopy detected cases for each category of parasite density 

FIGUR E 7 : 2 : INFECTION DETECTED BY RDT & PCR AT DIFFERENT PARASITE DENSITIES (P.FALCIPARUM) 
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7.4 Discussion 

The performance of the First Response Pf/Pv® pLDH based RDT to screen pregnant 

women attending antenatal care paralleled that of microscopy and had a high sensitivity (94.7%) 

and specificity (99.3%) for P falcipamm relative to expert microscopy. However, microscopy is an 

imperfect gold standard, and when accounted for peR analysis, it was clear that there were more 

sub-microscopic infections (not detected by microscopy) than initially anticipated in this 

population of otherwise healthy and mostly asymptomatic pregnant women. Thus, although the 

RDT performance in detecting P jalcipamm against microscopy was consistent with the 

manufacturer's report (sensitivity 95%, specificity 99.3%), the 'true' sensitivity of the First 

Response Pf/PV® pLDH-based RDT relative to peR was much lower (23.2%), whereas the 

specificity remained high (99.4%). This should not be interpreted as a failure of the RDT. The 

true sensitivity of microscopy when compared against peR was equally low 22.9% (data not 

shown). These findings highlight the challenges in evaluating new diagnostics tests against an 

imperfect gold standard as the reference test when a much more sensitive test (peR) is used as 

the resolver test. 

The RDT sensitivity did not vary by parasite densities among the true peR confirmed 

positives cases. The parasite (P jalcipamm) detection rate of the pLDH based First Response 

Pf/Pv® at low parasite density (100-499/)..11) was similar to that of microscopy as seen by the 

comparable numbers picked up by the RDT at densities between 101-499 parasites per J..LL. 

Although there was one case detected by microscopy at parasite density of 80/)..11, this case was 

not positive by either peR or RDT. This was important as we were interested to evaluate the 

RDT as a screening tool to detect malaria in asymptomatic women attending routine antenatal 

care. In addition the few apparent false positive tests (RDT against microscopy) when evaluated 

against peR showed a high rate of agreement with the RDT (2/3,66.6%), further suggesting the 

reliability of the First Response® pLDH based RDT for Pfalcipamm detection. The WHO

TDR/FIND has also evaluated the First Response (PLDH) RDT and found a sensitivity and 

specificity at higher parasite densities (2000 parasite/ J..LL) of 100%. At low parasite densities of 

around 200 parasites per J..LL the sensitivity was 30% and specificity was 99.0% (WHO-FIND 

2009). 

In pregnant women there is the possibility that peripheral samples may miss parasites 

sequestered in the placenta. However this was a population where we found minimal difference 

between peripheral smears and placental malaria when detected by impression or incision smears 

(see also chapter 5); i.e. almost all women with evidence of peripheral infection also had 
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microscopic smear detectable placental infections consistent with previous observations from the 

Thai-Burmese border (McGready, ct aI2004). It is therefore unlikely that there will be high level 

of circulating antigens from sequestered parasites that are missed by the RDT. Thus, our results 

suggest, that the pLDH-based First Response would be comparable to good quality microscopy 

as a screening test at antenatal care. 

To the best of our knowledge, this is the first time an RDT (either pLDH or HRP-2 

RDT) was assessed as a screening test for malaria in pregnancy in a low transmission setting 

outside of Africa. While the methodology was different, a pLDH based OptiMal® trial in 

pregnant Malawian women found 71 % sensitivity for peripheral parasitaemia (Mankhambo, ct al 

2002). A recent study conducted among antenatal women in Ghana with the OptiMal® dipstick 

also reported a high accuracy compared with microscopy (fagbor, ct aI2008b). In non-pregnant 

population, the sensitivity reported for pLDH-RDTs has been lower than HRP-2 based RDTs 

(Hopkins, ct aI2007). However in the present study the sensitivity of the pLDH-RDT for 

P .falciparum was within the WHO recommended level of sensitivity (95%) at parasite densities 

>100f.l1 for an ideal RDT (94.7%) (WHO 2008b). 

The presence of P.vivaxwas low in this population (0.7%). The sensitivity of the RDT for 

P.vivax relative to microscopy (85.7%) was much lower than for P .falciparum with wide confidence 

intervals which reflects the low numbers of P.vivax infections. Also, the low positive predictive 

value (40%) is a likely reflection of the very low P.vivax prevalence (0.7%). The true sensitivity 

when PCR was used as a resolver test was very low (5.0%), reflecting the relatively high 

prevalence of sub-microscopic infections detected with PCR as the resolver test. The RDT 

detected mixed species (5 cases) more readily than microscopy. An explanation for it might be 

that cross-species suppression may have affected P.vivax visualization by microscopy particularly 

of parasites in the ring-stage (Duffy 2001, Snounou and White 2004). A similar result was 

reported in a low transmission area in Philippines, where a combination HRP-2 Aldolase RDT 

picked up mixed infections undetected by microscopy (Bell, et aI2005). 

The much higher than expected level of sub-patent infection for P.falciparum (16%) and 

P.vivax (6.4%) was a surprised finding. The study population has relatively low levels of 

background immunity to malaria and we anticipated that most infections would be patent and the 

majority (if left untreated) would eventually result in symptomatic malaria (Nosten, et aI2004). 

Although some sub-patent infections were expected, the rate cannot be explained solely in terms 

of an 'incubation period' before infections become patent. It is not clear whether these very low 

density infections matter in terms of adverse consequence to the developing fetus. In previous 

studies in Africa, no clinically relevant impact of sub-patent infections in pregnancy was found 

(Mockenhaupt, ct a12000, Saute, ct aI2002). It is also not clear if left untreated the missed sub-
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microscopic infections might contribute to transmission through the presence of gametocytes 

(Shekalaghe, ct a/ 2007, Schneider, ct a/ 2007). There is also very litde known about the role of 

sub-patent infection and the development. of premunition whereby it contains new infection. 

One experimental study, which used an inoculums of an ultra-low dose of infected red cells, 

showed that sub-patent infections induced immunity (pombo, ct a/2002). However it is uncertain 

whether the development of immunity is similar with naturally exposed sub-patent infection. 

The higher sensitivity of peR also raised an interesting challenge when the performance 

of a new diagnostic test (RDT) is evaluated against an imperfect gold-standard (microscopy) 

while using the highly sensitive resolver test (peR). The lower detection threshold of 

parasitaemia by a field technician is 20-50 parasite/~ at best. The RDT detection also becomes 

less accurate at parasite levels below 100/.,u (Moody 2002, Murray, ct a/2008). peR detects 

infection at much lower threshold including non-viable parasite debris. Because of it, and the 

analysis method used in this study, several negative cases were positive and reclassified to 

infected status by the resolver test (peR). In comparison with the highly sensitive peR, the RDT 

sensitivity decreased remarkably, and this was the case for microscopy as well. However had the 

study tested only the discrepant results, the RDT accuracy results would have been high. peR is 

not the ideal field test for malaria detection, nor do manufacturer's report RDT performance 

against peR. For these reasons and its high sensitivity, the suitability of evaluating RDT for field 

use against peR becomes debatable at the current detection threshold of the RDTs. 

The assessment approach with peR as the resolver test showed that the accuracy of the 

RDT and microscopy is driven by sub-microscopic parasitaemia. A plausible option in burden 

studies could be to use to the peR measured accuracy levels of the RDT and or microscopy to 

adjust the prevalence estimates. However, considering that sub-microscopic infections are likely 

to differ and the ratio of patent to sub-microscopic infection could vary between areas as 

observed in this work, the RDTs or microscopy accuracies tested in one region may not be 

applicable for adjusting MiP measurements in another region. 

The study also enabled to assess the staff capability in performing the RDTs in the field. 

The staff employed for this study had no prior experience of using the RDT device. After a week 

of training and with minimal supervision, they managed to perform and interpret the test to a 

satisfactory standard. Another advantage of the RDT over microscopy was that the pregnant 

women could be shown the results, which made the test more acceptable, particularly in 

asymptomatic women and it encouraged them to comply with treatment (fagbor, ct a/20l0). In 

contrast, microscopy examination took much longer to learn and required extended supervision 

to minimize diagnostic errors even for those who had some prior experience. Power failures in 

the field sites often disrupted microscopy readings adding to these inconveniences, there was a 
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longer waiting time to get the results, and unlike the RDT it was not possible for women to view 

their own test results. 

As a diagnostic test the RDTs are used in symptomatic cases, which on average will have 

higher parasite densities, and thus infection is likely to be detected by the RDT. In contrast, for 

effective screening, the RDT should have an acceptable balance of high sensitivity and specificity 

and be able to 'rule out' or 'rule in' infection in asymptomatic cases that would typically have a 

lower parasite density. The pLDH First Response® demonstrated these qualities for Pfalciparum, 

which was similar to microscopy in this low immune, low malaria prevalent population. The high 

sensitivity and negative predictive value of the First Response showed that it reliably identified 

cases and ruled out negative cases. Likewise, the specificity showed that it correcdy indentified 

those not infected, which will help to avoid unnecessary treatment when screening pregnant 

women. Therefore, the First Response pLDH RDT performed as a suitable alternative to 

microscopy for screening pregnant women for P falciparum. 

The cross-sectional design of the study limited determining when sub-patent infection 

may become patent or whether there was spontaneous resolution of these infections. The First 

Response RDT used in this study is one of the new generation of RDTs with IgM antibodies, 

and therefore false positives are unlikely to be due to rheumatoid factor cross reactivity. This 

study environment, with dedicated research and support staff who were trained for the study and 

attention given to operational conditions, might not reflect the case in routine field settings. 

Further studies are required to evaluate the performance of the RDT and microscopy as a 

screening test under real life conditions in busy antenatal clinics. 

The study found that the pLDH based First Response RDT was as good as microscopic 

examination in identifying P Jalciparum, was convenient to use and well accepted by both staff and 

pregnant women. The RDT has ideal characteristics for use as a screening test and could be 

considered for use as in intermittent screening programmes. The resolver test approach used in 

this study identified a high prevalence of sub-microscopic infections and demonstrated the 

challenge of evaluating the test performance of a new diagnostic test against an imperfect 

reference tests with a more sensitive third test as the resolver test. Further studies are needed to 

evaluate RDTs for the screening of pregnant women with the new Combo RDTs consisting of 

Pan-pLDH and HRP-2 in areas where both P falciparum and P.vivax are endemic. 
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Chapter 8 

Comparison of different test methods for the 
diagnosis of placental malaria in a low transmission 
setting 

'The obvious is sometimesfalse; the unexpected is sometimes true" 
- Carl Sagan-
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8.1 Introduction 

The sequestration of P faldpa17lm in the intervillous spaces of the placenta is a 

characteristic feature of placental malaria and if left undiagnosed or untreated may lead to fetal 

growth restriction or preterm births. In chapters 4 and 5 we observed that this population was 

generally at low risk of malaria infection, yet the impact of each infection on birth weight and the 

duration of pregnancy were considerable, regardless of the presence of clinical disease. These 

fmdings stress the need for the early identification of malaria infected women for appropriate 

care. One option for early case detection during antenatal care is intermittent screening with 

either microscopy or RDT and treatment of infected women. It is not possible yet to diagnose 

the presence of placental infection during pregnancy. This means the detection of placental 

infections depends on diagnostic tests performed on peripheral blood and their level of 

agreement with placental infections. P falcipa17lm parasite densities in peripheral blood maybe at a 

lower density than those observed in the placental intervillous spaces, or may be absent while 

they sequester in the placenta (Ismail, et al 2000, Mockenhaupt et aI, 2002). A better 

understanding of the accuracy of peripheral blood microscopy and RDT in detecting placental 

infections would aid the design of appropriate malaria control tools for malaria in pregnancy. 

Placental histopathology is considered the 'gold standard' for microscopic detection of 

placental infections and provides information on the chronology of infection (Ismail, et a12000, 

Rogerson, et al 2003a). But, it is a time consuming and expensive method requiring skilled 

expertise and is, therefore used less frequendy. The other two direct placental sampling methods 

for microscopic detection of placental infections are incision smears and impression smears. 

Incision smears indicate parasites in 'free flowing' placental blood and consist of the rings and 

young trophozoite stages of the asexual cycle (Brabin, et aI2004). Impression smears by contrast 

are made from placental tissue and allow the identification of the presence of mature stages of 

the parasite sequestered in the placental tissue which can aid species diagnosis (Galbraith, e~ al 

1980, Taylor 2009). Impression smears are relatively easy and quick to prepare, however, few 

studies have reported the use of impression smears and their performance has not yet been 

compared with the standard incision smears or histology. 

Although the above mentioned methods are widely used for the diagnosis of malaria in 

pregnancy, information comparing these test's performance in determining placental malaria is 

very limited (Rogerson, et aI2003a). Here we report on the performance of two peripheral blood 

tests; maternal blood microscopy and a pLDH-based Pf/Pv RDT (First Response~ and of 

incision and impression placental smears, using placental histology as the "gold-standard" 

reference test. 
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8.2 Methods 

Participants: Women enrolled at the time of delivery during surveys 2 and 3, (October 2006 to 

September 2007, see chapter 3) were included for this sub-study. A finger prick blood sample was 

collected during labour, prior to delivery for the preparation of thick and thin smears for 

microscopy and RDT. Placental incision smears, impression smears and histology samples for 

microscopic examination were obtained approximately within 3 hours of delivery. 

8.2.1 Maternal and placental blood sampling 

Peripheral Blood Microscopy: The details of microscopic examination were described in the 

methods chapter. In brief, the field technician, who was unaware of the results of the RDT, 

performed the first microscopic reading. A senior technician at the central laboratory in J abalpur 

blinded to the field microscopy and the RDT results performed the second examination. The 

senior microscopist toge.ther with the investigator (RA) re-examined any discrepant results 

between the first and second reader and their decision was considered as final. 

Placental Incision Smear: The placenta was placed in a tray with the maternal side facing 

upwards and the membranes were removed. Excess blood was cleaned by gently dabbing with 

filter paper. An incision was made with a sharp scalpel, about mid-way between the insertion of 

the umbilical cord and the edge of the placenta. Blood seeping into the incision was drawn into a 

Pastuer pipette or a 1 ml syringe. Three to four drops of this blood were placed on a clean, 

labelled, frosted slide and thick and thin smears prepared. The smears were stained with JSB 

stain, and examined using a similar methodology as for peripheral blood smear readings. 

Placental Impression Smear: For preparing the impression smears, a O.5xO.sx1cm placental 

tissue was cut half way between the maternal and fetal side, in an area free from infarcts. Excess 

blood of the cut piece was cleared by dabbing it on filter paper. The tissue was then gently 

pressed on the slide in 3-4 different spots to make imprints (Figure 8:1). The tissue was gently 

dragged alongside the imprints and additional impressions made. The impression smears were 

fixed and stained using a similar method to that described for thin peripheral blood smears. 

The imprints allowed viewing of mature parasites and pigment (Figure 8:2). Percentage 

parasitaemia was calculated by counting 500 RBCs and dividing the infected RBCs by the total 

RBCs (infected + uninfected) and multiplying this by 100. If RBCs were less than 500, the total 

number present in the 50 high power fields examined was counted. 
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FIGURE 8 : 1: IMPRESSION SMEARS TECHNIQUE 
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FIGURE 8 : 2 : MATURE PARASITES VIEWED ON IMPRESSION SMEAR MICROSCOPY 
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Placental Histology: Preparation o f histology sections was described in chapter 5. In brief, two 

biopsy specimens were cut half-way between the placental edge and the insertion of the umbilical 

in opposite areas. T he biopsied pieces \vere fixed overnight in phosphate buffered fo rmalin . After 

fn;:ation, they were embedded in paraffin, cut into 5fA m sections, mounted on slides, and stained 

with haematoxylin and eosin (H&E). Examination was then performed using standard and 

polarised light microscopy described earlier in chapter 5. 

8.2.2 Sample Selection for Analysis 

2282 histology specimens were processed from the placenta o f women enrolled from the 

delivery units during surveys 2 and 3. T he samples in trus sub -analysis include those chosen fo r 

the histopathology study and the selection process was described in chapter 5. In brief, 50 

placental sec tions corresponding to the cases that tes ted positive fo r mala ria either by peri pheral 

249 



blood microscopy, RDT, placental incision or impression smears were chosen. The negative 

samples (negative by all the 4 test methods) were selected in proportion to women enrolled at 

each study site during the two surveys. These totalled to 456 placental sections. The random 

procedure in SAS software was used to select the 456 negative sections. A spare list of 10 

sections was generated for each site per survey to replace any missing sample. A total of 506 

samples were used in this analysis. 

8.2.3 Statistical Analysis 

All data was analysed using SAS (version) software. The analysis included two main 

categories of diagnostic comparisons: 

1) Peripheral smear and RDT as index tests against placental histology as reference 

standard 

2) Incision and impression smears against placental histopathology as reference standard. 

For each comparison, the data obtained were summarized in the standard 2x2 table. The 

sensitivity and specifidty, positive and negative predictive values were calculated by comparing 

the index tests with placental histopathology as the reference test. Histopathology was considered 

as the 'gold-standard' for the detection of placental malaria and represented the disease status. 

likelihood ratios were calculated using an electronically available 'Diagnostic Test Calculator' 

provided by the University of Illinois, Chicago (mede.uic.edu) and, the posterior probability was 

read on the Bayes' nomogram also available at the same online site. 

Definitions & test formulae: Sensitivity was defined as the true positive rate (TP) as the 

proportion of all women with evidence of placental malaria by histology (reference test) that 

tested positive by the index test. Similarly, specificity was defined as the proportion of negatives 

of the reference test that tested negative by index test (true negatives, 1N). The positive 

predictive value (pPV) was estimated, with the TP divided by the sum of false-positive (FP) and 

the TP (Formula: TP/FP+TP). The negative predictive value (NPV) was estimated by dividing 

the 1N by the false-negative (FN) plus 1N (1N/FN+1N). The ratio of the true-positives to the 

false-positives defined the positive likelihood ratio, = TP IFP rate (sensitivity 11-specificity); in 

other words the probability of the positive test in those with disease compared to the probability 

of positive test in those without disease. The negative likelihood ratio was defined as FN I 1N 

(i.e. 1-sensitivity I specificity). 

The LR values >10 significantly increases the likelihood and < 0.1 significantly decreases 

the likelihood of disease (Akobeng 2006). Thus, in comparing the tests for the detection of 

placental malaria, the test showing a larger positive likelihood ratio was considered as the test 
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with a greater diagnostic ability. Likewise, the smaller the negative likelihood ratio less is the 

likelihood of disease which favours a negative test ability. 

8.3 Results 

8.3.1 Parasites in Peripheral and Placental Samples 

Table 8:1 provides a summary of the species specific parasite numbers detected by the 

different test methods. The RDT detected 10 pure PJal'iparum, 8 P.vivax cases, and 14 cases 

showing mixed species (both lines). The 14 mixed species were confirmed by microscopic 

examination as PJalciparum, and were considered as mono-Pfalciparum cases (n=24) for this 

analysis. As expected there was an overlap in the number of positive cases detected by each test 

method against the peripheral blood results as the reference base: 29 incision smears, 20 

impression smears and 29 RDT positives matched peripheral blood microscopy positive cases for 

any speCies. 

Histological examination showed evidence of active infection in 38 sections, defined by 

the presence of parasites. In addition, 14 sections were classified as past infections, defined by the 

presence of pigment in fibrin in the absence of parasites. The histologically classed active 

infections corresponded to peripheral P falciparum infections as described in chapter 5. There were 

no P.vivax cases corresponding to active infections detected by histological examination. All 

species corresponding to the histology infections were confirmed by peR analysis (see chapter 5). 

TABLE 8: 1: PARASITE SPECIES INDENTIFIED BY THE DIFFERENT TEST METHODS IN 506 SAMPLES 

Test Method P·falc;parum P.v;vax Total 

Peripheral blood smear 29 11 40 
................................... 

pLDH-RDT (First ResponseGD)' 24 8 32 _ ........ -.......................... 
Incision smear (placenta) 27 6 33 ------_ .......................................... 
Impression smear (placenta) 20 3 23 

.......... --_ ............................ 
Placental Histopathology 38 (active) 0 

'Performed on peripheral blood 

8.3.2 Comparison of test methods with histology as reference test 

Peripheral blood microscopy & RDT: The P Jalciparum positive cases detected by peripheral 

blood microscopy and the RDT were compared against histology, because active infections 

indentified by histopathology corresponded only to P .Jalciparum cases. The results are summarised 
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in 2x2 sets in Table 8:2. Out of the 38 cases detected by histopathology, 25 were positive by 

microscopy and 17 by the RDT. The sensitivity of microscopy was 65.7% and of the RDT was 

48.5%, whereas specificity was >99% for both tests. The false positivity was low with positive 

predictive values of 89% and 80.9% respectively for microscopy and the RDT. For a positive test 

the odds of a positive likelihood ratio were 8.3 and 4.3 for microscopy and RDT respectively. 

The odds of the negative likelihood ratio were similar for both tests (0.04). 

Incision and Impression smears against histology: The results are presented in Table 8:3. 

Compared to histopathology the sensitivity of incision smears and impression smears was 62.2% 

and 44.7% respectively, and the specificity was >99% for both. The positive and negative 

predictive values of both tests were comparable. The odds of positive likelihood ratios were 7.6 

and 8.5 for incision and impression smears respectively. The corresponding odds of a negative 

likelihood ratio were 0.03 and 0.05 respectively. 
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TABLE 8 : 2: COMPARISON OF PERIPHERAL BLOOD MICROSCOPY AND PLDH -RDT WITH PLACENTAL HISTOLOGY IN DELIVERY UNIT WOMEN 

Histology as Reference test 

...........hh Histology .... Test Performance Likelihood Ratio & Posterior Probabili~ __ .. _ ... _____ ... J 
Positive Negative Sensitivity Specificity Positive test Negative test I 
(n=38) (n=454) ._._ .. __ j~.~~s=.IL_._ .. ____ . (95%(1) I 

Peripheral blood 

Maternal Microscopy n = 482 
j---- ---------,-----r-----ll ... h ........................... --... h ......... h._ ... ,. _____ ---jl-__________ -. ______ --.-_ 

(73% -96%) (2% -4%) 

Positive 
I ,n._ m., , ._._ .. J;~~_;;,L .... _._ ... L-.j~~~-·~.~?L .. 

. 89% (8.3) I 3% (0.04) 
Negative 

RDT pLDH n = 485 

I Positive I ... ~.:. ............................. I.:-.~::~::·.~·:::::h::-.-.:::h~r:~i~;~;;::;~-.·.h~h-.:·.-:~.] .. r.:.i~~ ~.9..~.:?.! .......... h... ~i;;~h~l~d ratio ............ J;.~~~.:;) ........... -.. t-.-~~~~ .. g.~?J ..... . 
18 i 446 I PPV 80.9 i NPV 96.1 Posterior probability (odds) 81% (4.3) I 4% (0.04) I 

(57.4-93.7) i (93.8-97.6) {95% (I) (60% -92%) i (3% -5%) 
Negative 

PPV = positive predictive value; NPV = negative predictive value; LR = likelihood ratio; CI= Confidence Interval 
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TABLE 8 : 3: COMPARISON OF PLACENTAL INCISION AND IMPRESSION SMEARS WITH PLACENTAL HISTOLOGY IN DELIVERY UNIT WOMEN 

Histology as Reference test 

HistologV Test Performance Likelihood Ratio & Posterior Probability 

Smear method I Positive Negative Sensitivity Specificity Positive-test ----. Negative test 

(n=38) (n=454) ._. ___ 1~~% ~IJ._ .. _.. (95% CI) ...... _ .... ................................. . 
Incision smear n=486 . . I ·--·-···62:"2 .......... ··--·--.. ·· , 99.3 ··· .. ii·k~i·ih·~·~·d··i~ti·~ ·················· + lR 93 -lR 0.38 

Positive 23 3 (44.7-77.1) I (97.8-99.8) (95% CI) (29-295) I (0.25-0.580) . .. ---....... - .... -.-.. -.. -......... ----.. - ......... -..... -...... -.................. _- ........ _ .... · .. ·1---.......--, Negal;ve 14 1 446 ~:'78::'9) I ~':'89:B92) ~;;:~~' ",Dbab;!;ly (odds) ~:o':t:~%) I ~;:'(O~~l " 
.! I 

Impression smear n = 482 

::::~~:e -::---rf~-=--~- ~F~ ~~8!:4::~ - 1- ~~~~;~)- 1-~;J~~~~;;i;.VI~dSi--~~~~r) __ ~41 
PPV = positive predictive value; NPV = negative predictive value; LR = likelihood ratio; CI= Confidence Interval 



8.4 Discussion 

The performance of peripheral and placental blood microscopy and the First Response® 

pLDH-based RDT in diagnosing P fa!cipamm placental malaria in delivering women were 

determined against placental histology as the "gold standard". Peripheral blood microscopy 

showed a low sensitivity and this was even lower for the pLDH-based RDT (48.5% [95%CI 31.7-

65.7%]). The false negative results might be explained by the fact that placental sequestration of 

P falcipamm limits peripheral circulation of parasites. In contrast, both tests had a high specificity 

(>99%). 

This is a setting where peripherally patent infections were rarely negative by placental 

smears or histopathology (see chapter 5). In this situation, even though the sensitivity and 

specificity are important attributes of a test, the findings of the predictive values reflect the 

presence of placental infection, conditional to the diagnosis by microscopy or RDT. The high 

positive and negative predictive values of maternal microscopy suggest that in a large proportion 

of cases microscopy results predicted placental infection in this setting. In comparison, the 

positive predictive value of the pLDH-RDT was lower (80.9%) than that of maternal 

microscopy. Although this implies that the probability of missing placental infections was greater 

with the RDT, perhaps this also reflects a lower sensitivity of the pan-pLDH antigen unlike that 

of HRP-2 based RDTs in detecting P falcipamm infections (Singer, et aI2004). Predictive values of 

a test are dependent on the prevalence of disease in the population and therefore the diagnostic 

ability of a test may differ from one region to another. 

The likelihood ratios, which do not depend on the prevalence of a disease, indicated that 

the ability of the peripheral blood tests to diagnose placental infection was modest. For example, 

the 8.3 odds of a positive likelihood ratio of microscopy indicate that with a positive test the 

diagnostic likelihood of placental infection increased eight fold. Likewise, a woman with a 

negative microscopic result has 0.04 odds of having placental malaria. These findings suggest that 

although the sensitivity of the tests were low, with a positive microscopy the likelihood of 

placental malaria is increased, while with a negative microscopy the probability of placental 

infection was low. 

Incision and impression smears were assessed as alternatives to placental histopathology 

in detecting placental malaria infection. As expected, both tests had a lower sensitivity relative to 

histopathology. Incision smear samples were drawn from a superficial cut made in the placenta 

and therefore might not have picked up parasitized cells sequestered deeply within the placental 

tissue (Brabin, et aI2004). Despite the low sensitivity, impression smears identify mature stages of 

different plasmodium species within the placenta (faylor 2009) which is not the case with 

histopathology. In this study impression smear samples consisted of a small tissue taken from a 
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single area. This approach perhaps might have been deficient in capturing the scanty distribution 

of sequestered parasites seen in this setting (see chapter 5) and may explain the increased false 

negative results observed with impression smears. Nonetheless, the high specificity (99.5%) 

suggests that nearly nine out of ten times impression smears detected negative placental infection 

relative to histopathology. Likewise the positive predictive value results also showed that with a 

positive impression smear there was a high probability of placental infection being present. In 

addition, the positive odds (8.5) of the diagnostic likelihood ratio suggest that the infection being 

present in the placenta increased eight-fold with a positive impression smear. Translating this into 

a probability of infection, there was an 89% probability of placental infection given a positive 

impression smear, whilst with a negative result there was only a 5% probability of placental 

infection. Thus the likelihood ratio result suggests that detection of placental infections by 

impression smears is slighdy higher than incision smears. 

A deficiency of comparative studies on these different methods limits comparison of our 

findings. The sensitivity of incision smear microscopy relative to placental histology found in our 

study is comparable with results reported from the study in Malawi (Rogerson, et aI2003a). With 

regards to the pLDH-RDT, comparison is also limited because previous studies mainly focused 

on the ability of HRP-2 RDTs in detecting placental malaria (Mockenhaupt, et a12002, Singer, et 

aI2004). However, the pLDH-RDT findings of 48.5% sensitivity for placental malaria and 71.7% 

for maternal malaria are comparable to those reported for Optimal (PLDH-RD1) in the study 

from Malawi, although transmission levels were different for the two regions (Mankhambo, et al 

2002). A study from Kenya has also shown that histology was more sensitive than placental or 

peripheral smears in detection of placental malaria (Shulman, et aI2001). 

In conclusion, this study demonstrated that despite a lower sensitivity, the 

diagnostic performance of impression smear in terms of likelihood ratios had a higher accuracy in 

detecting P .falciparum placental infection than incision smears. Future studies in low transmission 

settings should consider sampling of impression smears from multiple sites of the placenta to 

determine whether sensitivity can be improved. The study also showed that in this setting 

peripheral blood microscopy could be useful in predicting placental infections whereas the 

accuracy of pLDH-RDT (First Response~ was lower for the detection placental infections. 

Further studies testing pLDH based RDT on direct placental blood samples and in different 

epidemiological settings are needed to confirm its diagnostic accuracy of placental infections. 
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Chapter 9 

General discussion and recommendations 

"After great pain, a formal feeling comes" 
-Emily Dickenson-
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9.1 General Discussion 

The work presented in this thesis addresses several important topics of malaria in 

pregnancy in a low transmission region in India. The main study systematically estimated the 

clinical burden of malaria in pregnancy in a sample of 4552 pregnant women in a rural and urban 

setting in the central Indian state of Madhya Pradesh. The large sample size allowed precise, site 

and species specific estimates of the prevalence of malaria by season. The burden estimates are 

strengthened by histological findings which showed that placental infection was associated with a 

considerable impact on maternal anaemia and low birth weight even though the malaria 

associated histological changes in the placenta were mild. The histological changes observed in 

this study contrast to the findings in stable high transmission areas and add to the limited data on 

placental histopathology from low transmission regions in Asia. Furthermore, the demonstration 

of a significant proportion of sub-clinical (asymptomatic) placental infections stresses the 

importance of placental histology in burden assessment studies. Another unexpected finding was 

the high prevalence of low-grade sub-microscopic infections detected by PCR in pregnant 

women attending antenatal care. This finding has important implications for the prevention of 

malaria in pregnancy in this population. An additional sub-study which assessed the accuracy of a 

pLDH based RDT (First Response®) found that this RDT was as good as microscopy in 

screening antenatal women for malaria and suggests it may be a practical test for use in the new 

intermittent screening and treatment strategy that is currendy under evaluation in India. 

However, the secondary PCR evaluation also highlighted the challenges of assessing new RDTs 

for screening purposes when using microscopy as the 'gold-standard' at this low range of parasite 

densities. A secondary analysis of low birth weight showed that preterm-LBW and IUGR-LBW 

represent two conditions reflecting two different aetiologies, each with distinct amendable 

determinants highlighting the potential impact on low birth weight by targeting the amendable 

causes of both causes of low birth weight. This analytical approach has not been used widely in 

previous studies in India. 

In the recendy revised national malaria control policy in India there is no specific 

prevention guideline for malaria in pregnancy (NVBDCP 2010). Given the scarcity of data, this 

may reflect a lack of data or awareness of the burden of malaria pregnancy. The limited 

information about the appropriate intervention options for these low transmission areas are also 

seen by the fact that only lout of 16 drug-based prevention trials and lout of 5 ITN trials were 

conducted in Asia (chapter 2) (Gamble, ct a12006, Gamer and Gulmezoglu 2006). This thesis 

contributes much needed knowledge to map the burden of malaria in pregnancy in India and in 
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the low transmission regions of south-east Asia, and to help fonnulate preventive strategies in the 

Asian region. 

9.1.1 Malaria prevalence and risk groups 

The overall prevalence of malaria in pregnancy in Madhya Pradesh when assessed by 

microscopy or RDT was low and highly seasonal (chapter 4). In antenatal women, the 

prevalence of these patent infections was 1.9 % in the dry season and 6.5% in the peak 

transmission season (post-monsoon). The corresponding prevalence of maternal malaria in 

women at delivery was 0.8% and 3.3% respectively. P .falciparum was the predominant species 

(89.0%) with transmission dominant for 3 months between October and December consistent 

with previous observations (Singh, et a12000, N. Singh, et aI2004). However, unlike previous 

studies, P.vivax showed a low prevalence with little seasonal variation throughout the year 

suggesting possible relapses of hypnozoites rather than evidence of continued P.vivax 

transmission during the dry season. An increase in P.vivax relapses in pregnant women has been 

reported in the Thai-Burmese border (Nosten, et aI1999). Previous studies in Madhya Pradesh 

were based on data from symptomatic women presenting to hospitals (Singh, et a11999a, Singh, et 

aI1995). 

In contrast to previous observations from malaria endemic Africa, women of all 

gravidities and ages were equally affected. Differences with previously reported malaria rates 

from this region are more likely caused by differences in surveillance methodology. Malaria 

surveillance has generally focused on slide positivity rates ('prevalence') using passive screening of 

febrile patients who seek health care, whereas the current survey used active screening process in 

a random selection of (generally healthy) pregnant women. The transmission pattern observed in 

this study suggests that during the greater part of the year there is very low transmission for 

women to develop substantial malarial immunity prior to pregnancy and between pregnancies to 

acquire sufficient immunity to provide protection during subsequent pregnancies. This may also 

suggest the potential for outbreaks and epidemics which has been reported to occur in this and 

other regions that have shown an absence of gravidity specific immunity (Singh, et al 1988, 

Wickramasuriya 1937). 

Malaria was five times more likely to occur in women from the rural areas than in urban 

areas and almost seven times more likely to occur in women of the Scheduled Tribe than other 

caste categories (chapter 4). Although the prevalence variation seen between sites was greater 

than expected it also reflects the local pattern of transmission and the heterogeinity of the study 

population. The Scheduled Tribe lives mainly in the forested foothill regions within the 
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catchment area of the rural hospitals included in the study, which are areas where transmission is 

reported to be higher in India (Sharma, et a12006, Singh, et aI2003). 

Considering the overall low prevalence of infection, it is important to identify the women 

most at risk of malaria to guide targeted screening and prevention. The compilation of infection 

predictive index showed an increase with the concomitant presence of multiple predictive factors 

and was as high as 45% among women with all 5 factors present. Although they represented only 

a small proportion of the overall sample of infected women (23/51), some of these predictive 

factors may be useful if India would consider targeted screening programs for malaria as part of 

antenatal care instead of universal screening. 

9.1.2 Effect of P.falciparum infection during pregnancy 

Although the risk of malaria was low, the clinical implications of microscopic infection 

were substantial (chapter 4). Most, but not all, infections detected by microscopy during 

pregnancy or at delivery were symptomatic and associated with either a documented fever or 

history of fever in the previous week; Pfalciparum (63.0%) and P.vitJax (55.0%). The fever 

threshold was relatively low; 26.4% of infected women were symptomatic at parasite densities 

<499 /~. In contrast, observations in African adults describe that fever symptoms appear at 

parasite thresholds exceeding 10,000parasites/mm3 (Delley, et al 2000). One study in the 

Democratic Republic of Congo showed that <14% of those above 15 years of age were febrile at 

parasite density <2000/~ (Ndounga, et aI2008). Thus, prevention or early detection of infection 

would be important to avoid infections progressing and becoming symptomatic as this is 

associated with pre term labour in the study population. 

Anaemia (Hb <11.0g/dL) was common. Although the proportion of women who 

reported taking iron and folic acid supplement was high (86.8%), nearly one in five women had 

moderate to severe anaemia at delivery. The risk of moderate-severe anaemia was much greater in 

women with placental or peripheral P falciparum infections and the mean haemoglobin was 

significantly lower in infected women (1.5g). Because of the high 'background' prevalence of 

moderate to severe anaemia in this population, this additional effect of malaria may result in 

clinically relevant reductions in absolute haemoglobin to levels that are likely to affect adversely 

the health of mother and newborn (Brabin, et a12001a, Shulman, et aI2002). Nevertheless, the 

proportion associated with malaria and that could potentially be prevented by successful malaria 

control was modest (8.4%), reflecting clearly, aetiologies other than malaria such as chronic 

infections, geohelminths and nutritional causes predominate in this population (Agarwal 2005). 

Few malaria studies in Asia have assessed the gestational age of babies and prematurity 

when reporting malaria associated low birth weight. In this study, most of the malaria associated 
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low birth weight was associated primarily with pre term birth rather than fetal growth restriction. 

P falciparum was associated with an average shortening of the duration of gestation by 8 days and 

associated with a 3.4 fold increased risk of pretenn births. Because the mean gestational age was 

only 37.2 weeks, the additional reduction of 8 days is likely to have an impact on the health of the 

newborn. The malaria associated reduction in mean birth weight was 487g (95% CI 250-722) 

among women with malaria, amounting to approximately 20% of the average birth weight 

(2656g), which is much larger than the observed effect in areas of stable transmission in Africa, 

where the average reduction in birth weight is 150g (Guyatt and Snow 2004). Acute infections 

associated with fever may in part explain the effect of Pfalcipa17lm associated pretenn-LBW. We 

hypothesize that many infections, once they become patent, may be relatively short-lived because 

they become symptomatic and trigger preterm labour. Infections are thus less likely to become 

chronic. This is consistent with the observations that acute placental infections were more 

common than chronic or past infections and consistent with the relatively mild malaria associated 

histological changes observed in the placentas of infected women (chapter 5). These findings 

contrasts with observations in sub-Saharan Africa where almost all infections remain 

asymptomatic with chronic placental malaria associated fetal growth restriction being more 

common (Ismail, et a12000, Menendez, et a/2000). 

The high impact of placental infection is also illustrated in the high attributable fraction 

estimates for low birth weight (50%) and preterm birth (70%) among women with Pfalciparum 

infected placentas. Nevertheless, even though the impact in the individual was large, patent 

malaria explained only a small fraction of the observed prevalence of low birth weight and 

preterm births at population level (PAF 4.6% and 6.6% respectively) (chapter 4). The 

development of control programmes that focus primarily on malaria control are therefore 

unlikely to have a major impact on these parameters in this population. 

9.1.3 Effect of P.v;vax infection 

P.vivax was associated with a smaller impact on birth weight (126g), but this difference 

was not statistically significant. Although the small number of P.vivax mono-infections observed 

makes it difficult to draw firm conclusions about the impact, the findings are consistent with 

those from Thailand and Indonesia (Nosten, et al 1999, Poespoprodjo, et aI2008). P.vivax 

infection was significantly associated with a documented fever or history of fever in the previous 

week. These findings suggest that despite low level of transmission, P.vivax contributes to the 

burden of malaria associated morbidity. 
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9.1.4 Sub-microscopic infection 

In areas of low transmission the frequency and impact of sub-microscopic infections is 

not clear. The general assumption is that asymptomatic sub-microscopic infections in pregnancy 

must be rare in Asia as individuals with low levels of acquired immunity may not be able to 

contain parasitaemia below patent levels. Contrary to this dogma, a surprise fmding of this thesis 

work was a much higher than expected prevalence of sub-microscopic infection detected by PCR 

(chapters 4 & 7). One-in-five antenatal women with a negative RDT and malaria smear had a 

malaria infection detected by PCR. Likewise, placental histology also detected a high prevalence 

of sub-microscopic infections among the smear negative women, increasing the prevalence of 

malaria five-fold compared to that detected by standard microscopy alone (chapter 5). Most of 

these sub-microscopic infections were not (yet) associated with fever and whether they become 

patent later or they can persist undetected is uncertain. Our observations do suggest that sub

microscopic low density infections are much more common than generally appreciated in 

populations with low levels of malarial immunity. It is possible that this feature is unique to 

pregnancy, although this remains to be explored. It might suggest that the presence of the 

placenta allows accumulation of different infections over time. 

Importantly, these sub-microscopic placental infections were associated with a (non

significant decrease) in haemoglobin in women attending ANC and in birth weight (207g) among 

women in the delivery module (chapters 4 & 5). In a recent, malaria in pregnancy burden study 

in Indonesia, we also found that both maternal and placental sub-microscopic infections detected 

by PCR were common and associated with maternal anaemia and low birth weight, although less 

marked than patent infections (work we conducted with Indonesian colleagues, unpublished). In 

the Indonesian study, a two-fold risk of low birth weight in women with sub-patent placental 

Pfaldparum infection was observed compared with uninfected women (RR 1.9, 95%CI 0.7-4.7). 

Similarly, sub-patent P.vivax infection was also associated with low birth weight (RR 3.4, 95%CI 

1.6-7.4). If the impact of sub-microscopic infections is accounted for, the burden of malaria in 

pregnancy maybe considerably higher than can be estimated from patent infections. Thus in 

future burden studies, it is important to investigate sub-microscopic infections in these low 

transmission areas. Furthermore, they should be taken into account in defming the optimal 

strategy for the control of malaria in pregnancy in this population and Asian region (see 

recommendations below). 
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9.1.5 Screening of pregnant women for malaria with ROTs 

Because of the association between malaria infection, fever, and preterm delivery, it is 

likely that early detection of infection in pregnancy, prior to them becoming symptomatic, is 

going to be more effective than passive case detection (PCD) in preterm low birth weight. RDTs 

are a practical tool for screening pregnant women, although very few studies have assessed the 

performance of RDTs in the screening of mostly asymptomatic pregnant women (fagbor, ct al 

2008b). Most of the previous studies were conducted in symptomatic patients who are likely to 

have significantly higher parasite densities. The evaluation of the First Response pLDH based 

RDT suggested that the RDT was as good as microscopy to detect low density P .falciparum 

infections (> 1 00/)..11) and therefore has great potential as an alternative to microscopy for 

screening of populations (chapter 7). However, the RDT sensitivity for the detection of P.vivax 

was much lower compared with microscopy. More studies are needed to assess the performance 

of the newer Pan-species based RDT developed by this and other manufacturers for the 

detection of P.vivax. 

A constraint of screerung for malaria using peripheral blood only is that placenta 

infections could be missed or that parasites may circulate below the detection threshold (Brabin, 

ct al 2004). Although, RDTs were not inferior to microscopy in detecting P .folciparum infections, 

the sensitivity of both RDT and microscopy was very low when compared to PCR or histology 

(chapter 8). However, neither of these can be used for point of care. Until more sensitive 

methods are available to detect placental infections antenatally, the First Response pLDH based 

RDT (or equivalent alternative RDTs) is a practical alternative to microscopy. Thus, with the 

growing interest in the use of screening and treatment as a control option of malaria in 

pregnancy, RDTs are likely to become the preferred test in peripheral settings where good quality 

microscopy is difficult to maintain. 

The 'discrepant resolution' approach used in this study highlighted the importance of the 

reference test and analytical method used to assess the accuracy of the RDT (chapter 7). 

Although WHO-TDR recommends testing both discordant and concordant samples with a third 

test only few studies have used this method (Bell, et a12005, Hopkins, et aI2007). This study 

illustrated how informative a random sample of concordant negatives could be in diagnostic 

studies that use an imperfect gold standard such as microscopy. This is especially important in 

studies that are designed to evaluate new diagnostic tests for screening purposes rather than in 

the diagnosis of symptomatic patients, as many symptomatic infections may have densities 

around the threshold in the detection level for microscopy. 

We also evaluated the performance of the less commonly used impression smears in the 

diagnosis of placental malaria. Impression smears were found to be useful to identify mature 
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stages ill the placenta and for species diagnosis, which cannot be done with certainty by 

histopathology. However, the test sensitivity was low even though it had a high positive 

likelihood ratio (LR +99), (chapter 8). ,As expected placental histology was the superior 

microscopic method to diagnose placental infections (Rogerson, et a12003a). 

9.1.6 Determinants oflow birth weight 

Low birth weight was common (33.8%) and consistent with previously reported 

estimates in India (Lawn, et al 2005, UNICEF-WHO. 2004). The determinants of low birth 

weight were explored as two sub-groups; preterm-LBW and IUGR-LBW (chapter 6). This 

approach takes into account the etiological heterogeneity of low birth weight in recognition that 

low birth weight may have two distinct determinants proftle associated with the aetiology of 

preterm-LBW versus IUGR-LBW. Pre term birth was mainly associated with acute morbidity 

conditions such as malaria, fever, moderate-severe anaemia and showed a significant seasonal 

variation. The physical labour exerted during the harvest season together with maternal 

malnutrition and malaria might explain the seasonality of preterm births. In contrast, IUGR-LBW 

was associated with chronic conditions such as socioeconomic status, maternal stature and non-

antenatal attendance. These ftndings also implied that not all low birth weight reflects pathology. 

On further exploring the birth weight distribution it was seen that a large proportion of low birth 

weight babies were constitutionally small reflecting the small stature of the women in this 

population. This was further evident by the fact that a lower median birth weight was observed in 

term babies compared to the WHO reference curve. For example, the 50th percentile at 37 weeks 

of the Fenton curve (3000g) corresponded to the 90th percentile in this cohort, indicating that 

only 10% of babies had a birth weight of 3000g or more. Additionally, the excess of small 

preterm-LBW reflecting the pathological group «1750g) observed in the left lower tail of the 

Wilcox method of birth weight distribution curve was small (1.1 %). Nevertheless, from a public 

health perspective prevention of preterm birth is important. Since the main risk factors associated 

with preterm births are acute amendable conditions, prevention programmes targeting these 

conditions are likely to show the highest impact in the reduction of low birth weight. 
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9.2 Recommendations 

9.2.1 Control of malaria in pregnancy 

Despite an increasing. global awareness of the public health impact of malaria in 

pregnancy in Asia, malaria control'in pregnancy in this region has made litde progress over the 

last few decades, including in India. At the time the study was conducted the national policy was 

. chloroquine chemoprophylaxis in pregnancy (chapter ~). The newly revised national guideline 

still advises chemoprophylaxis in high P falciparum endemic regions of India with a statement to 

encourage use of personal protection measures such as ITN and insect repellents (NVBDCP 

2010). In India, case management strategies however have seen a significant improvement in the 

recent years, with the introduction of ACTs for first line treatment from second trimester 

onwards and quinine in first trimester, with chlQroquine for P.vivax cases. 

Designing a cost-effective country wide control strategy might be a challenge and not the 

optimal, approach for India because of variability in transmission and existence of both 

P falciparum and P.vivax. Madhya Pradesh is one of the highly malaria endemic states according to 

the Indian classification API >5. Similarly, Jharkand state which is also considered a high malaria 
, ~ 

endemic state found a prevalence of 1.7% and 2.4% among antenatal and delivery unit women 

(Hamer, et aI2009). These two studies suggest that in most of the malaria endemic belt in India a 

comparably low transmission could prevail with similar effects on pregnant women as observed 

in Madhya Pradesh and Jharkhand. At this point more burden studies may not be needed in India 

except in the known high transmission region of Assam and with a focus on further determining 

the ratio of sub-microscopic versus microscopic malaria. In future, burden studies will be needed 

after implementation of effective control measures to monitor the control efforts. 

Determining a suitable intervention strategy however remains a challenge for India. The 

current practice in most Asian countries is the WHO recommended policy of passive case 

detection and management. The strong association between preterm birth and acute placental 

infection, combined with the surprisingly high prevalence of sub-microscopic infections, almost 

all of which and one third of the patent infections were asymptomatic, suggests that passive case 

detection strategies will not be sufficient to control malaria in this setting. Furthermore, the 

heterogeneity observed between sites and season suggests policy development should move away 

from a one size fit all frame work to develop different control strategies for different areas in 

Madhya Pradesh. For example, IPTp may be suitable for Maihar the rural site where the 

prevalence of malaria in antenatal women in transmission season was high (20.7%) whereas ISTp 

may be appropriate for Katni, while in Jabalpur, the urban site with 0.3% prevalence of malaria, 

passive case detection or ISTp could be an option. 
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9.2.2 Different Control Strategies 

The two main intervention options involve IPTpor scheduled screening and treatment 

strategies involving RDTs and long acting ACT. Active screening strategies can be provided 

either as a single screening and treatment (~STp) or as intermittent screening and treatment 

(ISTp). 

Single Screening and Treatment: The SSTp was piloted and formally introduced in Indonesia in 

2010. This strategy .consists of all pregnant women being screened with either an RDT or 

microscopy at first antenatal Visit and women found positive receive treatment with an ACT. On 

subsequent visits only sy~ptomatic women get tested and if found positive receive malaria 

treatment. A limitation of this strategy is the lack of prevention of re-infections later in 

pregnancy. 

Intermittent Screen!ng and Treatment: The second screening strategy is "the concept of ISTp 

to provide scheduled screening (3-4 times) for malaria, using an RDT and treating the RDT 

positive women with a long acting ACT, with .the aim of clearing existing infections and 

providing additional post-treatment prophylaxis for three to six weeks. The screening events with 

RDT 4 to 8 weeks apart use the same schedule as focused antenatal care (F ANC). Because only 

women with conftrmed malaria receive ACTs, the potential advantage of this strategy is that drug 

exposure is minin:ized and restricted to parasitaemic individuals. 

'Combo' RDTs that combine HRP2 and pLDH based antigen should be used in these 

screening programmes. Although they are more expensive than single antigen based RDTs, they 

have the potential advantage over pan-species pLDH-only RDTs in that the additional HRP2 

component increases the test sensitivity needed to detect P falciparum infections, while having all 

the benefits of the pLDH based tests. 

The potential disadvantages of screening strategies are the non-adherence by health care 

providers to follow up or use test results and it is likely to be more expensive to implement than 

other intervention strategies. Another disadvantage of any screening strategy involving RDTs and 

microscopy is that with the current sensitivity of RDTs, low density infections will be missed. 

Intermittent Preventive Treatment: Since the prevalence and adverse impact of sub

microscopic infections are much more common than previously appreciated, other intervention 

approaches using IPTp should also be considered. The concept of IPTp was first investigated 

and implemented on areas with moderate to high transmission, where most women develop 

signiftcant levels of protective immunity and are able to control the infections. Low grade 

infections are common in high transmission settings, many of which can remain sub-patent (pCR 
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positive, but below the level of detection by microscopy) and may not be associated with adverse 

consequences, particularly in multigravidae. IPTp has not yet been evaluated in Asia which was 

evident in a recent systemic review of IPTp trials which illustrated that no IPTp studies were 

conducted outside of the African region (ter Kuile, et aI2007). It is unclear at what transmission 

level IPTp versus ISTp should be introduced. IPTp has not been recommended in low 

transmission areas because its potential benefits are likely to be more limited (Newman, et al 

2003, Parise, et aI2003). Secondly, the only drug evaluated for IPTp is sulfadoxine-pyrimethamine 

and there is a perceived lack of effect of SP on P.vivax and lack of data on a suitable alternative. 

Thus, IPTp trials should be considered including women of all gravidity, preferably with a long 

acting drug that targets all species such as mefloquine, piperaquine (with or without artemisinin 

component, based on the availability of mono-therapy). 

Seasonal Intermittent Preventive Treatment: Since Madhya Pradesh has a short seasonal 

transmission period, seasonal IPTp could be worth considering for the rural sites. Seasonal IPT 

has not been explored in pregnant women, however trials in Mali and Senegal has shown this 

strategy to be effective in children (Dicko, et a12008, Sokhna, et aI2008). Since the start and the 

duration of transmission season is known, IPTp introduction could be timed to correspond with 

the rains. Nevertheless, the translation of such a seasonal strategy into practice may be complex, 

with significant logistical challenges. 

Vector control measures: Other malaria control strategies to consider for this region are vector 

control measures with ITNs and IRS. ITN distribution is a choice likely to be acceptable by the 

women since there is already a high use of non-treated nets among women in this region (41.0%). 

However, ITN alone may not be as effective as observed in Africa because the predominant 

vectors (A.jluviatilis and A.culicifacies) in this region are mainly dusk biters and are exophilic and 

zoophilic. IRS is currendy one of the three main interventions of the WHO Global Malaria 

Programme and is suited for focal endemic and epidemic areas. As transmission in Madhya 

Pradesh is low and is prone to outbreaks, this suits IRS. However, the two predominant vectors 

in Madhya Pradesh are reported to be resistant to all insecticides including DDT and pose a real 

challenge to the use of IRS in this region (NIMR 2010a). 

9.2.2 Maternal health measures to improve low birth weight 

Prevention of low birth weight is crucial to achieve an impact on the health of the baby. 

Antenatal care provides an opportunity to incorporate low birth weight prevention programmes. 

These should include efforts to improve maternal malnutrition which was a major determinant of 
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both preterm-LBW and IUGR-LBW. Programmes targeted to improve pre-pregnancy weight 

and weight gain during pregnancy is likely to show an impact. Antenatal care could be used for 

multi-pronged approaches with activities such as screening for anaemia and malaria, provision of 

haematinic supplementation, advice on maternal nutrition and benefit of good nutrition, malaria 

protection measures and distribution of LLITN integrated into the current focused antenatal 

care. Since preterm births were also higher in the harvest season when there is more physical 

activity, adequate rest and less exertion is likely to show an impact (Rao, et aI2009). Advice for 

change of such behavioural activities and nutrition improvement could also be given utilising the 

existing ASHA programme. To have a greater effect, a community based approach could be 

employed for specific food based strategies and infection control measures such as benefit of 

prevention and treatment of malaria in pregnancy. These should also include provision of 

micronutrients, iron and folate to the pregnant which has been shown to have an impact on the 

weight of the baby (Christian 2010). 

9.3 Future Research 

The findings in this thesis have helped to identify the interventions that should be 

assessed to control malaria in pregnancy in this setting, and have highlighted knowledge gaps 

which need to be addressed. Information on the potential role of all three interventions; SSTp, 

ISTp and IPTp discussed above are needed in India. Trials are ongoing in parts of India 

comparing passive case detection with ISTp using RDTs and SP-artesunate under the umbrella of 

Malaria in Pregnancy Consortium (MiPc 2010). A one size fit all policy may not be appropriate 

and all three interventions may have role for different regions in Madhya Pradesh. The research 

priority for Madhya Pradesh should be to determine if IPTp with a long acting ACT versus ISTp 

with RDT provided as part of focused antenatal care to women of all gravidity is more effective 

than the current PCD strategy in decreasing the impact of malaria in pregnancy. The type of 

RDT used is also important and therefore HRP2- Pan pLDH combination RDT which has the 

capability to capture both P.fakiparum and P.vivax should be considered. If the RDTs are more 

sensitive and capable of detecting infections at lower parasite threshold, it could influence the 

decision on whether IPTp or ISTp would be required. Alongside this trial a study to evaluate the 

acceptability, feasibility and cost effectiveness of IPTp and ISTp should be conducted. 

The scarcity of data on sub-microscopic infections in pregnancy warrants further studies 

to determine the impact of these infections. Additional studies are also needed on P.vivax to help 

define prevention strategies of P.vivax relapse in particular. It would also be of benefit to follow 

up preterm-LBW and IUGR-LBW to determine their outcome after discharge. 
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9.4 Conclusion 

The overall prevalence of microscopically detectable malaria in Madhya Pradesh was low 

with wide variation between urban and rural sites and markedly seasonal with a predominance of 

P .falciparum. The persistence of P.vivax throughout the year probably reflects the relapse of the 

liver stages rather than year round transmission. In contrast to malaria endemic Africa, many, but 

not all infections were associated with fever. Maternal anaemia and low birth weight, primarily 

due to preterm births were the main adverse consequences. Severe parasite sequestration and 

associated changes with P .falciparum infections in the placenta as observed in Africa were not 

seen, yet, there were placental sub-clinical infections. An unexpectedly high prevalence of sub

microscopic infections was also detected by peR in antenatal women and this was associated 

with increased risk of anaemia. This suggests that the risk of exposure and the burden of malaria 

in pregnancy in Madhya Pradesh may be much higher than previously appreciated and the 

presence of sub-microscopic infections should be taken into account in planning appropriate 

control measures in this region. 
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Annexe1: Consent forms 

Consent form - antenatal clinic study 

Readability level = (Flesch-Kincaid = 7.6). 

Infonned consent form for women in antenatal clinic 

Assessment of Malaria in Pregnancy 

Introduction 

The Malaria Research Center in Jabalpur is doing a study in this area to find out how many pregnant 

women in this District have malaria. If you have malaria when pregnant it may cause some harm to you 

and to your baby. Malaria causes fever, it makes you feel sick and you may have less blood. Malaria in 

pregnant women can also cause the baby to grow less well. Sometimes pregnant women may have 

malaria without feeling sick. We can find out if you have malaria or less blood by doing simple blood tests. 

We will study the problem of malaria in about 1300 women in antenatal clinics in this District. 

Purpose of the Research 

We plan to check women's blood for malaria to know how many women in the District are infected. This 

will help us plan ways to lower the harmful effects of malaria in pregnant women and their babies. 

Procedures 

If you agree to take part we will ask you about yourself, your home and your health during pregnancy. We 

also would like to know about medicines you takel took during pregnancy and what you do to stop 

mosquitoes from biting. We will note some information about your pregnancies from your clinic card. We 

will then check your temperature, and take finger prick blood to test for malaria and less blood. A team 

member will take few drops of blood from your finger tip. The staff will first clean your finger and use a 

sterile pricker to get blood. The first drop of blood will be wiped off. The next few drops will be used to 

check if you have less blood and to test for malaria. These tests will help us to learn more about how to 

best treat malaria in India in the future. We will not test your blood for other diseases. This will take abOut 

20 minutes. 

All your answers and test results will remain private and safe to the extent the law allows. If you agree to 

take part but do not want blood taken you may refuse it. You can also refuse to answer any question that 

you do not want to. Even if you refuse to take part today, you will have your usual clinic check and will be 

able to get the available health care now and in the future. As part of that standard available care you 

would only be screened and treated for malaria if you have symptoms. 

Benefits 

If we find that you have malaria we will treat you with a medicine called Fansidar. If you have less blood 

we will give you iron and folic acid tablets. If we think you may need other treatment we will refer you to 

the clinic staff. They will be able to give you the needed treatment. All the tests and medicines given by us 

for malaria and less blood will be free. 
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RiskS or discomforts 

We are always concerned about you and your baby's health. We therefore would like to make you aware 

of any bad effects that might happen. With the finger prick you will feel a pinch that may hurt for a few 

seconds. Rarely a small bruise may appear on the point from where we take blood. This usually goes 

away without any treatment. If you are shown to have malaria or less blood, we will give you medicines. 

The medicines we give you in pregnancy are proven safe and should not cause any harm to you or to the 

baby. However, if you feel any discomfort while taking the drugs you should contact the hospital. They 

can advise you on what to do. 

If yOU have any questions about the study, please feel free to ask us now or later. If you have a query 

later about any aspect of this study, you may contact Dr. AP Shukla at MRC, Field Station, Jabalpur by 

telephone no: xxx. You may also contact Dr SB Awadhia (for Maihar), Dr.Shashi Khare (for Medical 

College in Jabalpur), or Dr.YS Parihar (for Katni) for questions about the study and Mr/Mrs. xxx with the 

hurnan subjects department if you feel you have been harmed by the study. 

Thank you very much for your time. Would you like to join in the study? 

participant's statement (signature or thumb print needed on line): 

The above has been explained to me and: 

I agree to join 

participant's name: ______ _ Date:_,_, 

.E.Q.LWomen who cannot sign their names: 

WitneSs' statement: 

I verify that the participant was read the consent regarding the study and that any questions were 

answered. The participant agreed to be in the study: 

Witness 
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Consent form - delivery unit study 

Readability level = (Flesch-Kincaid = 7.6). 

Informed consent form for women who attend the delivery unit 

Assessment of Malaria in Pregnancy 

I ntrod uction 

The Malaria Research Center in Jabalpur is doing a study in this area to find out how many pregnant 

women in this District have malaria. If you have malaria when pregnant it may cause some harm to you 

and to your baby. Malaria causes fever, it makes you feel sick and you may have less blood. Sometimes 

pregnant women may have malaria without feeling sick. When you are pregnant and you have malaria, 

the baby can be born small and weak even if you have not felt sick. The only way for us to know how 

many women may have this problem is to check a woman's blood when she delivers and the blood from 

the placenta after a woman gives birth. We plan to study the problem of malaria in about 750 women in 

this District. 

Purpose of the research 

We plan to check blood from you and the placenta to know how many women in 

the District are infected. This may help us plan ways to lower the harmful effects of 

malaria in pregnant women and their babies. 

Procedures 

If you agree to take part we will first ask you about yourself, your home and your health during pregnancy. 

We also would like to know about medicines you takel took during pregnancy and what you do to stop 

mosquitoes from biting. We will note some information about your pregnancies from your clinic card. We 

will then check your temperature and your height. If you agree, we will take a few drops of blood from a 

finger stick to check your blood for malaria. After you give birth, we will weigh and examine your baby. We 

will also be looking for malaria in the placenta after your delivery. Before you have the baby, it will take 

about 10 minutes for us to do a finger prick to take blood. After you have the baby, it will take about one 

half hour for us to ask you questions, check your temperature, and measure your height. It will take about 

10 minutes to weigh and examine the baby. If you are shown to have malaria or less blood, we will give 

you medicines. 

All your answers and test results will remain private and safe to the extent the law allows. If you agree to 

take part but do not want blood taken you may refuse it. You can also refuse to answer any question that 

you do not want to. Even if you refuse to take part today, you will have your usual clinic check and will be 

able to get the available health care now and in the future. You would only be screened and treated for 

malaria if you have symptoms. 

Benefits 

You will be treated if you have malaria after birth. If you have less blood we will give you iron and folic 

acid tablets. If we think you may need other treatment we will refer you to the clinic staff. They will be able 
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to give you the needed treatment. All the tests and medicines given by us for malaria and less blood will 

be free. 

BiskS or discomforts 

We are always concerned about you and your baby's health. We therefore would like to make you aware 

of any bad effects that might happen. With the finger prick you will feel a pinch that may hurt for a few 

seconds. Rarely a small bruise may appear on the point from where we take blood. This usually goes 

away without any treatment. If you are shown to have malaria or less blood, we will give you medicines. 

The medicines we give you in pregnancy are proven safe and should not cause any harm to you or to the 

baby. However, if you feel any discomfort while taking the drugs you should contact the hospital. They 

can advise you on what to do. 

If yOU have any questions about the study, please feel free to ask us now or later. If you have a query 

later about any aspect of this study, you may contact Dr. AP. Shukla at MRC, Field Station, Jabalpur by 

telephone no: 1?!I!lfll!#. You may also contact Dr S8 Awadhia (for Maihar), Dr.Shashi Khare (for Medical 

college in Jabalpur), or Dr.YS Parihar (for Katni) for questions about the study and Mr/Mrs. __ _ 

with the human subjects department if you feel you have been harmed by the study. 

Thank you very much for your time. Would you like to join in the study? 

participant's statement (signature or thumb print required): 

The above has been explained to me and: 

I agree for myself as well as my newborn to participate in the study 

participant's name: Date: -Ll. 

£Q.C.Y'0men who cannot sign their names: 

Witness= statement: 

I verify that the participant was read the consent regarding the study and that any questions were 

answered. The participant agreed to be in the study: 

WitneSs 
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Consent form IPO component 

Readability level = (Flesch-Kincaid = 7.3). 

Informed Consent: Hospital ward. consent to access to Patient Record and Data Abstraction 

Introduction: The MRC in Jabalpur is doing a study in pregnant women in this area. To do this, 

we need to study both pregnant and non-pregnant women. We want to know how many 

pregnant and non-pregnant women have malaria. We also want to learn about the harmful 

effects of malaria in pregnant and non-pregnant women. Pregnant women are more likely to get 

malaria than those who are not pregnant. As you may know malaria causes fever, makes you 

sick and you may have less blood. Having malaria during pregnancy may also affect the unborn 

baby. 

Purpose of the research: If you allow us we would like to look at your hospital record. From 

this, we will collect facts about your illness. We also look at the results of tests done by your 

doctor. We may ask you a few questions about your illness. This is only needed when we can 

not find the facts from your record. We will not collect blood from you. We will not do extra tests. 

Procedures: Knowing about your illness and test results will help us. It will show us if malaria 

causes more harm to pregnant women than to non-pregnant women. This study will help us to 

plan ways to lower the harmful effects of malaria in pregnant women and their babies. 

All your test results and facts noted by us will remain private and safe to the extent the law 

allows. Even if you refuse us to check your record your care in hospital will not be affected. 

Benefits and risks: As we only look at your hospital file, there are no known risks or benefits to 

you. This study is done to help plan ways to aid all Indian pregnant women in the future. 

If you have any questions about the study, please feel free to ask us now or later. If you have a 

query later about any aspect of this study, you may contact Dr. Neeru Singh, O.I.C, at MRC, 

Field Station, Jabalpur by telephone no: 2370900 or 2371521. You may also contact Dr SB 

Awadhia (for Maihar), Dr. Shashi Khare (for Medical College in Jabalpur), or Dr. YS Parihar (for 

Katni) for questions about the study and Mr/Mrs. ___ with the human subjects department 

if you feel you have been harmed by the study. 

Thank you very much for your time. Would you like to join in the study? 

Participants's statement (signature or thumb print required): 

The above has been explained to me and: 
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I agree to participate in the study 

Mother's name: _______ Date: _, _, 

For women who cannot sign their names: -
Witness= statement: 

I verify that the participant was read the consent regarding the study and that any questions 

were answered. The participant agreed to be in the study: 

Witness 
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Consent Form in Hindhi 

~ 1Ii1If !-~ Wf.M; ~ 

~~~~~~JI'!i!~'IiIIf 

~~~~~ 

Q~Q 

~J:R~~~~~>1~~~it~t~"f< 

'~'fir-m~ I mt~~ili't~~.~if.rtm!r~l&T~ 

~'fir mmr; I ~ F ~irrIr; ~ ~ ~1R~t itt ~ llF.!ii 

~ ;r~t I ~i; m;;r~~r~i;'!Imam~t I IIIi'Ii"i-W ~ 

~ ii~~ ~ it ?t~'IiT ,~.m~ I ~ ~~lOT~tR 

'~ il~~~it~ mVIRma! I ;q~~if~~ii~ 

H oc> ~OO: i ."", ~ m I 

~lIiT~ 

;=; ~ ~ >:ml' ~ ~. ~ ~aU 'liT llF.! ~ '*' ::f; ~ ~ m , 
~~~f!t;~~~~ii~i;'~l , .... 

d't Jm' ~ ii 'I!Pf~it m; €tlP1 ~ ~' ii , ~ vr t mii, .. 

~ .~ t i'm"I ~ ~ 11ft ;; iPt I ;;r ~ ~ ~ f1l; ~ m ~ .3i7f.t 

~i~m"fit I .in~~· ~~m-i~!f'!1r~ I o;q~~ 

~.m ~ ~<it¥~ ~m I ;;r~~~~ itt~ 

~~~~ ·tifm; (m) m~~ .m~~~..a".:ir~ , ~ 

ir:f ~~ i3Il"TIitmi! l!'rl't .f.:tit it¥""",,~ I ~~ ~ ~ tif ~ 

mm~~~irTa~m l d~it¥iT~l:&T~ I ~Ta 

6~ W ~~ 1l'llF.! ~::f;~ ~~ I ~ .~ 1Im!i;~-i 

~ 'f.m:r~. ~it~. f't:r.:: m l ;;r ~ ~F ·~~1:!itn .m ~ I 

~ WT1!'T ~ r.m m , ~ m ~ ~ ~ 11ft:;!; ~ ~ R '!Ri !l"f II 

~ -m ;:;ri1t. I ~ ilIM' <J!llllFI ;; ~ 'la l ~ ~ ~ ~ om ~ ;It -.311'< 

'~I:&T~! l l:lll1a'1i ·m~;;'Ill"tMit'All:&T~lm-4t ·~ 

313 



~~ 
:w 
~ 

ItT 

i 
.... 
~ 

1 
t 
I 
I 

~:Iit ,g.. .~ I!.. If f~ ~ .~ ,.. ~ ~ ,~ l! .f% ' If ,I\' _ 
1i~i~ 'IY~'-~~'iil:i~~~'fe~~ ~ 

[ ~ If 'w t; J? :" r. - ~ 'm '~ ~ ~ rp: .~ ~ ItT W 

i '! 'I,: t ~;~ ;. :~ ~ ~ '.~' '; 1& ~" I i '~. i .~ 
f!;; '., e,.ff ~ !g ~ , ~ ,~", .fi I! it I ~ ;; C' ii ~ ... ~ 'R' :19 Ii: .i. 15 ·m ri :, .. ! ~ rW' 
,~~Ib ' !&~IE~~W 1i' ~<R'1Efi ;f. 
'~i~ ·r r;J~~~~~ -i 1: 'Iii 'I Ii ,m I:i ,I ~ '~ .~ !It' 'l! ~ I IP l; i ~ '~ 'W 'It <19 ~ ,~ I .~' ~ ~ f] . ~ li 1 ,~ .~ ! If> ,Ig ~ ·W ~ ~ 'U i.~ lli '~ ~ '1 '.~ 'I ~ 
'@ ;i <2 .m 'I ~j':j - ' ..... IJ ~ jg fop tm Y ' - ,to o _ ~. , ~ 

'Ii! [ 1. ,~ ItT ~ .. 'I:t 'E ;. :,' ~ f '" I 1 .~ ofT 

... g it ~ 'p ~ i ~ f I@ .~ .Ii rr ~ E ~ § s;! 
41!~j ~~I~!'I~!itlll 1~ 

'IF 'I It I! ~ .;'F., ~! It. ,~'~'I ~1;1~ t; rti 
,~ 'ft;, ,I!: ~;~ .~.I/' ~ ~ . , ' If 

I ~~~.; it~!!~II~I.~~i ,. 
:i n ,i ~ ; ! ,! 1 ; ~ i ~ ~ ~ ~ .~ ~ 1 I ~ ;. ! j : :~ ,I. ,~ ~J I ~ r. r. ~ I ( - :~ 1 '~ 'IE J~ JI. fk.i e .~ 'I j '~ 
W Ii tg 1f 'i J15 -i ll: d' 'W l ,t;;,~ . • t . If. i~ ~ ~ ~. fir 'g 'w 
• '\; l§ ~ ~ ': : n ' ~ • " ~ , e , r; "IT 'Vi 'lis: ' \!' , i-~\ -'~'~lJt i,f.. ii' l>tiltTtl :~\% '~~Vi. ~ \i i 

'i 
~ 

I ~ 
'w m 
'~ ~ 'Iii 
'~ .!!: 'I 
.~ ,~l 

'11': ~ 
~ Ii" 
;! B 
i ,~ 
j ~ 
. Fi 
1 ItT 

i i 
'w ;t~ 

.~ 1!-
:~ ~ 

"" 
1\1" ~ 

i i 
J!! , .... 
,.,J Ii 

m 'I 
i i :E j 
1lI .... {t\9 
i .. F. i f 

<:t 
~ 
m 



Annexe 2: Antenatal Questionnaire 

RAPID ASSESSMENT MALARIA IN PREGNANCY 

ANTENATAL CLINIC QUESTIONNAIRE 

1. Identification ~ 

1.01 
Date 

(dd/mm/yy)OO/oOo/oO 
~ 

1.02 Participant 10 No: 0/0/000 
m'Wft 'fiT ~ ~ 

Facility/unit=AI womans'no: 
sfcf~~mr 

1.03 
Full Name 
lJ.U';jftf .......... ... ...... .. ........... .. ... ..... ..... ... . 

2. Personal Details Pregnant Woman 'If'fcr1ft ~ 'fiT ~ ~ 

2.01 
What is your caste I tribe SCO STO 
~ -;;nfu ~ '%?~ GENo OBCO 

2.02 Age (in years). if age not known fill 99 00 
o;r ('" ~) m o;r '!!CIT '" m tIT 99 ffi<§ 

2.03 Age Group (if precise age is not known) 15-19 0 35-39 0 
~ ~ (m <:rtf o;r '!!CIT '" -m) 20-24 0 40-44 0 

25-29 0 >44 0 
30-34 0 

Village I Town. Name 
...... .. .. ... ...... ....... .... .... ......... ... 

2.04 rural 0 urban 0 
Ttfcf I ~ 'fiT ';jftf 

'!ITl'ftuT m 

2.05 
Marital Status married 0 divorced 0 widowO 
~WffiI ~ ~ fcI~ 

2.06 
What language do you speak at home hindi 0 Other 0 ...... ...... ... 
31j'q on: 'q\ m tit 'WIT ~ t ~ 3Pl 

3. Socio-economic Indicators ~ am?f<l; ~ 

3.01 Can you read? yes 0 noD 
~ 31j'q ~ ~ ~? ~ ~ 

no schooling 0 vocational 0 

What is the highest level of education that you ~ "fiT 1J'Il ~ 

3.02 finished? primary 0 higher 0 
~~~ ~ ~? ~~ 3lJTR~~fcI;tn 'lIT~ ~ 

secondary 0 
~ 

farming 0 salaried job 0 
What work does your husband do? ~ ctRm 

3.03 31Ttl't 1lfu ~ ~ ~? craftsman 0 other 0 
~ 3Pl 

3.04 
Does your household own farming land? yes 0 no 0 
~ am ~ 'fit m 'fit ~ 'Ifi! '% ~ ~ 
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Do any member of your household work on 
their own or family farmland yes 0 noD 

3.05 ~ ~m'fiT~~ -wr-it 3l~~~ ~ m m 
'q\ q;ycf <fi«IT t 

f-- bicycle 0 radio 0 
~ ~ 

In your household is there any of the following 
scooter 0 TV colour 0 
~ m~ 

items 
moped/luna 0 TV black/white 0 

3.06 (If yes, mark boxes "'J 
~~ ~~it cit ~~m~~~.t~~t? 

~ m, ciT ,/'fiT f.mrR ~ motorcycle 0 electric fan 0 
qlWlIlI'fli.'1 ~-q'm 

room cooler 0 bullock cart 0 
~~ ~~ 

f---- bullock 0 cow 0 
Does your household own any animal ~ ~ 

3.07 ~ ~ m ~ ~ ;;rr;rq{ t? buffalo 0 others 0 
ifu ~ 

~.08 Does your household animal(s) sleep inside yes 0 noD the house ii m 
~ ~ m ~ ;;rr;rq{ m ~ ~ .mt 't? 

~9 What is the roof your house made of? tiles 0 thatch or grass 0 
(Mark only 1 of the following options "'J ~ ~I 'QRl Clft 
~mClft ~~t? cement/concrete 0 Plastic sheet 0 
(<WR ~ ~ ~.t ~ ~,/Cfit) ~ ~~ 

mud 0 other [ 
~ ~ 

~O What is floor of your house made of? mud or sand 0 dung and earth 0 
(Mark only 1 of the following options 01) ~ <IT tIT ~<IT~ 
~m'fiT~~i? cement 0 wood planks 0 
(<WR ~ ~ ~.t ~ ~y"'Cfit) ~ ~~~ 

tiles or carpet 0 others 0 
~<IT~ ~ 

~1 What is main cooking fuel in your household? kerosene 0 LPG 0 
(Mark only 1 of the following options 01) ~'fiT'ffi.'1 um~ 
~ m 'fiT <§AT 'If'fiR 'fiT ~ ~tR ~ t? biogas 0 wood 0 
(<WR ~ ~ ~.t ~ ~y"'~) ~ ~ 

charcoal 0 dung 0 
~ ~ "fl'lTt 

~2 What is the main household source of lighting? kerosene 0 electricity 0 
(Mark only 1 of the following options 01) ~'fiT'ffi.'1 f.f;;rffi 
~ 'fiT ~ 'lim ~ t? gas 0 oil 0 
(<WR ~ ~ ~.t ~ ~,/~) ihi 'ffi.'1 

others 0 .... .. ... .......... .. .. . .... . 
~ 

~Reproductive History: Previous Pregnancy ('s) 
• ~ ~ : 'I.'f Clft Tf~m Clft 

~ Number of pregnancies with live born child 
~~~~mClft~ DO 

~2 Number of pregnancies with loss of fetus DO 
Tf'f1mI Clft ~ ~ 

~3 Total number of previous pregnancies 
(add above three) If total = O. skip to 05.01 
'Wf Tf~m Clft ~ 

DO 
(~~ "fll~) ('lIfl\ 'Wf = 0, ciT '1m 5.01 'q\ 

~) 

l----
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5. History current pregnancy <W:rR Cfi'T ~ q;r ~ 

Malaria Prevention measures 
~~~~ 

Do you sleep under a bed net? (if no skip to 5.06) yes 0 no 0 ?D 
5.01 

q;7.U anq-~ ~ ~ .mit ~? (m m err 5.06 "tI\ -;;rr<!) m ~ 

every night 0 only rain season 0 
How many nights do you sleep under the net? ~mt <tCffi ~ ~ 

5.02 ~ mIT ~ anq-~ ~ mt ~? sometimes 0 rarely 0 

"'~ "'~ <ro~ 

Did you sleep under the net last night? yes 0 noD ?D 
5.03 <PtT anq-~ mt ~ ~ mt m? m ~ 

Has your net been treated with insecticide? yes 0 noD ?D 
5.04 <PtT~~~~W1Tt? m ~ 

Has the net been treated in past year? yes 0 no 0 ?D 
5.05 <PtT ~ ~ -q ~ mt'! ~ i'1'7J!1:IT TT'-IT m? m ~ 

Did you take medicine to prevent malaria? 
(if yes, fill 5.07) yes 0 no 0 ?D 

5.06 <PtT mq-:! ~ ~ ta <til{ ~ ~ I!ft? ~ ~ 

m tn, err 5.07 ~ I 

malaria medicine 0 0 ... .... ..... ··· ··· 
~qft~ 

If yes, type of medicine taken fever medicine 0 unknown 0 
5.07 m~, err ~ -rpft ~ q;r WfiR ~qft~ ~-:rn1 

traditional med. 0 
~~ 

6. Malaria morbidity history (present pregnancy) 
~ .t oftltrtT q;r ~ (~ ~) -

6.01 Have you had a fever or malaria yes 0 no 0 ?D 
(If no skip to 6.06) m ~ 
<PtT ~ ~ <IT ~ m m om, err 6.06 "tI\ -;;rr<! 

Did you get a convulsion with fever I malaria yes 0 no 0 ?D 
6.02 <PtT ~~ 3l~~<l~wft I!ft m ~ 

6.03 Did you take medicine to treat your fever I malaria yes 0 no 0 ?O 

<PtT mq-:! ~ <IT ~ <ftq; ~ tu ~ ~ m m ~ -
chloroquine 0 fever medicine 0 
CIf1I{ICI<fl1 ~~ 

SP/Fansidar 0 trad/herbal med 0 
Type of medicine taken ~. ~.I~ ~I ~ <[it 

6.04 fcnf WfiR Cfi'T ~ ~ -rpft m 
quinine 0 unknown 0 
~ 3RT'! 

antibiotics 0 
q:;il0l11l I R:i'R1 -
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'-6.05 Did you stay in hospital overnight for treatment of 
yes 0 no 0 ?D fever / malaria 

1¥Il3lT't ~"l!T~~ ~ ~ ~ 'Ift mf ~ m m ~ 

r- Are you taking iron and folic acid tablets (Fefol) yes 0 no 0 ?D 
6 .06 1¥Il 3WR ~ 3l~ ~ • Cf>1 ~ m ~ m ~ o 

t-- Did you get a blood transfusion yes 0 no 0 ?D 
6 .07 1¥Il ~ l?{'f ~ m m ~ o 

'7. Recent malaria morbidity history (Past week) 
~~q;r~(~~) o 

r--:r.01 Did you have a fever in the past week yes 0 no 0 ?D 
1¥Il~~~~m m ~ o - Did you take medicine to treat your fever 

7 .02 1¥Il3WR~~~ ~ ~mm 
yes 0 no 0 ?D 

(<iR m aT ~ ~ 7.03 'It) 
m ~ o 

- Type of medicine malaria medicine 0 
~ q;r "lI'm: ~'fll~ ......... .. .. ... .... 

7 .03 fever medicine 0 unknown 0 

o 

o ~Cf>1~ ~~ 
L----

'8"". ANC clinic visits and Examination 
)!t!CI ~ ~'IfR'I tu ~ q;r ~ w.tT -qfu:rur 

~1 Total number of antenatal clinic visits 
( record from ANC clinic card) include todays visit 

DO ~ ~ 'IR ~ q;r ~ fq;<n ( "ll: "ll:'f m q;rt ~ W) ~ 
o 

o q;r~,,""~~ 
~ Fundal Height Gestational age (wk) 

Date 
~ 

(in cm) if available 
'\{.UT 'fll ~ ("~.lft. ) TJlf 'fll ~ (~ ~) - First visit 

"ll~~ 
DO/DOD/DO DO DO o -- This visit (today) 

~q;r~ 
DO/DOD/DO DO DO - Last menstrual period ( LMP) (if recorded) 

8. 02 ~ ~ (~ ~ "IT) (m rom .q m) DO/DOD/DO 

8.03 Axillary temperature 
mIT q;r ~ (<iR (!ft!llR ~ 37.5 C aT ~ 3lR iT it ~) DD.D o 

o 
1-B.03b Mid Upper Arm Circumference (MUAC) 

o 
00.0 

-a.D4 Haemoglobin (Hb) g/dl 
If Hb less than 7g/dl refer to ANC staff 
ifl'"lh11f"'1 (~ oft) g/d\ ~ ~ oft < 7 g/d\ aT ~ ~ m 00.0 

~Cfi't~ ~ -

/ 
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8.05 Rapid Diagnostic test Pf pure 0 other malaria sp 
~ ~ fcR (3111: "it it) ~ ~ -qr 0 

~ ~~~ 

negative 0 

~ 

8.06 Blood Smear ( thick & thin) Positive 0 
(if febrile, or history of fever in past 7 days with ~ 

negative rapid test read slide in clinic) Negative 0 
~"'!1l"l~ (~ / f~) ~ 

~ ~t 31~ flmB 7 m -q ~ 311"<U m ~ 3111:m Undetermined 0 
itfcR~?ftoT~~~ ~ 

Microtainer Blood sample taken 
yes 0 no 0 

8.07 m 
~~"'!1l"l~~TflU 

~ 

yes 0 no 0 
8.08 

Blood smear taken m 
~"'!1l"l~~lT<fi 

~ 

8.09 Antimalarial Drug (sulphadoxine- yes 0 no 0 
pyrimethamine) Given m 
~ \1m ~ (~~I~I<m'I'1 qllHlfiI~lfiI'1) \1lT<fi ~ 

Referred for further evaluation and treatment yes 0 no 0 
~: * ~ ~ tu ~ TflU m 

~ 

Treatment given for anaemia? yes 0 no 0 
(dose + no days given) m 
~ Cfi1 ~ %<IT TflU ~ 
(~+mTfq;~) 

Check all questions are answered & initial 
~ B fq; mt w-n ~ ~ fiR:f 1T1l ~ ~ ~ 

Thank the woman for her time 
1T'fcrnt ~ Cfi\ ~ .m:Y 

Quality Control 
~~ 

Person~ Name or Signature 'Illf / ~8R Date k-fic!; 

10.01 Site Supervisor ~ -m8,1lfi 

10.02 Data Entry Clerk 1 
~~ml 

Data Entry Clerk 2 
~~m2 

10.03 Program Coordinator 
(manager) 
~~ (Vol$;) 
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Annexe 3: Delivery Unit Questionnaire 

-1. Identification ~ 

I--

RAPID ASSESSMENT MALARIA IN PREGNANCY 
DELIVERY UNIT QUESTIONNAIRE 
lJ~-q~q;'I~~ 

'lrnq'~~ 

Date 
1.01 ~ 

(dd/mm/yy)DD/DDD/DD 

f-1.02 Participant 10 No: 
m'1T'itq;'l~~ 

Facility/unit=AI womans'no: 0/0/000 

sf<!lT~Wq~Ml~il§'.l 1 
~ 

Full Name 
1.03 'FI "'f1Tf .......... ... .. ... .... .. ......... .... ... ... .. ...... 

I--- . 
2. Personal Details Pregnant Woman lJ~ ~ q;'I ~ ~ - What is your caste I tribe SCD STD 
2.01 3lf1l<!>1 -;;rrfu <FIT t? I ~ GEND OBCD 

-Z.02 Age (in years), if age not known fill 99 
DO "3lJ (qcf -q) ~"3lJ ll1lT "'f ~ m 99 fffij 

2.03 Age Group (if precise age is not known) 15-190 35-390 
~ ~ (~ l!tiT "3lJ ll1lT "'f ~) 20-240 40-440 

25-290 >440 
30-340 - ..... ..... .. .............. ...... .... .. .. ..... . 

Village I Town Name 
2 .04 7ifq I ~ 10iT "'f1Tf wituT rural 0 mit urban 0 

~ Marital Status married 0 divorced 0 widowO 
2 .05 ~~ ~ ~ ~~ 

~ What language do you speak at home hindi 0 Other 0 ...... ... ... ... 
2 .06 31l'! "Ell 'R ~ m 'WIT fi ~ fRT 3Pi 

~ Socio-economic Indicators ~ ~ ~ 
~01 Can you read? 

yes 0 noD 
<FIT 31l'! ~ ~ ~? m -:m 

!--- no schooling 0 vocational 0 
What is the highest level of education that you ~-:m~ ~ 

3 .02 finished? primary 0 higher 0 
~ ~ ~ ~ -8'7 ~ <l 31l'l'! ~ ~ ~ '1l?!f'tlq; ~ 

secondary 0 
llfE2lfl:rq; 

~ farming 0 salaried job 0 
What work does your husband do? ~ <tR'lTzft 

3 .03 ~ '1ft! <FIT ~ l'? craftsman 0 other 0 
~ 3Pi 

~ Does your household own farming land? yes 0 
3.04 no 0 

<FIT 31fl!Cf; ~ <hi m <hi ~ 'l!l! t m m 
~ Do any member of your household work on their 

own or family farmland yes 0 no 0 
3 .05 <FIT 31fl!Cf; "Ell q;'I ~ ~ 3N-it 3l2l<U ~ ~ ~ 'R m -:m 

~ q;un t 
I--- bicycle 0 radio 0 

In your household is there any of the following items ~ m-.n 
(If yes, mark boxes -1 scooter 0 TV colour 0 

3.06 <FIT ~ "E!l -q f.n:;{ -q <l ~ ~ w? 
~ m~ 

"lIR m, m ,/ q;'I f.mR ~ 
moped/luna 0 TV blacklwhiteO 
~~ *"~ it ciT 

t....--
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motorcycle 0 electric fanO 
'fI"HH4<tl1.'1 f.r@ ~ 

room cooler 0 bullock cartO 
~~ ~~ 

bullockO cow 0 
Does your household own any animal ~ TfT'I 

3.07 lf4'l 31T'1<f; m: if '<tl'It ~ t ? buffaloD othersD 
~ 3P< 

3.08 Does your household animal(s) sleep inside the 
yes 0 noD 

house 
lf4'l 31T'1<f; m: "t ~ m: "t 3Rl <1M *? if "It\' 

3.09 What is the roof your house made of? tiles 0 thatch or grass 0 
(Mark only 1 of the following options -1 ~ ~/ 'qffi <fit 
31T'1<f; m: <fit mI <tm t? cemenVconcrete 0 Plastic sheet 0 
(~~ ~ if", ~ ~y"~) m.R ~~ 

mudD other 0 
fir@ ap;f 

3.10 What is floor of your house made of? mud or sand 0 dung and earth 0 
(Mark only 1 of the following options >1 fir@ 'llT tIT ~'llT~ 

~m:'li1~<tm t? cement 0 wood planks 0 
(~~ ~ if", ~ ~y"~) m.R ~ "t <m<I 

tiles or carpet 0 others 0 
~'llT~ 3P< 

3.11 What is main cooking fuel in your household? kerosene 0 LPG 0 
(Mark only 1 of the following options -1 fir@ 'li1 ~ tmtrm 
~ m: 'li1 w:rr ~ 'li1 1jl§1t ~ lf4'l t ? biogas 0 wood 0 
(~ ~ ~ if '" ~ ~y"~) ~ ~ 

charcoal 0 dung 0 
~ ~~ 

3.12 What is the main household source of lighting? kerosene 0 electricity 0 
(Mark only 1 of the following options >1 fir@ 'li1 <ffi ~ 

~m:if~'li1~SJIT<!~ t? gas 0 oilO 
(~~ ~ if", ~ ~y"~) rm il'\.'1 

others 0 ..... ..... ......... .. ... ..... 
3P< 

4. Reproductive History: Previous Pregnancy ('s) 
~~ :'l,'f<fit1J~31T~ 

4.01 Number of pregnancies with live born child 
;;ftfcrn ~ .mo 1J~31T <fit ~ 00 

4.02 Number of pregnancies with loss of fetus 
00 

1J*'m<fit1J~~ 

4.03 Total number of previous pregnancies 
(add above three) If total = 0, skip to 05.01 

00 ~1J~31T~~ 

(~ m ~~) (~~ - 0, <It -m 5.01 "l!\ ~) -5. History current pregnancy 
q<ftrr; ~ 1J~ 'li1 ~ -Malaria Prevention measures 
~~"t~ --

Do you sleep under a bed net? (if no skip to 5.06) yesO noD ?[J 
5.01 <n'llT am ~ "t ~ .mit t? (-.m om <It 5.06 "l!\ -;;rr>l) tr 

"It\' ___ 

every night 0 only rain season [J 
How many nights do you sleep under the net? ~nT<! <t<ffi ommI if 

5.02 am f<f;o;ft mil if ~ if m<ff t ? sometimes 0 rarely [J 
'fi'1T 1li~ "Rl~ 

?O Did you sleep under the net last night? yesO noD 
5.03 lf4'l am flImi\ mI ~ if mt tif? if "It\' 

Has your net been treated with insecticide? yes 0 noD ?o 
5.04 lf4'l~~if~"\.'1TTI t? tr ~ 

?O Has the net been treated in past year? yes 0 noD 
5.05 lf4'l~~ifflfm;)~~~T)1Il?Tl? tr ~ -
5.06 

Did you take medicine to prevent malaria? 
yes 0 no 0 ?[J 

(if 1es, fill 5.07) -
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- lFlT ~~~~<iiW~~!.it? m "'fit' 
'* m, <it 5.07 '1l I - If yes, type of medicine taken malaria medicine 0 0 ....... .... .... .. . 
'* m, <it ~ ~ ~ q;J V<IiR l1AA<n <it ~ 

fever medicine 0 unknown 0 

5 .07 
~<it~ ~ "'fit' 

traditional med. 0 
-qn~ 

- 6. Malaria morbidity history (present pregnancy) 
~ tl <f\l:rrit q;J ~ («<i1lR lJ~) 

~.01 Have you had a fever or malaria yes 0 no 0 ?D (If no skip to 6.06) m "'fit' 
lFlT 31mi'l ~ 'IT ~ 2<l ~ -:rn't, <it 6.06 "q\ -.n<l 

r-- Did you get a convulsion with fever 1 malaria yes 0 noD ?o 
6 .02 lFlT ~ ~ 3lercrf ~ tl ~ wit !.it 1!f "'fit' 

'6".03 Did you take medicine to treat your fever 1 malaria yes 0 noD ?o 
lFlT~~'IT~~m~~~!.it m "'fit' 

I--- chloroquine 0 fever medicine 0 
~ ~~ 

Type of medicine taken 
SP/Fansidar 0 trad/herbal med 0 

~.lit./~ -qnl ~ '{.it 
6 .04 ~V<IiR<it~~~ !.it 

quinine 0 unknown 0 
~ ~ "'fit' 

antibiotics 0 
ll::iliill'l'IR:iffi 

f--6.05 Did you stay in hospital overnight for treatment of fever 1 yes 0 no 0 ?O malaria m "'fit' 
lFlT 31T'I ~ 'IT ~ ~ tu ~ if 'i.U mI ~ !.it - Are you taking iron and folic acid tablets (Fefol) yes 0 no 0 ?o 

6.06 lFlT ~ ~ 3l'Y.lClT ~ 1l.fm <it TTlft;rqf ~ !.it m "'fit' - Did you get a blood transfusion yes 0 no 0 ?O 
6.07 lFlT 31mi'l ~ ~ e<T m "'fit' -1. ANC clinic visits and ANC card details ~ '{<f ~ <;lu ~ -0: 1l;I m -.m ~ 

-r.01 Did you attend ANC during this pregnancy? 
If no, go to Q8.01 yes 0 no 0 
lFlT 31T'I ~ q; ~ -0: 1l;I m ~ ~ eif? ~ ~ <it w-'I mr 1!f m 
8.0 I "q\ -.n<l 

-T.02 Did you bring your ANC card today. 
If no card, go to Q 8.01 yes 0 noD 
lFlT 3lI"f 31T'I 3mT -0: 1l;I m m ffif ~? '* -:rn't <it w-'I mr 8.0 I '1{ m "'fit' 
-.n<l 

f-J.03 Total number of antenatal clinic visits 
( record from ANC clinic card) 00 
am ~ flf;o;ft <iR v: lZ'! m ~ ~? (-0: 1l;I m m ~ ft<f;rt "W) 

~ 
Date Fundal Height (in cm) Gestational age (wk) 

Rfi '.i'7I <it ~ (tl.lft.) if available 
lJ~ <!ft 3lI"g (~ if) 

~ First visit 
00/000/00 1 .04 1J~ifm 00 00 

~ This visit (today) 
1 .05 3lI"fq;Jifm 00/000/00 00 00 

f.--- Last menstrual period ( LMP) (if recorded) 
1 .06 31'ftrl1 ~ (~ ~ lit) ('* ft<f;rt it ~) 00/000/00 

,0 Anaemia < 7g.d10 ?o 
BP> 140/90 0 ?O 

1 .07 Risk Factors Current Pregnancy Pre-Eclampsia 0 ?O 
«<i1lR lJ~ <f; .rrfurq ~ Gestational Diabetes 0 ?o 

Antepartum Haemorrhage 0 ?O 

-S Recent malaria morbidity history (Past week) 
Malpresentation 0 ?O 

. ~~"U>l<it~ (~~) 

~1 Did you have a fever in the past week yes 0 noD ?O 
(if yes, do RDT) m "'fit' 

I..---
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~ ~ ~ ~ ~ "iT (~ m en 3lR m it qft f<R WTrI) 

Did you take medicine to treat your fever 
8.02 (if yes, fill Q 8.03) 

~ 3lT'R ~ ~ ~ m ~ (~ m en W'l ~ 8.03 m) 

8.03 
Type of medicine 
~ ~~ 

9. Maternal Examination before delivery lim 'l,'f ~ <m 'Ift~ 

9.01 Axillary temperature 
~(!l'C!l:lR 

9.02 Maternal height ( cm) 
~ qft ~ (~ 'tft ) 

9.02b Mid upper Arm Circumference (MUAC) cm 

9.03 Haemoglobin (Hb) g/dl 
If Hb less than 7g/dl refer to DU staff 
Eil4)i<.'11Fi11 (1{iI <it) g/dl ~ 1{iI <it < 7 g/dl en m 'i 'R!1:!i ~ ~ 

~ 

9.04 Rapid Diagnostic test (peripheral blood) 
~ 'Ift~ f<R ('lfttWl ~) 

9.05 Maternal finger stick Blood Smear ( thick & thin) (if 
febrile, or history of fever in past 7 days with negative 
rapid test read slide in clinic) 
~ qft ~ "t ~ qft ~ (f~ / ~) 

(~ ~ ! lfI ~ 7 m 1l ~ <m ~ ~ t ~ 3lR "tt it 
f.frTflq t en VI(! ~ ~) 

10 Delivery Details lim ~ 

10.01 Date of Delivery '5m'q <m ~ 

10.02 
Type of Delivery lim <m ~ : 

10.03 Number of babies born ~ ~31T ~ ~: 

10.04 Singleton newborn baby outcome ~ ~ ~ <m t<!l 

10.05 Singleton baby bom dead check ~ ~ 1j<I ~ <m 'Ift~ 
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yes 0 noD ?O 
m m 

malaria medicine 0 0 .. ... . ... .... .... · 
~qft~ 

fever medicine 0 unknown 0 
~qft~ ~-m 

traditional med. 0 
-qft~ 

00.0 

OOO.D 

000.0 

00.0 

Pf pure 0 other malaria sp. 0 
W;:'I1v:q; 3R ~ v-;rrfu 

~ 

negative 0 
~ 

positive 0 negative 0 
~ 

undetermined 0 
~ 

-

dd/mm/yyOO.OOO .DD 
spontaneous vaginalD 

«rn :mt!P-l 

forceps/vacuumD 
T:im~ 

ClsectionD 
~"tbRl 

singletonD 
~~ 

twlnsO 

'!Wll 
triplets ImoreD 

m lfI 31f~ 
live birthD 
~~ 

Born alive died in hospital (7days)D 
~~'i1:~m~ij~ 

stilibirthO 
1f<! ~ 

Fresh stilibirthD 
or-;n 1j<I ~ 

maceratedD 
1j<I v:<i ~ ~311 

unknownD 
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10.06 Singleton baby born dead check (record for cause of 
death) 
e.g: malaria, sepsis, birth asphyxia, foetal distress, etc 

? O 11:lIllJ'l ~ ~ 'liT ~ (~ 'liT 'IiT\'ll ~ Wu) 
~~:~,~, ~~, 'If'T ~ 311R ... ............. .. ..... ... 

11 .Maternal Outcomes 'Il1Q ~ 

11 .01 Maternal Death: 
If yes fill Q 11 .02 yes 0 noD 

1.0 
tffill f<f; ~ <:iR m oJ 'lit'! ~ 1 1.02 ~ m 'ItT 

11.02 Specify Cause of Death ( check record) 
Not known state: "Unknown" 
~ 'liT 'IiT\'ll ~ ~ (ft<tiTt ~) <:iR 'fflI 'ItT t aT 3"fflI(! Wr& .. .................. .... .. 

No complication 0 Eclampsia 0 
~'ItT ~~t:qmlll J .O 

11 .03 Puerperal sepsis 0 Uterine rupture 0 
Were there any of the following complications during ~~ l)~"IiG'IT J.o 
labour Pre-eclampsia 0 Obstructed labor 0 
(mark .rany offol/owing) '{Of Il;~~t:qmll l lrnC!~ 
if'lT wq <t W!1t mtR <;'tlT7ft ~31l ii ~ ~ ~ 7.fl't (~ ~ Placental 0 Post partum 0 
11:lIlii .r~) abruption Haemorrhage 

J.o 

J.o ~~ ~~ 

,,0 

eO "'12. Examination Live Born Singleton Baby 
-;;f\fcTo ;;r;;n ~ 'iI=t 'liT "lUIS'll 

'lSate of examination: "lUIS'll 7.fl't fc!f2l 00.D00.D0 Name of Examiner: 
W~'IiT 'WI 

~.O1 Sex of baby 'iI=t 'liT fW1 
male~ 0 female~ 0 

f-:jZ .02 Baby weight (grams) 'iI=t 'liT CfOR ( 'll'1't! ii) 
0000 

~2.04 Ballard Score (total) (Attach form) ~ ~ ('WI) (tffir.! 
~) 00 

~2.05 Gestational age ( weeks) (by Ballard Score) l)~ 7.fl't 3lT!l 
(~ii) c~m~~~) DO 

L---

r-:t3. Delivery Unit Blood Samples wq ~ ~ "'" ~ 

~ate : Sample Code label Initial 
~: ~ ~«I\ ~8;R 

I-- Placenta Maternal M yesO no 0 
~~ m 'ItT 

- Placenta Impression T yesO no 0 
~~ 51 'ItT 

,....- Placenta Biopsy B yesO no 0 
~~ m 'ItT 

~ Placenta blood in microtube yesO no 0 
~ "'" (~ ii) m 'ItT 

~.O1 Peripheral Blood smear taken yesO no 0 
1:JfttW! "'" 'G"@ Rlll'lf m "!if 

~.O2 Antimalarial given yesO no 0 
~ utit ~ <;'tlT7ft m 'ItT 

~,O4 Haemoglobin result <11g/dl inform DU staff yesO no 0 
~ 'liT 1:Jft'orrq <:iR <11g/dl wq ~ <.nl ~ ~ m 'ftt' 

~eck all Questions are answered : tick mark and initial 
~ 

0 
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] 

14.Quality Control ~ f.;I<;iuT 

Site supervisor to check questionnaire for completeness daily at the end of all interviews 
Data entry cIeri< to initial at the end of every entry 
e.h! '1"4c!~ <!iT ~ t fcn ~ ~ 'l,llf m rr:ft t 
SRI r,:T ~ ~ r,:T <t ~ -mTaR ~ 

Person "O!IflR! Name or Signature Date ft-lilfi 
"!Ttl / ~aR 

14.01 Site Supervisor e.h! '1"4c!~ Wri: 

14.02 Microscopist ensure all blood samples 
received 
,!1 ~")t<Ii'lfIHe <!iT ~ 'lg'IT t fcn -rot ~ flrn 
Tftit 

14.03 Data Entry Cieri< 1 
SRlr,:T ~ 1 
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] Annexe 4: Ballard Examination form 

\,. 

Record 
(cORE: 0 1 2 3 4 5 Score Here 
~ 

~osture ~ o?=: « cq c¢:[ 
~ 

Wrist 1 900 ~ 600 ~ 4 50 ~ 300 ~ 0 0 

~ 

~ ~ ~ v& !l'n Recoil 

180° 140-180 110-140° 90-110° <90° 
'--

c6 c6 ex!::, ~ cxS ~()pliteal cC::> 
A.ng le 

180° 1600 
1300 

1100 900 <900 

'--

~ ~ ~ ~ ~ 
Scarf 
Sign Total 

1'----

~eel to 

cD ci9 cxk ~ Ear cX9 
- Paper thin, Smooth, still Peeling, Shallow Deep Leathery, 

transparent, thin but less rash , only a cracking in cracks, skin cracked , 
Skin many veins transparent few veins some areas, rough , no wrinkled, old 

visible visible rare veins veins seen man skin 

l anugo None Abundant Thinning bald areas mostly bald N/A 

I'-- Only one Creases 
Creases i:l lantar 

No creases Faint red crease (line) (lines) over 
(lines) over ~reases marks across front front 2/3 of (lines) 

of foot foot all of foot 

Areola with 
Raised Full areola, Nipple very Flat areola, small dots of 
areola, 3-4 5-10 mm ~reast hard to see no bud dark color, 
mm bud bud 1-2 mm bud 

1'--- Formed, 
Very soft, 

Soft, slow Soft, rap id 
firm , instant recoil when recoil when Thick, stiff N/A Ear stays folded 

folded folded 
recoil when 
folded 

"---- Testes at Testes Testes hung Testes 
~enitalS Scrotum top of 

descending down into down low in 

(Male) 
empty, no scrotum, 

few rugae scrotum scrotum, N/A 
rugae (lines) rare rugae good rugae deep rugae Total 

(lines) 
(lines) 

(lines) (lines) 

Cl itoris Clitoris Clitoris 

large, labia 
Clitoris 

visible , labia small, but Clitoris and 
~e n ita lS prominent visible labia labia minora 
I~ernale) minora 

enlarging 
minora 

minora completely N/A 
larger than 

minora vis ible under 
mostly covered labia majora labia majora 
covered 

i"--
TOTAL SCORE = 

I ~eofexam Mother's study 10 No 

i ~e of birth (Baby) Age in hours (baby) 

~litYName Assessed by : 
'-..---
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Table to read gestational age maturity 

Total Age Total Age Total Age 
Score (weeks) score (weeks) (score) (weeks) 

5 26 20 32 35 38 

6 26 21 32 36 38 

7 27 22 33 37 39 

8 27 23 33 38 39 

9 27 24 33 39 39 

10 28 25 34 40 40 

11 28 26 34 41 40 

12 29 27 35 42 41 

13 29 28 35 43 41 

14 29 29 35 44 41 

15 30 30 36 45 42 

16 30 31 36 46 42 

17 31 32 37 47 43 

18 31 33 37 48 43 

19 31 34 37 49 43 
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Annexe 5: Inpatient Surveillance Form 

RAPID ASSESSMENT MALARIA IN PREGNANCY 

INPATIENT DATA ABSTRACTION FORM 

,-

A. Patient Identification WiT ctt ~ 

1\.1 Date: (dd/mm/yy)D % % 0 
~ 

--A 2 Patient Record ID No: 0/0/0000 
Facility / Unit=W/ Data Record No: 
<PiT <tt wm ~ it ~ 
~m I ~ = W I ~fum~ 

~.3 Patient Hospital File No: DODD 
<PiT 'liT ~ <tt ~ ~ 

I---- Woman's Name 
A4 ~ 'liT-:w1 

..... .. ... ... ......... .. 

L.---

a . Patient Information 
itlft ctt wro 

~.1 Patient's Village / Town Name 
<PiT 'liT Tffct I ~ 'liT -:w1 

............. .... ... .... ... ... . 

~.2 Age (years) ~ (crf -q) DO 

~. 3 Age group (if age unkown in medical record) 15-190 30-340 
~ ~ (m ~ wm -q ~ ~ -m) 20-240 35-390 

25-290 40-440 
~.3b Total number of previous pregnancies 

DO 

~3c Date of last delivery 
DO/DO/DO 

~4 Last menstrual period (LMP) ---/---/-----/ .... .. ...... .... . 
If known fill date (dd/mmlyy) or month ?O 
Unknown =? 
~~ 

m <rnT m m fuf~ ~ 'IT ~ I 

~ = ? 

~5 Pregnant (ask patient if not recorded in file) YO NO DKO 
if yes fill B.6 
~ (m ft:ct;ri -q ";f m m <PiT .t ~) m m m w-t mr 
8.6 ~ 

~.6 What is the gestational age (weeks) 
DO If unknown tick mark =? 

1J'f <tt ~ ~ t (~ -q) ?O 

m~mm ?1RWl;Cfit 
l.---
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C. History of Current Illness 
cffil1R ~ CfiT ~ 

C.1 

C.2 

C.3 

C.4 

How long has the patient been ill (days) 
~ ~ ~ ~ 'WIt oftl:rr{ t (~"If) 

Prior to admission did the patient have: 

~-qm~~~WftCfil?:ll 

Did the patient take antimalarial medicine for this 
illness prior to admission if yes check record or ask 
(O.3a) 
~ ~"lfm~ ~~~tg~ utft~~ 2ft 
~ m err wm ~ 3l?im ~ (O.3a) 

Name of medicine 
~CfiT"'ITt! 

D. Admission Data 
m-mr 

0 .1 
Admission diagnosis 
(Tick as appropriate) 
m~ 

(~~fGq;~) 

0.2 Check records for any of the following 
If not recorded mark as NO= n 
Rt=f rt ~ fu;Ti ~ ~ fu;Ti .q m=n ~ m m 

(multiple) convulsions 
(~)~ 

! conciousness 
!~ 

coma 
~ 

respiratory distress 
ro:R -q~ 

shock ( circulatory collapse) 
~(~~) 

unusual bleeding (petichiae/haemetemesis) 
3lW1R ~ 'lr<m (wml ~) 

For following check test results before 
marking as NO = n 
NO = n lWt CfiB ~ ~ f.!l::! <t ~ ~ CfiT ~ 
~ 

severe Anaemia 
~~ 

jaundice 
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DO 
coma YO NO DKO 
~ 

convulsions YO NO DKO 
~ 

decreased consciousness 
~ "If q;lft YO NO DKO 

YO NO DKO 

Chloroquine YO NO DKO 
#11 l.lqql 1 

SP/Fansidar YO NO DKO 
~~ 

Quinine YO NO OKO 
~ 

Primaquine YO NO DKO 
gl~ql¥ft1 

Artesunate YO NO DKO 
~ 

EMAL YO NO DKO 

Omalaria~ 

o severe malaria ~ ~ 

o cerebral malaria ~ ~ 

Oanaemia~ 

o others ~ ............ .. .............. .. 

yO 
m 

yO 
m 

yO 
m 

yO 
m 

yO 
m 

yO 
m 

yO 

yO 

nO 
~ 

nO 
~ 

nO 
~ 

nO 
~ 

nO 
~ 

nO 
~ 

nO 
~ 

nO 



- ~ ~ m 
hypoglycaemia yO nO 

~"R ~ ~ qft Cfi1:it ~ m 
pulmonary oedema yO nO 

~~~ . ~ "'fit' 
haemoglobinuria yO nO 

mGII<.'il " I~n:lll ~ m 
e. Laboratory Results 

"Qr(jII~II~1 ~ 

""-Malaria Blood film 
~ fcf; r<f(f ~ 

""""E. 1 Smear Done yO nO 
~~~ ~ "'fit' 

r--- positive 0 
~ 

Results negative 0 
E.2 ~ '1ICfiI<I~q Cfi 

undetermined 0 
3rm<I 

>-- Parasite Count (if unknown mark n) 
E.3 ~ qft ~~ (~ ~ m -aT n 1R ~ <R ..... .... ... .... nO 

~.4 Malaria Species ~ q,1 ~ 

PJalciparum only 0 
P.vivax only 0 

P.falciparum+ P.vivax 0 
Others (specify) 0 

3:p:J (~ qrt') 

Undetermined 0 
3rm<I 

~Iood Tests: (if done write result) Value 1lR 
Not done 

(CI<f ~ (~ ~ 1f7.Il "fit ~ ft;M) ~m1f7.ll 

'"E. 5 haemoglobin (lowest) nO 
mGl 1iiiloft'1 (~) m 

'"E.6 platelet count (lowest value) nO 
~ qft -m-r (~ "G"A) "'fit' 

--g7 blood glucose ( lowest value) nO 
\cRf mr (~ "G"A) m 

"E.B serum bilirubin (highest value) nO 
~ filt'ft~oft'1 (~ "G"A ) m 

'"E.g creatinine (highest) nO 
~(~) m 

I---
other Tests: 3:p:J -qfu{trj 

f-[umbar Puncture Done (if yes check value) yO nO 
~ lffi ~ 1f7.Il (~ m"fit l1R ~) ~ m 
~. 10 spinal fluid glucose (result unknown = n) .. ...... .. .... nO 

~~~ (Wrrrr ~ ~ n) m 
~. 11 spinal fluid protein (result unknown =n) .. ....... ... .. nO 
~ ~ >ITiR (Wrrrr ~ ~ n) m 

~adiology II.'I-~ ~ 

~. 12 Chest X-Ray (if yes check report for) -mID yO nO 
CiiT ~-t (~ m m f.f>;:r <t ~ ~ W) ~ ~ 

~.13 pulmonary oedema yO nO 
~~~ ~ "'fit' 

L.---
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F. Hospital Treatment 3W!CIffi -q ~ 

F.1 Antimalarial medicine given (if yes check yO nO 
drug) if "I1ff 
~ \T"ll ~ ~ 7J<if (~ if cit ~ ~) 
Drug given: <n TJ<iT ~ 

Chloroquine yO nO 
~1~jqq1~ if "I1ff 

Quinine IV yO nO 
~~m if "I1ff 

Quinine tablets yO nO 
~~ if om 

SP/Fansidar yO nO 
~~ if ~ 

Artesunate yO nO 
~ if "I1ff 

Primaquine yO nO 
lll ~ ql~'l'l if "I1ff 

Proguanil yO nO 
~ if "I1ff 

F.2 Other treatment given: f?::m lflIT 3Pl ~ 

Oxygen yO nO 
~ if "I1ff 

Glucose Infusion (IV bottle) yO nO 
~~(~m~) if "I1ff 

Blood transfusion yO nO 
\cRf ~-~ if "I1ff 

Anticonvulsant medicine yO nO 
~~CI>'t~ if ~ 

Diuretic (Lasix) yO nO 
~(~) if m 

Vitamin K (injection/tablet) yO nO 
~ ct (ml 71Tffi) if ~ 

Antipyretics (fever medicine) yO nO 
~CI>'t ~ if m 
Antibiotics yO nO 

1l:;;tI '"~IR:~ if m 

G. Admission Outcome (Illness) m ~ (~) 

For Pregnant Women only <Iicrn Tf~ ~;ffi <t ~ 

G.1 Did the woman deliver during this admission yO nO 
"yes if ~ 
~~ Cfi't ~ >r<rn <t~~ ~31T~ m 

G.2 Outcome of delivery ~ 'fiT ~ 

Live birth yO nO 
;;ftfcrn ~ m m 
Stillbirth yO nO 
1f'~ if ~ 

Abortion yO nO 
Tf1f1mf m ~ 
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Disease Outcome ( for all women) 
~ 'fiT ~ (~\:ft ~31l <t ~) 

G .3 Discharged with full recovery yO nO 
-rruf ~ ~ ~ m "q\ ~ eft m "'fif 

G.4 Discharged with disease sequelae yO nO 
\Try <t t¥f8;TUT ~ ~ ~ eft m "'fif 

G .5 Died in hospital yO nO 
~1l~ m "'fif 

G.6 Left against medical advice yO nO 
fq fcfiffi <fill! ~ <t ~ ~ "q\ "'qffi T]<1I m "'fif 

Discharge Diagnosis ~ 'tt W1<f f.w-t 
G.? Malaria yO nO 

~ m "'fif 

G.8 Severe malaria yO nO 
T{~~ m "'fif 

-G.g Cerebral malaria yO nO 
~~ m "'fif 

G.10 Anaemia yO nO 
~ m "'fif 

-G.11 Other Disease ( if known specify) yO .. . ... .... .. nO 
~ -.wmt (~ ~ i m ~ ~) m .... ....... "'fif 

,..-G .12 Diagnosis unclassified yO nO 
f.w-t -qft~ "'fif i m "'fif 

uality Control: ~ ~ 
r-- Check all information Iresults filled yO nO 

~fc!;~\:ft~ ~ 'IR~ ~ ~ m ~ 
r-- Abstractor initial & date Date: 

m~ ~ cm;j <t ~~ TJ;<i ft-riq; ~ 
I-- Supervisor Initial & date Date: 

~1!;TCfi" <t ~~ TJ;<i ft-riq; ~ 
I-- Data Entry Clerk initial & date Date: 

6TGT ~ ~ cm;j <t ~~ TJ;<i ~ ~ 
L...--
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Annexe 6 

1'4t:H£Q:A1; (;"o rll'el rnon GO...Qf1KJant m~tn:K .c./\IL"Io'af1 ~bIQS 

""_r .ar F ....... r 
Onlt; 

Anrtm .. m F...--In DnII:: A.mlm;:ol Irnn- hPltNPT ,.... I .. " T cctuc r~~c IH::S ~tte ::Co:::Ji.~on Uhb!.I ~~t u--...cm 
lllfiit JM'>n ...... 

\1111<: 
....... lw .. IVI "" ill j:II "l: ,..,.,~ u:)~ .. i do l 

f"Pe 

ccfuc 
XXX -- - --- -- - - - -- - --- - -- --- - --- --

~itJ., .. 
0 2 5032 xxx 
...rUllO. 

0.40024 0.424:11 xxx' 
.!I.F:.'i «< O£C()1 '" 0.()oo1 

D~rtc> 
- O.S1i6 -0.41H1 - CU!I561 XlO: 

-- 0.000 1 ",0.0001 '" 0.00Cl 1 

s...cu.. U.U'lT.:li U.UI Ii1ti8 II.Clw""JQ U.lA»lij lOOC 

OIl477 o 401!l'\. n 1'l'\..'\5 ()7nl~ 

nht'l ... 0.13041 0_111oW 0 .10too - 0_1:»7G -0.107G:1 xxx 
.::0.0001 '" 0.0001 " o.J) JC l t!QOOO1 " 01I0()1 

I-crvor n - 0 .. 04051 -Cl.10}T2 - 0.08383 0. 11484- -0.02248 -01l6T~ ,",x,", 

lIisi:t 0.0004 .. 0.0001 0.0004 ",0.0001 0.3471» 0.0048 
I-crvor U_l~1; (J. " ZAi (J:l bf~ (J. ll1J-1. U.l b8'., 11.1::JfroV 0.11,.311 =: 
\J'ICIl 'Irt .;: (UXlO1 .; 0:0001 .. O.OOCl1 .;0.0001 .; 0.11001 .;:D.O(xU .. O..aoo1 
urus - 0.Oi25 - 0.0G389 - 1),06848 (J. l ass 1 0.10061 - 0.100)8 0.59257 SXX 
U!It: lloOl onO.R OM7!\. n 004.? ",,00001 "' n lJ()(l' ""l000' 

O.09S()S ... n 0000. 
wk dlooom 
Anti mal - 0.CEi64!i -() .O!;OU - CU)()202 (J.CG63) -C.C0479 - O.Ot4CG O.o:9JJ C.100J9 o.~ XXX 
1':3£1: Wk 0.0054 0.Q3i2 C.1~ (lOOS5 0.1460 0.5570 0.09i0 oCo..OOOr1 t! 0.000' 

~i .. o nOrM -n l71ft.F; - tlnMR..'i tlll\"iR..~ n lfO?:'\ - n Cl'\'!IAi o O/WI.., n ?M81 tl.1?47 o !lft'lR x:!!X 

pres UJf21 ~ U:lUn U.Ol)(J.! <'!O.UOU'1 .-.u.WJI <U.UOU'1 O.W01 ~u.1U)1 ~0»1 ".(I .CUOI 

01'-1= 0 .04323 -Cl.O!iOT5 - 0.00441 0.0Ii16 l 0.113.61 -O.~ ·0.01444 0 .12f>"!15 O..221iO 0.1 34 15 0.73&0.2 leO.: 
u~ in 0.0700 0.0339- 0 .BS37 O.OfOO '" OJ1OO1 ~.0341 0.5463- < 0..0001 " O.CooI .. O.1XX)f ,,0.0001 
",ooe 
AnrIrn;aJ 0 .03114 -0.02>446 O.02OJ5 0.02925 -O.OOSW -a.03083 .0.02M1 O.O«Il8O G.12020 0.262-31 o.2l93S 0.296.24 xx:>: 
i ll ~ t:I: 0 .19JI O..lOEiO 0 .:lS5J (J.221S 0.1)032 00.1970 0_J04G O.OOOG .;1>.1:001 '" O.1XX)f .. 0.0001 .. GJl<J01 

Ir<HI 0 .0788G 0.05771 0.1GS23 -'1 .12-'51 -0 .17104 0.04125 · 0.05015 -0.08068 ·0.04422 -00.r0511 -0.04Sge • 0.00587 0.00057 l:lXX 
<:Joppi fl M IO o 111!'i11. .. Oootl l .. ,00001 "' n lJ()(l1 00M41 ornm n OM 1 OMol'i o t4?~ nfl!i4ll n !lA In O!li/!;fO 

~ .... u n 1.44A? On9llM n 0I\.'i5A - n :U7:\O -n 10?7.\ 6M4?4 • n Clno.~1 - ClM9R..1i .n~7 om'.~ -o~ .OmA'Vl O(l\~'iA OMI71 xxx 
~ -= O'.OOU1 ~ 0.UW1 U.!.IllI!il <'!O»Ull1 <'! lHI0ll1 lH KJOII O.WWI l l.WII11 U.1~ O.I:i6I~ 0 .0043 0.1:.!IQ Ob!!;! 0.tl:Uii 

rhay l;a u 0.1 157l& 0.157'1 5 0 .064-11 .O. 3SeS9 .0.35659 O.0!I015 . 0 .014 10 -0.01410 .O.04~ 0.00340 - 0 .(870) .O.~33 0.00041 0.10439 O.IAib3b ",,:>: 
nidlt <0.0001 .. 0;0001 0 .0004 .. 0.0001 .. 0.0001 0.0002 0.5557 0.5557 0.0547 0.8871 O.(XX)3 0.0081 0.9362 .. O.OOOt ",nOOO l 
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Annexe 7: Correlation Coefficient Matrix Deilivery Units Variables 

Pearsons Correlation between variables of sigmicance for Placental f8fcjp8llJfTl malaria; N=2620 

Cilste 
r6idence SES education 

Attend Po!>sess Fever Drug use Antimal Fever in Drug use Aniimal in 
category ANC ANCCilrd season past w1< pastwk pasl wk in preg preg preg 

Caste xx xx xx xx xx. xx xx xx xx xx xx xx lO( 

category 

- 0.0043 lOt 

Res«Jenc 
0.83 

-0.0889 0.4665 xx 
SES <0.0001 <0·0001 . 

-02141 ,0.1897 ' '0:'4394 xx 
Edue 

<olM?D' , <o.~.1 ·:, :.:~(UKI01 · 

- ' Attend -0.0380 0.0739 0.1329 0.1156 xx 
ANC 0.D5 o.oooi ~OOO1 .:(I.ODOI 

Possess 0.00004 0.0154 0.0272 0.0843 02291 xx 

ANCCiIrd 0.99 0.43 O. l~ <0.0001 .:(1.0001 

0.0338 0.0403 - 0.D1 19 0.0387 0.0013 0.1870 xx 
season 

O.OS 0 .04 0.54 0.05 0.94 <0.0001 

Fever 0.0224 -0.0562 -0.1264 - 0.0560 -0.0054 -0.0414 0.0264 xx 

~stwk 0.25 0.004 <0.0001 0.004 0 .78 0 .03 0.17 

Drug use -0.04a0 - 0.0164 -0.0337 0.0077 0.0044 -0.0226 0.0482. 0.5534 xx 

put wit 0 .01 0.39 0.08 0.69 0.82 0.25 O.Dl <0.0001 

Antimal - 0.0076 -0.0025 0.0045 -0.0009 0.0129 -0.0147 0.0236 0.1982 0.3582 xx 

past wk 0.tl9 0 .89 0.82 0.00 0.50 0.45 0..22 <0.0001 <O.DOOI 

Fevet" in - 0.0249 -0.0076 - 0.04a2 0.0284 -0.0033 0.0642 0.1057 0.2519 0.1997 0.0757 xx 

pceg 0.20 0 .09 0.0 1 0 .14 0 .86 0.001 <0.0001 <0.0001 <0.0001 0 .0001 

Drug use - 0.0439 0.0264 0.0188 0.0785 0.0249 0.0651 0.0852 02044 0.2356 0.1022 0.7899 xx 

in preg 0.02 0 .17 0.33 <0.0001 0.20 0 .001 <0.0001 <0..0001 <:0.0001 <0.11001 <0.0001 

Antimal in - 0.0254 0.0.223 0.0063 0.0336 -0.0261 0.0368 0.0168 0.1152 0.1666 0.1794 0.35589 0.4410 xx 

preg 0 .11l 0.25 0.74 0.08 0 .18 0.06 0.38 <0.0001 <0..0001 <0.0001 <0.0001 <0.0001 
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Annexe 8: Truncation Point for LBW 

TRONCAIION POINT 2500.500 
GRUNDY ITERATION NO'! CONVERGED BY MAX I 
DMD- .0000000 DSI~ .0000000 

TRONCAIION POINT 2500.500 
NO OF ITERATIONS NEEDED- 8 
PREDCJUNANT DISTRIBUTION MEAN- 2450.798000 
SIANDARD DEVIArION SIGMA- 497.020500 

THIS TROl'iC POINT TOO HIGH Z= .lOOOOO 

TRONCAIIOH POINT 2250.500 
NO or II!RATIONS NEEDED= 4 
I'RElXItINAlITI DISTRIBUTION MED- 2632.062000 
SIANDARD DEVIATION SI~ 430.250400 
Z= -.886836 
ESIIMAIED P= -.043491 

TRONCAIION POINT 2000.500 
NO or IT!RA!IONS l!I'!!DED= 4 
PREDOMINANT DISTRIBUTION MED- 2654.245000 
SIANDABD DEVIATION SIGMA- 417.428800 
z- -1.566124 
ESIIMAIED P= -.010731 

TRONCAIION POINT 1750.500 
NO or ITERATIONS MEEIIED- 4 
PREDClUNANT DISTRIBUTIOB MEAN-:: 2672.679000 
STAIfIWU) DEVIATION SIGMA- 401.634600 
Z= -2.296064 
ESIIMAnD P- .011034 

TRUNCAI'ION POINT 1500.500 
NO or ITERATIONS NEFIJIl'Do.o 4 
PREDClUNANT DISTRIBUTION H!ANo= 2665.801000 
STAIfIWU) DEVIATION SIGMA- 409.608700 
Z= -2.844913 
ESTIMATED P= .004364 

TRONe POINT ITNS SOH NI HEAR ST DEV 

2500.5000 B 1308 OUTSIDE VALID RANGE 

2250.5000 4 1676 2632.0620 430.2504 

2000.5000 4 1881 2654.2450 417.4288 

1750.5000 4 1934 2672.6790 401.6346 

1500.5000 4 1964 2665.8010 409.6087 

1250.5000 2 1971 OUTSIDE VALID RANGE 

1000.5000 2 1977 OUTSIDE VALID RANGE 

TRUNCATION POINTS MAXIHISING MEAN 
HINIHISING STAmlAlU) DEVIAIION 

AND MAXIHISING P 
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-.043491 

-.010731 

.011034 

.004364 



Annexe 9: Fenton Newborn Growth curve 
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Annexe 10: Excel sheet for sample calculation for diagnostics 

sample calculation for peR tests 

DIsease prevelence (%): 5.7 Total sample size: 

Index test: acrual sensirMty ('/oJ: 95 actual specificity ("/oJ: 

Reference test : acrual sensirlviry ('/oJ: 95 
~ 

I acrual specificiry (%J: 

Predicted stU<1y results Actual redlcted stU<1y results ACtUal 

·ve -V8 TOIals +V8 -V8 

Index +ve 54 5 59 jReference ·ve 54 5 
test -ve 2 928 930 est -ve 2 928 

Totals 56 933 I 989 Totals 56 933 

:xpected Slucy resUlts Reference test iAClUII Stuay resUlts Relerence test 

·VB -V8 Totals +V8 -V8 

Index +ve 51 7 58 Index +ve 37 6 
lest -V8 7 923 930 est -ve 3 921 

Totals 58 930 I 989 Totals 40 921 

R~SQLVER TEST 

Number of resolver I Reference test Number of positive I Kelerence test 
tests per10rmed +ve -ve TOIals resolver tests +ve -ve 

Index +ve I 47 3 50 Index · ve I 43 2 
lest -ve 2 262 264 est -ve 1 42 

Totals 49 265 I 314 Totals 44 44 

_Resolver +ve (truth - disease present) Resolver -ve truth - disease absent) 
Probabilities 

Index +ve 
est -ve 

Totals 

Sensitivity: 
Specificity: 

+ve predictive value: 
-ve predictive value: 

I Reference test 

+ve 

10
.
0342 

0.0015 

0.0357 

-V8 TOIals 

O.oo40J 0.0383 
0.1493 0.1508 

0.1533 I .189· 

Estimates: 
Old New 

0.202 
0.993 

0.880 
0.839 

robabililies I Reference test 
.V8 -V8 

Index ·ve 10.0032 0.0020 I 
est -ve ~ .OOI5 0.1820 

Totals 0.0047 0.7840 

95'1. C.1. 
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989 

99.5 

99.5 

Totals 

59 
930 

I 989 

Totals 

43 
924 

I !III!! 

Totals 

45 
43 

I 88 

Totals 

0.0052 
0.7835 

I U'(881 


