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Abstract

Background: Helminth and malaria co-infections have been hypothesized to be factors
driving the HIV-1 epidemic in Africa, and the fact that both cause anaemia highlights the
importance of addressing the interactions between HIV/AIDS, malaria and intestinal

helminthic infections in pregnancy for individuals in resource limited settings.

Aims: The aims of this thesis were to determine the prevalence and risk factors for malaria-
helminthic dual infections among HIV positive pregnant women on antiretroviral therapy in
Rwanda. The second aim was to determine the effect of deworming on immune markers of
HIV/AIDs disease progression among HIV-infected pregnant women on antiretroviral
therapy (ART), and to elucidate the benefits of deworming, specifically in targeted versus

untargeted deworming.

Methods: A cross-sectional study was carried out in 328 HIV-positive pregnant women
receiving ART. We determined the prevalence of helminth and malaria dual infections and
the effects of ART on these infections were also examined. This cross sectional study acted
as a pilot study for a deworming intervention, which took the form of a longitudinal study of
targeted and untargeted deworming in which 980 HIV-infected pregnant women were
randomized to ‘targeted’ and ‘untargeted’ arms with albendazole therapy. The effects of
deworming on the prevalence of helminth infection and CD4 counts, viral load and
haemoglobin levels were measured over time at 4 visits. Measurements were at baseline and
every 3 months thereafter. The presence of Plasmodium falciparum was tested at each visit
and anti-malarial therapy (Coartem: artemether-lumefantrine) was administered to all
subjects who tested positive for P. falciparum. Baseline data was used to determine the risk
factors for helminth infection. Helminthic infection was diagnosed using the Kato Katz
method, whilst the presence of P. falciparum was identified from blood smears. The CD4

counts and viral load levels were also determined using standard laboratory methods.

Results: Within the pilot study of 328 women residing in rural (n=166) and peri-urban
(n=162) locations, 38% of those tested harboured helminths, 21% had malaria and 10% were
infected with both. The most prevalent helminth species were Ascaris lumbricoides (20.7%),
followed by Trichiuris trichiura (9.2%), Ancylostoma duodenale and Necator Americanus

(1.2%). Helminth infections were characterized by low haemoglobin levels and low CD4
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counts. Subjects treated with a d4T-3TC-NVP regimen had a reduced risk of Trichuris
trichiura infection (OR, 0.27; 95% ClIs, 0.10-0.76; p<0.05) and malaria-helminth dual
infection (OR, 0.29; 95% CI, 0.11-0.75; p<0.05) compared to those receiving AZT-3TC-NVP
therapy. Within the longitudinal study of deworming in 980 pregnant, HIV-infected females,
analysis of the baseline data showed that education and employment reduced the risk of all
types of infection whilst hand washing protected against helminth infection (0.29 [0.19-0.46];
p<0.0005). Logistic regression analysis, at baseline (odds ratio [95% ClIs]), demonstrated that
TDF-3TC-NVP (3.47 [2.21-5.45]; p<0.0005), D4T-3TC-NVP (2.47 [1.27-4.80]; p<0.05) and
AZT-NVP (2.60 [1.33-5.08]; p<0.05) regimens each yielded higher helminth infection rates
than the AZT-3TC-NVP regimen. Anti-retroviral therapy had no effect on the risk of malaria.
The prevalence of P. falciparum infection was similar at all-time points for the targeted and
non-targeted anti-helminth treatment arms, with a significant fall in helminth prevalence in
both arms by visit 2. Albendazole therapy was associated with favourable changes in
haemoglobin levels, CD4 counts and viral loads, in those subjects with helminth infections.
Haemoglobin levels were similar in both arms at all study visits, rising significantly from
visit 1 to visit 2 in both groups and peaking by visit 3. Thereafter, levels fell significantly
(p<0.0005 for both comparisons) by visit 4.

Conclusions: The prevalence of helminth infection in HIV infected pregnant women on
antiretroviral therapy is common in rural and peri-urban settings in Rwanda. This study
clearly shows that, albendazole treatment is associated with an increase in CD4 counts, a fall
in viral loads and an increase in haemoglobin levels. The effects of albendazole are mediated
by the eradication of helminth infection. The study also shows that treatment with
albendazole using a targeted or non-targeted regimen is equally effective. The mechanism by

which certain ART regimens reduce the risk of helminth infection warrants further study.
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advance the disease progression pathways.
: Human immune deficiency virus type-1
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Detectable viral load RNA-copies : RNA copies of viral loads that were at detectable
levels or would diminish to undetectable levels in AIDS
patients.

Undetectable viral load RNA-copies : HIV-1 infected individuals among AIDs patients

found  without detectable viral load copies
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Preface

This thesis arises from the author’s experience and close observations regarding the paucity
of data on malaria, helminths among neglected tropical diseases (NTDs) and HIV co-
infections in Rwanda. This was during work co-ordinating the teaching of laboratory students
and supervising projects in community outreach modules for rural health centre clinical

placements for laboratory students at the Kigali Health Institute.

The aims of this study were: to determine the prevalence and risk factors for helminth-
malaria co-infections in pregnant HIV-positive females receiving ART; to investigate
whether treatment of helminth infections in HIV infected pregnant women have any
beneficial effect on HIV disease progression markers, such as viral load and CD4 cell counts;
to determine the effects of de-worming on haemoglobin levels and body mass index; to
determine the prevalence of malaria infections in the absence and presence of a helminth
infection; to determine the efficacy of two de-worming intervention methods i.e. targeted and

untargeted.

This thesis is presented in six chapters. Chapter one outlines the general introduction and
perspectives of the HIV and NTDs co-infections and ends with literature review, Chapter two
describes the materials and methods used to conduct the study, whereas chapters three, four
and five describes the results of the study presented in form of published scientific papers to
various types of peer-reviewed journals. Chapter six gives the conclusions and implications
of the main results, limitations of the study, recommendations and further studies, and then
offers concluding remarks about the findings with regard to the study hypotheses and
objectives of the thesis. Chapters end with combined list of references. All published

manuscripts are attached as pdf appendices and presented at the end of the thesis
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1. Chapter 1: Literature Review

1.1. Introduction

This chapter includes a review of the literature that is relevant to the study. It will cover the
treatment of soil-transmitted helminths in HIV-infected patients on antiretroviral therapy (ART)
and the global burden and epidemiology of helminths. Helminthic species, diagnosis and
treatment with albendazole have also been considered. The role of co-infections in the immunity
deterioration of HIV-infected individuals and the effects on HIV disease progression are all
considered. A review of this literature identifies a research gap on which this study has been
based. This is covered at the end of this chapter with a brief statement on the research question
covered by my study, and a description of the hypothesis tested, and the aims and objectives of

the study.

1.1.1. Helminth infection in HIV/AIDs patients on ARTSs

Helminth infections are well-known to affect human immune system and rarely infect the human
host in isolation, particularly in the settings of tropical countries, where co-infections with HIV
virus are extremely common [1-3]. Both helminths and HIV-1 pandemic mainly affects people
living in resource-constrained settings [2—5]. Infections due to soil-transmitted helminths (STHs)
are said to have inflicted more than 1 billion individuals from the poorest socio-economic levels
of the developing countries [2,6-9]. Previous research studies have suggested that helminths co-
infection with HIV-1 may result in a more rapid progression of HIV-1 disease [2,7,10].
Helminthic infections make the infected host more susceptible to HIV infection and enhance
disease progression due to the chronic immune activation. Co-infections of helminthic parasites
with HIV may ultimately lead to a more rapid destruction of the host immune system, and

potentially lead to progression of HIV-1 infection to AIDS [11,12]. A study concluded that

chronic helminth infection may suppress immune responses directed against HIV-1 and that
concurrent immune activation may directly lead to more rapid loss of CD4 cells in HIV-1
infected individuals [13,14,15]. It is important to determine if prevalent helminthic infections
affect the progression of HIV-1 in co-infected individuals living in disease- endemic countries

among populations at high risk, such as pregnant women taking highly active antiretroviral
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therapy (HAART). There is limited data on effects of anthelminthic utilization along with
antiretroviral drugs among pregnant women in resource-limited countries, where co-infection of
helminths and malaria is prevalent. The effects of de-worming on the prevalence of helminth
infection and the level of malaria and HIV co-infection has been poorly investigated and no
studies on these outcomes have been udetaken in subjects receiving antiretroviral therapy
(ARTs). The study aim was to test the hypothesis that treatment for helminths and malaria co-
infections positively affects HIV/AIDS immune progression markers among HIV-infected
pregnant women on ART, using targeted and untargeted deworming strategies in Rwandan

antenatal care settings.

Importantly, in Rwanda, the rollout of antiretroviral therapies is on a large scale, particularly for
HIV-infected pregnant women. However, information regarding helminthic co-infection with
HIV in rural and peri-urban settings is currently very limited particularly in the context of the
recent Rwandan Health Ministry policy on early initiation of ART for pregnant women
irrespective of CD4 cell count levels [16]. We hypothesise that, HIV co-infection with helminths
may be common among pregnant women in these settings. To date, the public health relevance
of anthelminthic use in helminth infected pregnant women on ART in Rwanda have not been
extensively studied, and data covering the effects of the anthelminthic drug albendazole for
pregnant women on antiretroviral drugs could be very useful for public health program

managers.

1.1.2. The burden and epidemiology of neglected tropical diseases

The burden of disease estimates are widely used for priority setting in public health [17-19]
Infections due to soil transmitted helminths and other neglected tropical diseases affects over a
billion people globally [19-21]. However, the global funding priorities underestimated the
resources for management and control of neglected tropical diseases and this affects the health
programs targeting the bottom poor billions affected with high morbidity and mortality rates
[22]. In many parts of African countries, the public health issues with these ailments have less
attention from public health managers [19]. Earlier studies have proposed that the only way
forward is the integration of control efforts, with efficacious programs such as HIV and malaria
combined to provide a package of diagnostic tools and treatment with drugs against the common,

neglected tropical diseases underscored in the world health organisation control agenda [23,24].
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However, despite the several efforts invested in research, no conclusive evidence linked NTDs
epidemiological studies with HIV pandemic in areas where helminths and malaria co-infection is
prevalent to elucidate effects of deworming among pregnant women on ARTs in a targeted and

untargeted deworming strategy.
1.1.3. Global perspectives on soil-transmitted helminths

Soil-transmitted helminths (STHs) are a group of parasitic metazoan worms, affecting billions of
people in most poorest populations [25,26]. Soil transmitted helminthic infections are among the
most common in developing countries, but precise estimates of the populations at risk of
infection, morbidity and mortality are difficult to determine and careful evaluation of the global
distribution and disease burden of helminths is essential to determine the cost-effectiveness of
control and to ensure that control programmes are focused appropriately [23]. In turn,
understanding the disease burden depends on a summary measure of health as well as reliable
data on risks of infection, morbidity and mortality [20,23,27]. The cosmopolitan distribution and,
the public health importance of the common roundworms (4scaris lumbricoides), whipworms
(Trichuris trichiura), and hookworms (Necator Americanus or Ancylostoma duodenale) are
described globally [28,29]. They are considered together because it is common for a single
individual, especially a child living in a less developed country, to be chronically infected with
all three worms [30]. This is possible in developing countries where individuals are estimated to

be earning less than US$2 per day [31].

Moreover, helminthic infection has been estimated to account for between 5 and 39 million
disability-adjusted life years, largely attributable to anaemia, stunting, and reduced cognitive
development in children and this causes debilitating effects in adults and women in their
reproductive age [17,18,32-34].The current control strategies have focused on preventive
chemotherapy through mass drug administration (MDA), with albendazole as a single dose of
400mg [23]. Preventive chemotherapy can greatly reduce morbidity from helminths infection,
but re-infection typically occurs more rapidly after treatment in settings with poor sanitation
facilities which calls for frequent treatment strategies [35]. In areas with high burden, prevalence
is commonly pooled with worm burden which is the intensity of infection, that is frequently
determined by the number of eggs per gram (EPGs) of faeces for intestinal helminths and other
NTDs [35].
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To summarise the global burden of helminthiasis, Table 1.1 below shows the common NTDs
affecting mostly populations in developing countries. This sheds more insights on the global
burden of 13 major NTDs (adapted from reference 36). This data demonstrates that populations
at high risk include regions of sub-Saharan Africa and cuts across the Americas, South East Asia

and regions of the Pacific.
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Table 1.1. The global burden of NTDs [35]

Disease Global cases | Population | Regions with highest prevalence
[references] at risk

Ascariasis [37,38] 807 million | 4.2 billion East Asia and Pacific Islands, India, Sub Saharan
Africa, South Asia, China and Caribbean

Trichuriasis [39] 604 million | 3.2 billion | Sub Saharan Africa, East Asia —Pacific, Latin
America, India and South Asia

Hook worm infection | 576 millions | 3.2 billion Sub Saharan Africa, East Asia, India, South Asia

[40],[41] and Latin America)

Schistosomiasis 207 million | 779 million | Sub Saharan Africa, Latin America and

[20,42] Caribbean

Lymphatic Filariasis | 120 million | 1.3 billion | India, South Asia, East Asia and pacific islands,

[43] sub Saharan Africa

Trachoma [44] 84 million 590 million | Sub Saharan Africa, Middle East, North Africa,
South Asia, East Asia —Pacific

Onchocerciasis [45] 37 million 90 million | Sub Saharan Africa and Latin America

Leishmaniosis[46] 12 million 350 million | Latin America

Chagas’ disease [47] 8-9 million | 25 million | Latina America and Caribbean,

Leprosy[34] 0.4 million | NA® India, Sub Saharan Africa and Latin America

Bruli Ulcer[48] NA NAY Sub Saharan Africa

Human African 0.3 60million Sub Saharan Africa

Trypanasomiasis [34]

Dracunculiasis [49] 0.01 million | NA" Sub Saharan Africa

*donates data NOT available
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1.1.4. Effects of helminths and malaria on HIV disease progression

Sub-Saharan Africa is highly burdened with various infectious diseases such as malaria, and
those caused by the human immunodeficiency virus (HIV)-1 and intestinal helminths [50-52].
The prevalence of helminthic infections in most developing countries is very high, and a quarter
of the world's population is infected [53,54]. Dual helminthic and HIV-1 co-infections are
extremely common in Africa [55]. Furthermore, literature indicates that helminthic infections
play a role in the pathogenesis of HIV-1 infection in Africa, due to their profound effects on the
host immune system, which makes those infected with helminths more susceptible to HIV-1

infection and more vulnerable to the disease’s effects [56].

Helminthic infections also increase mother-to-child transmission of HIV [57]. Chronic immune
activation with a dominant T-helper 2 profile is seen as hallmark of chronic helminths infection
[1,13,14].These immune changes are usually characterised by several alterations in the normal
immune response, particularly those of the cellular immune response, which accounts for the
possible effects of chronic helminth infection on the host’s ability to handle HIV and other
infections such as malaria. In a meta-analysis that analysed all the studies that have investigated
the effects of treatment of helminthic co-infections on HIV-1 disease progression, five studies
were identified, of which one was a randomised controlled trial [58]. As a result of the meta-
analysis, the authors concluded that, despite the void in conclusive evidence demonstrating the
efficacy of anthelminthic treatment in slowing HIV-1 disease progression, there is a negative
correlation between the treatment of helminth infection and HIV plasma viral load [59].The fact
that only five studies, out of over 6,000 reviewed studies addressing this issue, were finally
included in the meta-analysis clearly illustrates the paucity of high-quality data in this area.
Furthermore, even within this small group of studies, significant differences in methodology and
evaluation are evident. Thus, the review rightly concludes that there is an urgent need for larger
and wider studies of this question, and that they should be double-blinded and controlled
[2,58,60]. Since the publication of this review, there has been one additional report of a study
performed in Tanzania, which showed that the eradication of filarial infection significantly

decreased plasma HIV viral load [61].

An increasing body of evidence indicates that co-infection with neglected tropical diseases

(NTDs) also adversely affects the natural history and progression of malaria and HIV/AIDS [62].
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The immunological interplay between malaria and helminths or malaria and HIV has been
reported in several studies which highlight the severity of the resulting clinical malaria
[51,52,63-65]. A study from Malawi shows that women infected with hookworms were at a
higher risk of having malaria than uninfected women [66] and studies from Thailand show an
increased susceptibility to malaria in patients with soil-transmitted helminth infections [75]. In
addition to inducing increased susceptibility to malaria, helminth infections, especially
hookworms and schistosome infections, exacerbate the anaemia caused by malaria. Studies from
Kenya show that anaemia resulting from helminths and malaria is profound [67]. Both helminths
and malaria causes anaemia and anaemia in pregnancy contributes to maternal deaths and may
also contribute to adverse birth outcomes, including intrauterine growth retardation and
prematurity, and to prenatal morbidity and mortality [67-70]. In pregnancy, anaemia is also a
leading contributor to maternal morbidity and mortality, and is associated with shock, risk of
cardiac failure, decreased ability to work, and adverse prenatal outcomes [67]. In coastal Kenya,
malaria was identified as the most important cause of anaemia in primigravidae, whereas
hookworm infection was an important cause of anaemia in multigravidae [71]. By some
estimates, NTDs are second only to HIV/AIDS as a cause of disease burden, resulting in a loss of

approximately 57 million disability-adjusted life years (DALYs) annually [72].

Therefore, the presence of helminths may affect the risk of malaria and severity of the disease;
and the occurrence of malaria infection may in turn increase the risk of helminths infection and
related morbidities [72-74]. As a result, the disease due to one of these infections could be
exacerbated due to co-existence of the other, resulting in synergistic effects on the infected host
[75-77]. Tt is well known that HIV infection has extremely detrimental effects on the immune
system [77,78], resulting in an increased incidence of opportunistic infections among co-infected
individuals [1,80]. The hypothesis is that, if considered together, helminths among other NTDs
would represent the fourth most important communicable disease in Africa. Recent data suggest
that control of NTDs could actually become a powerful tool for combating HIV/AIDs,
tuberculosis and malaria [20,62,72]. Therefore, achieving success in the global fight against

HIV/AIDs, tuberculosis and malaria may well require a concurrent attack on these NTDs.
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1.1.5. HIV Co-infection with NTDS in Rwanda

The most important risk factor for HIV-1 acquisition in Rwanda is heterosexual mode of
transmission [81] and most of the HIV-infected women are in their reproductive years [81,82].
Co-infection of NTDs with HIV is reported to be common in countries within the east African
region, and it is widely documented that helminthic and HIV infection have an overlapping
geographical distribution [3,53,72,81]. Data for helminthic prevalence and co-infection with
HIV-1 in Rwanda is nonetheless very scarce. Health survey data available indicate that HIV
prevalence is 3 % [83] Countrywide, there are 207 sites providing public access to highly active
anti-retroviral therapy (HAART) and there are 130,000 adults currently on HAART, of whom
32,031 are females. Among 212 501 pregnant women previously HIV tested in antenatal care

6059 (3.8%) were HIV positive [83].

Rwandan data available on the prevalence of helminthic infection is for school-going children,
indicating a prevalence of 64.5% in eight surveyed districts [84]. However, there are no data
available on the prevalence of helminthic and helminthic-HIV co-infection in pregnant women
on ART in Rwanda. The World Health Organization recommends that anthelminthic treatment
be given to pregnant women after the first trimester (13 weeks) in areas where the prevalence of
hookworm or other soil-transmitted helminths exceeds 20-30% [7,85]. However, the use of
antenatal anthelminthic treatments remains uncommon in most developing countries, and

research into its effects has been limited for common neglected tropical diseases.

1.1.6. Diagnosis, treatment, and management of NTDS

Accurate methods of diagnosis and optimal strategies to sample the population are essential for
the reliable mapping and surveillance of infectious diseases [86]. The current standard for
detection of soil-transmitted helminths (STH) entails use of the Kato-Katz diagnostic method
[86,87].The reliable mapping, surveillance and evaluation of infectious diseases rely upon two
key factors: accurate methods of diagnosis and optimal strategies to sample the population. For
the soil-transmitted helminths (STH: Ascaris lumbricoides, Trichuris trichiura and hookworm),
the commonly used diagnostic technique is the Kato-Katz method [87]. This technique allows for

the quantification of intensity of infection on the basis of faecal egg counts[88]. In most endemic
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countries reliable diagnostic tools are not easily available for disease monitoring and surveillance

yet very critical components for treatment-related complications [81].

Soil-transmitted helminths (STHs), primarily Ascaris, Trichuris and hookworm, inflict a
substantial morbidity burden on poor populations living in tropical and subtropical regions of
Africa constituting a big share of the bottom poor population of the world [89]. Chronic STH
infections can cause intestinal blood loss and nutrient loss and malabsorption, which can result in
or exacerbate iron deficiency, anaemia and other nutritional deficiencies [89,90]. More than 1
billion people are infected with at least one STH, and at least 44 million pregnant women are
infected with hookworm alone [89]. Pregnant women are especially vulnerable to the harmful
consequences of these parasitic infections due to increased nutritional demands during pregnancy
[89.,90]. It important to control STHs using available mass drug admiration where it exists and to
keep track records of diseases transmission dynamics for monitoring transmission and identify
possibilities of interruption [32]. Diagnosis and treatment are partly important in identifying
disease resurgence [28].However, diagnostic tools in low-resource setting lack sufficient
laboratory infrastructure, equipment and trained health practitioners [91].This remains a big
challenge while trying to design control interventions for neglected tropical diseases and other
comorbidities. Resource limited countries and more at risk of getting infected with dozens of
nematode worms but have limited control of disease surveillance laboratory capacity [92].
Therefore, multiple health interventions approach has the potential to minimise costs and expand
intervention coverage. Thus, the integration of mass drug administration should be strategically
encouraged in resource-limited settings for the delivery of preventive chemotherapy to control
soil-transmitted helminthiasis and other NTDs in Sub-Sahara African health facilities
[32].Therefore, policy implementers should embark on integrated NTD control to have a big

impact on diseases affecting the majority bottom poor [72].

1.2. Methods of Diagnosis of NTDS

Methods available for detection of human helminths include wet mount or stained smear
preparations, but the number of parasitic forms isolated by these two methods is often too low to

be observed microscopically [88]. In most cases, the use of concentration techniques is preferred
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as this increases the chances of detecting parasitic organisms, thus increasing the sensitivity of
the microscopic techniques. The two most commonly used stool concentration techniques are
Kato Katz sedimentation and flotation techniques [45]. Sedimentation techniques by Kato Katz
are performed in general diagnostic laboratories because they are easier to perform and with few

technical errors [93].

Unlike S. heamatobium infection, which is diagnosed by detecting eggs in urine [94], other soil
dwelling helminthic infections are detected mainly from stool samples using the traditional ‘wet
mount method’ for detection of helminths eggs. Other diagnostic methods can be used like
concentration techniques using Kato Katz methods for qualitative detection of worm burden for
schistosoma spps eggs and hookworm eggs [93,95,96]. It is also possible to detect eggs in stool
using formal ether concentration techniques for the detection of eggs of Ascaris lumblicoides,

trichuris trichiura and hookworm [97].

1.2.1. Kato Katz techniques for estimating worm burdens for STHs

The Kato-Katz technique is a laboratory method for preparing human stool samples prior to
searching for parasitic eggs [93]. Published methods vary in details however; one involves
staining a sieved faecal sample and examining it under a microscope. The eggs of any soil-
transmitted helminths can be detected by experienced technician [98]. The total number of
stained eggs are counted and used to calculate the number of eggs per gram (epg), also known as

the worm burden, following known standard methods [96,99].

1.2.2. Formal ether concentration for identification of STHs

In developing countries, the diagnosis of parasitic infections in humans is challenging and
requires the recognition of parasite stages based on size, morphology, colour, and movement of
parasitic organisms by trained and experienced individuals [100].The size and morphology are
the major diagnostic microscopic features for their identification [100,101]. A formal ether
concentration technique is one concentration procedure that should be performed as a routine

part of a complete examination for parasites [28]. Such stool concentration allows the detection
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of parasites present in small numbers. Otherwise, the diagnostic features of helminthic eggs or

their larva may be missed by using direct wet mount methods [102].

1.2.3. Concentration techniques over traditional methods

During concentration techniques, parasitic elements are concentrated through sedimentation to
enhance the recovery of eggs in faecal specimens [102]. The concentration of eggs is possible
because the specific gravity of helminthic eggs is greater than that of water [103]. In principle,
formalin acts both as a fixative and preservative of helminthic eggs. During this process, faecal
fragments are extracted into the ether phase so that the parasitic forms can be separated by
centrifugation s [28]. The advantage of using this method over wet mount preparations is that of
high sensitivity and specificity which makes it superior to wet methods [101] because more
parasitic eggs can be identified using concentration techniques with microscopy and thus this

method is superior to the wet mount preparations [100].

1.3.Soil-Transmitted Helminths and Malaria

Human helminth and malaria form the two of the most prevalent infections that overlap
extensively in their geographical distribution and usually co-exist in the same host [ 104]. Current
findings demonstrate that STH and malaria infections are prevalent and exhibit complex
interactions within the host [75,104]. Soil transmitted helminths are the most prevalent infections
among poor communities in most parts of Africa [15]. Importantly their co-existence with other
infections such as HIV, TB and malaria make them amenable to population-wide interventions
because control programs for HIV, TB and malaria are well developed and financed [105—-107]
and the addition of anthelminthic therapies to such programs would be simple. However,
research on helminths remains poorly funded even during the era of ARV roll out programs in
Africa [15]. In most countries in Africa, the funding opportunities for malaria, TB and
HIV/AIDs control and prevention are highly prioritised whilst this is not the case for soil
transmitted helminths and this is why the latter are categorised as neglected tropical diseases

[106]. The same situation exists for lymphatic filariasis, onchocerciasis, schistosomiasis, and
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trachoma [108]. However, from the treatment point of view, all these NTDs can be controlled by

preventive chemotherapy using currently available cost effective drugs [109]

Prospects of integrating control programs for malaria, HIV and TB with NTDs are reported in
literature but are not widely applied in high endemic settings [62]. Therefore, if the control of
these infections could be made community-based, there is a potential for integrated NTD and
HIV/AIDs antiretroviral therapy programs to operate together with existing malaria control
programs, thus utilizing the infrastructure used in the roll-out of freely provided ARTs in these
settings [110,111]. The soil-transmitted helminths (STHs) are the central focus of the current

study, and are each briefly described below.

1.3.1. Ascaris lumbricoides

Ascaris lumbricoides demonstrates cosmopolitan distribution [38,28]. Its highest prevalence is
within tropical and subtropical regions, and is common in areas with inadequate sanitation such
as refugee camps and congested communities but is highest in children of school going age and
women of childbearing age [38]. Infection in humans is acquired through the ingestion of

infective eggs from contaminated soil and food [38,112].

1.3.2. Trichiuris trichiura

The nematode (roundworm) Trichiuris trichiura, also called the ‘human whipworm’, causes
trichuriasis in humans [113]. It is estimated that 800 million people are infected worldwide [114]
Infection in humans is through ingestion of infective eggs from contaminated faecal materials;
diagnosis is by identification of mature eggs from stools using microscopy, and infection can be

treated by using albendazole, the major anthelminthic chemotherapy available [115,116].

1.3.3. Nectar americanus and Ancylostoma duodenale: Hookworm species

The human hookworms include the nematode species, Ancylostoma duodenale and Necator

americanus [117]. A larger group of hookworms infecting animals can also invade and parasitize

E. Ivan PhD thesis Page 12



humans (4. ceylanicum) or can penetrate the human skin, causing cutaneous larva migrans [28],
but the infection does not develop any further with A. braziliense being an example of such an
infection [118]. Occasionally A. caninum larvae may migrate to the human intestine, causing
eosinophilia enteritis. Studies indicated that hookworms are the cause of the second most
common human helminthic infection after ascariasis [40,117—121]. They are commonly

distributed in areas with moist and warm climates widely in Africa, Asia and the Americas [121].

Although much improvement has been made in the diagnosis and prevention of soil transmitted
helminths, many NTDs still remain severely under-treated because of lack of sufficient funding
to address the disease burden [44] International organizations, and academia, as well as public—
private partnerships (PPPs), have recently begun to focus more on NTD drug discovery
[29,44,72,122]. Yet these efforts alone have been insufficient. Importantly, these diseases are
often very dynamic and keep expanding in places where hygiene is poor [20]. This study, seeks
to provide evidence to lend weight to one view in a controversy about effect of anthelminthic on
disease markers of HIV progression in pregnant women on ART in a targeted versus untargeted

cohort fashion.

1.4.Research Gaps

This section describes information from previous studies and the results of recent randomised
control trials on the effect of deworming on HIV/AIDs immune progression markers. These
studies have led to the identification of the main research questions, which I have attempted to
answer in this PhD study. This section further describes programs against HIV/AIDS and
initiatives to improve access to ART; mainly in rural and urban health facilities providing
Antenatal care services. It provides different perspectives regarding the definition of co-infection
by NTDs/helminths and HIV, reviewing studies on co—infection, including those among HIV-
infected pregnant women in African antenatal settings. After a brief review of the literature on
the effects of helminths infection on HIV and malaria disease progression, the author lays out a

problem statement, study aims, objectives, and hypothesis of the study, and its significance.
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1.4.1. Problem statement and outcome measures

The studies on the relationship between helminths and HIV/AIDS have been small in African
antenatal settings (2, 83-85). The impact of malaria on anaemia and the important interplay with
helminths demonstrate the need to address the interactions between HIV diseases, malaria and
intestinal helminth infections in pregnant women. Earlier studies have not documented the
beneficial effects of targeted versus non-targeted de-worming in pregnant women, and have not
tested the hypothesis that de-worming may slow disease progression in HIV-infected patients on
antiretroviral therapy with either or both of these two methods. The use of a non-targeted
approach would be more pragmatic as it would not require testing for the presence of helminth
infection and may therefore be more appropriate in resource-limited environments. Due to the
roll out of ART in many African countries, a large number of pregnant females now receive
ART. It is therefore important to study the effect of anthelminthic therapy in this group of

subjects, for whom no data currently exists.

This research study comprised of a pilot study to investigate the prevalence of, and the risk
factors for, helminth and malaria co-infections in HIV-positive, pregnant females receiving ART.
A second study sought to elucidate the benefits of de-worming HIV infected, ARV-treated
pregnant females using two different de-worming approaches: targeted and non-targeted de-
worming. The examined outcomes were the impact on host viral load detection levels, CD4-cell

counts, prevalence of helminths, malaria and serum haemoglobin levels.

1.4.2. Purpose of the study

The aims of this study were: to determine the prevalence and risk factors for helminth-malaria
co-infections in pregnant HIV-positive females receiving ART; to investigate whether treatment
of helminth infections in HIV infected pregnant women have any beneficial effect on HIV
disease progression markers, such as viral load and CD4 cell counts; to determine the effects of
de-worming on haemoglobin levels and body mass index; to determine the prevalence of malaria
infections in the absence and presence of a helminth infection; to determine the efficacy of two
de-worming intervention methods i.e. targeted and untargeted. It should be noted that the

investigation of the effect of different ART regimens on the risk of helminth or malarial infection
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was not an initial aim of this project, and therefore the study was not designed with this purpose
in mind. However, following analysis of the data from the initial pilot study and the baseline data
from the longitudinal study, it became clear that ART did have some effects, although
inconsistent, on infection rates. These results therefore became quite prominent in the first two
papers that were published from this PhD, and are therefore presented in the first two results

chapters (chapter 3 and 4) of this thesis.

1.4.3. Study objectives
1. To determine the prevalence of helminthic-HIV co-infections among pregnant women in

rural and peri-urban regions of Rwanda.

2. To determine the prevalence of malaria infection in HIV-positive pregnant females with and

without helminthic infection in rural and peri-urban regions of Rwanda.
3. To determine the principal risk factors for helminth, P. falciparum and helminth-P.
falciparum co-infections in HIV infected pregnant Rwandan females.

4. To determine the effect of anthelminthic therapy on HIV viral loads, CD4 cell counts and
anaemia among pregnant women in the absence and presence of helminth co-infections in

Rwanda.

5. To determine the effect of anthelminthics on the incidence of helminthic infections in HIV-

positive pregnant Rwandan females in targeted and untargeted treatment arms over time.

1.4.4. Hypotheses tested

The hypotheses tested in this thesis were as follows:

1. Helminth-malaria dual infections and helminth infection prevalence is higher among HIV

infected pregnant women on ART in Rwanda in rural compared to urban health centres.

2. Malaria—helminth co-infection and helminth infection risk negatively correlate with socio-

economic status of the HIV-infected pregnant women on ART in Rwanda.
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3. Deworming has a positive effect on HIV/AIDS immune progression markers i.e. CD4

counts, among HIV infected pregnant women on ART in Rwanda.

4. De-worming using a targeted or a non-targeted approach is equally effective at reducing

helminth infection levels.

1.4.5. Significance of the study

The results of this study have the potential to add weight to the national health policy related to
the control and treatment of helminths and other NTD infections and malaria in HIV-positive
pregnant females in Rwanda. The results sheds insight on the possible benefits of untargeted de-
worming (mass treatment) or targeted de-worming (diagnosis and subsequent treatment) of

helminthic infections as part of routine HIV care in antenatal clinics across Rwanda.

1.5. Summary

The NTDs are a major source of morbidity and mortality in Africa. Furthermore, regions in
which these diseases are prevalent also have high prevalence levels of malaria and HIV. These
overlapping epidemics have severe effects in at risk populations, most particularly pregnant
females. However, few studies have examined the interaction of these diseases in pregnant
women in sub-Saharan Africa. The few randomized control trials of anti-helminthic therapy that
have been conducted did not include HIV-infected women on ART and thus little data is
available on the effect of de-worming on immune progression and anaemia in such cases. The
current study will attempt to provide this data and to compare the effectiveness of a targeted anti-

helminthic drug intervention to a non-targeted format.
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2. Chapter 2: Materials and Methods

2.1Introduction

This chapter describes the procedures and methods applied to conduct the baseline helminth
prevalence study and the prospective interventional study to determine the effect of deworming
on immune markers of HIV-1 disease progression among HIV-infected pregnant women on

ART.

2.2 Description of pilot study and intervention study

The first study was carried out as a pilot study to validate the study tools and generate
information on the prevalence of helminth and malaria co-infection in pregnant females
receiving ART. The pilot study was conducted at three conveniently sampled PMTCT sites in
the Ruhuha, Mareba (both rural sites) and Biryogo (peri-urban) districts, which are mainly rural
and peri-urban settings with ANC and ARV services for HIV-infected pregnant women on ART.
This study also assessed the effect of ART on the prevalence of helminth and malaria infections
in HIV-infected pregnant women. Findings from the pilot study were used in the design of the
longitudinal cohort study. The results from the pilot study are described in Chapter 3 of this

thesis.

After obtaining data from the pilot study, we then enrolled pregnant female subjects receiving
ART into a longitudinal cohort study based at the following health centres: Kamabuye,
Rugarama, Kanombe, Masaka, Kicukiro, and Kacyiru. This study was split into 2 parts: a
baseline study in which the prevalence of, and risk factors for, helminth and malaria infection
were analysed. These data are described in Chapter 4. These same participants were then
followed-up through pregnancy in an intervention study in which 2 different methods of
deworming i.e. targeted and untargeted, were compared in terms of prevention of helminth
infection and effects on malaria infection and CD4 counts and viral loads. Data from this study is

provided in Chapter 5.

The baseline and longitudinal studies were carried out from January 2010 to December 2010 by
a study team of project-recruited nurses, midwives, laboratory technicians, clinical officers and

site doctors. All members of the study team were trained to use the study tools (see Appendix 3
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and 4: Follow up and case report forms). The pilot and longitudinal studies will be described in

detail in the following sections of this chapter.
2.2.1 Population and sample characteristics

The populations in both studies [pilot and longitudinal] consisted of HIV-positive pregnant
women attending antenatal services in their second trimester. The subjects in the initial pilot
study were investigated only at one-time point whilst those in the longitudinal study were visited
twice during their pregnancy at 3 monthly intervals, followed by 2 visits over six months in the
post-partum period. All HIV-positive women in both studies were on anti-retroviral therapy
(ART) as per national PMTCT service guidelines of the Rwandan Ministry of Health, which
follow WHO recommendations for pregnant women receiving highly active anti-retroviral

therapy (HAART) [126].

2.2.2 Intervention and sampling procedures

Within the intervention study, in the ‘targeted treatment’ arm, participants who tested positive
for helminths were treated with an anthelminthic (albendazole), while those found negative were
not treated. In the ‘untargeted treatment’ arm, testing for worms was done and records captured
at all visits, but all participants were de-wormed irrespective of whether or not they had a worm

infection.

2.2.3 Sample size estimation

A sample size calculation was not performed for the pilot study (Chapter 3) with the sample

number (328) used being based purely on logistical factors.

For the intervention study we estimated that 100 pregnant females per treatment group (N=490
per group) would be helminth infected, based on data from the pilot study. That would allow us
to detect a difference in plasma viral load of 250 copies/mL. This assumes a power of 80% at a
5% significance level. The total number of pregnant women enrolled into the study was therefore
980 randomized into two groups of 490 each for the targeted deworming arm and the untargeted

deworming arm.
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2.2.3.1 Randomization

Within the intervention study computer-assisted modelling was used to allocate each participant
randomly to the targeted or untargeted treatment arms. For this purpose, at first enrolment into
the study each participant was issued with an [.D. number, which was randomly drawn. Records
were kept under lock and key by the Principal Investigator in Rwanda and a copy was provided
to the project supervisors in Rwanda and South Africa. The intervention was not completely
blinded, as participants may have been able to recognise which subjects were receiving the white

tablet (albendazole) from the study nurse. The investigators were not blinded to assignments.
2.2.4 Inclusion Criteria

These criteria were used in both the pilot and the intervention studies.

e HIV+ pregnant women in their second trimester

e Attending antenatal services or PMTCT in the selected rural or peri-urban health
centres

o Aged 18-45 years

e On highly active retroviral treatments (HAART) or prophylactic ART therapies

e Ability to provide3 stool samples on three consecutive days for helminths assay
2.2.5 Exclusion criteria
These criteria were used in both the pilot and the intervention studies, except where noted.

e HIV negative pregnant women

e Below 18 years of age

e In first trimester of pregnancy or reporting at antenatal clinic late in third trimester

e Pregnant woman unable to stay within one health centre for more than six months
after delivery (intervention study only)

e At enrolment not willing to sign consent to the study
2.2.6 Study visits and study data collection procedures

The study sites for the intervention study were 6 health care centres: Kamabuye, Rugarama

Kanombe, Masaka, Kicukiro, and Kacyiru. These sites did not include the 3 health centres that
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were used in the pilot study i,e, Mareba, Ruhuha, and Biryogo, and were strategically selected

from a list of health facilities that have PMTCT/ANC/ART services and were near to lakeside

areas where helminth prevalence is expected to be high among women of reproductive age.

During the intervention study participants had two antenatal visits and two post-partum visits to

each participating health centre. During each visit, sampling for helminths, haemoglobin levels,

CD4 counts and viral loads and malaria tests were performed. The study midwife also measured

body mass index at each visit.

I.

At visit 1 (V1) (baseline visit), women were screened for inclusion criteria and asked to sign
consent forms. Upon enrolment in the study, each woman was given a study ID number and
was physically examined by the study site doctor or a protocol- trained nurse or midwife who
collected the required physical data, including age, trimester of pregnancy and medications
being used by the study subjects.

More individual data were collected using the questionnaire forms (Appendix 3) that
included the type of ART and its duration, use of supplements, TB history and results; anti-

helminthic treatment history and helminth-related risk factors were also obtained in this way.

. Laboratory specimens collected included stools for helminth testing, blood for haemoglobin,

and blood slides for malaria parasites and histidine-rich protein assessments. More blood was
collected according to the study protocols by PMTCT/ANC laboratory staff for CD4 cell
count and viral load assays. At each visit, three stool samples were analysed for helminth-
intensity determination using Kato—Katz test [ 128].

At visit 2 (V2) most women had reached their third trimester. A doctor, nurse or midwife

determined the gestation stage.

With the exception of the viral load assay test (done only at V1 and V4), all other samples were

collected on visits 1, 2, 3 and 4 of the study period. After delivery, the women’s data were

collected as described in Figure 1 of Appendix 1.
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Table 2.1. Investigational schedule

TIME BETWEEN

No | VISITS | PARTICIPANTS TESTS/VARIABLES
VISITS
Visit 1
1 Pregnant woman 3 months Hb,CD4,vI,BS,hrp-2,epg, BMI
Baseline
2 Visit 2 Pregnant woman 3 months Hb,CD4,BS.hrp-2.epg, BMI
Hb,CD4, BS,hrp-2,
3 Visit 3 Mother 3 months
epg, BMI
Hb,CD4, VL, BS,hrp-2
4 Visit 4 Mother 3 months
epg, BMI

KEY: Hb = haemoglobin level, epg = eggs per gram faeces, BS = blood slide for malaria HRP-2 = histidine rich
protein-2 antigen, CD4 = cluster of differentiation-4, VL = viral load, BMI = body mass index

2.2.7 Sample collection

In the intervention study for the purpose of sample collection during the interviews at all 4 study
visits participating women were supplied with labelled plastic containers, waterproof papers and
applicator sticks, and were instructed to bring stool samples three times on different days to the
health centre laboratory project technician for testing. Blood was also drawn from subjects for
immunity markers before and after the intervention period in both study arms. These samples
were taken twice during antenatal visits and twice on post-partum visits to the health centre.
Samples were sent to the National Reference Laboratory in Kigali for viral load assays. A case
report form (CRF) was administered in the form of a structured questionnaire to all participants
(Appendix 4). Information captured included personal hygiene behaviour, age, height, weight,
parity, gestational stage, level of education and HIV/AIDS treatment services received at

antenatal care units, including any TB clinical history and presence or absence of any nutritional
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supplements. The women were interviewed in their mother tongue, Kinyarwanda, and translated

into English for data transcription forms.

2.2.8 Physical examination of the participants

Participants’ social demographic data were collected using the case report form (CRF) described
in Appendix 4 administered in form of a questionnaire. Physical data captured on the CRF were

also entered into an Access or Excel spread sheet to enable cleaning of data before analysis.

Anthropometric indices were determined, with weight taken to the nearest 0.5 kg, using a
calibrated measuring scale, height measured in meters, and body mass index calculated there-
from. Body mass index (BMI) was computed as weight (kg) divided by height (m) squared, as
described [129].

2.2.9 Intervention assignments

Study arm A.

e These subjects were given anthelminthic if they tested positive for helminth infection
at any of the 4 study visits.
e In this targeted arm, women who tested helminth-negative did not receive

anthelminthic.

Study arm B.

e This consisted of a non-targeted intervention arm; all participants in this arm received

anthelminthic, irrespective of helminth-infection status, at all 4 study visits.

Treatment to subjects in both arms

e All helminth-positive women in arm A and all women in arm B received a single
dose of albendazole (400mg) at all 4 study visits.

e In both arms women who had malaria were treated with anti-malarial therapy in the
form of Coartem™ (120mg artemether -20mg lumefantrine) at each study visits at

which they tested positive for P. falciparum
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e Iron supplements were given in accordance with the Rwanda Ministry of Health
guidelines for antenatal women i.e. an iron supplement was given to all pregnant

women with a haemoglobin concentration of < 8g/dl [127].

It is known that ART reduces viral replication and can reduce mother-to-child transmission of
HIV by lowering plasma viral load in pregnant women and in their new-borns [130]. In this
study all women enrolled were given highly active antiretroviral treatment (HAART) in
accordance with the Rwandan Ministry of Health guidelines [127]. These guidelines state that
pregnant mothers should be initiated on HAART irrespective of CD4 cell count levels [126]. The

following regimens are available in Rwanda [126,131]:

First line treatment. AZ'T (Zidovudine) +3TC (Lamivudine) + Nevirapine (NVP). In case of any
complications AZT is replaced with d4T (stavudine) [127]

Second line treatment. Abacavir (ABC), +Tenofovir (TDF) + Lopinavir (LOPV/r) [127]

2.2.10 Follow-up procedures

A six-month post-partum period was used to record any significant changes in mothers for each
of the de-wormed and non-de-wormed arms. At each visit, information about the occurrence of
symptoms, dropouts, illness and treatment, were recorded in the investigators’ notes and
captured on a study progress form, which was updated during each visit. Home visits by four
members of the study team drawn from the list of local collaborators in Rwanda were arranged to
follow up women that dropped out of the study. A database of participants’ addresses was
developed and used to trace them to their homes by mobile phone contact and site visit where

possible, with help of community health workers.

2.2.11 Unexpected or unusual symptoms and possible risks of the study

Any adverse reaction or unusual symptom of any nature or severity which was not consistent
with the study investigational protocol and not in agreement with the International Clinical
Harmonization (ICH) Guidelines for Clinical Safety Data Management was treated by the study
doctor in collaboration with clinical coordinators. The principal investigator regularly reported to

the Institutional Review Board (IRB) in Rwanda while adhering to the existing research
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principles of the Rwandan Ministry of Health treatment guidelines to safeguard the study
subjects according to the principles of the Helsinki Declaration [132].

Risks There were minimal risks to subjects participating in this study. The only risk in taking
part in the study could have been mild and short-lived drug reactions that could be easily treated

by the research team doctor.
Potential side effects of medications used
Albendazole

Albendazole therapy during pregnancy is not associated with a significant increase in major
congenital defects [133,134] but it should be avoided during the first trimester. The therapy
offers beneficial effects to pregnant women in countries where intestinal helminths are endemic

[135,136].
Iron supplements

There is evidence that supplementation with iron can be provided safely with anthelminthic
treatment [137]. Current practice in Rwanda recommends giving an iron supplement to all
pregnant mothers for anaemia if the haemoglobin concentration is < 8g/dl in second trimester,
and this was applied in the current study. There were minimal side effects of iron
supplementation to pregnant mothers, and the research team doctor treated any effect noted

during the study.

Coartem® (artemether 120 mg plus lumefantrine 20 mg)

In the case of pregnant women who tested positive for malaria, Coartem was given in four doses
over three days, i.e. two doses on day 1 and one dose each on day 2 and 3 [138]. Side effects of
Coartem treatment in pregnant women is rare and minimal [ 139], consisting of nausea, vomiting
and neurological disorders, and whenever any of these side effects appeared, the study doctor

treated the participants.
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AZT and NVP as first-line ART treatment

Side effects like diarrhoea and anaemia are related to AZT therapy and an NVP-related rash may
also be encountered, and where they arose, the participants were treated by the study doctor
according to guidelines of Rwandan Ministry of Health. Neonates may experience lower birth
weight or congenital effects like neurological disorders. All these are rare side effects of the ART
treatment regimen to mothers, and were treated by the study team doctors in accordance with

Rwanda Ministry of Health guidelines for all subjects in the study [131]

2.3 Laboratory analyses

2.3.1 Laboratory stool analysis

Three slides were prepared for each stool sample collected on three different days from each
participant and processed at each visit to the clinic by the Kato-Katz method as described
previously [140]. Using standard methods three Kato-Katz slides were prepared from each of
three stool samples collected on consecutive days, and examined within 30 minutes for
Ancylostoma duodenale and Necator americanus and again the following day for the ova of
Ascaris lumbricoides and Trichiura trichiura [140,141]. Eggs per gram (EPG) of stool were
calculated by taking the mean of the mean values obtained for each of the three stool samples.
Prevalence and incident rates as new events were measured by using methods previously
described [142]. Sensitivity and specificity of different stool concentration methods were

considered using standard laboratory methods [143].

The study utilized use of Kato Katz multiple stool slides taken at three consecutive days and
compared the results with that of formal ether concentration technique for ensuring high
sensitivity and specificity to identify helminths [143]. This rigorous approach has been
recommended to yield high sensitivity and specificity for helminths prevalence [140,141].

2.3.2 CD4 and plasma viral load analysis

The CD4 cell counts were determined at enrolment using Multiset® software on a FACS Calibur
XT1800i® dual-platform system (Becton Dickinson BD, San Jose, CA, USA). Plasma HIV
RNA was quantified using a Gen-probe® HIV-1 viral load assay on a AmpliPrep/Cobas
Tagman® (HIMCAP, Fort Lauderdale, FL, USA) [144].
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2.3.3 Haemoglobin measurement

A blood drop was obtained using a finger prick device and tested for haemoglobin using a
DOTmed ®, Hemocue®device [145,146]. A haemoglobin level of less than 8g/dl was defined as

anaemia.

2.3.4 Malaria assessment

Asymptomatic parasitaemia was determined in all women participating in the study. Plasmodium
falciparum was identified by light microscopic examination of Giemsa-stained thick and thin
blood smears. Study participants were also tested with an HRP-2 rapid immunochromatographic
dipstick test (Paracheck-F*, IndMED, India) for malaria antigen positivity rates [147]. This test
can be applied easily in the field in epidemiological studies because it is a rapid kit method and is

considered user-friendly [148-150].
2.3.5 Quality control

Quality control procedures involved review of laboratory slide results by trained experts from the
National Reference Laboratory in Rwanda using existing standard operating procedures where
10% of the examined stool specimen slides for helminths diagnosis, and malaria smears were re-
examined for concordance testing. Similarly, blood samples for CD4 and viral load assays were
rechecked per standard operating procedures. All smears and samples were stored for review if
required. In addition, a daily check of the quality of smears and samples were carried out by
routine checks of study records by the principal investigator in accordance with Good Laboratory

Practice (GLP) recommendations in Rwanda.

2.4 Ethical considerations

2.4.1 Ethics committees

The protocol was submitted to the Rwandan National Ethics Committee through the Kigali

Health Institute and the University of the Witwatersrand’s Ethics Committee, and the protocol
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was approved by both organizations (see Appendix land 2 for Ethics Committee approval

letters).
2.4.2 Conduct of study

The principal investigator of the research gave the invited participants a brief explanation of the
study aims and objectives including study significance. All study participants were assured of
confidentiality. Enrolment in the study adhered to the norms and declarations of Helsinki and all
current amendments| 132]. Procedures for the handling of study materials, collection of data and
reporting of results were designed to maintain subject confidentiality and used study-coding
arrangements within the requirements of good clinical practice and the Helsinki Declaration
[151].

2.4.3 Information sheet and signing of consent

All information that was obtained from the participants in the study remained confidential and
was recorded under an ID number specific to each participant. Paper copies of our documents
were kept secure in Rwanda; the database was password-protected in a computer with the
supervisor at the Kigali Health Institute in Rwanda and sent to Professor Nigel Crowther at the
University of the Witwatersrand in Johannesburg, South Africa, when deemed relevant for

scrutiny and at subsequent analysis stages.
2.5 Data Management and Analysis
2.5.1 Data analysis

All statistical analyses are described within the Methods section of each Results chapter.
2.5.2 Data safety and monitoring (DSM)

A local Data Safety and Monitoring (DSM) team worked with the principal investigator and
included specialists with relevant skills in the fields of HIV/AIDS, parasitology, gynaecology,
paediatrics, epidemiology and ethics. These people were drawn from a list of local collaborators.

The monitors gave a written monitoring report to the sponsors at the Kigali Health Institute
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Ethics Committee after each on-site data sheet appraisal and/or other study-related

communication.
2.5.3 Direct access to data

The Permission to examine and reproduce any records and reports that are important to the
evaluation of the study were given to the appropriate monitors by the principal investigator and
the study supervisors. Any existing authorities, sponsor's monitors and auditors seeking direct
access to data took all reasonable precautions within the constraints of the requirements of the

study to maintain the confidentiality of the subjects' identities and investigator’s information.
2.5.4 Data source documentation

All variables were encoded in compliance with STATA.11 (Chicago, IL, USA) software, which
was used for the initial analysis of all data. Further analyses were done using Statistica version
9.1 (Stat Soft, Tulsa, OK, USA). The data from the laboratory, patient questionnaires, patients’
files and physical examination of patients were first entered into Excel spreadsheets and
Microsoft Access using double-entry before being entered into STATA for analysis by the

investigator and the statistician.

Computer generated participant’s codes were double-checked by the principal investigator and

study supervisors to ensure that they correspond with the source data from the field.
2.5.5 Data collection

Trainees from the Kigali Health Institute and the National Reference Laboratory (NRL) carried
out the laboratory analyses while TRAC-plus and other independent clinical collaborators
involved in the study assisted in monitoring the project activities. The PI was in charge of all the
project activities and supervised these together with clinical collaborators, overseeing all data
collection and laboratory tests. The PI also carried out the data entry, data analysis and reporting
of the study activities. However, co-investigators with appropriate medical qualifications assisted

the PI in overseeing medical issues of study subjects throughout the data collection period.
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2.6 Dissemination of findings

All study findings have been published and presented locally to the Rwanda Ministry of Health
and to health centre authorities in Rwanda. Results were also presented as posters and abstracts

at different conferences and manuscripts were published in international peer-reviewed journals

as described in appendix 4 and 5 and 6 at the end of the thesis.
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Chapter 3: Malaria and helminthic co-infection among HIV-positive
pregnant women: prevalence and effects of antiretroviral therapy

3.1 Abstract

Introduction: The impact of malaria on anemia and the interplay with helminthes underline the
importance of addressing the interactions between HIV/AIDS, malaria and intestinal helminthes
infections in pregnancy. The aim of this study was to determine the prevalence of malaria—

helminthes dual infections among HIV positive pregnant mothers after 12 months on ART.

Method: a cross sectional study was conducted on intestinal helminthes and malaria dual
infections among HIV-positive pregnant women attending antenatal health centers in Rwanda.
This was the pilot prevalence data carried out to validate study tools, before the main

longitudinal study

Results: stool and malaria blood slide examinations were performed on 328 women residing in
rural (n = 166) and peri-urban locations (n = 162). BMI, CD4 cell count, hemoglobin levels, type
of ART and viral load of participants were assessed. Within the study group, 38% of individuals’
harbored helminthes, 21% had malaria and 10% were infected with both. The most prevalent
helminthes species were Ascaris lumbricoides (20.7%), followed by Trichuris trichiura (9.2%),
and Ancylostoma duodenale and Necator americanus (1.2%). Helminthes infections were
characterized by low hemoglobin and CD4 counts. Subjects treated with a d4T, 3TC, NVP
regimen had a reduced risk of 7. trichiura infection (OR, 0.27; 95% Cls, 0.10-0.76; p < 0.05)
and malaria—helminthes dual infection (OR, 0.29; 95% CI, 0.11-0.75; p < 0.05) compared to
those receiving AZT, 3TC, NVP.

Conclusion: This study shows a high prevalence of malaria and helminth co-infection among
HIV-positive pregnant women in Rwanda. The differential effect of ARTs on the risk of
helminth infection is of interest and should be further examined in a double-blinded placebo
randomized controlled trial in a larger patient group and explore the role of drug-drug

interactions.
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3.2Introduction

To summarize what has been said in earlier chapters, helminth and malaria infections have been
hypothesized to be factors likely to be driving the HIV-1 epidemic in Africa (1,2). Globally,
there are more than 2 billion people that are estimated to be infested with soil-transmitted
helminths, with the geographical distribution of these infections overlapping considerably with
regions of high HIV-1 sero-prevalence (1) and malaria endemicity (3,4). Due to their profound
effect on the host immune system, which makes those infected more susceptible to HIV-1
infection (1,5), malaria and helminth infections play an important role in the pathogenesis of

HIV-1 infection in Africa.

The combination of HIV, helminthic and plasmodial infections in a host create an
immunologically complex profile (6) and substantially increase the risk of anemia, which is
caused by all three types of infections (7). Therefore, in terms of co-infection with these diseases,
pregnant women in sub-Saharan Africa represent a highly vulnerable group, particularly in light

of data showing that helminth infection increases the risk of mother-to-child transmission of HIV

(6).

Recent data on the prevalence of helminth infection in Rwanda for school-going children from
eight districts indicated a prevalence of 64.5%. The observed prevalence was higher in rural than
in urban settings (8). However, no studies have documented the prevalence of malaria and
intestinal helminth dual infections among pregnant women with HIV/AIDS attending antenatal
services in the context of ARV roll-out programs. Therefore, the aim of this study was to
determine the baseline prevalence of helminth and malaria dual infections in HIV-1 infected
pregnant women attending Rwandan health centres after ART initiation. To give some context to

the results given here, a brief description is provided of the methods used to obtain them.

E. Ivan PhD thesis Page 31



3.3 Methods
3.3.1 Study area and population

Enrolled participants were a sample of women attending the antenatal health centre clinics in the
provinces of Ruhuha, Mareba (both rural sites) and Biryogo (peri-urban) in Rwanda. These
regions are within easy reach of Kigali, where all stool and blood samples analyses were to be
performed. Health facilities were chosen based on facilities that had functional
PMTCT/ANC/ARV services and were located near to inland lakes, thus increasing the chance of
helminth infection. One such facility was chosen randomly from each of the 3 provinces. After
having given their informed consent in writing, the selected women in the second and third
trimester of pregnancy were enrolled. Women were excluded if they were HIV negative, below
18 years of age, had clinical evidence of TB, and had a treatment history of anthelmintic therapy
and clinical confirmation of an abnormal pregnancy. Upon enrolment, subjects were interviewed
for demographic information, and the type and duration of the ARV treatment they were

receiving.

After informed consent was obtained, blood samples were collected for malaria microscopy,
rapid malaria testing, haemoglobin level and CD4 cell count determination and viral load assays.

Stool samples were obtained on three consecutive days for determination of helminthic infection.

3.3.2 Other procedures

Stool sample collection and examination from each woman involved fresh stool samples
collected using an appropriate container, kept according to the national laboratory standards and
then examined using microscopy by a lab technician trained for this procedure. Blood samples
for malaria, viral load and CD4 samples were collected and analysed using available standard
methods. The other methods used in this section of the thesis (described in detail in Chapter 2)
are as follows: formal ether concentration methods for intestinal helminths identification in
stools, identification of P. falciparum infection, measurement of serum haemoglobin levels,
assessment of CD4 counts, viral load measurement (see page 25) and treatment of HIV
infections (see page 23). Also described in Chapter 2 are the selection of the study sites and the

sample size estimation (see pages 17-18) and inclusion and exclusion criteria (see page 19).
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3.3.3 Statistical analysis

Analyses were performed using Stata® version 11.0 (College Station, TX, USA) and Statistica®
version 9.1 (Stat Soft, Tulsa, OK, USA). Data included in tables and the text of this chapter are
expressed as mean + SD or median (range from 25" to 75™ quartile). Data that were not normally
distributed were log transformed to normality. Comparison of continuous data between 2 groups
was carried out using the Student’s non-paired T test, whilst data comparison across more than 2
groups were performed using ANOVA with paired means analysed using Turkey’s test. A
comparison of mean values between groups, with adjustment for possible confounding variables,
was accomplished with the use of ANCOVA. Percentage levels were compared across study
groups using the y2 test. Backward, stepwise multiple regression analyses were performed to
identify the principal determinants of haemoglobin levels and CD4 counts. Independent variables
that were included in the initial regression model were those that correlated with the dependent
variable with a significance level of p<0.10 in a Pearson univariate analysis. Variables were then
removed one at a time based on their p-value, with the variable with the weakest p-value being
removed in each round until only variables with p<0.05 were left in the model. Logistic
regression was performed to assess the risk of infection across antiretroviral therapy (ART)
regimens and data expressed as an odds ratio (OR) with 95% confidence intervals (95% CI). The
categorical variable was infection/no infection whilst the independent variables were the ART
regimens for which dummy variables were generated. The AZT-3TC-NVP regimen was set as
the reference, with an odds ratio of 1. The logistic regression models were run with and without
the confounding variable of location, i.e. peri-urban and rural, which were coded as 0 and 1

respectively.

3.4 Results
3.4.1 Participants’ characteristics
The study cohort of 328 pregnant women included 166 from rural and 162 from peri-urban

centres. The median [range] age of the cohort was 27.0 [8.00] years, with no significant

difference between the 2 population groups. The mean BMI (£ SD) of the total cohort was 25.4 +
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3.44, with women from the peri-urban group (26.7 + 2.88) being significantly heavier than the
rural population (24.1 £ 3.46; p<0.0001).

Participants were recruited to the study in the second and third trimesters of pregnancy, with 288
(87.8%) women recruited in the second and 40 (12.2%) in the third trimester. No significant
differences were noted between these 2 groups for any of the study variables, except that 53.5%
of women recruited in their second trimester of pregnancy originated in a rural area, compared to

30.0% recruited in their third trimester (p=0.005).
3.4.2 Prevalence of helminth and malaria infections

Table 3.1. Prevalence of malaria and helminth infections in rural, peri-urban and

combined populations

VARIABLES RURAL PERI-URBAN COMBINED

N (number of respondents) 166 162 328

Malaria with or without helminth (%) 29.5 [2.3%%* 21.0

Helminth with or without malaria (%) 44.6 32.7* 37.8

Specific species : Ascaris lumbricoides (%) | 23.5 17.9 20.7
Trichiura trichiura (%) 12.7 5.56* 9.15
Hookworm (%) 1.81 0.62 1.22
Asc + Trich + Hkw (%) | 6.63 8.64 7.62

Both malaria and helminths (%) 15.1 4.94%%* 10.1

Eggs per gram of stool (EPG) 6236+6831 | 6491+4814 6342+6051

Data given as % except for EPG (mean+SD); mean EPG was calculated using values only from subjects with a
worm infection (N=74 for rural and 53 for peri-urban); *p<0.05, **p<0.005, ***p<0.0005 versus rural group. Asc=

Ascaris lumbricoides, Trich = Trichiuris trichiura, Hkw = hookworm

Table 3.1 shows that the prevalence of malarial infection with or without helminths (p<0.0005)
(i.e. those cases with a malarial infection which did or did not include a helminth co-infection, in
other words all cases with malaria) and of malarial-helminths dual infection (p<0.005) was

significantly higher in the rural than in the peri-urban population. Helminth infections with or
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without malaria (i.e. those cases with a helminth infection which did or did not include a malaria
co-infection, in other words all cases with helminth infection) were also higher in the rural
population (p<0.05), as was the prevalence of Trichuris trichiura infection (p<0.05). Cases were
also detected where helminths infection was present without malaria. The prevalence of these
‘helminths only’ cases was 27.7% in the rural population and 27.8% in the peri-urban group.
Also, malaria was detected in subjects without a helminths co-infection. The prevalence of these
‘malaria only’ cases was 14.5% in the rural population and 7.4% in the peri-urban group (p<0.05
versus rural) with an overall prevalence of 11.0% in the combined population. The EPG values

did not differ between the two groups.

Table 3.2. Effects of helminth and malarial infections

BOTH
NO MALARIA HELMINTHS
VARIABLES MALARIA &
INFECTIONS ONLY ONLY

HELMINTHS
Number of subjects 168 36 91 33
Age (years) 27.0 [7.00] 27.5[9.50] 26.0 [9.00] 28.0[9.00]
BMI 25.7 +£3.53* 25.5+3.74 25.6 +3.03* 23.5+3.31
Haemoglobin (g/dl) 12.3 £ 1.10%** 5 12.1 £0.95 11.9+1.17 11.5+1.05
Prevalence of anaemia

34.5%* + 44 .4 47.2 63.6

(haemoglobin<12g/dl) (%)
CD4 (cells/mm3) S32 [181]** 4+ | 533 [203]* T+ 449 [131] 464 [156]

Data expressed as mean + SD, median [interquartile range] or percentage; *p<0.05, **p<0.005 versus

both malaria and helminth; 7p<0.05, 1+Tp<0.0005 versus helminth only

Table 3.2 shows that dual infection with malaria and helminths is associated with a lower BMI
than in both non-infected (p<0.05) and helminth-only infected (p<0.05) subjects. Furthermore,
compared to subjects with no infections, those with a malaria-helminth dual infection or an

infection with helminths only are characterized by lower haemoglobin levels (p<0.005 and
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p<0.05, respectively) and a higher prevalence of haemoglobin levels <12g/dL (p<0.005 and
p<0.05, respectively). Subjects with malaria alone also had lower haemoglobin levels and a
higher prevalence of reduced haemoglobin concentrations when compared to females with no
infections; however, these differences were not statistically significant. Also, subjects with a dual
infection or with a helminth-only infection had lower CD4 counts than subjects with no infection
(p<0.005 and p<0.0005, respectively) and subjects with a malaria-only infection (p<0.05 and
p<0.0005, respectively).

Backward, stepwise multiple regression models were developed to identify the principal
determinants of haemoglobin levels and CD4 counts. The initial regression model for
haemoglobin levels included the following continuous variables: helminthic egg count and body
weight, and the following coded (0 or 1) variables: helminthic infection, rural/peri-urban and
detectable viral load. The final model retained only 2 variables that significantly correlated with
haemoglobin level: helminthic infection (beta = -0.21, p<0.0005) and body weight (beta = 0.13,
p<0.05). The R-value for the final regression model was 0.27 (p<0.0001). The initial regression
model for CD4 counts included one continuous variable (helminth egg count) and the following
coded variables: helminthic infection, rural/peri-urban and antiretroviral treatment regimen. The
final model retained only 1 variable that significantly correlated with haemoglobin level:

helminthic infection (beta and R =-0.35, p<0.0001).
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3.4.3 Anti-retroviral treatment regimens and their effects

Table 3.3. Comparison of anti-retroviral regimens used in rural and peri-urban

populations

ANTI-RETROVIRAL REGIMENS RURAL PERI-URBAN
d4T-3TC-NVP (%) 63.2 0.00%**
AZT-3TC-NVP (%) 19.9 3 09 %%
AZT-NVP (%) 0.60 95,

AZT (%) 12.0 1.23 %%k

Other (%) 4.22 0.62*

*p<0.05, ***p<0.0005 versus rural group

Table 3.3 shows that there were significant differences in the antiretroviral regimens that were
used at rural and peri-urban sites. Thus, over 95% of peri-urban centres used the AZT-NVP
regimen. The most common (63.2%) regimen in use at rural sites was the d4T-3TC-NVP triple-

combination.
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Table 3.4. Comparison of BMI, haemoglobin and CD4 levels and prevalence of detectable

viral load and helminthic and malaria infections across ARV treatment groups

Variables d4T-3TC- AZT-3TC- | AZT-NVP | AZT
NVP NVP
N 105 38 155 22
Duration of ARV therapy (months) | 8.62 + 14.2 6.52 +9.64 876 £ 145 |9.37+14.9
BMI 243 +|24.0 +1269+28 22.9 +
3.56%** 3.22%** 2.25%**
Hemoglobin (g/dl) 12.0 +0.87 12.1+1.29 122+ 1.21 | 12.0+1.25
CD4 (cells/fmm3) 490 [111] 463 [223] 500 [201] 537 [328]
Detectable viral load (%) 0.957 10.5 0.00FF 0.00
Eggs per gram stool (EPG) 4292 + | 7344 £ 6409 | 7060 + 6336 | 6371 +£4902
4881%*
Helminth with or without malaria | 40.0+ 65.8 32.27% 31.8F
(%) Specific species:
Ascarislumbricoides (%) 22.9 26.3 19.3 13.6
Trichiuris trichiura (%) 8.571 26.3 4.52%% 13.6
Hookworm species (%) 0.00 5.26 0.64 0.00
Asc + Trich + Hkw (%) 8.57 7.89 7.74 4.54
Malaria with or without helminth | 25.7* 39.5% % 12.3 273
(%)
Both helminth and malaria (%) 12.4% 23.7%%* 5.16 9.09

Data expressed as mean = SD or median (interquartile range) or percentage; mean EPG was calculated
using values only from subjects with a worm infection (N=42 for d4T-3TC-NVP, 25 for AZT-3TC-NVP,
50 for AZT-NVP and 7 for AZT);, *p<0.05, **p<0.005, ***p<0.0005 versus AZT-NVP;7p<0.05,

11p<0.005, +11p<0.0005

Trichiuristrichiura, Hkw = hookworm

Vversus

AZT-3TC-NVP; Asc =

Ascaris

lumbricoides,

Trich =
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Table 3.4 shows that duration of ARV therapy, haemoglobin levels and CD4 counts were not
significantly different across the four treatment groups. However, BMI was significantly higher
in those receiving AZT and NVP when compared to all other groups (p<0.0005 for all
comparisons). Also, the prevalence of a detectable viral load (DVL) was higher in the AZT-3TC-
NVP treatment group compared to both the d4T-3TC-NVP (p<0.05) and the AZT-NVP groups
(p<0.0005). This pattern was reproduced in the prevalence of helminths with or without malaria
(p<0.05 and p<0.005, respectively) and Trichiura trichiura infections (p<0.05 and p<0.0005,
respectively). It was also observed that malaria with or without helminths infections was more
common in the d4T-3TC-NVP and AZT-3TC-NVP treatment groups compared to the AZT-NVP
group (p<0.05 and p<0.0005, respectively). The same pattern was also observed for helminthic-
malaria dual infections (p<0.05 and p<0.005, respectively). The EPG value for the d4T-3TC-
NVP group was significantly lower than in the AZT-NVP group (p<0.05), and also lower than in
the AZT-3TC-NVP group, but this difference did not reach statistical significance (p=0.08).

Only 6 subjects (1.83%) had a DVL (>40 RNA copies/mL) and the median CD4 count in these
subjects was significantly lower than in those with an undetectable viral load (UVL; 363 [114]
versus 493 [173] cells/mm’; p<0.0001). All the participants with a DVL tested positive for
helminthic infection, whereas only 36.6% (p<0.005) of subjects with an undetectable viral load
(UVL) were infected with helminths. Malaria was also more common in subjects with a DVL
(50.0% versus 20.5%; p=0.08) but this difference did not reach statistical significance. The
prevalence of helminthic co-infection with malaria was also more common in those with a DVL
(50.0% versus 9.32%; p<0.005). Haemoglobin levels were lower in subjects with a DVL
compared to those with an UVL (11.0 versus 12.1 g/dl; p<0.05). However, after adjusting for the
presence of a helminths infection using ANCOVA, the p value was attenuated (p=0.08).

The data in Table 3.4 suggest differential effects of the ARTs on malaria and helminths
infections. This was investigated further by logistic regression analysis in which the odds ratios
for risk of infection for each ARV treatment regimen was calculated with and without adjustment
for location (peri-urban/rural), which was the only possible confounding variable. The AZT-
3TC-NVP regimen was set as the reference with an odds ratio of 1. The results of this analysis
are shown in Table 3.4. The data demonstrate that the d4T, 3TC, NVP regimen reduces the risk

of Trichiura trichiura infection and the risk of a combined malaria and helminths infection when
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compared to the AZT-3TC-NVP regimen, and that adjustment for location does not cancel out
this effect. This was also observed for the effect of AZT-NVP on the risk of Trichiura trichiura
infection. However, adjusting for location did attenuate the significant risk reduction observed
for this ARV regimen on both malaria and dual malaria-helminth infection. It was also observed
that for the d4T-3TC-NVP regimen, after adjustment for location, the odds ratio for malaria was

slightly attenuated, with this effect just missing statistical significance (p=0.06).

3.5 Discussion

The current study shows that helminths and malaria infection levels in HIV-positive pregnant
women are high, and that malaria and malaria-helminths dual infections are more common in
rural than in urban areas. Malaria-helminths dual infection was found to be a risk factor for
reduced BMI, whilst helminths infection either on its own or in conjunction with malaria was
found to be associated with lower haemoglobin and CD4 levels. The ARV regimen of d4T-3TC-
NVP was found to significantly reduce the risk of Trichiuris trichiura and malaria-helminthic
dual infection when compared to the AZT-3TC-NVP regimen, whilst AZT with NVP also

lowered the risk of Trichiuris trichiura infection.

A prevalence rate of 37.8% for helminth infections and 21.0% for malaria indicates a high
transmission intensity of these parasites among HIV-positive pregnant women in Rwanda. An
earlier study of malaria prevalence conducted among HIV-positive pregnant females in Kigali,
Rwanda, demonstrated that 8.0% of the study group had malaria [166]. This figure is comparable
to the prevalence (12.3%) of malaria observed in our study for subjects residing in the peri-urban
areas of Kigali. No studies have been conducted in Rwanda on the prevalence of helminth
infections in HIV-positive pregnant females. However a study has been conducted on the
prevalence of helminth infections in school children from eight districts in Rwanda where the
prevalence was 64% [167], which is much lower than the 37.8% level observed in our study.
This may be related to the greater recreational exposure of children to contaminated soil, as well

as a reduced level of agricultural activities in pregnant females.

Our findings show lower prevalence levels for malaria and malaria-helminths co-infection, but a

higher level of helminthic infection than those reported in a study of pregnant women from
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Ghana [74]. In that study the prevalence of malaria, intestinal helminths and dual infection was
36.3%, 25.7% and 16.6% respectively. However, the HIV status of that population was not
assessed. An investigation in Uganda among pregnant women [168] reported a prevalence level
of 68% for helminthic infection and 11% for malaria, with 12% being HIV-positive. Thus, these
studies show varying levels of helminths infection during pregnancy across African populations.
There may be a number of reasons for this, including differences in socio-economic status and
the level of helminths exposure. It should be noted, however, that in the present study all
participants received ART, and we found that helminths seem to be susceptible to particular
ART regimens. When comparing HIV-negative to HIV-positive pregnant females, malaria is
more common in the latter group and helminth infection increases the risk of mother-to-child

transmission of the virus [15].

Our findings also show that dual infection with malaria and helminths is associated with a lower
BMI compared to the other 3 study groups (Table 3.2). Women with malaria-only, helminth-
only, or dual infection all had lower haemoglobin levels than non-infected women, but the
difference was only significant for helminth-only or dually infected subjects (Table 3.2). The
dually infected subjects had the lowest haemoglobin levels. It has been observed that dual
infection of malaria with helminths leads to lower haemoglobin levels when compared to
malaria-only or helminth-only infected pregnant women, whilst all 3 infected groups exhibit
lower haemoglobin levels compared to non-infected subjects [169]. The non-significant effect of
malaria on haemoglobin levels within our study may be related to the lower number of subjects

carrying only malaria, thus reducing the power of the analysis.

In subjects with a helminth-only or a malaria-helminths infection, CD4 cell counts were
significantly lower than in those with malaria-only or no infection (Table 3.2). It is well
established that pregnancy, and first pregnancy in particular, increases malaria susceptibility
[170]. It is equally generally accepted that HIV-infected pregnant women have a significantly
increased risk of malaria parasitaemia and placental malaria, more severe clinical manifestations
and pregnancy outcomes [169].Our study suggests that in HIV-positive pregnant women malaria
is not necessarily associated with lower CD4 cell counts. This was confirmed by a multiple
regression analysis in which the presence of malaria did not associate with CD4 counts. Further

support for these results comes from a study showing that CD4 counts do not differ between
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HIV-positive subjects with or without malaria [169], and from the observation that the
prevalence of malaria is not related to CD4 cell counts [169]. Furthermore, a prospective
investigation of HIV-positive pregnant women in Kigali, Rwanda, demonstrated that HIV-
positivity but not CD4 cell count was the only factor related to an increased risk of malaria
[171,166]. One explanation could be the fact that HIV infection has been found to be associated
with a specific cytokine dysregulation resulting from impairment of IL-12-mediated IFNy
production by intervillous blood mononuclear cells impairing the immune response against
placental malaria, rather than mounting a generalized suppression of the cellular immune
response against malaria [172-175]. Thus, regarding CD4 cell count level and malaria alone,
there seems to be conflicting evidence blurring the otherwise clear-cut picture of the malaria-

HIV interaction.

By contrast, our data also show that helminth infection is linked to lower CD4 cell counts in
pregnant, HIV-positive women and that all subjects with a DVL tested positive for helminth.
However, previous studies have shown that CD4 counts correlate positively with the risk of
helminths infection [3,176] although others have found the opposite [178]. Reviewing the
epidemiology and immunology of helminth-HIV interactions, one study concluded that there is
inconsistent evidence for a beneficial effect of anthelminthic therapy on CD4 counts and viral
load in HIV-1 co-infected individuals [178]. However, it could be expected that this effect would
be suppressed by successful ART, reducing viremia and possibly explaining why, in some
studies including ours, CD4 counts did not relate to increased helminthic infection risk. It should
be noted that both the earlier studies were performed using subjects who were ART naive, whilst

our study only involved women who were already receiving ART.

It has already been proposed that ART may reduce the prevalence of helminth infection [177].
However, the study by Bachur and colleagues compared ART with non-ART in different areas,
and did not control for other covariates such as education and age, which could be relevant. A
major finding of the study presented here is that there is a differential effect of ART on the
helminthic infection rate. Thus, the ART regimens of AZT-NVP and d4T-3TC-NVP both
significantly reduced the risk of helminthic infection compared to a regimen of AZT-3TC-NVP.
This effect was particularly evident for Trichiuris trichiura. Furthermore, the d4T-3TC-NVP

regimen, but not the AZT-NVP regimen, lowered the EPG count, suggesting that the first

E. Ivan PhD thesis Page 42



therapy reduces both the prevalence and intensity of helminthic infection. The reason why these
particular ARV regimens reduce the risk of Trichiuris trichiura infection is not known and

requires future in vifro investigations.

It was also observed that both ART regimens that reduced the risk of helminthic infection had
similar but less prominent effects on malaria risk, and had lower prevalence levels of DVL than
the AZT-3TC-NVP regimen. A number of in vitro studies have shown that protease inhibitors
can inhibit P. falciparum growth [179,180]; however, similar studies have not been performed
with the other antiretroviral drug classes. Clinical studies have confirmed the ability of ART to
reduce malaria prevalence [128,180]. A recent study also showed that early initiation of ART
was linked with reduced levels of detectable viral load in pregnancy in the context of an option B

treatment program initiated in some countries including Rwanda [181].

The present study found that different ART regimens were being used in urban compared to peri-
urban districts. The reasons for this difference are not known and are surprising in light of the
Rwanda Ministry of Health’s nationwide treatment guidelines for HIV infection. It is possible
that this difference may be related to supply chain problems with the AZT-NVP regimen being

more accessible to peri-urban than rural areas.

The strengths of this study reside in the screening of 3 stool samples collected from each subject
on three consecutive days for the presence of helminths, and the use of a combination of two
different screening techniques to increase the sensitivity of helminths and malaria diagnosis.
However, this study also has some limitations. Due to its cross-sectional design, it is impossible
to determine temporal direction or causality. Also, the study had no control group of HIV-
negative or positive subjects not receiving ART. Additionally, the sample size for this study was
relatively small and therefore it may not have been sufficiently powerful to uncover true
differences or relationships within the study cohort and may also obscure or falsely reveal

significant effects in the logistic and multiple regression models.

In conclusion, we found that the prevalence of malaria and helminthic infections is high in HIV-
positive pregnant women in Rwanda. Helminthic infection in this population is an important risk
factor for low haemoglobin and CD4 cell counts whilst malaria-helminths dual infections are

characterized by a reduced BMI. Particular ART regimens seem to have positive effects on both
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P. falciparum and Trichiuris trichiura infections, and further studies on drug-drug interaction
and association needs to be undertaken in large population samples for reproducibility and

further confirm these results.

The following chapter describes a cross sectional analysis of baseline data of a longitudinal study
comparing targeted versus non-targeted anti-helminthic therapy in HIV-positive pregnant
females receiving ART. The baseline analysis included a higher number of subjects (N=980)
than the study described in the previous chapter allowing a more detailed analysis of the risk
factors for helminthic infection including demographic factors and personal hygiene related with

helminthic infection likely fuelling factors.
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Chapter 4: THE PREVALENCE OF HELMINTH AND

MALARIA INFECTION IN HIV-POSITIVE PREGNANT
WOMEN ON ANTI-RETROVIRAL THERAPY IN RWANDA

4.1 Abstract

Background: Within sub-Saharan Africa, helminthic and malaria infections cause considerable
morbidity in HIV-positive pregnant women and their offspring. Helminth infections are also
associated with a higher risk of mother-to-child HIV transmission. The aim of this study was to
determine the prevalence of, and the protective and risk factors for helminth and malaria

infections in HIV-positive pregnant Rwandan women receiving anti-retroviral therapy (ART).

Methods: Pregnant females (N=980) were recruited from health centres in rural and peri-urban
locations in the central and eastern provinces of Rwanda. Helminths infection was diagnosed
using the Kato Katz method whilst the presence of Plasmodium falciparum was identified from

blood smears.

Results: The prevalence of helminth infections was 34.3%, of malaria 13.3%, and of co-
infections 6.6%. Helminths infection were more common in rural (43.1%) than peri-urban
(18.0%; p<0.0005) sites. A CD4 count < 350 cells/mm’ was associated with a higher risk of
helminth infection (odds ratio, 3.39; 95% Cls, 2.16-5.33; p<0.0005) and malaria (3.37 [2.11-
5.38]; p<0.0005) whilst helminth infection was a risk factor for malaria infection and vice versa.
Education and employment reduced the risk of all types of infection whilst hand washing
protected against helminth infection (0.29 [0.19-0.46]; p<0.0005). The TDF-3TC-NVP (3.47
[2.21-5.45]; p<0.0005), DAT-3TC-NVP (2.47 [1.27-4.80]; p<0.05) and AZT-NVP (2.60 [1.33-
5.08]; p<0.05) regimens each yielded higher helminth infection rates than the AZT-3TC-NVP

regimen. Anti-retroviral therapy had no effect on the risk of malaria.

Conclusions: HIV-positive pregnant women would benefit from the scaling up of de-worming
programs alongside health education and hygiene interventions. The differential effect of certain
ART combinations (as observed here most strongly with AZT-3TC-NVP) possibly protecting
against helminth infection warrants further investigation. The possibility of drug-drug

interactions between albendazole, Coartem and ARTs deserves further investigation.
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4.2 Introduction

In sub-Saharan Africa, the health burden of helminthic disease is enormous and, consequently,
co-infections with malaria against a backdrop of often-high HIV sero-prevalence are numerous
[182], so that combating co-infections has been identified as an important public health goal
[20,75]. Consequently, the important areas of current interest are the effects of helminthic
infections on immune regulation, and their possible consequences for susceptibility to other
infections and immunologically mediated conditions such as allergy and autoimmune diseases
[183]. Risk factors for helminthic infections depend on the route of transmission and the life
cycles of the various helminth species; they are usually related to hygiene and sanitation
[104,178,184] The geographical distribution of helminthic infections is largely determined by
several environmental factors such as climate and the presence of stagnant water bodies
[18,185,186]. In the absence of vaccinations, the only currently recommended public health
intervention for soil-transmitted helminths is regular mass de-worming, particularly for high risk
groups, backed up by facilitating access to clean water, improved sanitation and health education

[20,23,72,187].

Pregnancy may increase susceptibility to helminths, but this is uncertain. A recent study from
Gabon showed increased prevalence of helminthiasis in pregnancy [188], but a study from
Thailand found no association [184]. Susceptibility and clinical outcomes are further
complicated by co-infection with HIV and malaria. Malaria due to P. falciparum, combined with
helminthic infections during pregnancy in HIV-positive women is of great concern from a public
health perspective [156,188,189]. Control of P. falciparum infection by intermittent preventive
treatment and use of insecticide-treated bed nets is of great importance, especially in
primigravidae [1,94,190-192]. HIV-infected women tend to experience faster CD4 decline
during and after pregnancy [193], and could therefore be even more susceptible to helminthic

infection and malaria.

The objective of this cross-sectional observational cohort study was to assess the major risk
factors for helminth and malaria co-infection in HIV-positive pregnant women who participated
in an early anti-retroviral therapy (ART) initiation program for the prevention of mother-to-child
transmission in Rwanda. We describe the prevalence of malaria and helminth infection in HIV-

infected pregnant women on ART, and assess the factors that may increase or decrease rates of
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both infections. This cross-sectional investigation was a baseline study for a longitudinal cohort
in which future measurements during pregnancy and post-delivery would be performed to
determine the effect of anthelminthic intervention on helminth and P. falciparum infection rates

and HIV disease progression.

4.3 Methods
4.3.1 Study population and procedures

Ethical approval of the methodology was obtained from the Rwanda National Ethics Committee
and the Ethics Committee (Human Research) of the University of the Witwatersrand Medical
School, Johannesburg, South Africa.

The participants in the study were recruited between 02 January 2010 and 29 December 2010
from women accessing antenatal care and ART services at rural and peri-urban health centres in
the central and eastern provinces of Rwanda. After giving written informed consent, women in
the second trimester of pregnancy were enrolled at their fourth, fifth or sixth month of gestation.
In addition, women were enrolled if they lived within walking distance of the study areas, and if
they planned to deliver at the health centre registered for the study. Enrolment criteria were: HIV
infection; pregnancy in the second trimester; use of ART; and willingness to provide three stool
samples on consecutive days. Women were excluded if they were diagnosed with tuberculosis,
or if they had taken any anti-helminthic drugs at any time prior to entry into the study. Those
who had been enrolled in other research projects during the study period were also excluded.
Upon enrolment, participants were interviewed to obtain demographic and socio-economic
information pertaining to the relevant environmental risk factors for helminthic and malaria
infections, (questionnaire used is attached as Appendix 3). Subsequently, participants provided

blood and stool samples before being treated in accordance with the study protocol.

4.3.2. Other procedures

The other methods used in this section of the thesis are as follows: intestinal helminthic
identification in stools; identification of P. falciparum infection, measurement of serum
haemoglobin levels; assessment of CD4 counts; viral load measurement; treatment of helminthic,
P. falciparum and HIV infections. All these methods are described in detail in Chapter 2 of this

thesis.
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4.3.3. Statistical analysis of data

Data analysis was performed using Stata® version 11.0 (College Station, TX, USA) and
Statistica® version 9.1 (StatSoft, Tulsa, OK, USA). Data that were not normally distributed were
log-transformed to normality before analysis. Differences between percentage values were

assessed using the y” test.

Backward stepwise multiple logistic regression analysis was used to determine the principal
factors associated with helminth and malaria infections and helminthic-malaria co-infections.
Models were constructed for infection with each individual helminthic species, i.e. Ascaris
lumbricoides, Trichiuris trichiura and hookworms, and a combined model for infection with any
helminthic species. The independent variables included in the initial logistic regression models
were, for helminthic infections: location, month of year, ART, number of pregnancies
(gravidity), education, employment, water source, use of shoes, hand washing, dietary
supplement use, viral load detection, presence/absence of malaria, age, height, gestational stage
and CD4 counts. Effect modification between ART regimens and each of the other independent
variables was assessed by including an interaction term in the model for any helminth infection.
With malaria as the dependent dichotomous variable, the same list of independent variables was
used. The presence/absence of helminthic infection was included as an additional independent
variable, whilst presence/absence of malaria was removed. With helminthic-malaria co-infection
as the dependent variable, both malaria and helminthic presence/absence were removed from the
model. In all the logistic regression models, the independent variable with the highest p-value

was removed until only variables with p<0.05 were left in the model.

Backward stepwise multiple regression analysis was used to identify the principal determinants
of faecal helminthic egg counts and blood haemoglobin levels. Univariate analyses were initially
performed and any variable with p<0.50 was included as an independent variable in the multiple
regression models. The same procedure as described for the logistic regression models was then

followed.
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4.4 RESULTS
4.4.1 Prevalence of helminthic infections and malaria

The data in Table 4.1 show that, in the presence or absence of malaria, infection with any
helminth species occurred in 336 (34.3%) of the participating sample, being significantly
(p<0.0005) more common in rural than in peri-urban communities. Infection with helminths in
the absence of malaria showed a similar trend, occurring in 36.5% of rural and in 11.3% of peri-

urban subjects (p<0.0005).

Table 4.1. Prevalence of helminth and malaria infections in rural and peri-urban areas

VARIABLES RURAL | PERI-URBAN | COMBINED
N 635 345 980
Helminth with or without malaria 43.1 18.0%** 343
Ascaris lumbricoides 26.1 11.0%** 20.8
Helminth species: | Trichiuris trichiura 8.66 4.35%* 7.14
Hookworm 8.35 2.61%** 6.33
Malaria with or without helminths 11.0 17.4% 13.3
Helminths with malaria 6.61 6.67 6.63

All data expressed as a percentage; *p<0.05, **p<0.005, ***p<0.0005 vs. rural

Infection with each of the three-helminth species also occurred more often in the rural than in the
peri-urban sample, with 4. lumbricoides being the most common. The presence of a malaria
infection (in the presence or absence of a helminth) was more frequent in peri-urban than in rural
subjects (p<0.05). This trend was mirrored by malaria-only infections, with a prevalence of
4.41% in rural and 10.7% in peri-urban women (p<0.0005). The prevalence of helminth-malaria

co-infection was similar in both environments (Table 4.1).

4.4.2 Prevalence of helminthic infections and malaria in different population sub-groups

Helminthic infections of any type, asymptomatic malaria or co-infections were all less prevalent
in subjects receiving AZT-3TC-NVP when compared to those taking d4T-3TC-NVP (p<0.005)

(see Table 4.2). Treatment with AZT-3TC-NVP was also associated with a lower prevalence of
malaria co-infection when compared to AZT-NVP, and TDF-3TC-NVP therapy. The latter
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therapy, on the other hand, was associated with a lower prevalence of asymptomatic malaria

compared to the administration of AZT-NVP.

Table 4.2. Prevalence of helminth and malarial infections in relation to various risk factors

VARIABLES N HELMINTH (%) MALARIA (%) CO-INFECTION (%)
AZT-3TC-NVP | 299 | 27.4%* 6.35% 4+ 2.67*
AZT-NVP 126 |325 24.6%* 14.3%%
ART d4T-3TC-NVP 461 | 39.7 14.5 6.72
TDF-3TC-NVP | 94 31.9 13.8+ 8.51%
Jan-Feb 262 | 279 24.4 122
Months Mar-May 718 | 36.6* 9.19%%% 4.60%%*
Ace <30 years 545 37.4 10.3 5.50
& >30 years 435 | 30.3* 17.0%% 8.05
Gravidity | 225 | 422 16.0 10.2
25 755 | 31.9%% 124 556
Gestational 4 months 505 33.5 22.0 11.3
stage 5-6 months 476 | 352 4.00%** 1.68%**
Educati Some 480 | 216 10.6 2.80
ucation None 500 | 47.5%** 16.0* 10.6%**
Emolovment XSS 181 | 283 10.9 3.63
ploy No 799 | 60.8%** 23.8%%% 19.9%%%
Piped 215 | 13.0 16.7 3.26
Water River 765 | 40.3%** 123 7.58%
s o | Yes 380 | 30.5 16.3 8.16
oe wearing I, 600 | 36.7* 11.3* 5.67
Hand Yes 695 | 29.3 17.7 8.63
washing No 285 | 46.3%** 2.46%F* 1.75%%%
Diet Yes 281 | 28.1 21.3 11.7
supplements | No 699 36.8% 10.0%** 4.58%**
Viral load Detectable 90 70.0 17.8 14.4
No detectable 890 30.7%** 12.8 5.84%**
D4 <350 cells/mm3 | 209 | 62.7 277 20.6
>350 cells/mm3 | 771 | 26.6%** 9 34%%% 2.85%%%
Malaria Present 130 50.0 - -
Absent 850 31.9%** - -
. Present 336 - 19.3 -
Helminths =t 644 10, 1%%% -

All data expressed as percentages *p<0

d4T-3TC-NVP; 7p<0.05, 711p<0.0005 vs. AZT-NVP; §p<0.05 vs. AZT-3TC-NVP

05, **p<0.005, ***p<

0.0005; For ART: *p<0.05, **p<0.005 vs.

Compared to malaria or co-infection rates, a number of other factors had the opposite effect on

helminthic infection. Thus helminthic infections were more common, but malaria and

consequently co-infections with HIV were less common in the women who were tested between

March and May compared to those tested in January or February. The same pattern was observed
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in women who did not wear shoes compared to those who did, and in women who did not

regularly wash their hands or take dietary supplements compared to those that did (Table 4.2).

Pregnant women who were older than 30 years at testing had a lower prevalence of helminthic
infection, but higher levels of asymptomatic malaria compared to women who were 30 years or
younger. Primigravidae had higher prevalence’s for all 3 infection types compared to women
who had had more than one previous pregnancy, whilst women who presented for testing at an
earlier stage of their pregnancy (4 months) had higher prevalence levels of malaria and co-

infections compared to those who were tested at a later stage (5-6 months) (Table 4.2).

Study participants who were unemployed and subjects with no formal education had a higher
prevalence of helminthic infections, malaria and co-infections compared to subjects who were
employed, and educated, respectively. Women who used water directly from a river rather than
piped water for their water needs had a higher prevalence of both helminthic infection and co-
infection, but a lower prevalence of malaria, although this last comparison did not reach
statistical significance (p=0.09). A detectable viral load and a CD4 count < 350 cells/mm® were
both associated with higher levels of all infections. Subjects with asymptomatic malaria had a

higher prevalence of helminthic infections, and vice versa (Table 4.2).

4.4.3 Identification of risk and protective factors for helminth infections

Table 4.3 gives the results of multiple logistic regression analyses to identify risk and protective
factors for helminth infections. With regard to ART, the d4T-3TC-NVP regimen groups
exhibited higher prevalence’s of infection with 4. lumbricoides and hookworm compared to
AZT-3TC-NVP. The same applied with the AZT-NVP and TDF-3TC-NVP regimens regarding
T. trichiura prevalence when compared to the AZT-3TC-NVP therapy. No interaction was
observed between ART regimens and any of the other independent variables within the

multivariable model for any helminth infection.
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Table 4.3. Multiple logistic regression analyses to identify risk factors for helminth

infections
ODDS  RATIOS g(]))gs R gggs RATIOS | ,hps RATIO FOR
INDEPENDENT VARIABLES |FOR  ASCARIS ANY  HELMINTH
INFECTION IRTCHITES HOOKWORM | \\pp cTiON
INFECTION INFECTION
2.59 2.19 3.47
d4T-3TC-NVP (1.79-3.75)%** ) (1.27-3.79)** (2.21-5.45)%**
ART# AZT-NVP . ?2.64151-8.96)*** . 2.60 (1.33-5.08)*
TDE-3TC- ] 357 ] 247
NVP (1.69-7.57)** (1.27-4.80)*
. Jan-Feb vs. 0.32
Months: Mar-May - - (0.13-0.77) * -
Aoe: >30 vs. <30 | ] ] 0.66
ge yrs. (0.47-0.94)*
No. oMl : : : 0.59 (0.39-0.87)*
pregnancies
Location: Urban vs. | 0.52 ) 0.32 0.41
' Rural (0.33-0.82)** (0.15-0.66)** (0.27-0.62)***
. 0.41 0.39
Education: Yes vs. No (0.28-0.59)*** - - (0.28-0.55)%**
0.47 0.14 023
Employment: Yes vs. No (0.31-0.73)** (0.08-0.27)*** - (0.15-0.36)***
Water: Piped vs. | 0.30 ) ) 0.23
: River (0.16-0.53)*** (0.14-0.38)***
. 0.52 0.20 0.29
Hand washing: | Yes vs. No | 733 ) g (0.10-0.40)%** |~ (0.19-0.46)***
Detectable  viral Yes vs. N 1.95 ) 2.42
load: e VS, N0 (1.11-3.42)* (1.29-4.55)*
, <350 vs.>350  aven o | 3:03 (1.75- P
CD4: s/ 2.12 (1.38-3.23) 227 (1323900 | s 3.39(2.16-5.33)
- Infected  vs. | ) ) 3 .
Malaria: Not 2.13 (1.27-3.59)

tAs compared to AZT-3TC-NVP; data are odds ratios (95% confidence intervals); reference group for
each variable is shown in bold in column 2; odds ratios are not given for variables that had no significant
effect and were removed from regression model; the following variables did not significantly affect risk
for any of the above infections: gestational stage, wearing shoes, use of dietary supplements and height;
each of the helminth infections were used as the dependent variable in multivariable regression models

adjusted for all the variables shown in each column. More details on how each model was developed are

given in section 4.3.3; *p<0.05, **p<0.005, ***p<0.0005.

There were lower rates of hookworm infestation in subjects who were screened for infections
during January and February compared to those screened later in the year, whilst subjects who

were older than 30 years, or who were multigravidae had a lower risk of any helminthic infection

when compared, respectively, to those 30 and younger, or primigravidae (Table 4.3).
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Subjects who were residents of a peri-urban location had a lower risk of A. lumbricoides,
hookworm or any helminthic infection compared to those from a rural environment. Educated
study participants and those who used piped water were at a lower risk of A. lumbricoides or any
helminth infection compared, respectively, to subjects with no formal education and those who
used river water. Furthermore, pregnant women who were employed or who regularly washed
their hands were at a lower risk for A. lumbricoides, T. trichiura or any helminth infection
compared to subjects who, respectively, were employed or who did not wash their hands

regularly (Table 4.3).

Pregnant women who had a detectable HIV viral load compared to those who did not, were at a
higher risk for A. lumbricoides, and subjects with a CD4 count at, or below 350 cells/mm’ were
at a higher risk for all types of helminthic infections compared to those with CD4 counts above
350 cells/mm’. The presence of malaria was associated with a higher risk of any helminthic

infection (Table 4.3).

4.4.4 Identification of risk and protective factors for malaria and co-infections

The risk of malaria was higher in the months of January and February than in the months from
March to May. Risk was also higher in older women but lower in those in the third trimester of
their pregnancy. This latter trend was also mirrored by risk of co-infection. Co-infection risk was
also reduced in subjects with some formal education and in those who were employed. Pregnant
women who used piped rather than water directly from a river ran a higher risk of malaria.
Helminthic infection was associated with a higher risk of malaria, whilst low CD4 counts were
also linked to a higher risk of malaria and co-infection. Interestingly, women who regularly

washed their hands ran a higher risk of both malaria and co-infections (Table 4.4).
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Table 4.4. Multiple logistic regression analyses to identify risk factors for malaria infection
and helminth-malaria co-infection

VARIABLES ODDS RATIOS FOR | ODDS RATIOS FOR
MALARIA INFECTION HELMINTH-MALARIA
CO-INFECTION
Months: Jan-Feb vs. Mar-May 1.70 (1.08-2.68)* -
Age: >30 vs. <30 years 1.76 (1.15-2.69)*

Gestational stage:

5-6 vs. 4 months

0.17 (0.10-0.29)%**

0.16 (0.07-0.35)***

Education: Yes vs. No - 0.32 (0.17-0.63)**
Employment: Yes vs. No - 0.26 (0.14-0.49)***
Water: Piped vs. River 1.76 (1.04-2.97)* -

Hand washing: Yes vs. No 5.81 (2.51-13.5)*** 2.96 (1.07-8.19)*
Helminth infection: | Yes vs. No 2.42 (1.51-3.89)***

CD4:

<350 vs.>350 cells/mm’

3.37 (2.11-5.38)%**

7.13 (3.95-12.9)%**

Data are odds ratios (95% confidence intervals), odds ratios are not given for variables that had no significant effect and were removed from

regression model; The following variables did not significantly affect risk for any of the above infections: location, ART, viral load, number of

pregnancies, wearing shoes, use of dietary supplements and height; *p<0.05, **p<0.005, ***p<0.0005.

4.4.5 Identification of the principal determinants of faecal helminth egg count and

haemoglobin level

Backward stepwise multiple regression analysis demonstrated that faecal helminth egg counts

were highest in women who were multigravidas, who did not wear shoes and who had low CD4

counts (Table 4.5). Haemoglobin levels were lowest in women who had helminth or malaria

infections, who had low CD4 counts and who were at a more advanced (5 or 6 months compared

to 4 months) gestational stage.

Table 4.5. Multiple regression models for determinants of helminth egg count and
haemoglobin level

MODEL DEPENDENT INDEPENDENT | BETA VALUE R FOR MODEL
NUMBER | VARIABLE VARIABLES (P- VALUE) (P-VALUE)
No. of pregnancies | 0.17 (0.001)
1 Egg count (log) Use of shoes -0.13 (0.01) 0.28 (<0.0005)
CD4 count (log) -0.54 (0.03)
Helminths -0.67 (<0.0005)
5 Haemoglobin Malaria -0.31 (0.01) 0.34 (<0.0005)
level CD4 count (log) 1.37 (<0.0005)
Gestational stage -0.19 (0.02)
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Coding for number of pregnancies: primigravida - 1, multigravida - 2; Coding for use of shoes: wear
shoes - 1, do not wear shoes - 0; Coding for helminth or malaria: infected - 1, no infection - 0; Coding for

gestational stage: 4 months - 1, 5 or 6 months - 2
4.5 Discussion

In this study, we determined the prevalence and identified protective and risk factors of
helminthic, malaria and co-infections in HIV-infected pregnant women on ART in Rwanda. We
found that helminthic infection was more prevalent in rural than in peri-urban settings. Poor
education and unemployment were risk factors for both helminthic and P. falciparum infection,
whilst hand washing protected against worm infections. Treatment of HIV with AZT-3TC-NVP
was associated with a lower prevalence of helminthic infections. A CD4 count of <350
cells/mm® was associated with higher levels of all infections. Multiple linear regression analysis
demonstrated that helminth egg counts (EPG) were highest in women who were multigravidae

and haemoglobin levels were lowest in women who had helminthic or malarial infections.

The prevalence of helminth infection was higher among rural than peri-urban participants, the
most prevalent helminth species being A. lumbricoides followed by T. trichiura and hookworm
species (Ancylostoma duodenale and Necator americanus) being the least common. This agrees
with previous findings from the same location [188]. Our results are further supported by
findings from an earlier study in the region, which indicated that 4. lumbricoides and T. trichiura
were more commonly found in Rwanda and Burundi than in most other East African countries

[194]

Our findings also show lower prevalence levels for malaria and malaria-helminthic co-infection
than previously reported for pregnant women in Ghana, but higher rates of helminthic infections
[74]. A study in Uganda [168,186,195] reported that the prevalence of helminth infection among
pregnant women there was 68% and for malaria was 11%; however, only 12% of those women
were HIV-infected. Not surprisingly, such results indicate that there are varying prevalence
levels of helminthic infection during pregnancy across East African populations. It should be
noted that in the Ghana study the HIV status of the participants was not known, whilst in our

study all participants were HIV-infected and receiving ART.
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An earlier study conducted in Kigali, Rwanda, of malaria prevalence in HIV-positive pregnant
women reported that 8.0% of the study group had malaria [167]. It is well documented that
pregnant women living in malaria-endemic areas have an increased risk of P. falciparum
infection during pregnancy, but this usually remains asymptomatic. In the current study we
found seasonal fluctuation, with the prevalence of asymptomatic malaria being higher in subjects
tested in the months of January and February compared to those tested in March through to May.
This may be due to the higher rainfall in January and February leading to greater numbers of

mosquitoes.

In the current study, we also found that pregnant women who were older than 30 years at the
time of testing had a lower prevalence of helminthic infection, but higher levels of malaria
compared to younger females. The helminth data is supported by a previous study from Uganda
[196]. However, most studies show that malaria is also more common in younger, pregnant
women [197] and similarly this difference may be related to a number of factors, including

lifestyle and socio-cultural differences across the population groups included in these studies.

Little data exists on the relationship between number of previous pregnancies and the risk of
helminthiasis. One study shows no effect of pregnancy number on the risk of helminthic
infection [75] whilst a second study demonstrates a higher risk of hookworm infection but a
lower risk of 4. lumbricoides infection in primigravidae compared to multigravida women [198].
The data from the current study suggest that primigravid females have a higher prevalence and
risk of helminth infection compared to multigravida women. This is an important finding and
suggests that de-worming programs should target such individuals. Our data also show a higher
faecal egg count in women who have already had pregnancies compared to women in their first
pregnancy. Thus, although multigravida women are at a lower risk of helminthiasis than
primigravidae, when they do acquire a helminthic infection they have a higher intensity of

infection than primigravid women.

Women who presented for testing at an earlier stage of their pregnancy (4 months) had a higher
prevalence of malaria and helminth-malaria co-infection than those at a later stage of pregnancy
(5-6 months). This result is supported by findings from previous African studies [198].
Education and employment acted as protective factors against both helminthic infection and

helminth-malaria co-infection. Earlier studies showed similar associations [22] suggesting that
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socio-economic status is a strong modulator of disease risk. Helminth infection was shown to be
more prevalent in subjects who did not wash their hands. Other studies [198] have shown that the
risk of helminth infection is reduced in subjects who regularly wash their hands, more so in those
who use soap [199]. Thus, simple changes in hygiene practice would be important for reducing
the prevalence of helminth infection. In our analysis, however, hand washing was statistically
significantly associated with an increased risk of malaria and consequently helminth-malaria co-
infection. This finding is surprising and difficult to understand. Also to be noted is the finding
that the use of piped compared to open river water reduced the risk of helminthic infection, but
seemed to increase the risk for malaria. Whilst improved access to clean water is known to
reduce the risk for helminthic infection [200], the greater risk of malaria associated with hand
washing and piped water is an unusual finding, with little data available in the literature to
confirm these associations. We believe that we are dealing with a confounder, although it is
apparently difficult to understand its nature, and neither an elevated social status nor local vector
behaviour and distribution offer any clue to understanding this result. It may also be speculated
that this involves standpipes, not in-door plumbing, and that stagnant pools are accumulating
around the standpipes thus attracting malaria vectors and risks increment. Further investigation is

required to fully understand these results.

Helminth egg counts were highest in multigravidas who did not regularly wear shoes and who
had low CD4 counts (Table 4. 5). Haemoglobin levels were lowest in women who had helminth
or malarial infections or both, who had low CD4 counts and whose gestational stage was 5 or 6
months. Based on the distinct mechanisms by which helminths and malaria affect haemoglobin
levels, it can be speculated that their combined presence might interact to enhance the risk of

anaemia when intensity is moderately higher than in light worm infection intensities.

The relationship between helminthic infection, intensity and anaemia has been described in
several settings in Africa as well as in South East Asia [104,201]. Although the women in our
study group were all on ART, with some having received nutritional supplements as part of their
antenatal care package, previous regional studies also reported lower haemoglobin levels
associated with high prevalence’s of helminths and malaria [75]. Our findings are further
supported by other studies [19,23], which report that pregnant women are known to exhibit

fluctuating CD4 levels in pregnancy, which might expose them to a higher prevalence of
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helminthic infection, leading to maternal anaemia. This could be explained by the fact that the
immune system is impaired during pregnancy and therefore HIV positive pregnant women who
live in highly helminthic and malaria endemic areas in sub-Saharan Africa are likely to be at

increased risk for helminthic-malaria co-infections.

In the present study the risk of helminthic infection was higher in women with a reduced CD4
cell count, and in subjects with a detectable viral load. This is in agreement with previous studies
conducted in pregnant women in Uganda [195] and Rwanda [202], where CD4 counts correlated
negatively with the risk of helminthic infection. However, another study [74] has found the
opposite, although this investigation was not carried out in pregnant women. Webb et al. [203]
reviewed the epidemiology and immunology of helminthic—HIV interactions, and concluded that
the data were too inconsistent to postulate a beneficial effect for anti-helminthic therapy on CD4

counts and viral load in HIV-1 co-infected individuals.

With regard to malaria, we found that a low CD4 count was associated with an increased risk of
P. falciparum infection. This contrasted with findings from a very similar study performed in
Rwanda, where no such association was found [166,202]. The discrepancy may be related to the
lower power of the earlier investigation, as there is clear evidence from a number of studies that,

particularly in pregnant women, HIV does lead to more malaria episodes [94,204].

The prevalence of helminthic infection was higher in subjects with malaria, and vice versa. A
study conducted in Ghana on pregnant women also showed that helminthic infection increased
the risk of malaria [74]. It is thought that helminthic infections have a number of effects on the

immune system that lead to increased susceptibility to malaria [103,157].

In our study sample all subjects were taking ART irrespective of CD4 count, as prescribed by the
current Rwandan Ministry of Health guidelines for the prevention of mother-to-child
transmission of HIV [16]. Helminthic infections of any type, malaria, or helminthic-malaria co-
infections were all less prevalent in subjects receiving AZT-3TC-NVP compared to the other
three ART regimens (Table 4 2). These effects remained significant for helminthic infections
after adjusting for confounding variables in a logistic regression analysis (Table 4.3). However,
the protective effect of AZT-3TC-NVP for malaria was not sustained in the logistic regression

model (Table 4.4). An earlier study conducted among pregnant Rwandan women also
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demonstrated that specific ART regimens seemed to reduce helminthic prevalence, but had less
effect on malaria [205]. That study demonstrated that the AZT-3TC-NVP regimen was the least
protective compared to the other therapies, i.e. AZT-NVP, d4T-3TC-NVP and AZT [205].

This finding contradicts data from the current study and may be related to a much smaller sample
size (N=328) in the earlier study compared to the current study (N=980). Whilst these findings
suggest a possible anti-helminthic effect of certain ART combinations, there was no non-ART
control ‘arm’ in either study, as neither study was designed to detect the effect of ART on the
risk of helminthic infections. This finding of possible anti-helminthic effects of certain ART

regimens does warrant further investigation.

Although the ART-induced reconstitution of cellular immunity would probably be the main
factor for reducing helminthic infections among HIV patients, earlier in vitro and in vivo
investigations have indicated that HIV treatment, especially with protease inhibitors (PIs), could
have a direct effect by Kkilling off parasites, including malaria [179]. It had already been
suggested that ART without PIs might reduce the prevalence of helminthic infection [206,202].
Thus, ART itself might have contributed to the decline in helminth prevalence, asymptomatic
malaria or co-infection seen in our study. We hypothesize that the anti-mitochondrial toxicity of
ART compounds may play a direct role here, a hypothesis for which support needs to be tested in
future field trials, designed to address this question. The strengths of the current study lie in the
screening of a large number of women from eight health centres catering to women of all socio-
economic classes; the screening for the presence of helminths of three stool samples on three
consecutive days; and the combination of two different screening techniques to increase the
sensitivity of helminth diagnosis. However, our study also has limitations. Methodologically its
cross-sectional design makes it impossible to determine temporal causality, including the
inability of multivariate models to adjust for all confounding factors. The Kato Katz method used
to determine the number of helminth eggs could have underestimated the proportion of women
with light hookworm infection. The study had no control group of HIV-positive subjects not

receiving ART.

In conclusion, we found that the prevalence of helminthic infections, malaria, and co-infections
are common among HIV-positive pregnant women on ART in Rwanda. Helminthic and malarial

infections in this population are important risk factors for low haemoglobin levels. Subjects with
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low CD4 counts were at higher risk of infections, and helminthic infection is a risk factor for
malaria. Education and employment were independent protective factors for helminthic infection
and malaria, whilst hand washing reduced the risk only for helminthic infections. The possible
anthelminthic effect of some ART combinations and probably the drug-drug interactions

warrants further study.
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5

Chapter S: Effect of de-worming on markers of disease progression in
HIV-1 infected pregnant women on ART: a longitudinal observational
cohort study

5.1 Abstract

Background: De-worming individuals with HIV infection who are also receiving ART may be
of benefit, particularly in pregnant females. Therefore, the aim of this study was to determine the
efficacy of targeted versus non-targeted anti-helminth therapy. The study outcomes were to
measure the effects of anthelminthic therapy on Plasmodium falciparum infection, helminth
infection haemoglobin levels, CD4 counts and viral load levels in pregnant, HIV-positive

females receiving ARTs.

Methods: A cohort of 980 HIV-infected pregnant women receiving ART were tested for
helminth infection, malaria, CD4 counts, and haemoglobin levels at two visits during pregnancy
and two visits postnatally, within 12 weeks between each visit. The women were given anti-
malarial drugs whenever they tested positive for malaria, and were randomised to either a

targeted (n=467) or non-targeted (n=513) anthelminthic intervention with albendazole therapy.

Results: No significant differences were noted between the targeted and non-targeted
albendazole treatment arms for any of the variables measured at each study visit except for CD4
counts, which were lower (P<0.05) in the latter compared to the former group at the final visit.
Albendazole therapy was associated with favourable changes in haemoglobin levels, CD4 counts
and viral loads, particularly in those subjects with helminthic infections. However, co-therapy of
albendazole with anti-malarial (Coartem: artemether-lumefantrine) increased the risk of P.

falciparum infection when compared to no therapy (OR [95% Cls] =5.51 [1.99-15.3]; p<0.005).

Conclusions: Anti-helminthic therapy reduces detectable viral loads, and increases CD4 counts
and haemoglobin levels in subjects with helminth infections receiving ART. However,
albendazole therapy used in conjunction with Coartem is associated with an increased risk of
malarias but further studies are required to confirm this data to rule out drug —drug interaction

and other factors.
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5.2 Introduction

Public health strategies such as preventive chemotherapy aim to reduce the burden of helminthic
diseases and are pertinent in Africa where over 22 million people are estimated to be co-infected
with helminths and HIV-1 [207]. Co-infection commonly affects the natural history and disease
progression of both helminthic infections and HIV [4,156,169]. However, the effects of
interaction between the two infections are still little explored. Findings from observational
studies and randomized control trials (RCTs) have shown impaired immune response to HIV in
individuals with helminthic co-infection [13,94], suggesting that helminths play a role in
immunity attenuation [35], HIV pathogenesis and disease progression [1,13,94,208-210].
Furthermore, findings from randomised control trials suggest that treatment of helminth co-
infection might delay HIV disease progression [5,8,211,212]. The immune interplay between
helminthic infections and HIV is complex, and there are different hypotheses about the influence
of these infections on each other, the most described influence being the Th2 bias induced by
helminthic infections, suppressing Th1 responses specific to HIV, thereby leading to more rapid
HIV progression [13,94,213]. Acquisition of HIV was found to be positively correlated with
female urogenital schistosomiasis [20,214] but a RCT showed in contrast no benefit of de-
worming on the prevention of mother-to-child transmission of HIV [168,211]. Other systematic
reviews described the effect of anti-helminthic treatment on markers for HIV disease
progression, with lower increases in HIV viral loads and increases in CD4 counts being reported
[1,79,203]. However, results from a more recent study did not suggest a beneficial role for de-
worming in HIV-positive subjects who were not eligible for anti-retroviral therapy (ART) [211].
However, other plausible reasons have linked malaria and helminths in HIV infected individuals
[75], and the dual interactions consistently exhibit a high degree of prevalence of co-infection
with HIV [215]. Findings suggest that helminths can affect HIV/AIDS, and malaria disease
progression [216-222]. Data suggests that a combination of immunological, epidemiological,
and clinical factors can contribute to these interactions and leads to a worsening prognosis for
people affected by HIV/AIDS and malaria [156,223]. Studies suggest that helminths skew the
immune response towards Th2 cells characterized by higher levels of interleukins IL-4, ILS, and
IL13 [35,223].Together these studies highlight the impact of the high prevalence of these NTDs
combined with their immunological effects on human hosts co-infected with HIV, which

presents opportunities to design new strategies for the combied control of these diseases.

E. Ivan PhD thesis Page 62



A recent study, conducted within districts of Rwanda where helminthic infection is endemic,
showed a high rate of HIV and helminthic co-infection (37.8%) in pregnant females receiving
ART [224]. During pregnancy such co-infection increases the risk of both anaemia and mother-
to-child transmission of HIV [156]. However, there is a paucity of data from African settings to
give insights into whether HIV-infected pregnant women in ante- and postnatal settings receiving
ART may benefit from de-worming. The aim of the current study was to determine the effect of
de-worming among HIV-infected pregnant Rwandan women receiving ART on markers of HIV
disease progression and haemoglobin levels. A further aim was to determine the efficiency of de-

worming using albendazole (ABZ) in targeted versus non-targeted treatment arms.

5.3 Methods
5.3.1 Study population

Pregnant women from rural and peri-urban areas were recruited at local antenatal clinics.
Inclusion criteria were HIV infection; pregnancy in the second trimester; use of ART and
willingness to provide three stool samples on consecutive days. Women were excluded if they
were diagnosed with tuberculosis, or if they had taken any anti-helminthic drugs at any time
prior to entry into the study. Measurements were taken at two visits during pregnancy and two
visits postnatally, with 12 weeks between each visit. Ethical approval was obtained from the
Rwanda National Ethics Committee (RNEC) and the Ethics Committee (Human Research) of the

University of the Witwatersrand Faculty of Health Science in Johannesburg, South Africa.

5.3.2 Therapies

With computer-generated random ID numbers, patients were assigned to a targeted de-worming
treatment arm (n=550) with 400 mg albendazole (ABZ) given at any study visit if participants
were helminthic positive, or an untargeted de-worming treatment arm (n=550) where all women
were given 400 mg ABZ at each visit irrespective of their helminthic status. If they tested
positive for P. falciparum at any of the 4 study visits, the women received Coartem (120mg
artemether and 20mg lumefantrine per tablet). At all of the 4 visits to the antenatal clinics
research assistants observed the taking of the all the study drugs by the study participants. All

women received nevirapine for the prevention of mother-to-child HIV transmission and
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subsequent combination ART, irrespective of CD4 cell levels — in accordance with the latest

Rwandan Ministry of Health treatment guidelines of 2010 [225].

5.3.3 Measurements taken at each study visit

We measured CD4 cell counts and serum haemoglobin levels at every visit, as were weight and
height for the calculation of BMI. Viral loads were measured at baseline and at the final visit.
Due to ART, viral loads were low and were therefore recorded as a categorical variable, being
either above or below the detectable limit of 40 copies per mL. The presences of helminthic
(Ascaris lumbricoides, Trichiuris trichiura and hookworms) and P. falciparum infections were
assessed at every study visit, irrespective of whether they were in the targeted or untargeted ABZ
treatment cohort. The methods used for all these measurements are described in Chapter 2 of this
thesis, and a related publication [226] and the STROBE guidelines for observational cohort

studies were followed (http://www.strobe-statement.org).

5.3.4 Study sub-groups

Initial analysis involved the comparison of the targeted with the non-targeted treatment arm.
Taking advantage of the study format, we also performed a sub-group analysis in which
participants were divided into 3 groups based on the frequency of the ABZ treatment. These

groups consisted of:

1. A control group (H-all ABZ-all) in which all subjects were helminth-free and received no
ABZ throughout the study;

2. A group in which all subjects were helminth-free but did receive ABZ throughout the study
(H-all ABZ+all);

3. A group in which all participants were helminth-infected at baseline and received ABZ
therapy, either at all visits or only at visits where helminth infection was detected

(H+ABZ+).

These groups allowed us to determine the effect of ABZ therapy in the absence of a helminth
infection (H-all ABZ+all) and to observe the effect of untreated helminth infection at baseline

and the subsequent effects of ABZ therapy (H+ABZ+).
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5.3.5 Statistical analyses

Variables that were not normally distributed were log-transformed to normality before analysis,
and are expressed in medians [interquartile range] in the tables. Normally-distributed data are
expressed as mean + SD. Comparisons between the targeted and non-targeted groups at each
time point were made using Students t-test for continuous variables, whilst within-group
comparisons were made using a paired Students t- test with Bonferroni correction for multiple
testing. Comparisons at each time point for the sub-group analysis were performed using
ANOVA followed by a Turkeys’ post hoc test. Categorical variables were analysed using the
test. Logistic regression was used to determine the effects of the ABZ and Coartem therapies on
the risk of P. falciparum infection at visit 4 by dividing the cohort into 4 groups based on
therapies received at visit 3: those who received neither treatment (reference group); those who

received only ABZ; those who received only Coartem; those who received ABZ and Coartem.

Backward, stepwise multivariable linear regression analysis was used to determine the correlates
of percentage changes in haemoglobin levels and CD4 counts between visit 1 and visit 2. The
reason for using this time period was that it covers the outcome of treatment of more long-term
helminthic or P. falciparum infections than would be observed at other periods in the study, and
would give a more accurate picture of response to therapy in subjects who had not previously
been treated with anti-helminthic medication. The initial regression models included variables
that correlated (p<0.50) in univariate correlation analyses with each of the 2 outcome variables.
All statistical analyses were performed using Statistica version 9.1 software (StatSoft, Tulsa, OK,

USA).

5.4 Results
5.4.1 Recruitment and loss to follow up

A total of 1300 pregnant women were enrolled and assessed for eligibility. However, 200
participants were excluded because they did not meet the study inclusion criteria. The resulting
1100 eligible participants were 1:1 equally randomized to targeted and non-targeted treatment
arms. A total of 121 subjects (12.3%) did not complete the study due to various reasons (see Fig
5.1) and were excluded from the final analysis. Extra details on sample size estimation is given

in Chapter 2, page 18, section 2.2.3.
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Figure 5.1. Study flow diagram
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5.4.2 Helminths, malaria and hemoglobin in targeted and non-targeted groups

At baseline the only differences between the 2 groups were that the targeted had less subjects
receiving AZT-3TC-NVP therapy than the non-targeted group (27.4 vs 33.3%; p=0.04) whilst
the non-targeted group had less subjects receiving AZT-NVP therapy (10.7 vs 15.2; p=0.04). In

addition more subjects in the targeted group had malaria-helminth co-infections (see below).

The data in Fig 5.2A shows that the prevalence of helminthic infection in the targeted and non-
targeted study arms was similar at all-time points. In both groups helminthic infection dropped
dramatically (p<0.0005) by visit 2 from that at visit 1 for both comparisons, with a shallower
decrease by visit 4. The prevalence levels of individual helminthic infections at baseline for the
total cohort (N=980) were as follows: 4. lumbricoides, 20.8%; T. Trichiura, 7.14%; hookworm
species, 6.33%. The prevalence of P. falciparum infection was similar at all-time points for the
two treatment arms, with a significant fall in prevalence by visit 2 in both arms. However, there
was a tendency for the infection rate to be higher at visit 4 in the non-targeted arm (7.8% vs.
5.1%; p=0.09) (Fig 5.2B). The baseline prevalence of helminthic co-infection with P. falciparum
was significantly higher in the targeted (8.60%) compared to the non-targeted group (4.90%;

p<0.05), but for both groups no co-infection was detected at any of the subsequent visits.
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Figure 5.2. Comparison of targeted (hashed line) versus non-targeted (solid line) treatment arms on helminth

infection (A), P. falciparum infection (B), serum haemoglobin level (C) and CD4 count (D)
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Haemoglobin levels were similar in both arms at all study visits (Fig 5.2C), rising significantly
from visit 1 to visit 2 in both arms, and peaking by visit 3. Thereafter, levels fell significantly

(p<0.0005 for both comparisons) for visit 4.

5.4.3 Baseline comparison of 3 study sub-groups

The results in Table 5.1 show that at baseline (visit 1) no significant differences across the 3
study groups were noted for age, gestation or BMI. The prevalence of multigravidity was higher
in the H-all ABZ+all group when compared to the H+ABZ+ group (p<0.05). Baseline
haemoglobin levels and CD4 counts, and the prevalence of detectable viral loads and malaria are

also shown in Fig 3 and are discussed in the following section. The use of the 4 different ART
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regimens did differ across the 3 study groups with the AZT-3TC-NVP regimen being more
common in the H-all ABZ-all and H-all ABZ+all groups. The D4T-3TC-NVP regimen was
found less often in the H-all ABZ-all and H-all ABZ+all groups when compared to the
H+ABZ+group. No differences were noted for the use of the TDF-3TC-NVP or AZT-NVP
regimens. The prevalence of some level of formal education, employment and peri urban

residence was all lower in the H + ABZ + compared to the other 2 groups.

Table 5.1. Baseline characteristics of study groups

VARIABLES Subject groups
H-all ABZ-all H-all ABZ + all | H+ABZ+
N 204 272 334
Age (years) 30.5+4.62 30.3+4.78 29.9 +4.73
Gestation (months) 4.58+0.72 4.65+0.74 4.64 £0.72
Gravidity >1 (%) 77.9 80.9%* 71.6
BMI 25.4+3.27 252 +3.32 25.3+3.28
Haemoglobin (g/dl) 12.2 + 1.18%** 12.3 £ 1.22%** 11.4+1.35
CD4 (cells/mm”) 489 [173]*** 483 [182]*** 380 [112]
Detectable HIV (%) 4.90%** 4.78%** 18.9
ART regimen (%):
AZT-3TC-NVP 35.3* 39. 7% 242
AZT-NVP 11.8 9.55 12.3
DAT-3TC-NVP 42 1%* 42.3%* 54.8
TDF-3TC-NVP 10.8 8.45 8.68
Malaria (%) 8.33%** 9.93** 19.5
Education (%) 60.8%** 57.0%** 32.0
Employment (%) 88.2%** 90.1%** 67.1
Peri-urban (%) 46.1%%* 39.0%** 18.6

Data given as %, mean £ SD or median [interquartile range]; H-all ABZ-all = helminth free and not treated with ABZ at any
visits; H-all ABZ+all = helminth free and treated with ABZ at all visits; H+ABZ+ = infected with helminth at baseline and
treated with ABZ;""p<0.0005, **p<0.005, p<0.05 vs H+ABZ+
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5.4.4 Longitudinal changes in malaria, haemoglobin, detectable viral load and CD4 counts

in 3 study sub-groups

The study variables at each visit for the 3 treatment sub-groups are shown in Fig 5.3. Helminth
infection by definition was 100% in the H+ABZ+ group and 0.00% in all other groups at
baseline and remained at 0.00% at all subsequent visits for the H-all ABZ-all and H-all ABZ+all
groups. Within the H+ABZ+ group helminth infection fell to 5.99% at visit 2 (p<0.0005 vs. visit
1), rose to 10.8% at visit 3 (p<0.05 vs. visit 2) and fell to 7.78% at visit 4 (p=0.10 vs. visit 3).
Malaria was significantly more prevalent at the baseline visit for the H+ABZ+ group when
compared to each of the 2 other groups (p<0.05 and p<0.0005 for the 2 comparisons) (Fig 5.3A).
However, at visit 2 P. falciparum detection fell significantly in the former group (p<0.0005) to
levels comparable to that of the other 2 groups, and remained so at visit 3. The prevalence of P.
falciparum positivity rose slightly by visit 4 in both groups receiving ABZ therapy, but fell in the
group not receiving ABZ (H-all ABZ-all), such that this group had a significantly (p<0.05) lower
level of infection compared to the H+ABZ+ group at the final visit. In order to determine
whether the rise in P. falciparum infection at visit 4 in those receiving ABZ therapy was due to
an interaction between ABZ and Coartem therapy, a logistic regression analysis was performed.
This demonstrated that subjects receiving both ABZ and Coartem at visit 3 had an odds ratio
[95% Cls] for P. falciparum infection at visit 4 of 5.51 [1.99-15.3] (p<0.005) versus subjects
receiving neither therapy. Subjects receiving Coartem only or ABZ only had odds ratios of 3.48
[0.94-12.9] (p=0.06) and 1.68 [0.93-3.03] (p=0.08), respectively. Addition of possible
confounders to the logistic regression models i.e. gravidity, gestational age at baseline,
employment status and ART regimen did not negate this effect. Haemoglobin levels were
significantly lower in the H+ABZ+ group at baseline when compared to the 2 other sub-groups
(p<0.0005 for both comparisons; Fig 5.3B) but rose significantly at visit 2 (p<0.0005) and visit 3
(p<0.0005). Within the remaining 2 study groups, haemoglobin levels did not rise significantly
between visits 1 and 2 but did so between visits 2 and 3 (p<0.005 and p<0.0005 for the 2
comparisons). Haemoglobin levels fell significantly (p<0.0005 for both comparisons) between

visits 3 and 4 in the H-all ABZ-all and H-all ABZ+all groups, but not in the H+ABZ+ group.
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Figure 5.3: Sub-group analysis of malaria prevalence (A), haemoglobin levels (B), CD4

counts (C) and prevalence of detectable viral loads (D) across study visits

A 2]
24 4 13.0 4
P L)
20 bbb —
£ . —
e
. 12.5 4
X 16 4 =
Q <
& 12 S 120
S s 3
] z
. by 11.5
& 0
ke
0 T T T 1 11.0 v v T
Vist 1 Vist 2 Visit 3 Vist 4 Visit 1 Visit 2 Visit 3 Visit 4

,,
o

. 560 24
™M e
€ = | bbb
£ 520 E 20 A
= >
2 T 16 N
B 480 © N
= 5 12 N ~
g 440 S N
o g 81 g
g 3 —
g 400 4 v
o i
360 ' ' ' . 0 '
Visit 1 Visit 2 Visit 3 Visit 4 Visit 1 Visit 4
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free and treated with ABZ at all visits; Large dashes with triangle markers: H+ABZ+ = infected with helminth at
baseline and treated with ABZ; *p<0.05, ®p<0.005, **p<0.0005 H+ABZ+ vs H-all ABZ-all; ®p<0.05, **p<0.005,
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The CD4 counts were significantly lower in the H+ABZ+ group at baseline when compared to
the 2 other sub-groups (p<0.0005 for both comparisons (Fig 5.3C). The CD4 counts rose
significantly (p<0.0005) within this group from visit 1 to 2 and (p<0.05) from visit 2 to visit 3,
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but at both visits the CD4 levels were still significantly (p<0.0005 for all 3 comparisons) lower
when compared to the 2 other sub-groups. However, a large (p<0.0005) increase in CD4 counts
from visit 3 to visit 4 brought levels to within the range observed in the other groups. There was
a shallow but significant rise in CD4 counts from visit 1 to visit 3 in the H-all ABZ-all and H-all
ABZ+all groups. The CD4 counts rose significantly (p<0.0005) from visit 3 to visit 4 in the H-all
ABZ+all group leaving levels significantly (p<0.05) higher than in the H+ABZ+ group.

The prevalence of detectable viral levels was significantly (p<0.0005 for both comparisons)
higher in the H+ABZ+ group at baseline when compared to the 2 other groups, but fell
significantly (p<0.0005) by visit 4 (Fig 5.3D). The prevalence of detectable viral loads did not

change between the first and final visits for the 2 other study groups.

5.4.5 Multivariable linear regression analyses

The results of multivariable, backward, stepwise linear regression analyses for determining the
correlates of percentage change in CD4 counts and percentage changes in haemoglobin level are
shown in Table 5.2. These data show that, over the time period from visit 1 to visit 2, loss of a P.
falciparum infection was associated with an increase in the percentage change in CD4 counts by
8.64% (p<0.0005) whilst gain of an infection can reduce CD4 counts by 9.81% (p<0.0005) when
compared to subjects with no change in infection status between these 2 study visits. Similar
results were found for A. lumbricoides infections, with a loss of infection being associated with
an increase in the percentage change in CD4 counts of 6.74% (p<0.0005) and a gain in infection
leading to a fall in CD4 counts by 7.37% (p=0.003). Loss of a 7. trichiura or a hookworm
infection caused an increase in CD4 counts of 5.28% (p=0.02) and 5.94% (p=0.02), respectively.
Subjects in whom a detectable viral load was observed at visit 1 had a 25.0% increase in CD4
counts (p<0.0005) when compared to subjects with no detectable viral load. The independent
variables within the model for percentage change in CD4 counts explained 22.0% (p<0.0005) of

the variance in the dependent variable
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Table 5.2. Backward, stepwise multivariable regression models for % change in CD4
counts and haemoglobin levels from visit 1 to visit 4

ADJUSTED R*
INDEPENDENT VARIABLES WITH
DEPENDENT FOR FULL
UNSTANDARDIZED BETA
VARIABLES MODEL (P
COEFFICIENT (P VALUE)
VALUE)

Loss of malaria infection 8.64 (<0.0005)

Gain in malaria infection -9.81 (<0.0005)

Loss of Ascaris infection 6.74 (<0.0005)

| Gain in 4scaris infection -7.37 (0.003)

Percentage change in

Loss of Trichuris infection | 5.28 (0.02) 0.22 (<0.0005)
CD4 count

Loss of hookworm | 5.94 (0.02)

infection

Detectable viral load at | 25.0 (<0.0005)

visit 1

Peri-urban vs. rural -1.90 (0.01)

Employment 2.13 (0.02)

Gestational age 2.08 (0.002)
Percentage change in | Gain of malaria infection -3.82(0.009)

_ 0.09 (<0.0005)

haemoglobin level Loss of Ascaris infection 4.93 (<0.0005)

Loss of Trichuris infection | 2.93 (0.03)

Loss of hookworm | 8.96 (<0.0005)

infection

Variable coding: loss or gain of any helminth or P. falciparum infection was coded as -1 and +1 respectively and
compared against no change in infection status (coded as 0); presence of a detectable viral load at visit 1 was coded
as 1 whilst an undetectable viral load was coded as 0; periurban coded as 1 and urban as 0; employed coded as 1 and

unemployed as0; gestational age of 5 or 6 months coded as 1 and gestational age of 4 months coded as 0

Table 5.2 shows that periurban compared to urban-dwelling subjects had a 1.90% haemoglobin

decline (p=0.01) between the study visits. Employed women had a 2.13% haemoglobin increase
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compared to unemployed women (p=0.02). Malaria between study visits 1 and 2 was associated
with a 3.82% haemoglobin decrease (p=0.009). Successful treatment of A. lumbricoides, T.
trichiura or hookworm infections were associated with 4.93% (p<0.0005), 2.93% (p=0.03) and a
8.96% (p<0.0005) haemoglobin gain.

5.5 Discussion

The present study is the first to determine the effect of ABZ therapy on CD4 cell counts, viral
loads and haemoglobin levels in HIV-infected pregnant women, who were also receiving ART
and anti-malarial medications. Favourable changes were observed in all these variables over a
period of 1 year, particularly in those subjects who had a helminthic infection at the baseline
visit. The anti-helminthic therapy was administered in either a targeted or non-targeted fashion,
and both these treatment arms were equally effective. However, P. falciparum infection levels at
the final study visit were found to be higher in subjects receiving both ABZ and anti-malarial

therapy (artemether with lumefantrine).

This study was conducted in regions of Rwanda where helminthic infection is endemic, and
under such conditions non-targeted anti-helminthic therapy may be more cost effective than a
test-then-treat procedure. However, it is important to determine whether non-targeted therapy is
efficacious and safe. The results from the present study suggest that this is the case, with the
prevalence of helminth infection being comparable at all-time points in the two treatment arms,

and the absence of any participant withdrawal due to adverse reactions to the ABZ therapy.

Studies investigating the effect of deworming on CD4 cell counts and viral loads in HIV-positive
patients have been analysed in a systematic review, which demonstrated a significant and
beneficial effect [3,60,227]. Data from the current study support these findings and demonstrate
that, in pregnant females receiving ABZ therapy, CD4 counts increase and the prevalence of
detectable viral loads fall in the presence of concurrent ART. Thus, ABZ therapy significantly
augments ART in improving immune function and blocking viral replication. Furthermore,
haemoglobin levels also increase after initiation of anti-helminthic therapy. A recent study has
shown that anti-helminthic therapy in HIV-positive pregnant females reduced viral load, but the
effect was not statistically significant [207]. However, this study involved only 1 dose of ABZ or

praziquantel, which was administered at baseline (second or third trimester of pregnancy), and
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measurement of changes in viral load, but not CD4 counts, at 6 weeks’ post-treatment and at
delivery. Furthermore, no participants were receiving ART at recruitment but were given single
dose intrapartum and neonatal NVP to reduce mother-to-child transmission. Another study has
also shown that, in HIV-positive subjects not receiving ART, ABZ therapy had no effect on
HIV-associated disease progression [168]. However, as stated above, a meta-analysis of 3
randomized controlled trials has shown benefits of anthelminthic therapy in HIV-positive
subjects [89]. These contradictory data may result from differences in study format and
methodology, including treatment of different helminth species, variable sample sizes,
differences in study duration and frequency of anti-helminthic therapy, presence of different
parallel therapies (e.g. for HIV or P. falciparum infection), variations in the prevalence of

helminthic infections, and differences in population ages and genders.

The current study demonstrates that increases in CD4 counts occur with the removal of each of
the 3-helminth species measured, i.e. 4. lumbricoides, T. trichiura and hookworm. The effects
were significant, with the loss of each helminth infection causing a 5-7% increase in CD4 counts
over a 3-month period. One other study has shown that treatment of A. lumbricoides with ABZ
does improve CD4 counts [228,229] but these findings, or those for treatment of 7. trichiura and
hookworm observed in our study, are not supported by other reports [230]. It is interesting to
note that none of these other studies included subjects receiving ART. It is therefore possible that
ABZ therapy has a more significant effect on the immune system responsiveness of HIV-
infected subjects in the presence of ART. However, it must be noted that one reported study [72]
did demonstrate a positive effect of ABZ therapy in subjects not receiving ART. More studies
are therefore required to compare the effect of ABZ on HIV-associated disease progression in

helminthic-infected, HI'V-positive subjects receiving or not receiving ART.

An interesting observation from the present study is that CD4 counts were higher at visit 4 in the
non-targeted than in the targeted ABZ-treatment arm. The sub-group analysis demonstrated that
this was due to a significant increase of CD4 counts between visit 3 and visit 4 in the subjects
receiving ABZ therapy in the absence of any detectable helminthic infection. This suggests that
ABZ may have an effect on CD4 counts that is independent of its ability to clear a worm
infection. Another possible explanation for these results is that there may have been helminths

present that were below the limit of detection of the stool microscopy, or that other parasites that
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we were not set up to detect were being cleared by the ABZ therapy. A previous study of HIV-
infected pregnant women demonstrated that viral loads fell in subjects treated with ABZ
irrespective of the presence of a helminthic infection [55,214].These data also suggest a direct
effect of ABZ on immune function in HIV-infected subjects, but the mechanisms involved are
not known. However, it is interesting to note that ABZ does have non-helminthic effects, as is
shown by its ability to bind mammalian tubulin [231,232] and to inhibit vascular endothelial

growth factor (VEGF) production [231].

Our study further confirms the higher prevalence of P. falciparum in subjects carrying a
helminth infection [156]. Data from our investigation also shows that, at the final study visit, the
prevalence of P. falciparum infection was higher in the non-targeted than in the targeted arm.
The data from the sub-study analysis confirmed that this was due to a significantly higher
prevalence of malaria in subjects receiving both ABZ and Coartem, suggesting a drug-drug
interaction. An in vitro study has shown that exposing a human hepatoma cell line, HepG2, to
ABZ does induce increased expression of cytochrome P450 enzymes [233]. Such enzymes are
known to be responsible for the hepatic metabolism of anti-malarial drugs such as artemether and
lumefantrine [234-236], which are the active constituents of Coartem. Thus, there is some
experimental evidence suggesting that ABZ may lead to increased hepatic metabolism of the
anti-malarial agents used in this study. However, pharmacokinetic investigations are required to

confirm these results.

Treatment with ABZ led to increases in serum haemoglobin levels, particularly in subjects
carrying helminthic infections. Linear multiple regression analyses demonstrated that removal of
helminthic and P. falciparum infections independently led to increases in serum haemoglobin
levels. Both these types of parasitic infection are known to cause anaemia [230,237].
Haemoglobin levels increased postpartum, reaching a maximum at 3 months, and then falling to
a nadir at 6 months. A previous study has demonstrated rising haemoglobin levels postnatally,

but no decline in levels was observed at 6 months [75,168].

The current study had several strengths. It was a randomized, longitudinal, controlled cohort
study carried out at multiple sites in Rwanda. Compliance with the study treatments was
documented by direct observation by study staff. Retention of participants in the study was high

and did not differ between study groups. Furthermore, the objective outcome measures were
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systematically assessed and documented. Limitations of the study were the absence of a placebo
arm, and neither participants nor study staffs were masked to treatment allocations. Also, there
was no control group without ART or an HIV-negative group. The study had other design
weaknesses, such as a lack of data collection on concomitant treatments such as cotrimoxazole.
Also, adverse events to the drug therapy that were not severe enough to cause participants to
withdraw from the study, were not recorded. Data on the duration of ART was not collected and
therefore could not be adjusted for in the multivariable regression model for changes in CD4
levels across pregnancy. The study was not developed to investigate drug-drug interactions, and
therefore such effects could not be confirmed. In addition, the analysis of the 3 sub-groups was
not planned before initiation of the study and therefore no power analyses were performed. It is
therefore possible that this sub-group analysis was not powered to detect more subtle differences

between the groups. However, despite this, significant and important differences were noted.

Our findings suggest that ABZ treatment of HIV-positive pregnant women is of benefit, without
a need for screening for helminth infection. Thus, within regions where helminths are endemic, a
non-targeted intervention may be more efficient than a targeted approach. However, the
suggestion of a drug-drug interaction between ABZ and Coartem must be further investigated in
pharmacokinetic studies. The present study shows the beneficial effects of ABZ therapy on viral
loads, CD4 counts and serum haemoglobin levels, especially in women who carry helminth
infections. However, there is some evidence that the effect on CD4 counts may not be entirely
due to helminthic clearance, and requires further investigation. The very significant effect of
ABZ therapy on CD4 counts and viral loads on subjects already receiving ART is an important
finding, particularly in the light of results from previous studies where no beneficial effect of
ABZ was observed in HIV-positive subjects not receiving ART [58,85,176,238]. Future studies
must therefore compare the effect of ABZ on immune reconstitution in helminths-infected, HIV-
positive participants receiving or not receiving ART. Furthermore, a cost benefit analysis of
targeted versus untargeted helminth treatment programmes is warranted in a large controlled
study. The equal effectiveness of these methods in reducing helminth infection rates has been
shown in the current study however, it is essential to determine whether there is any cost benefit
for one of the treatment methods, particularly in light of the poor resource settings in which such

programmes would be initiated.

E. Ivan PhD thesis Page 77



Chapter 6: Discussion, Limitations, Conclusions, Recommendations
and Future work

6.1 Introduction

This chapter summarizes the results of the whole study by highlighting the key points in a
consolidated table, with a summary of the results presented in chapters three, four and five of the
thesis. There is a further discussion of the study limitations encountered, the findings from each
set of objectives, implications for key findings, conclusions drawn from the findings, and

suggestions for future studies

6.2 Hypotheses

Hypotheses: The hypotheses from this thesis tested were as follows:

I.  Helminth-malaria dual infection and helminth infection prevalence is higher among HIV

infected pregnant women on ART in Rwanda in rural compared to urban health centres.

II.  Malaria—helminth co-infection and helminth infection risk negatively correlate with

socio-economic status of the HIV-infected pregnant women on ART in Rwanda.

III.  Deworming has a positive effect on HIV /AIDS immune progression markers among

HIV infected pregnant women on ART in Rwanda.

IV.  De-worming using a targeted or a non-targeted approach is equally effective at reducing

helminth infection levels.
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6.3 Summaries and consolidation of findings reported herein

Table 6.1. Consolidation of findings

OBJECTIVE OF THE STUDY

CHAPT.

EVIDENCE FROM THE RESULTS

Determining the prevalence of
helminth-malaria co-infection
among HIV+ pregnant women in
rural and peri-urban settings in
effects of

Rwanda and

antiretroviral therapy.

38% of individuals harboured helminths,

21% had malaria; and 10% were co-infected.
Prevalence of helminths and malaria was greater
in the rural than in peri-urban populations.

The most prevalent helminth species were
Ascaris  lumbricoides (20.7%), followed by
Trichuris trichiura (9.2%), and Ancylostoma
duodenale and Necator americanus (1.2%).
Helminth infections were characterized by low
haemoglobin and CD4 counts.

In multivariate analysis subjects treated with a
d4T-3TC-NVP regimen had a reduced risk of
Trichuris trichiura infection (OR, 0.27; 95% Cls,
0.10-0.76; p<0.05) and malaria-helminth dual
infection (OR, 0.29; 95% CI, 0.11-0.75; p<0.05)
compared to those receiving AZT-3TC-NVP

Describing helminthic and malaria

infection levels and risk and
protective factors in HIV-infected
pregnant women on antiretroviral

therapy in Rwanda

Helminth infection was more prevalent in rural
than peri-urban settings.

Poor education and unemployment were risk
factors for both helminth and P. falciparum
infection, whilst hand washing protected against
worm infections.

In multivariate logistic regression analysis of
data, HIV treatment with AZT-3TC-NVP was
associated with a lower risk of helminthic

infections.

A CD4 count < 350 cellsymm’ was associated
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OBJECTIVE OF THE STUDY

CHAPT.

EVIDENCE FROM THE RESULTS

with higher levels of helminthic and malaria
infections.

Multiple linear regression analysis demonstrated
that helminth egg counts (EPG) were highest in
multigravid women.

Haemoglobin levels were lowest in women who

had helminthic or malaria infections.

The effect of deworming on
immune markers of disease
progression among HIV-infected
pregnant women on ART.

A longitudinal study of two anti-
helminth treatment arms: targeted

and untargeted

Anti-helminthic therapy showed a significant
effect on: helminthic prevalence rates, Hb levels,
CD4 cell counts, and viral load detection.

The prevalence levels of individual helminthic
infections at baseline for the total cohort (N=980)
were as follows: A. [umbricoides, 20.8%; T.
Trichiura, 7.14%; hookworm species, 6.33%.

The prevalence of P. falciparum infection was
similar at all time-points for the two treatment
arms, with a significant fall in prevalence by visit
2 in both arms.

However, there was a tendency for the infection
rate to be higher at visit 4 in the non-targeted
arm: 7.8% vs. 5.1% (p=0.09).

The prevalence of helminthic co-infection with P.
falciparum was significantly (p<0.05) higher in
the targeted (8.60%) compared to the non-
targeted group (4.90%) at baseline, but in both
groups no co-infection was detected at any of the
subsequent visits.

Haemoglobin levels were similar in both arms at
all study visits, rising significantly from visit 1 to

visit 2 in both arms and peaking by visit 3.
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OBJECTIVE OF THE STUDY CHAPT. | EVIDENCE FROM THE RESULTS

Thereafter, levels fell significantly for visit 4.

The CD4 counts rose significantly (p<0.0005)
from visit 3 to visit 4 in the H-all ABZ+all group
leaving levels significantly (p<0.05) higher than
in the H+ABZ+ group.

The loss of a P. falciparum infection or any type
of helminth infection between study visits 1 and 2
was associated with a significant increase in CD4

counts and haemoglobin levels (for worm

infections only).

6.4 Malaria and helminthic co-infection among HIV-positive pregnant women: prevalence

and effects of antiretroviral therapy
6.4.1 The preliminary prevalence study

The aim of the pilot study was to determine the prevalence of helminths and malaria dual
infection in the study population of HIV infected pregnant women on antiretroviral therapy. The
pilot study was to guide validate study tools before commencing the large longitudinal study. We
found that the prevalence of helminthic and malaria co-infections is high among HIV-positive
pregnant women in rural than urban population settings in Rwanda. Earlier study indicated that
malaria and helminth infections are co-endemic and constitute disease burdens of major public
health importance [152,239]. The study results have indicated that helminthic infection in this
population is an important risk factor for low haemoglobin and CD4 cell counts as presented in
chapter 3, whilst malaria-helminthic dual infections are characterized by a reduced BMI. The
high burden of parasitic infections with high co-infections sited in pregnant women in Rwandan
population, have implications for more immunological studies needed. This study further adds on
existing body of knowledge for the overlapping co-endemicity nature of these parasites with
HIV-1 and is common in most other East and central African countries where helminths and
malaria co-exists [59,70,239,240]. Ladner et al in a prospective study in Rwanda documented the
association between malaria and maternal HIV infection and concluded the increased risk of

malaria occurrence in all HIV-infected women [167]. In our study both helminths and malaria
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were common in rural than peri urban settings similar to another study conducted in eight
districts among school going children for prevalence of helminths. Our results are in agreement
with data from Rwanda secondly education students [19], which showed that intestinal parasites
of public health relevance are prevalent among students attending tertiary schools. The
importance of living and eating in hygienic environments as well as drinking safe water is
important and all efforts need to be strengthened in children and in adults leaving in poor
resource settings [241,242]. This implies that there is a clear need to strengthen the deployment
of existing malaria and HIV prevention and intervention measures for pregnant women as
reported by many other studies on the burden of co infection of these ailments with HIV in poor
communities [243-247]. Early systematic review commends improved hygiene as important
tools to combat helminthic infections among risky population groups [248]. The overlapping
nature of helminths, malaria among HIV infected pregnant women calls for strategies of control
in similar settings [59,239]. This part of thesis data concludes that co-infection of helminth and
malaria was common among pregnant women taking antiretroviral drugs mainly from rural than
urban settings. Of particular interest, certain ART regimens seem to have positive effects on both
Plasmodium falciparum and Trichiura trichiura infections, and further studies need to be

undertaken in large prospective cohorts and trials to confirm and further specify these results

6.5 Helminthic infection and malaria in HIV-infected pregnant women on anti-retroviral

therapy in Rwanda
6.5.1 The prevalence, risk and protective factors study

The intervention data of this study aimed to determine the actual helminth and malaria infection
rates among HIV infected pregnant women on antiretroviral therapy. This is presented in chapter
4 of the thesis as earlier described. Thus the findings were in agreement with the preliminary
prevalence study showing that co infection rates was higher among women dwelling in rural than
per -urban settings [205]. This clearly indicates that co-infection with diseases of poverty can
severely affect the poorest rural population and therefore the strategy to control these infections
should purely involve use of existing anthelminthic drugs that are effective as reported in most
existing literature [72,92,108,200,249,250]. Like in most other studies, in this study use of
anthelmintic therapy is highly recommended in such populations [200,251] but because re

infection typically occurs more frequently, in this thesis it is further recommended that integrated
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control approaches should utilise health education tools to interrupt transmission of these
ailments as reported in similar studies [45]. This study furthermore indicated that hand washing
and improved sanitation reduced infection rates that concurs with earlier studies recommending
improved sanitation to reduce helminth infections [20,45,92,200,248,252]. Co-infection of
helminth and malaria prevalence and risk of infection with each was common in this study but
like most other studies the effect of helminth co infection on malaria in human still remain not
conclusive [75,104,253]. However, more studies are required to find out how interaction of
helminth or malaria could contribute to increased prevalence of malaria infection or vice versa in
populations where co-endemicity is common as earlier reported in evaluation study to measure

the association [76,188.,254].

The findings on effect of antiretroviral drugs on malaria and helminthic infection rates were
found very interesting. Whilst there is a limit to the interpretation of the findings, they warrant
further investigation. Although the ART-induced reconstitution of cellular immunity would
probably be the main factor for reducing helminthic infections among HIV patients [78,94],
previous in vitro and in vivo investigations indicated that HIV treatment, especially with protease
inhibitors (PIs), could have a direct effect in killing off parasites, including those causing malaria
[179]. It has been proposed that ART without PIs may reduce the prevalence of helminthic
infection [255]. Thus, ART itself might have contributed to the decline in the helminth
prevalence, asymptomatic malaria or co-infection seen in our study as previously reported in
other studies [70,125,239]. We hypothesize that the anti-mitochondrial toxicity of ART
compounds may play a direct role here, a hypothesis for which support needs to be gained from

further in the field trials, designed to address this question.

To summarize, the findings from this study lead the author to suggest that HIV-positive pregnant
women would benefit from the scaling-up of de-worming programs alongside health education
and hygiene interventions. But further studies need to be conducted regarding the findings on the
differential effect of certain ART combinations, as observed most strongly with AZT-3TC-NVP,

possibly protecting against helminthic infection and rule out possible drug—drug interactions
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6.6 Effect of deworming on immune markers of HIV-1 — disease progression among

pregnant women on ART: targeted versus untargeted longitudinal groups
6.6.1 Implications for STHs management and control policies at local and national levels

Deworming can be a helpful tool in control programs targeting helminths, malaria co infections
in HIV/AIDs patients on ART. In this study we have shown that immune markers of HIV disease
progression such as viral load and CD4 Cell levels can be boosted with anthelminthic use along
with specific ARTs and have also shown positive impact on haemoglobin levels. Previous
studies among pregnant women had indicated similar trends suggestive of significant benefits in
population subgroups but with varying results in other groups of different settings
[123].However, there are biological reasons to believe existence of such benefits and this has
been earlier reported [123,125,200]

Our results have shown that certain ART combination therapies have significant effect on
prevalence of helminths and malaria helminth co infection rates. Implying that in places where
co infection is common, selection of ART combination is important to control helminth co
infection while deworming of pregnant women is encouraged. Several investigators have
indicated that deworming is of potential benefit to the pregnant women [13,75]. In ART eligible
Pregnant HIV-infected women, ART helps in virological suppression [256-259]. Specifically,
AZT-3TC-NVP, AZT-3TC-LPV-r, and AZT-3TC-ABC have been shown to decrease MTCT
[260] and more benefits have been suggested by new ART guidelines suggesting a switch to
earlier ART initiation by world health organisation guidelines [261-264] and this approach
supports innovative efforts towards total viral suppression [262]. In many countries aiming
towards the goal of eliminating mother-to-child transmission of HIV [265-267] and our study
results were generated among women who initiated ART early and benefits for deworming was
found very significantly beneficial on Viral load, CD4 and hemoglobin levels. Future studies
should explore the role of ART combination therapies in the management of haemoglobin levels
to control the effects of anaemia in helminthic-malaria co infections in other longitudinal studies
specific for this purpose. This would elucidate the immunological mechanism associated with

increase in CD4 levels and viral load suppression and combined effects of worm removal.
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The results of this thesis have the potential to inform the local and national health policy
managers to strengthen the use of anthelminthic during pregnancy, and to extrapolate it to other
services such as those for non-pregnant women. Targeting the control and treatment of HIV-1
co-infections with helminths, malaria and other NTDs in Rwanda and link it to existing

antiretroviral therapy programs.

It can be suggested that the relationship between helminths with malaria is particularly very
important strategy that further supports disease integration. Therefore, combined control
programs are likely to explore more opportunities to enhance control efforts and diagnostics
central to this joint approaches to fight a global war against these parasites targeting poor
population as reported by other studies [250]. The results presented in chapter 5 of this thesis
shed more light on whether mass treatment (untargeted-deworming) or diagnosis and subsequent
treatment of helminthic infections (targeted deworming) should be part of routine HIV care

within antenatal and prevention of mother to child transmission (PMTCT) services.

This thesis has ground reasons to incorporate periodic deworming, using albendazole, into
existing ANC and PMTCT programs as a single package that is less costly and more effective for
resource-limited communities where co infection with HIV-1co-exists. The benefits of this
intervention approach would improve haemoglobin levels and thus the control of anaemia, which
is commonly associated with both malaria and helminths during and after pregnancy, and would
improve immunological response to ART. The fact that certain ART combination therapies
seemed to reduce the prevalence of helminth infection in the co-infected populations suggests
that, in areas where co-infection is common, selection and prescription of particular ART

combinations could be considered along with use of albendazole.

The timing of deworming is also an important consideration during the implementation
programs. In our study, albendazole was given to women every 12 weeks and re-infection rates
were reduced considerably, which implies that deworming is relevant and more effective when
given routinely but with repetitive dosage after about 12 weeks. The effect of anthelminthic on
HIV viral load detection and CD4 cell count levels that rose when subjects were given
albendazole without helminthic infections is indicative that anthelminthic actually can have an

effect on subjects’ immunity independent of their anti-helminthic effect.
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6.7 Strength and weakness of the study

While conducting the pilot primary prevalence study, the conclusions were striking. However,
the sample size used to test the effect of ART on specific helminth infections and malaria was
relatively small so that the effect of sample size might have reduced the significance of the

conclusions.

In the second study the baseline intervention data again suggested an effect of ART on helminth
infection but the ART regimen that was most effective in the pilot study was not so in the
baseline study. This might imply a mass effect of ART compounds on helminth infections, which

would call for further longitudinal studies to specifically analyse these effects for reproducibility.

The current study was not primarily designed to look for the effect of ART on helminth
prevalence rates and malaria infection. Certain ART combinations showed a differential effect
on helminthic infections and, specifically in the study reported in chapter 3, where the d4T-3TC-
NVP and the AZT-NVP regimens both had a significant effect on the risk of helminth infection
when compared to the reference ART regimen (AZT-3TC-NVP). These results were in stark
contrast to those reported in chapter 4 where the AZT-3TC-NVP regimen had the strongest effect

on helminth infections.

The unexpected differences observed between these two studies may be due to differences in
sample size, or may be due to other uncontrolled confounding factors. Thus, in the social
demographic case report form used, described in chapter 2 we did not capture the different drugs
which the women were using or had used, particularly the reported prophylactic combinations of
routine drugs such as cotrimoxazole [51,125,128,216], which is very commonly used in PMTCT
routine programs, and which might have differential effects on the level of opportunistic
infections such as malaria in HIV-infected individuals that has been reported in several other
studies [51,70,239]. This is a hypothesis, which needs to be explored further and a limitation to
this analysis. However, the data provided here is important and opens up ideas for future studies
regarding the role and effect of ART combinations on helminthic and malaria co-infections in

HIV infected populations.

The influence of confounders and spatial factors that might have affected our results cannot be

ruled out, given the lack of specific control groups and failure to consider independent effect of
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cotrimoxazole on malaria and helminths in our setting. Subjects in the study were recruited via
antenatal care (ANC) routine settings and health centres with PMTCT services in rural and peri-
urban community facilities, and was randomly assigned to two groups, ‘targeted’ and
‘untargeted’ intervention arms. These may nonetheless be biased, which would affect the

generalizability of findings beyond the study population.

The HIV-infected pregnant women represented Rwandan rural and peri-urban residents utilizing
PMTCT/ANC services, and did not include those in the first trimester of pregnancy or even
include recent migrant users of the free ANC/PMTCT services existing in Rwanda. Therefore,

the sample may not be sufficiently representative of contemporary Rwandans

It can also be argued that few rural and peri-urban sites were sampled, due to logistical problems
at the time the study was conducted. Thus the study did not sample women living in all parts of
the country. The thesis findings therefore cover only specific sub-populations within Rwanda,
and it remains speculative whether these data on prevalence can be extrapolated to other areas.
However, these data highlight the importance of conducting similar studies in different settings

and different population groups

Two of the studies were cross-sectional in nature, so that we cannot prove causality for any
association described in those studies. Within the longitudinal study, all immune markers of
disease progression, like CD4 cell counts, viral loads and haemoglobin levels were measured at
intervals of 12 weeks over a period of one year. This is still too short a time for following up
measures of association and predictors of this nature, and thus may not be indicative as markers
for long-term status. It would have been better to take measurements for at least two years or

longer, but lack of funding was a limitation to elucidate this hypothesis.

Further limitations of the study were the absence of a placebo arm, and neither participants nor
study staffs were masked to treatment allocations. Also, there was no control group without ART
or an HIV-negative group. Additionally, the Kato Katz method used to determine the number of
helminths eggs could have underestimated the proportion of women with light hookworm

infection.

Our intervention study cohort had several strengths. It was a randomized, controlled

observational cohort study carried out at a number of sites in Rwanda. Compliance with study
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treatment was documented by direct observation by study staff. Compliance with treatment was
shown by a dramatic fall in helminths infections from the first to the final visit. Retention of
participants in the study was high and did not significantly differ between study groups.
Furthermore, the objective outcome measures were systematically assessed and documented.
Compliance with the study treatments was documented by direct observation by study staff.
Retention of participants in the study was high and did not differ between study groups.
Furthermore, the objective outcome measures were systematically assessed and documented.
Additional strengths of this study are the screening of 3 stool samples on consecutive days for
the presence of helminths, and the use of a combination of two different screening techniques to
increase the sensitivity of helminths and malaria diagnosis. The strengths of this study also
included the screening of a large number of women from health centres, which cater for women

of all socio-economic classes.

6.8 General conclusions and recommendations from the thesis
6.8.1 The prevalence and effect of antiretroviral therapy at baseline

This study shows a high prevalence of malaria and helminthic infection among HIV-positive

pregnant women in Rwanda.

Helminthic and malaria infection during pregnancy in HIV-infected individuals may lead to
serious consequences for mother and baby. It is possible that such findings can inform policy-
makers in better planning for interventions and analysis of the effect of infections in health
outcomes. This study showed that more infections occurred in rural than in peri-urban settings. It
is important that future interventions should be targeted to rural communities rather than urban
settings, with health education and sensitization programs to promote individual hygiene in the
rural settings. Antenatal care service interventions for malaria, HIV/ AIDs and helminth control
should continue to be promoted in these settings, and women coming from rural settings with
higher helminthic infection rates should be provided with treatment opportunities with available
drugs and should also be offered health education to enhance self-hygiene practices in their

communities.

The information obtained in these studies can be used to plan longer-term interventions, target

higher-risk women and integrate interventions for co-infections in existing health infrastructures
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the better to mitigate the impact of infections in pregnancy. The findings demonstrate that
demographic and socioeconomic risk factors may play a role in co-infection exposure. Our
findings can be used to guide public health interventions and also identify potential confounders
to be considered during further analysis of the effects on health outcomes of these infections in
pregnancy. We recommend that future interventions to control HIV and malaria in ANC settings
should be integrated with deworming to control and treat helminthic co-infections in pregnancy,
targeting mostly rural settings and peri-urban locations, while utilizing ANC/PMTCT

infrastructure. This can be extrapolated to non-HIV pregnant women in similar settings.

6.8.2 The differential effect of ARTSs on the risk of helminthic infection

In areas endemic of helminthic infection, tuberculosis (TB), malaria and HIV are to a large
extent overlapping [59,239]. This is in agreement with a study in Ethiopia, on co-infection
involving the ‘big three’ diseases (HIV, malaria, TB) were conducted in which a third of smear-
positive TB patients were infected by helminths. This implies that co-infection by HIV, TB and
malaria is likely to carry helminths along. In the same study, threat of worm infection declined
during TB treatment in HIV+/TB co-infected patients, whereas no decline was seen in HIV-/TB
group. This implies that, when co infection is treated, the intervention gain is likely to be two- or

three—fold.

6.8.3 Prevalence, risk and protective factors

ART without PIs may reduce the prevalence of helminthic infection. Thus, ART itself might
contribute to the decline in helminth prevalence, asymptomatic malaria or co-infection, as seen
in our study. Although immune reconstitution might be praying a role [94], we hypothesize that
the anti-mitochondrial toxicity of ART compounds may play a direct role here. The possible
anti-helminthic effect of some ART combinations on helminths and malaria warrants further

study.

This data leads us to suggest that the prevalence of helminthic infections, malaria and co-
infections is common in HIV-positive pregnant women on ART in Rwanda. Helminthic and
malaria infection in this population are important risk factors for low haemoglobin levels.

Subjects with low CD4 counts were at higher risk of infection, and helminthic infection is a risk
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factor for malaria. Education and employment were independent protective factors for helminthic

infection and malaria, whilst hand washing reduced the risk only for helminthic infections.

In addition to the obvious recommendation to emphasize continuous health education and
individual hygiene practice, there are increased opportunities for generating income, in the
making and selling of soap to improve hygiene and to reduce helminthic transmission; this could

also extend to malaria-control devices such as insecticide-treated nets (ITN).

Particularly with regard to the conclusions related to the indications of deworming during
pregnancy for women infected with HIV and on ART, we recommend measuring haemoglobin
as a key indicator of maternal and neonatal health. This provides a rationale for having PMTCT

services integrated into maternal, newborn and child health services, as a cost-effective approach

6.8.4 Effect of deworming on markers of disease progression

Life saved with availability of ART is commendable but HIV patients often get opportunistic
infection, which deteriorates the health of infected patients. In sub Saharan Africa, co-infection
with HIV and helminths is very common. Deworming with albendazole has been recommended
very effective even in pregnant women. Our findings demonstrated that Deworming with
albendazole (400mg) in HIV-infected pregnant women on antiretroviral therapy demonstrates a
significant positive impact on HIV viral load between visit 1 and visit 4. This has important
implications for the control of anaemia in pregnancy, which is very common in helminthic and
malaria infections and may lead to problems for both the mother and the baby. Additionally, this
again points out a vital implication on viral load as a best surrogate marker for disease

progression and prognosis, which should be used while monitoring of HIV patients on ARTs

We recommend that the treatment of these co-infections should be integrated into the routine
HIV CD4 cell count testing programme, and HIV viral load detection profiles may be used as

surrogate markers of co-infection in the national health programmes where resources are limited.

Further studies are recommended to examine the effect of specific ART combinations on
helminths so as to select ART regimens during helminthic co-infections. There may be important

alternative approaches for delaying HIV /AIDs disease progression in the course of applying de-
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worming methods. Further studies are also suggested to rule out role of drug-drug interaction in

such cases

6.9 Suggestions for further research

The findings in the first paper show that the study population has a moderately high prevalence
of helminth-malaria co-infections. Further studies are warranted, using different populations to
monitor the immunological response to co-infection and to its treatment.

The beneficial effect of anthelminthic treatment on hemoglobin levels, viral load detection rates
and CD4 cell trajectories observed in the third paper warrants further studies in controlled,
randomized clinical trials for different population groups.

The observed benefits of de-worming on immune markers of HIV disease progression in the
targeted and untargeted de-worming arms is impressive, and the analysis of cost-effectiveness is
recommended to be carried out to determine which of these therapies has the best cost-benefit

outcomes.

The mechanisms by which certain ART combinations affect helminth infection levels calls for
further work to confirm these results. In addition, possible drug-drug interactions between

albendazole and Coartem must be analysed in future studies.

E. Ivan PhD thesis Page 91



References

l.

McSorley HJ, Maizels RM. Helminth infections and host immune regulation. Clin

Microbiol Rev. 2012;25: 585-608.

Walson JL, John-Stewart G. Treatment of helminth co-infection in HIV-1 infected
individuals in resource-limited settings. Cochrane Database Syst Rev. 2008 Jan

23;(1):CD006419.

Webb EL, Ekii AO, Pala P. Epidemiology and immunology of helminth-HIV
interactions. Curr Opin HIV AIDS. 2012;7:245-53.

Mulu A, Maier M, Liebert UG. Deworming of intestinal helminths reduces HIV-1
subtype C viremia in chronically co-infected individuals. Int J Infect Dis. 2013;

17(10):¢897-901.

Walson JL, Herrin BR, John-Stewart G. Deworming helminth co-infected individuals for
delaying HIV disease progression. Cochrane Database Syst Rev. 2009 Jul
8:(3):CD006419

Lankowski AJ, Tsai AC, Kanyesigye M, Bwana M, Haberer JE, Wenger M, et al. Empiric
Deworming and CD4 Count Recovery in HIV-Infected Ugandans Initiating Antiretroviral

Therapy. Walson JL, editor. PLoS Negl Trop Dis. 2014;8: €3036.

Means AR, Burns P, Sinclair D, Walson JL. Antihelminthics in helminth-endemic areas:
effects on HIV disease progression. Cochrane Database Syst Rev. 2016 Apr
14;4:CD006419.

Walson JL, Otieno PA, Mbuchi M, Richardson BA, Lohman-Payne B, Macharia SW, et
al. Albendazole treatment of HIV-1 and helminth co-infection: a randomized, double-

blind, placebo-controlled trial. AIDS. 2008;22: 1601-9.

Walson JL, John-Stewart G. Treatment of helminth co-infection in individuals with HIV-1:

A systematic review of the literature. PLoS Negl Trop Dis. 2007 Dec 19;1(3):e102.

E. Ivan PhD thesis Page 92



10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Mulu A, Anagaw B, Gelaw A, Ota F, Kassu A, Yifru S. Effect of deworming on Th2
immune response during HIV-helminths co-infection. J Transl Med. 2015;13:236.

Taye B, Desta K, Ejigu S, Dori GU. The magnitude and risk factors of intestinal parasitic
infection in relation to Human Immunodeficiency Virus infection and immune status, at

ALERT Hospital, Addis Ababa, Ethiopia. Parasitol Int. 2014;63: 550—6.

Wolday D, Mayaan S, Mariam ZG, Berhe N, Seboxa T, Britton S, et al. Treatment of
intestinal worms is associated with decreased HIV plasma viral load. J Acquir Immune

Defic Syndr. 2002;31: 56-62.

Borkow G, Bentwich Z. HIV and helminth co-infection: is deworming necessary? Parasite

Immunol. 2006;28: 605—12. doi:10.1111/j.1365-3024.2006.00918.x

Borkow G, Bentwich Z. Chronic immune activation associated with chronic helminthic
and human immunodeficiency virus infections: role of hyporesponsiveness and anergy.

Clin Microbiol Rev. 2004;17: 1012-30

Gallagher M, Malhotra I, Mungai PL, Wamachi AN, Kioko JM, Ouma JH, et al. The
effects of maternal helminth and malaria infections on mother-to-child HIV transmission.

AIDS. 2005;19: 1849-55.

Binagwaho A, Pegurri E, Drobac PC, Mugwaneza P, Stulac SN, Wagner CM, et al.
Prevention of mother-to-child transmission of HIV: cost-effectiveness of antiretroviral

regimens and feeding options in Rwanda. Newell M-L, editor. PLoS One. 2013;8: €54180.

Mathers CD, Lopez AD, Murray CJL. The Burden of Disease and Mortality by Condition:
Data, Methods, and Results for 2001 [Internet]. Global Burden of Disease and Risk
Factors. The International Bank for Reconstruction and Development / The World Bank;

2006. Available: http://www.ncbi.nlm.nih.gov/pubmed/21250373

Pullan RL, Smith JL, Jasrasaria R, Brooker SJ. Global numbers of infection and disease

burden of soil transmitted helminth infections in 2010. Parasit Vectors. 2014;7: 37.

Mupfasoni D, Karibushi B, Koukounari A, Ruberanziza E, Kaberuka T, Kramer MH, et

al. Polyparasite helminth infections and their association to anaemia and undernutrition in

E. Ivan PhD thesis Page 93



20.

21.

22.

23.

24.

25.

26.

27.

28.

Northern Rwanda. PLoS Negl Trop Dis. 2009;3: e517.

Hotez PJ, Alvarado M, Basafiez M-G, Bolliger I, Bourne R, Boussinesq M, et al. The
Global Burden of Disease Study 2010: Interpretation and Implications for the Neglected
Tropical Diseases. de Silva N, editor. PLoS Negl Trop Dis. Public Library of Science;
2014:8: e2865.

Saboya MI, Catala L, Nicholls RS, Ault SK. Update on the mapping of prevalence and
intensity of infection for soil-transmitted helminth infections in Latin America and the

Caribbean: a call for action. Brooker S, editor. PLoS Negl Trop Dis. 2013;7: €2419.

Hotez PJ, Herricks JR, Amza A, Stoller N, Gaynor B, Bizri A. Impact of the Neglected
Tropical Diseases on Human Development in the Organisation of Islamic Cooperation
Nations. Lustigman S, editor. PLoS Negl Trop Dis. UK Department for International
Development (DFID); 2015;9: e0003782.

Brooker S. Estimating the global distribution and disease burden of intestinal nematode
infections: adding up the numbers--a review. Int J Parasitol. Europe PMC Funders;
2010;40: 1137-44.

Kabatereine NB, Malecela M, Lado M, Zaramba S, Amiel O, Kolaczinski JH. How to (or
not to) integrate vertical programmes for the control of major neglected tropical diseases

in sub-Saharan Africa. Brooker S, editor. PLoS Negl Trop Dis. 2010:4: 755.

Mishra PK, Palma M, Bleich D, Loke P, Gause WC. Systemic impact of intestinal
helminth infections. Mucosal Immunol. 2014 Jul;7(4):753-62.

MacDonald AS, Araujo MI, Pearce EJ. Immunology of parasitic helminth infections.

Infect Immun. 2002;70: 427-33.

Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived with
disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990-2010: a systematic
analysis for the Global Burden of Disease Study 2010. Lancet (London, England).
2012;380: 2163-96. doi:10.1016/S0140-6736(12)61729-2

Sargeaunt P. Medical laboratory manual for tropical countries. Volume 1. Trans R Soc

E. Ivan PhD thesis Page 94



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Trop Med Hyg. Oxford University Press; 1982;76: 663.

Liese BH, Schubert L, Mosher A, Rakers L, Miri E, Chidiebere N, et al. Official
development assistance for health—how neglected are neglected tropical diseases? An

analysis of health financing. Int Health. BioMed Central; 2009;1: 141-147.

Barry MA, Simon GG, Mistry N, Hotez PJ. Global trends in neglected tropical disease
control and elimination: impact on child health. Arch Dis Child. 2013;98: 635-641.

Hotez PJ, Brindley PJ, Bethony JM, King CH, Pearce EJ, Jacobson J. Helminth infections:
the great neglected tropical diseases. J Clin Invest. 2008;118: 1311-1321.

Olds GR. Deworming the world. Trans Am Clin Climatol Assoc. 2013;124: 265-74.
Available: http://www.ncbi.nlm.nih.gov/pubmed/23874034

Ottesen EA, Hooper PJ, Bradley M, Biswas G. The global programme to eliminate
lymphatic filariasis: health impact after 8 years. de Silva N, editor. PLoS Negl Trop Dis.
2008;2: e317.

de Vlas SJ, Stolk WA, le Rutte EA, Hontelez JAC, Bakker R, Blok DJ, et al. Concerted
Efforts to Control or Eliminate Neglected Tropical Diseases: How Much Health Will Be
Gained? Liang S, editor. PLoS Negl Trop Dis. 2016;10: e0004386.

Hotez PJ, Brindley PJ, Bethony JM, King CH, Pearce EJ, Jacobson J. Helminth
infections : the great neglected tropical diseases. 2008;118. doi:10.1172/JCI34261

Barry MA, Simon GG, Mistry N, Hotez PJ. Global trends in neglected tropical disease
control and elimination: impact on child health. Arch Dis Child. 2013;98: 635-641.

Njunda AL, Fon SG, Assob JCN, Nsagha DS, Kwenti TDB, Kwenti TE. Coinfection with
malaria and intestinal parasites, and its association with anaemia in children in Cameroon.

Infect Dis Poverty. 2015;4: 43. doi:10.1186/s40249-015-0078-5

de Lima Corvino D, Bhimji S. Ascariasis [Internet]. StatPearls. 2017. Available:
http://www.ncbi.nlm.nih.gov/pubmed/28613547

Nuchprayoon S, Sanprasert V, Kaewzaithim S, Saksirisampant W. Screening for intestinal

E. Ivan PhD thesis Page 95



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

parasitic infections among Myanmar migrant workers in Thai food industry: a high-risk

transmission. J Immigr Minor Heal. 2009;11: 115-21. doi:10.1007/s10903-008-9169-8

Greenland K, Dixon R, Khan SA, Gunawardena K, Kihara JH, Smith JL, et al. The
epidemiology of soil-transmitted helminths in Bihar State, India. Steinmann P, editor.
PLoS Negl Trop Dis. 2015;9: €0003790.

Kabatereine NB, Tukahebwa EM, Kazibwe F, Twa-Twa JM, Barenzi JFZ, Zaramba S, et
al. Soil-transmitted helminthiasis in Uganda: epidemiology and cost of control. Trop Med

Int Health. 2005;10: 1187-9.

Barry MA, Simon GG, Mistry N, Hotez PJ. Global trends in neglected tropical disease
control and elimination: impact on child health. Arch Dis Child. 2013;98: 635-41.

Choi M-H, Yu J-R, Hong S-T. Who Neglects Neglected Tropical Diseases? - Korean
Perspective. J Korean Med Sci. 2015;30: S122.

Zhang Y, MacArthur C, Mubila L, Baker S. Control of neglected tropical diseases needs a
long-term commitment. BMC Med. 2010;8: 67. doi:10.1186/1741-7015-8-67

Yap P, Utzinger J, Hattendorf J, Steinmann P. Influence of nutrition on infection and re-
infection with soil-transmitted helminths: a systematic review. [Internet]. Parasites &

vectors. 2014.

Parameswaran S, Saudagar P, Dubey VK, Patra S. Discovery of novel anti-leishmanial

agents targeting LdLip3 lipase. J] Mol Graph Model. 2014;49: 68-79.

Bonney KM. Chagas disease in the 21st Century: a public health success or an emerging

threat? Parasite. 2014;21: 11.

Dunn JC, Turner HC, Tun A, Anderson RM. Epidemiological surveys of, and research on,
soil-transmitted helminths in Southeast Asia: a systematic review. Parasit Vectors. 2016;9:

31.

Eberhard ML, Ruiz-Tiben E, Hopkins DR, Farrell C, Toe F, Weiss A, et al. The peculiar
epidemiology of dracunculiasis in Chad. Am J Trop Med Hyg. 2014;90: 61-70.

E. Ivan PhD thesis Page 96



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Alemu A, Shiferaw Y, Addis Z, Mathewos B, Birhan W. Effect of malaria on HIV/AIDS
transmission and progression. Parasit Vectors. 2013;6: 18. doi:10.1186/1756-3305-6-18

Slutsker L, Marston BJ. HIV and malaria: interactions and implications. Curr Opin Infect

Dis. 2007;20: 3—10.

Akinbo FO, Okaka CE, Omoregie R. Plasmodium falciparum and intestinal parasitic co-
infections in HIV-infected patients in Benin City, Edo State, Nigeria. J Infect Dev Ctries.
2012;6: 430-5.

Modjarrad K, Zulu I, Redden DT, Njobvu L, Freedman DO, Vermund SH. Prevalence and
predictors of intestinal helminth infections among human immunodeficiency virus type 1-

infected adults in an urban African setting. Am J Trop Med Hyg. 2005;73: 777-82.

Kamal SM, El Sayed KK. Immune modulation by helminthic infections: worms and viral

infections. Parasite Immunol. 2006;28: 483—496.

Karp CL, Auwaerter PG. Coinfection with HIV and tropical infectious diseases. I.
Protozoal pathogens. Clin Infect Dis. 2007;45: 1208—13. doi:10.1086/522181

Fincham JE, Markus MB, Adams V. Could control of soil-transmitted helminthic
infection influence the HIV/AIDS pandemic. Acta Trop. 2003;86: 315-33.

Lyall EG, Stainsby C, Taylor GP, Ait-Khaled M, Bingham S, Evans JA, et al. Review of
uptake of interventions to reduce mother to child transmission of HIV by women aware of

their HIV status. BMJ. 1998;316: 268-70.

Walson JL, Otieno PA, Mbuchi M, Richardson BA, Lohman-Payne B, Macharia SW, et
al. Albendazole treatment of HIV-1 and helminth co-infection: a randomized, double-

blind, placebo-controlled trial. AIDS. 2008;22: 1601-9.

Alexander PE, De P. HIV-1 and intestinal helminth review update: updating a Cochrane
Review and building the case for treatment and has the time come to test and treat?

Parasite Immunol. 2009;31: 283—-6.

Means AR, Burns P, Sinclair D, Walson JL. Antihelminthics in helminth-endemic areas:

E. Ivan PhD thesis Page 97



61.

62.

63.

64.

65.

66.

67.

68.

effects on HIV disease progression. Cochrane Database Syst Rev. 2016 Apr
14;4:CD006419.

Nielsen NO, Simonsen PE, Dalgaard P, Krarup H, Magnussen P, Magesa S, et al. Effect
of diethylcarbamazine on HIV load, CD4%, and CD4/CDS ratio in HIV-infected adult
Tanzanians with or without lymphatic filariasis: randomized double-blind and placebo-

controlled cross-over trial. Am J Trop Med Hyg. 2007;77: 507—13.

Hotez PJ, Molyneux DH, Fenwick A, Ottesen E, Ehrlich Sachs S, Sachs JD. Incorporating
a rapid-impact package for neglected tropical diseases with programs for HIV/AIDS,
tuberculosis, and malaria. PLoS Med. 2006;3: e102. doi:10.1371/journal.pmed.0030102

Degarege A, Animut A, Legesse M, Medhin G, Erko B. Malaria and helminth co-infection

and nutritional status of febrile patients in Southern Ethiopia. J Infect Public Health.

2014;7: 32-37.

Iroezindu MO, Agaba EI, Okeke EN, Daniyam CA, Obaseki DO, Isa SE, et al. Prevalence
of malaria parasitaemia in adult HIV-infected patients in Jos, North-central Nigeria. Niger
J Med. 21: 209-13.

Mulu A, Legesse M, Erko B, Belyhun Y, Nugussie D, Shimelis T, et al. Epidemiological
and clinical correlates of malaria-helminth co-infections in Southern Ethiopia. Malar J.

BioMed Central; 2013;12: 227.

Hamel M, Steketee RW, Kazembe PN, Filler SJ, Newman RD, Campbell CH, et al.
Associations between Peripheral Plasmodium falciparum Malaria Parasitemia, Human
Immunodeficiency Virus, and Concurrent Helminthic Infection among Pregnant Women

in Malawi. Am J Trop Med Hyg. 2011;84: 379-385.

Accrombessi MMK, Bodeau-Livinec F, Koura GK, Oudraogo S, Cot M, Massougbodji A.
Maternal Anemia in Pregnancy: Assessing the Effect of Routine Preventive Measures in a

Malaria-Endemic Area. Am J Trop Med Hyg. 2013;88: 292-300.

Chaponda EB, Chandramohan D, Michelo C, Mharakurwa S, Chipeta J, Chico RM. High

burden of malaria infection in pregnant women in a rural district of Zambia: a cross-

E. Ivan PhD thesis Page 98



69.

70.

71.

72.

73.

74.

75.

76.

77.

sectional study. Malar J. 2015;14: 380. doi:10.1186/s12936-015-0866-1

Mahande AM, Mahande MJ. Prevalence of parasitic infections and associations with
pregnancy complications and outcomes in northern Tanzania: a registry-based cross-

sectional study. BMC Infect Dis. 2016;16: 78. doi:10.1186/s12879-016-1413-6

Slutsker L, Marston BJ, Means AR, Burns P, Sinclair D, Walson JL, et al. HIV and
malaria: interactions and implications. Means AR, editor. Curr Opin Infect Dis.

Chichester, UK: John Wiley & Sons, Ltd; 2007;20: 3—10.

Shulman CE, Graham W, Jilo H, Lowe BS, New L, Obiero J, et al. Malaria is an
important cause of anaemia in primigravidae: evidence from a district hospital in coastal

Kenya. Trans R Soc Trop Med Hyg. 90: 535-9.

Hotez PJ, Kamath A. Neglected tropical diseases in sub-saharan Africa: review of their
prevalence, distribution, and disease burden. PLoS Negl Trop Dis. Public Library of
Science; 2009;3: e412.

Naing C, Whittaker MA, Nyunt-Wai V, Reid SA, Wong SF, Mak JW, et al. Malaria and
soil-transmitted intestinal helminth co-infection and its effect on anemia: a meta-analysis.

Trans R Soc Trop Med Hyg. 2013;107: 672—683.

Yatich NJ, YiJ, Agbenyega T, Turpin A, Rayner JC, Stiles JK, et al. Malaria and
intestinal helminth co-infection among pregnant women in Ghana: prevalence and risk

factors. Am J Trop Med Hyg. 2009;80: 896-901.

Boel M, Carrara VI, Rijken M, Proux S, Nacher M, Pimanpanarak M, et al. Complex
Interactions between soil-transmitted helminths and malaria in pregnant women on the

Thai-Burmese border. PLoS Negl Trop Dis. Public Library of Science; 2010;4: e887.

Adegnika AA, Kremsner PG. Epidemiology of malaria and helminth interaction: a review

from 2001 to 2011. Curr Opin HIV AIDS. 2012;7: 221-4.

Degarege A, Erko B. Epidemiology of Plasmodium and Helminth Coinfection and
Possible Reasons for Heterogeneity. Biomed Res Int. 2016;2016: 3083568.

E. Ivan PhD thesis Page 99



78.

79.

80.

81.

82.

83.

84.

85.

86.

Ivan E, Crowther NJ, Mutimura E, Osuwat LO, Janssen S, Grobusch MP. Helminthic
Infections Rates and Malaria in HIV-Infected Pregnant Women on Anti-Retroviral

Therapy in Rwanda. Bentwich Z, editor. PLoS Negl Trop Dis. 2013;7: 1-9.

Webb EL, Kyosiimire-Lugemwa J, Kizito D, Nkurunziza P, Lule S, Muhangi L, et al. The
Effect of Anthelmintic Treatment During Pregnancy on HIV Plasma Viral Load. JAIDS J
Acquir Immune Defic Syndr. 2012;60: 307-313.

Jegede FE, Oyeyi TI, Abdulrahman SA, Mbah HA, Badru T, Agbakwuru C, et al. Effect
of HIV and malaria parasites co-infection on immune-hematological profiles among
patients attending anti-retroviral treatment (ART) clinic in Infectious Disease Hospital

Kano, Nigeria. PLoS One. 2017;12: e0174233.

Ramjee G, Daniels B. Women and HIV in Sub-Saharan Africa. AIDS Res Ther. BioMed
Central; 2013;10: 30. doi:10.1186/1742-6405-10-30

Chersich MF, Rees H V. Vulnerability of women in southern Africa to infection with
HIV: biological determinants and priority health sector interventions. AIDS. 2008;22:
S27-S40.

Kayirangwa E, Hanson J, Munyakazi L, Kabeja A. Current trends in Rwanda’s HIV/AIDS
epidemic. Sex Transm Infect. 2006;82 Suppl 1:127-31.

Mupfasoni D, Karibushi B, Koukounari A, Ruberanziza E, Kaberuka T, Kramer MH, et
al. Polyparasite helminth infections and their association to anaemia and undernutrition in

Northern Rwanda. King CH, editor. PLoS Negl Trop Dis. 2009;3: e517.

Walson JL, Otieno PA, Mbuchi M, Richardson BA, Lohman-Payne B, Macharia SW, et
al. Albendazole treatment of HIV-1 and helminth co-infection: a randomized, double-

blind, placebo-controlled trial. AIDS. 2008;22: 1601-9.

Assefa LM, Crellen T, Kepha S, Kihara JH, Njenga SM, Pullan RL, et al. Diagnostic
accuracy and cost-effectiveness of alternative methods for detection of soil-transmitted
helminths in a post-treatment setting in western Kenya. PLoS Negl Trop Dis. Public

Library of Science; 2014;8: e2843.

E. Ivan PhD thesis Page 100



87.

88.

89.

90.

91.

92.

93.

94.

9s.

Zhang Y-Y, Luo J-P, Liu Y-M, Wang Q-Z, Chen J-H, Xu M-X, et al. Evaluation of
Kato?Katz examination method in three areas with low-level endemicity of
schistosomiasis japonica in China: A Bayesian modeling approach. Acta Trop. 2009;112:

16-22.

Endris M, Tekeste Z, Lemma W, Kassu A. Comparison of the Kato-Katz, Wet Mount, and
Formol-Ether Concentration Diagnostic Techniques for Intestinal Helminth Infections in

Ethiopia. ISRN Parasitol. 2013;2013: 1-5.

Imhoff-Kunsch B, Briggs V. Antihelminthics in Pregnancy and Maternal, Newborn and
Child Health. Paediatr Perinat Epidemiol. 2012;26: 223-238.

Pion SDS, Chesnais CB, Weil GJ, Fischer PU, Missamou F, Boussinesq M. Effect of 3
years of biannual mass drug administration with albendazole on lymphatic filariasis and
soil-transmitted helminth infections: a community-based study in Republic of the Congo.

Lancet Infect Dis. 2017;17: 763—769. doi:10.1016/S1473-3099(17)30175-5

Collender PA, Kirby AE, Addiss DG, Freeman MC, Remais J V. Methods for
Quantification of Soil-Transmitted Helminths in Environmental Media: Current

Techniques and Recent Advances. Trends Parasitol. 2015;31: 625-639.

Harhay MO, Horton J, Olliaro PL. Epidemiology and control of human gastrointestinal
parasites in children. Expert Rev Anti Infect Ther. NIH Public Access; 2010;8: 219-34.

Sayasone S, Utzinger J, Akkhavong K, Odermatt P. Repeated stool sampling and use of
multiple techniques enhance the sensitivity of helminth diagnosis: a cross-sectional survey

in southern Lao People’s Democratic Republic. Acta Trop. 2015;141: 315-21.

Brown M, Mawa PA, Kaleebu P, Elliott AM. Helminths and HIV infection:
epidemiological observations on immunological hypotheses. Parasite Immunol. Wiley-
Blackwell; 2006;28: 613-23.

Medley GF, Turner HC, Baggaley RF, Holland C, Hollingsworth TD. The Role of More
Sensitive Helminth Diagnostics in Mass Drug Administration Campaigns. Advances in

parasitology. 2016. pp. 343-392.

E. Ivan PhD thesis Page 101



96.

97.

98.

99.

100.

101.

102.

103.

104.

Mulu A, Legesse M, Erko B, Belyhun Y, Nugussie D, Shimelis T, et al. Epidemiological
and clinical correlates of malaria-helminth co-infections in Southern Ethiopia. Malar J.
2013;12: 227.

Medley GF, Turner HC, Baggaley RF, Holland C, Hollingsworth TD. The Role of More
Sensitive Helminth Diagnostics in Mass Drug Administration Campaigns. Advances in

parasitology. 2016. pp. 343-392.

Degarege A, Legesse M, Medhin G, Teklehaymanot T, Erko B. Day-to-day fluctuation of
point-of-care circulating cathodic antigen test scores and faecal egg counts in children

infected with Schistosoma mansoni in Ethiopia. BMC Infect Dis. 2014;14: 210.

Coulibaly JT, Ouattara M, Becker SL, Lo NC, Keiser J, N?Goran EK, et al. Comparison
of sensitivity and faecal egg counts of Mini-FLOTAC using fixed stool samples and Kato-
Katz technique for the diagnosis of Schistosoma mansoni and soil-transmitted helminths.

Acta Trop. 2016;164: 107-116.

Yimer M, Hailu T, Mulu W, Abera B. Evaluation performance of diagnostic methods of

intestinal parasitosis in school age children in Ethiopia. BMC Res Notes. 2015;8: 820.

Sayasone S, Utzinger J, Akkhavong K, Odermatt P. Repeated stool sampling and use of
multiple techniques enhance the sensitivity of helminth diagnosis: A cross-sectional

survey in southern Lao People’s Democratic Republic. Acta Trop. 2015;141: 315-321.

Endris M, Tekeste Z, Lemma W, Kassu A. Comparison of the Kato-Katz, Wet Mount, and
Formol-Ether Concentration Diagnostic Techniques for Intestinal Helminth Infections in

Ethiopia. ISRN Parasitol. 2013;2013: 1-5. doi:10.5402/2013/180439

Yimer M, Hailu T, Mulu W, Abera B. Evaluation performance of diagnostic methods of
intestinal parasitosis in school age children in Ethiopia. BMC Res Notes. BioMed Central;
2015;8: 820.

Njua-Yafi C, Achidi EA, Anchang-Kimbi JK, Apinjoh TO, Mugri RN, Chi HF, et al.
Malaria, helminths, co-infection and anaemia in a cohort of children from Mutengene,

south western Cameroon. Malar J. BioMed Central; 2016;15: 69.

E. Ivan PhD thesis Page 102



105.

106.

107.

108.

109.

110.

I11.

112.

113.

114.

115.

Linnemayr S, Ryan GW, Liu J, Palar K. Value for Money in Donor HIV Funding. Rand
Heal Q. 2012;1: 2.

Hotez PJ. Blue marble health and ?the big three diseases?: HIV/AIDS, tuberculosis, and
malaria. Microbes Infect. 2015;17: 539-541.

Simon GG. Impacts of neglected tropical disease on incidence and progression of

HIV/AIDS, tuberculosis, and malaria: scientific links. Int J Infect Dis. 2016;42: 54-57.

Zhang Y, MacArthur C, Mubila L, Baker S. Control of neglected tropical diseases needs a
long-term commitment. BMC Med. 2010;8: 67. doi:10.1186/1741-7015-8-67

Molyneux DH, Malecela MN. Neglected tropical diseases and the millennium
development goals: why the "other diseases" matter: reality versus rhetoric. Parasit

Vectors. 2011 Dec 13;4:234.

Corbett EL, Marston B, Churchyard GJ, De Cock KM. Tuberculosis in sub-Saharan
Africa: opportunities, challenges, and change in the era of antiretroviral treatment. Lancet.

2006;367: 926-937.

Molyneux DH, Hotez PJ, Fenwick A. Rapid-impact interventions&quot;: how a policy of
integrated control for Africa’s neglected tropical diseases could benefit the poor. PLoS

Med. 2005;2: €336.

Miller LA, Colby K, Manning SE, Hoenig D, McEvoy E, Montgomery S, et al. Ascariasis
in humans and pigs on small-scale farms, Maine, USA, 2010-2013. Emerg Infect Dis.
2015;21: 332-4. doi:10.3201/eid2102.140048

Cliffe LJ, Grencis RK. The Trichuris muris system: a paradigm of resistance and

susceptibility to intestinal nematode infection. Adv Parasitol. 2004;57:255-307.

Klementowicz JE, Travis MA, Grencis RK. Trichuris muris: a model of gastrointestinal
parasite infection. Semin Immunopathol. 2012;34: 815-828. doi:10.1007/s00281-012-
0348-2

Sanchez AL, Gabrie JA, Rueda MM, Mejia RE, Bottazzi ME, Canales M. A scoping

E. Ivan PhD thesis Page 103



review and prevalence analysis of soil-transmitted helminth infections in Honduras.

Steinmann P, editor. PLoS Negl Trop Dis. 2014;8: e2653.

116. Dryden MW, Payne PA, Smith V. Accurate diagnosis of Giardia spp and proper fecal
examination procedures. Vet Ther. 2006;7: 4—14.

117. Bungiro R, Cappello M. Hookworm infection: new developments and prospects for

control. Curr Opin Infect Dis. 2004;17: 421-6.

118. Loukas A, Bethony J, Brooker S, Hotez P. Hookworm vaccines: past, present, and future.

Lancet Infect Dis. 2006;6: 733—741. doi:10.1016/S1473-3099(06)70630-2

119. Bethony J, Brooker S, Albonico M, Geiger SM, Loukas A, Diemert D, et al. Soil-
transmitted helminth infections: ascariasis, trichuriasis, and hookworm. Lancet (London,

England). 2006;367: 1521-32.

120. Plotkin S, Diemert DJ, Bethony JM, Hotez PJ. Hookworm Vaccines. Clin Infect Dis.
2008;46: 282-288. doi:10.1086/524070

121. Bethony J, Brooker S, Albonico M, Geiger SM, Loukas A, Diemert D, et al. Soil-
transmitted helminth infections: ascariasis, trichuriasis, and hookworm. Lancet (London,
England). 2006;367: 1521-32.

122. Tchuem Tchuent? LA. Control of soil-transmitted helminths in sub-Saharan Africa:

Diagnosis, drug efficacy concerns and challenges. Acta Trop. 2011;120: S4-S11.

123. Means AR, Burns P, Sinclair D, Walson JL. Antihelminthics in helminth-endemic areas:
effects on HIV disease progression. Cochrane Database Syst Rev. 2016 Apr 14;4:
CD006419.

124. Taylor-Robinson DC, Maayan N, Soares-Weiser K, Donegan S, Garner P. Deworming
drugs for soil-transmitted intestinal worms in children: effects on nutritional indicators,

haemoglobin, and school performance. Cochrane database Syst Rev. 2015;7: CD000371.

125. Bundy DAP, Walson JL, Watkins KL, Ota F, Kassu A, Yifru S. Worms, wisdom, and

wealth: why deworming can make economic sense. Trends Parasitol. BioMed Central;

E. Ivan PhD thesis Page 104



126.

127.

128.

129.

130.

131.

132.

133.

2013;29: 142-148.

Binagwaho A, Pegurri E, Drobac PC, Mugwaneza P, Stulac SN, Wagner CM, et al.
Prevention of mother-to-child transmission of HIV: cost-effectiveness of antiretroviral

regimens and feeding options in Rwanda. Newell M-L, editor. PLoS One. 2013;8: e54180.

Sepulveda N, Drakeley C. Sample size determination for estimating antibody
seroconversion rate under stable malaria transmission intensity. Malar J. 2015;14: 141.

doi:10.1186/512936-015-0661-z

Losina E, Yazdanpanah Y, Deuffic-Burban S, Wang B, Wolf LL, Messou E, et al. The
independent effect of highly active antiretroviral therapy on severe opportunistic disease
incidence and mortality in HIV-infected adults in Cote d’Ivoire. Antivir Ther. 2007;12:
543-51.

Malvy E, Thiébaut R, Marimoutou C, Dabis F, Groupe d’Epidemiologie Clinique du Sida
en Aquitaine. Weight loss and body mass index as predictors of HIV disease progression
to AIDS in adults. Aquitaine cohort, France, 1985-1997. J Am Coll Nutr. 2001;20: 609—
15.

Siegfried N, van der Merwe L, Brocklehurst P, Sint TT. Antiretrovirals for reducing the
risk of mother-to-child transmission of HIV infection. In: Siegfried N, editor. Cochrane
Database of Systematic Reviews. Chichester, UK: John Wiley & Sons, Ltd; 2011. p.
CD003510. doi:10.1002/14651858.CD003510.pub3

Binagwaho A, Pegurri E, Drobac PC, Mugwaneza P, Stulac SN, Wagner CM, et al.
Prevention of Mother-To-Child Transmission of HIV: Cost-Effectiveness of Antiretroviral
Regimens and Feeding Options in Rwanda. Newell M-L, editor. PLoS One. 2013;8:
e54180.

Diamant JC. The revised Declaration of Helsinki--is justice served? Int J Clin Pharmacol

Ther. 2002;40: 76-83.

Gyorkos TW, Larocque R, Casapia M, Gotuzzo E. Lack of risk of adverse birth outcomes
after deworming in pregnant women. Pediatr Infect Dis J. 2006;25: 791-4.

E. Ivan PhD thesis Page 105



134.

135.

136.

137.

138.

139.

140.

141.

142.

Gyorkos TW, Larocque R, Casapia M, Gotuzzo E. Lack of risk of adverse birth outcomes
after deworming in pregnant women. Pediatr Infect Dis J. 2006;25: 791-4.

Larocque R, Casapia M, Gotuzzo E, MacLean JD, Soto JC, Rahme E, et al. A double-
blind randomized controlled trial of antenatal mebendazole to reduce low birthweight in a

hookworm-endemic area of Peru. Trop Med Int Health. 2006;11: 1485-95.

de Silva NR, Sirisena JL, Gunasekera DP, Ismail MM, de Silva HJ. Effect of mebendazole
therapy during pregnancy on birth outcome. Lancet (London, England). 1999;353: 1145—
9.

Salam RA, Haider BA, Humayun Q, Bhutta ZA. Effect of administration of
antihelminthics for soil-transmitted helminths during pregnancy. In: Bhutta ZA, editor.
Cochrane Database of Systematic Reviews. Chichester, UK: John Wiley & Sons, Ltd;
2015. p. CD005547.

Makanga M. A review of the effects of artemether-lumefantrine on gametocyte carriage
and disease transmission. Malar J. 2014;13: 291. doi:10.1186/1475-2875-13-291

Manyando C, Njunju EM, Virtanen M, Hamed K, Gomes M, Van Geertruyden J-P.
Exposure to artemether-lumefantrine (Coartem) in first trimester pregnancy in an

observational study in Zambia. Malar J. 2015;14: 77.

Speich B, Utzinger J, Marti H, Ame SM, Ali SM, Albonico M, et al. Comparison of the
Kato-Katz method and ether-concentration technique for the diagnosis of soil-transmitted
helminth infections in the framework of a randomised controlled trial. Eur J Clin

Microbiol Infect Dis. 2014;33: 815-822.

Leuenberger A, Nassoro T, Said K, Fenner L, Sikalengo G, Letang E, et al. Assessing
stool quantities generated by three specific Kato-Katz thick smear templates employed in

different settings. Infect Dis Poverty. 2016;5: 58.

Nguefack HLN, Gwet H, Desmonde S, Oukem-Boyer OOM, Nkenfou C, Téjiokem M, et
al. Estimating mother-to-child HIV transmission rates in Cameroon in 2011: a computer

simulation approach. BMC Infect Dis. 2015;16: 11.

E. Ivan PhD thesis Page 106



143.

144.

145.

146.

147.

148.

149.

150.

I51.

152.

Sayasone S, Utzinger J, Akkhavong K, Odermatt P. Repeated stool sampling and use of
multiple techniques enhance the sensitivity of helminth diagnosis: a cross-sectional survey

in southern Lao People’s Democratic Republic. Acta Trop. 2015;141: 315-21.

Prosperi MCF, Mackie N, Di Giambenedetto S, Zazzi M, Camacho R, Fanti I, et al.
Detection of drug resistance mutations at low plasma HIV-1 RNA load in a European

multicentre cohort study. J Antimicrob Chemother. 2011;66: 1886—1896.

Sanchis-Gomar F, Cortell-Ballester J, Pareja-Galeano H, Banfi G, Lippi G. Hemoglobin
Point-of-Care Testing. J Lab Autom. 2013;18: 198-205.

Jaggernath M, Naicker R, Madurai S, Brockman MA, Ndung’u T, Gelderblom HC.
Diagnostic Accuracy of the HemoCue Hb 301, STAT-Site MHgb and URIT-12 Point-of-
Care Hemoglobin Meters in a Central Laboratory and a Community Based Clinic in

Durban, South Africa. Szecsi PB, editor. PLoS One. 2016;11:e0152184.

Berhane A, Russom M, Bahta I, Hagos F, Ghirmai M, Uqubay S. Rapid diagnostic tests
failing to detect Plasmodium falciparum infections in Eritrea: an investigation of reported
false negative RDT results. Malar J. 2017;16: 105. doi:10.1186/s12936-017-1752-9

Grobusch MP, Hianscheid T, Gobels K, Slevogt H, Zoller T, Rogler G, et al. Sensitivity of
P. vivax rapid antigen detection tests and possible implications for self-diagnostic use.

Travel Med Infect Dis. 2003;1: 119-22.

Grobusch MP, Hanscheid T, Gobels K, Slevogt H, Zoller T, Rogler G, et al. Comparison
of three antigen detection tests for diagnosis and follow-up of falciparum malaria in

travellers returning to Berlin, Germany. Parasitol Res. 2003;89: 354-7.

Faye B, Nath-Chowdhury M, Tine RC, Ndiaye JL, Sylla K, Camargo FW, et al. Accuracy
of HRP2 RDT (Malaria Antigen P.f®) compared to microscopy and PCR for malaria
diagnosis in Senegal. Pathog Glob Health. 2013;107: 273-8.

Striefel S. Ethical research issues: going beyond the Declaration of Helsinki. Appl
Psychophysiol Biofeedback. 2001;26: 39-59-71.

Harms G, Feldmeier H. HIV infection and tropical parasitic diseases - deleterious

E. Ivan PhD thesis Page 107



153.

154.

155.

156.

157.

158.

159.

160.

161.

interactions in both directions? Trop Med Int Health. 2002;7: 479-88.

Deribe K, Meribo K, Gebre T, Hailu A, Ali A, Aseffa A, et al. The burden of neglected
tropical diseases in Ethiopia, and opportunities for integrated control and elimination.

Parasit Vectors. 2012;5: 240. doi:10.1186/1756-3305-5-240

Fincham JE, Markus MB, Adams VJ. Could control of soil-transmitted helminthic
infection influence the HIV/AIDS pandemic. Acta Trop. 2003;86: 315-33.

Korenromp EL, Williams BG, de Vlas SJ, Gouws E, Gilks CF, Ghys PD, et al. Malaria
Attributable to the HIV-1 Epidemic, Sub-Saharan Africa. Emerg Infect Dis. 2005;11:
1410-1419.

Gallagher M, Malhotra I, Mungai PL, Wamachi AN, Kioko JM, Ouma JH, et al. The
effects of maternal helminth and malaria infections on mother-to-child HIV transmission.

AIDS. 2005;19: 1849-55.

Laufer M, van?Oosterhout J ?G., Thesing P, Thumba F, Zijlstra E, Graham S, et al. Impact
of HIV?Associated Immunosuppression on Malaria Infection and Disease in Malawi. J

Infect Dis. 2006;193: 872-878. doi:10.1086/500245

Tian L-G, Wang T-P, Lv S, Wang F-F, Guo J, Yin X-M, et al. HIV and intestinal parasite
co-infections among a Chinese population: an immunological profile. Infect Dis poverty.
2013;2: 18.

Mulu A, Kassu A, Legesse M, Erko B, Nigussie D, Shimelis T, et al. Helminths and
malaria co-infections are associated with elevated serum IgE. Parasit Vectors. BioMed

Central; 2014;7: 240. doi:10.1186/1756-3305-7-240

Hotez PJ, Molyneux DH. Tropical Anemia: One of Africa’s Great Killers and a Rationale
for Linking Malaria and Neglected Tropical Disease Control to Achieve a Common Goal.

PLoS Negl Trop Dis. 2008;2: €270. doi:10.1371/journal.pntd.0000270

Venturini E, Turkova A, Chiappini E, Galli L, de Martino M, Thorne C. Tuberculosis and
HIV co-infection in children. BMC Infect Dis. 2014;14: S5.

E. Ivan PhD thesis Page 108



162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Alemu A, Shiferaw Y, Addis Z, Mathewos B, Birhan W. Effect of malaria on HIV/AIDS
transmission and progression. Parasit Vectors. 2013;6: 18. doi:10.1186/1756-3305-6-18

Simon GG. Impacts of neglected tropical disease on incidence and progression of

HIV/AIDS, tuberculosis, and malaria: scientific links. Int J Infect Dis. 2016;42: 54-57.

Anthony RM, Rutitzky LI, Urban JF, Stadecker MJ, Gause WC, Gause WC. Protective
immune mechanisms in helminth infection. Nat Rev Immunol. NIH Public Access;

2007;7: 975-87.

Mupfasoni D, Karibushi B, Koukounari A, Ruberanziza E, Kaberuka T, Kramer MH, et
al. Polyparasite Helminth Infections and Their Association to Anaemia and Undernutrition

in Northern Rwanda. King CH, editor. PLoS Negl Trop Dis. 2009;3: e517.

Ladner J, Leroy V, Simonon A, Karita E, Bogaerts J, De Clercq A, et al. HIV infection,
malaria, and pregnancy: a prospective cohort study in Kigali, Rwanda. Am J Trop Med

Hyg. 2002;66: 56-60.

Ladner J, Leroy V, Simonon A, Karita E, Bogaerts J, De Clercq A, et al. HIV infection,
malaria, and pregnancy: a prospective cohort study in Kigali, Rwanda. Am J Trop Med

Hyg. 2002;66: 56-60.

Ndibazza J, Muhangi L, Akishule D, Kiggundu M, Ameke C, Oweka J, et al. Effects of
Deworming during Pregnancy on Maternal and Perinatal Outcomes in Entebbe, Uganda:

A Randomized Controlled Trial. Clin Infect Dis. 2010;50: 531-540. doi:10.1086/649924

Ivan E, Crowther NJ, Mutimura E, Osuwat LO, Janssen S, Grobusch MP. Helminthic
infections rates and malaria in HIV-infected pregnant women on anti-retroviral therapy in

Rwanda. Bentwich Z, editor. PLoS Negl Trop Dis. 2013;7: €2380.

Harris N, Gause WC. To B or not to B: B cells and the Th2-type immune response to
helminths. Trends Immunol. 2011;32: 80-88.

Walson JL, Stewart BT, Sangar? L, Mbogo LW, Otieno PA, Piper BKS, et al. Prevalence
and Correlates of Helminth Co-infection in Kenyan HIV-1 Infected Adults. Lyke KE,
editor. PLoS Negl Trop Dis. 2010;4: e644.

E. Ivan PhD thesis Page 109



172.

173.

174.

175.

176.

177.

178.

179.

180.

Hasang W, Dembo EG, Wijesinghe R, Molyneux ME, Kublin JG, Rogerson S. HIV-1
infection and antibodies to Plasmodium falciparum in adults. J Infect Dis. 2014;210:

1407-14.

Brahmbhatt H, Sullivan D, Kigozi G, Askin F, Wabwire-Mangenm F, Serwadda D, et al.
Association of HIV and Malaria With Mother-to-Child Transmission, Birth Outcomes,
and Child Mortality. JAIDS J Acquir Immune Defic Syndr. 2008;47: 472—476.

Ned RM, Moore JM, Chaisavaneeyakorn S, Udhayakumar V. Modulation of immune
responses during HIV-malaria co-infection in pregnancy. Trends Parasitol. 2005;21: 284—
91.

Mount AM, Mwapasa V, Elliott SR, Beeson JG, Tadesse E, Lema VM, et al. Impairment
of humoral immunity to Plasmodium falciparum malaria in pregnancy by HIV infection.

Lancet (London, England). 2004;363: 1860-7.

Walson JL, Stewart BT, Sangar? L, Mbogo LW, Otieno PA, Piper BKS, et al. Prevalence
and Correlates of Helminth Co-infection in Kenyan HIV-1 Infected Adults. PLoS Negl
Trop Dis. 2010;4: e644.

Bachur TP, Vale JM, Coelho IC, Queiroz TR, Chaves Cde S. Enteric parasitic infections
in HIV/AIDS patients before and after the highly active antiretroviral therapy. Braz J
Infect Dis. 2008;12:115-22.

Mengist HM, Taye B, Tsegaye A. Intestinal parasitosis in relation to CD4+T cells levels
and anemia among HAART initiated and HAART naive pediatric HIV patients in a model
ART center in Addis Ababa, Ethiopia. PLoS One. 2015;10: e0117715.

Porter KA, Cole SR, Eron JJ, Zheng Y, Hughes MD, Lockman S, et al. HIV-1 protease
inhibitors and clinical malaria: a secondary analysis of the AIDS Clinical Trials Group
A5208 study. Antimicrob Agents Chemother. 2012;56: 995—-1000.

Andrews KT, Fairlie DP, Madala PK, Ray J, Wyatt DM, Hilton PM, et al. Potencies of
human immunodeficiency virus protease inhibitors in vitro against Plasmodium

falciparum and in vivo against murine malaria. Antimicrob Agents Chemother. American

E. Ivan PhD thesis Page 110



181.

182.

183.

184.

185.

186.

187.

188.

189.

Society for Microbiology (ASM); 2006;50: 639—48.

Gill MM, Hoffman HJ, Bobrow EA, Mugwaneza P, Ndatimana D, Ndayisaba GF, et al.
Detectable Viral Load in Late Pregnancy among Women in the Rwanda Option B+
PMTCT Program: Enrollment Results from the Kabeho Study. Blackard J, editor. PLoS
One. 2016;11: e0168671.

Babamale OA, Ugbomoiko US, Heukelbach J. High prevalence of Plasmodium
falciparum and soil-transmitted helminth co-infections in a periurban community in

Kwara State, Nigeria. J Infect Public Health. 2017; doi:10.1016/}.jiph.2017.03.002

Weinstock J V. Do We Need Worms to Promote Immune Health? Clin Rev Allergy
Immunol. 2015:49: 227-231. doi:10.1007/s12016-014-8458-3

Liabsuetrakul T, Chaikongkeit P, Korviwattanagarn S, Petrueng C, Chaiya S,
Hanvattanakul C, et al. Epidemiology and the effect of treatment of soil-transmitted
helminthiasis in pregnant women in southern Thailand. Southeast Asian J Trop Med

Public Health. 2009;40: 211-22.

Scholte RGC, Schur N, Bavia ME, Carvalho EM, Chammartin F, Utzinger J, et al. Spatial
analysis and risk mapping of soil-transmitted helminth infections in Brazil, using Bayesian

geostatistical models. Geospat Health. 2013;8: 97-110.

Woodburn PW, Muhangi L, Hillier S, Ndibazza J, Namujju PB, Kizza M, et al. Risk
Factors for Helminth, Malaria, and HIV Infection in Pregnancy in Entebbe, Uganda.
Brooker S, editor. PLoS Negl Trop Dis. 2009;3: e473.

Hotez PJ, Fenwick A, Savioli L, Molyneux DH. Rescuing the bottom billion through
control of neglected tropical diseases. Lancet (London, England). 2009;373: 1570-5.

Adegnika AA, Ramharter M, Agnandji ST, Ateba Ngoa U, Issifou S, Yazdanbahksh M, et
al. Epidemiology of parasitic co-infections during pregnancy in Lambaréné, Gabon. Trop

Med Int Heal. 2010;15: 1204-1209.

Hamel M, Steketee RW, Kazembe PN, Filler SJ, Newman RD, Campbell CH, et al.

Associations between Peripheral Plasmodium falciparum Malaria Parasitemia, Human

E. Ivan PhD thesis Page 111



190.

191.

192.

193.

194.

195.

196.

197.

198.

Immunodeficiency Virus, and Concurrent Helminthic Infection among Pregnant Women

in Malawi. Am J Trop Med Hyg. 2011;84: 379-385.

Brown M, Mawa PA, Kaleebu P, Elliott AM. Helminths and HIV infection:
epidemiological observations on immunological hypotheses. Parasite Immunol. Wiley-
Blackwell; 2006;28: 613-23. doi:10.1111/j.1365-3024.2006.00904.x

Brown M, Mawa PA, Kaleebu P, Elliott AM. Helminths and HIV infection:
epidemiological observations on immunological hypotheses. Parasite Immunol. Wiley-

Blackwell; 2006;28: 613-23. doi:10.1111/j.1365-3024.2006.00904.x

Mueller I, Rogerson S, Mola GDL, Reeder JC. A review of the current state of malaria
among pregnant women in Papua New Guinea. P N G Med J. 51: 12-6.

McSorley HJ, Maizels RM. Helminth infections and host immune regulation. Clin

Microbiol Rev. 2012;25: 585-608.

Webb EL, Mawa PA, Ndibazza J, Kizito D, Namatovu A, Kyosiimire-Lugemwa J, et al.
Effect of single-dose anthelmintic treatment during pregnancy on an infant’s response to

immunisation and on susceptibility to infectious diseases in infancy: a randomised,

double-blind, placebo-controlled trial. Lancet. 2011;377: 52-62.

Elliott AM, Mawa PA, Joseph S, Namujju PB, Kizza M, Nakiyingi JS, et al. Associations
between helminth infection and CD4+ T cell count, viral load and cytokine responses in

HIV-1-infected Ugandan adults. Trans R Soc Trop Med Hyg. 97: 103-8.

Woodburn PW, Muhangi L, Hillier S, Ndibazza J, Namujju PB, Kizza M, et al. Risk
Factors for Helminth, Malaria, and HIV Infection in Pregnancy in Entebbe, Uganda.
Brooker S, editor. PLoS Negl Trop Dis. 2009;3: e473.

Woodburn PW, Muhangi L, Hillier S, Ndibazza J, Namujju PB, Kizza M, et al. Risk
Factors for Helminth, Malaria, and HIV Infection in Pregnancy in Entebbe, Uganda.
Brooker S, editor. PLoS Negl Trop Dis. 2009;3: e473.

Blackwell AD, Tamayo MA, Beheim B, Trumble BC, Stieglitz J, Hooper PL, et al.

Helminth infection, fecundity, and age of first pregnancy in women. Science (80- ).

E. Ivan PhD thesis Page 112



199.

200.

201.

202.

203.

204.

205.

206.

207.

2015;350: 970-972.

Strunz EC, Addiss DG, Stocks ME, Ogden S, Utzinger J, Freeman MC. Water, Sanitation,
Hygiene, and Soil-Transmitted Helminth Infection: A Systematic Review and Meta-

Analysis. Hales S, editor. PLoS Med. 2014;11: e1001620.

Echazi A, Bonanno D, Juarez M, Cajal SP, Heredia V, Caropresi S, et al. Effect of Poor
Access to Water and Sanitation As Risk Factors for Soil-Transmitted Helminth Infection:
Selectiveness by the Infective Route. Steinmann P, editor. PLoS Negl Trop Dis. ASM
press; 2015;9: e0004111.

Brooker S, Akhwale W, Pullan R, Estambale B, Clarke SE, Snow RW, et al.
Epidemiology of plasmodium-helminth co-infection in Africa: populations at risk,
potential impact on anemia, and prospects for combining control. Am J Trop Med Hyg.

2007;77: 88-98.

Ivan E, Crowther NJ, Rucogoza AT, Osuwat LO, Munyazesa E, Mutimura E, et al.
Malaria and helminthic co-infection among HIV-positive pregnant women: prevalence

and effects of antiretroviral therapy. Acta Trop. 2012;124: 179-84.

Webb EL, Ekii AO, Pala P. Epidemiology and immunology of helminth—HIV interactions.
Curr Opin HIV AIDS. 2012;7: 245-253. doi:10.1097/COH.0b013e32835210cd

van Riet E, Hartgers FC, Yazdanbakhsh M. Chronic helminth infections induce
immunomodulation: Consequences and mechanisms. Immunobiology. 2007;212: 475—

490.

Ivan E, Crowther NJ, Rucogoza AT, Osuwat LO, Munyazesa E, Mutimura E, et al.
Malaria and helminthic co-infection among HIV-positive pregnant women: Prevalence

and effects of antiretroviral therapy. Acta Trop. 2012;124: 179-184.

Porter KA, Cole SR, Eron JJ, Zheng Y, Hughes MD, Lockman S, et al. HIV-1 Protease
Inhibitors and Clinical Malaria: a Secondary Analysis of the AIDS Clinical Trials Group
A5208 Study. Antimicrob Agents Chemother. 2012;56: 995—-1000.

SANGARE LR, HERRIN BR, JOHN-STEWART G, WALSON JL, Walson JL. Species-

E. Ivan PhD thesis Page 113



208.

209.

210.

211.

212.

213.

214.

215.

216.

specific treatment effects of helminth/HIV-1 co-infection: a systematic review and meta-

analysis. Parasitology. 2011;138: 1546—1558.

Sher A, Gazzinelli RT, Oswald IP, Clerici M, Kullberg M, Pearce EJ, et al. Role of T-cell
derived cytokines in the downregulation of immune responses in parasitic and retroviral

infection. Immunol Rev. 1992;127: 183-204.

Fincham JE, Markus MB, Adams V. Could control of soil-transmitted helminthic
infection influence the HIV/AIDS pandemic. Acta Trop. 2003;86: 315-33.

Secor WE. The effects of schistosomiasis on HIV/AIDS infection, progression and
transmission. Curr Opin HIV AIDS. 2012;7: 254-259.

Walson J, Singa B, Sangaré L, Naulikha J, Piper B, Richardson B, et al. Empiric
deworming to delay HIV disease progression in adults with HIV who are ineligible for
initiation of antiretroviral treatment (the HEAT study): a multi-site, randomised trial.

Lancet Infect Dis. 2012;12: 925-32.

Walson JL, Otieno PA, Mbuchi M, Richardson BA, Lohman-Payne B, Macharia SW, et
al. Albendazole treatment of HIV-1 and helminth co-infection: a randomized, double-

blind, placebo-controlled trial. AIDS. 2008;22: 1601-9.

Borkow G, Bentwich Z. Chronic immune activation associated with chronic helminthic
and human immunodeficiency virus infections: role of hyporesponsiveness and anergy.

Clin Microbiol Rev. 2004;17: 1012-30

Karp CL, Auwaerter PG. Coinfection with HIV and tropical infectious diseases. II.
Helminthic, fungal, bacterial, and viral pathogens. Clin Infect Dis. 2007;45: 1214-20.

Brown M, Mawa PA, Kaleebu P, Elliott AM. Helminths and HIV infection:
epidemiological observations on immunological hypotheses. Parasite Immunol. Wiley-

Blackwell; 2006:;28: 613-23.

Janssen S, Hermans S, Knap M, Moekotte A, Rossatanga EG, Adegnika AA, et al. Impact
of Anti-Retroviral Treatment and Cotrimoxazole Prophylaxis on Helminth Infections in

HIV-Infected Patients in Lambaréné, Gabon. Means AR, editor. PLoS Negl Trop Dis.

E. Ivan PhD thesis Page 114



217.

218.

219.

220.

221.

222.

223.

224.

225.

2015;9: e0003769.

Mulu A, Anagaw B, Gelaw A, Ota F, Kassu A, Yifru S. Effect of deworming on Th2
immune response during HIV-helminths co-infection. J Transl Med. 2015;13: 236.

Faure E. Malarial pathocoenosis: beneficial and deleterious interactions between malaria

and other human diseases. Front Physiol. 2014;5. doi:10.3389/fphys.2014.00441

Hotez PJ, Molyneux DH, Fenwick A, Ottesen E, Ehrlich Sachs S, Sachs JD. Incorporating
a Rapid-Impact Package for Neglected Tropical Diseases with Programs for HIV/AIDS,
Tuberculosis, and Malaria. PLoS Med. 2006:3: e102.

Boraschi D, Abebe Alemayehu M, Aseffa A, Chiodi F, Chisi J, Del Prete G, et al.
Immunity against HIV/AIDS, Malaria, and Tuberculosis during Co-Infections with
Neglected Infectious Diseases: Recommendations for the European Union Research

Priorities. Lustigman S, editor. PLoS Negl Trop Dis. 2008;2: e255.

Ndeffo Mbah ML, Skrip L, Greenhalgh S, Hotez P, Galvani AP. Impact of Schistosoma
mansoni on Malaria Transmission in Sub-Saharan Africa. Walson JL, editor. PLoS Negl

Trop Dis. 2014;8: €3234. d

BROWN M, MAWA PA, KALEEBU P, ELLIOTT AM. Helminths and HIV infection:
epidemiological observations on immunological hypotheses. Parasite Immunol. 2006;0:
060720064553001 doi:10.1111/j.1365-3024.2006.00904.x

Hochman S, Kim K. The Impact of HIV and Malaria Coinfection: What Is Known and
Suggested Venues for Further Study. Interdiscip Perspect Infect Dis. Hindawi; 2009;2009:
617954. doi:10.1155/2009/617954

Ivan E, Crowther NJ, Rucogoza AT, Osuwat LO, Munyazesa E, Mutimura E, et al.
Malaria and helminthic co-infection among HIV-positive pregnant women: Prevalence

and effects of antiretroviral therapy. Acta Trop. 2012;124: 179—184.

Binagwaho A, Pegurri E, Drobac PC, Mugwaneza P, Stulac SN, Wagner CM, et al.
Prevention of Mother-To-Child Transmission of HIV: Cost-Effectiveness of Antiretroviral

Regimens and Feeding Options in Rwanda. Newell M-L, editor. PLoS One. 2013;8:

E. Ivan PhD thesis Page 115



226.

2217.

228.

229.

230.

231.

232.

233.

234.

e54180.

Ivan E, Crowther NJ, Mutimura E, Osuwat LO, Janssen S, Grobusch MP. Helminthic
Infections Rates and Malaria in HIV-Infected Pregnant Women on Anti-Retroviral

Therapy in Rwanda. PLoS Negl Trop Dis. 2013;7: 2380.

Walson JL, Herrin BR, John-Stewart G. Deworming helminth co-infected individuals for
delaying HIV disease progression. Walson JL, editor. Cochrane database Syst Rev.
Chichester, UK: John Wiley & Sons, Ltd; 2009; CD006419.

Laufer MK, van Oosterhout JIG, Thesing PC, Thumba F, Zijlstra EE, Graham SM, et al.
Impact of HIV - Associated Immunosuppression on Malaria Infection and Disease in

Malawi. J Infect Dis. 2006;193: 872—-878. doi:10.1086/500245

Laufer MK, van Oosterhout JJG, Thesing PC, Thumba F, Zijlstra EE, Graham SM, et al.

Impact of HIV - Associated Immunosuppression on Malaria Infection and Disease in

Malawi. J Infect Dis. 2006;193: 872-878.

Herrero MD, Rivas P, Rallén NI, Ramirez-Olivencia G, Puente S. HIV and malaria. AIDS
Rev. 9: 88-98. Available: http://www.ncbi.nlm.nih.gov/pubmed/17694676

Pourgholami MH, Cai ZY, Badar S, Wangoo K, Poruchynsky MS, Morris DL. Potent
inhibition of tumoral hypoxia-inducible factor lalpha by albendazole. BMC Cancer.
BioMed Central; 2010;10: 143. doi:10.1186/1471-2407-10-143

Solana HD, Teruel MT, Najle R, Lanusse CE, Rodriguez JA. The anthelmintic
albendazole affects in vivo the dynamics and the detyrosination-tyrosination cycle of rat

brain microtubules. Acta Physiol Pharmacol Ther Latinoam. 1998;48: 199-205.

German PI, Aweeka FT. Clinical pharmacology of artemisinin-based combination
therapies. Clin Pharmacokinet. 2008;47: 91-102. doi:10.2165/00003088-200847020-
00002

Anyasor GN, Oyewole 10, Ogunwenmo KO, Ayowole A. Coartemether induced oxidative

and hepatic damage in Plasmodium berghei strain Anka infected mice. Bull Environ

E. Ivan PhD thesis Page 116



235.

236.

237.

238.

239.

240.

241.

242.

243.

Contam Toxicol. 2012;88: 108—11.

Adaramoye OA, Osaimoje DO, Akinsanya AM, Nneji CM, Fafunso MA, Ademowo OG.
Changes in antioxidant status and biochemical indices after acute administration of
artemether, artemether-lumefantrine and halofantrine in rats. Basic Clin Pharmacol

Toxicol. 2008;102: 412-8.

Djimdé A, Lefévre G. Understanding the pharmacokinetics of Coartem. Malar J. 2009;8
Suppl 1: S4. doi:10.1186/1475-2875-8-S1-S4

Morawski BM, Yunus M, Kerukadho E, Turyasingura G, Barbra L, Ojok AM, et al.
Hookworm infection is associated with decreased CD4+ T cell counts in HIV-infected

adult Ugandans. Raso G, editor. PLoS Negl Trop Dis. 2017;11: e0005634.

Means AR, Burns P, Sinclair D, Walson JL. Antihelminthics in helminth-endemic areas:
effects on HIV disease progression. In: Means AR, editor. Cochrane Database of

Systematic Reviews. Chichester, UK: John Wiley & Sons, Ltd; 2016. p. CD006419.

Alemu A, Shiferaw Y, Addis Z, Mathewos B, Birhan W. Effect of malaria on HIV/AIDS

transmission and progression. Parasit Vectors. BioMed Central; 2013;6: 18.

van Eijk AM, Lindblade KA, Odhiambo F, Peterson E, Rosen DH, Karanja D, et al.
Geohelminth Infections among Pregnant Women in Rural Western Kenya; a Cross-

Sectional Study. Bethony JM, editor. PLoS Negl Trop Dis. 2009;3: €370.

Mwangi TW, Bethony JM, Brooker S. Malaria and helminth interactions in humans: an
epidemiological viewpoint. Ann Trop Med Parasitol. Europe PMC Funders; 2006;100:
551-70.

Esrey SA, Potash JB, Roberts L, Shiff C. Effects of improved water supply and sanitation
on ascariasis, diarrhoea, dracunculiasis, hookworm infection, schistosomiasis, and

trachoma. Bull World Health Organ. 1991;69: 609-21.

Secor WE. The effects of schistosomiasis on HIV/AIDS infection, progression and

transmission. Curr Opin HIV AIDS. 2012;7: 254-9.

E. Ivan PhD thesis Page 117



244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

Wilson S, Dunne DW. Advances in our understanding of the epidemiology of
Plasmodium and schistosome infection: informing coinfection studies. Curr Opin HIV

AIDS. 2012;7: 225-30.

Adegnika AA, Kremsner PG. Epidemiology of malaria and helminth interaction: a review

from 2001 to 2011. Curr Opin HIV AIDS. 2012;7: 221-4.

Wiria AE, Prasetyani MA, Hamid F, Wammes LJ, Lell B, Ariawan I, et al. Does treatment
of intestinal helminth infections influence malaria? Background and methodology of a
longitudinal study of clinical, parasitological and immunological parameters in

Nangapanda, Flores, Indonesia (ImmunoSPIN Study). BMC Infect Dis. 2010;10: 77.

Kondrashin A V, Tokmalaev AK, Morozov EN, Morozova LF. [THE CLINICAL AND
EPIDEMIOLOGICAL CHARACTERISTICS OF MALARIA CONCURRENT WITH
OTHER INFECTIONS AND INVASIONS]. Med Parazitol (Mosk). : 53-9.

Woodburn PW, Muhangi L, Hillier S, Ndibazza J, Namujju PB, Kizza M, et al. Risk
Factors for Helminth, Malaria, and HIV Infection in Pregnancy in Entebbe, Uganda.
Brooker S, editor. PLoS Negl Trop Dis. Uganda Bureau of Statistics; 2009;3: e473.

Bath JL, Eneh PN, Bakken AJ, Knox ME, Schiedt MD, Campbell JM. The impact of
perception and knowledge on the treatment and prevention of intestinal worms in the
Manikganj district of Bangladesh. Yale J Biol Med. 2010;83: 171-84.

Utzinger J, Bergquist R, Olveda R, Zhou X-N. Important Helminth Infections in Southeast
Asia. Advances in parasitology. 2010. pp. 1-30. doi:10.1016/S0065-308X(10)72001-7

Gunawardena GSA, Karunaweera ND, Ismail MM. Socio—economic and behavioural
factors affecting the prevalence of Ascaris infection in a low-country tea plantation in Sri

Lanka. Ann Trop Med Parasitol. 2004;98: 615-621.

Atukorala T, Medhin G, Amberbir A, Erko B, Hanlon C, Alem A, et al. Soil transmitted
helminthic infection and its effect on nutritional status of adolescent schoolgirls of low

socioeconomic status in Sri Lanka. J Trop Pediatr. BioMed Central; 1999;45: 18-22.

Degarege A, Veledar E, Degarege D, Erko B, Nacher M, Madhivanan P. Plasmodium

E. Ivan PhD thesis Page 118



254.

255.

256.

257.

258.

259.

260.

261.

falciparum and soil-transmitted helminth co-infections among children in sub-Saharan

Africa: a systematic review and meta-analysis. Parasit Vectors. 2016;9: 344.

Ateba-Ngoa U, Jones S, Zinsou JF, Honkpehedji J, Adegnika AA, Agobe J-CD, et al.
Associations Between Helminth Infections, Plasmodium falciparum Parasite Carriage and
Antibody Responses to Sexual and Asexual Stage Malarial Antigens. Am J Trop Med
Hyg. 2016;95: 394-400.

Porter KA, Cole SR, Eron JJ, Zheng Y, Hughes MD, Lockman S, et al. HIV-1 Protease
Inhibitors and Clinical Malaria: a Secondary Analysis of the AIDS Clinical Trials Group
AS5208 Study. Antimicrob Agents Chemother. 2012;56: 995-1000.

Shah B, Walshe L, Saple DG, Mehta SH, Ramnani JP, Kharkar RD, et al. Adherence to
Antiretroviral Therapy and Virologic Suppression among HIV-Infected Persons Receiving
Care in Private Clinics in Mumbai, India. Clin Infect Dis. WHO, Geneva; 2007;44: 1235—
1244.

May M, Boulle A, Phiri S, Messou E, Myer L, Wood R, et al. Prognosis of patients with
HIV-1 infection starting antiretroviral therapy in sub-Saharan Africa: a collaborative

analysis of scale-up programmes. Lancet. 2010;376: 449-457.

Lecher S, Williams J, Fonjungo PN, Kim AA, Ellenberger D, Zhang G, et al. Progress
with Scale-Up of HIV Viral Load Monitoring - Seven Sub-Saharan African Countries,
January 2015-June 2016. MMWR Morb Mortal Wkly Rep. 2016;65: 1332—1335.

Palella FJ, Delaney KM, Moorman AC, Loveless MO, Fuhrer J, Satten GA, et al.
Declining Morbidity and Mortality among Patients with Advanced Human
Immunodeficiency Virus Infection. N Engl J Med. 1998;338: 853—-860.

Sturt AS, Dokubo EK, Sint TT. Antiretroviral therapy (ART) for treating HI'V infection in
ART-eligible pregnant women. Sturt AS, editor. Cochrane database Syst Rev. Chichester,
UK: John Wiley & Sons, Ltd; 2010; CD008440.

May M, Boulle A, Phiri S, Messou E, Myer L, Wood R, et al. Prognosis of patients with

HIV-1 infection starting antiretroviral therapy in sub-Saharan Africa: a collaborative

E. Ivan PhD thesis Page 119



262.

263.

264.

265.

266.

267.

analysis of scale-up programmes. Lancet. 2010;376: 449—457.

Lecher S, Williams J, Fonjungo PN, Kim AA, Ellenberger D, Zhang G, et al. Progress
with Scale-Up of HIV Viral Load Monitoring — Seven Sub-Saharan African Countries,
January 2015—June 2016. MMWR Morb Mortal Wkly Rep. 2016;65: 1332—1335.

Chang LW, Harris J, Humphreys E. Optimal monitoring strategies for guiding when to
switch first-line antiretroviral therapy regimens for treatment failure in adults and
adolescents living with HIV in low-resource settings. Chang LW, editor. Cochrane

database Syst Rev. Chichester, UK: John Wiley & Sons, Ltd; 2010; CD008494.

TREAT Asia Pediatric HIV Observational Database (TApHOD), International
Epidemiologic Databases to Evaluate AIDS (IeDEA) Southern Africa Paediatric Group. A
biregional survey and review of first-line treatment failure and second-line paediatric

antiretroviral access and use in Asia and southern Africa. J Int AIDS Soc. 2011;14: 7.

Dillabaugh LL, Lewis Kulzer J, Owuor K, Ndege V, Oyanga A, Ngugi E, et al. Towards
Elimination of Mother-to-Child Transmission of HIV: The Impact of a Rapid Results
Initiative in Nyanza Province, Kenya. AIDS Res Treat. 2012;2012: 602120.

Adeyinka DA, Evans MR, Ozigbu CE, van Woerden H, Adeyinka EF, Oladimeji O, et al.
Understanding the Influence of Socioeconomic Environment on Paediatric Anti-Retroviral
Treatment Coverage: Towards Closing Treatment Gaps in Sub-Saharan Africa. Cent Eur J
Public Health. 2017;25: 55-63.

Yotebieng M, Behets F, Kawende B, Ravelomanana NLR, Tabala M, Okitolonda EW.
Continuous quality improvement interventions to improve long-term outcomes of
antiretroviral therapy in women who initiated therapy during pregnancy or breastfeeding

in the Democratic Republic of Congo: design of an open-label, parallel, group randomized

trial. BMC Health Serv Res. 2017;17: 306.

E. Ivan PhD thesis Page 120



Appendix 1: Rwanda ethical committee letter

KIGALI HEALTH INSTITUTE

B.P. 3286 Kigali, RWANDA

Tel. +(250) 572172, +250 57178&
Fax: +(250) 571787

Website: hitp://www.khi.ac.rw
E-mail: info@khi.ac.rw

7" Sptamber 2009
Institutional Review Board

Mr Emil Ivan
Principal Investigator

Deer Mr Emil Ivan

RE: YOUR APPLICATION FOR THE ETHICS CLEARANCE

Referenee is made to your application for cthics clearence for the study entitled “Effects of de-
worming and prevalence of helminthes, malaria, and HIV-1 co-infections in pregnant women

in selected Rwandan rural health Centers where helminthes, malaria and HIV-1 co-exist: A

prospective targeted versus untargeted cohort study™.

You wil. be pleasad to,learn that the ethics clearance has been offerad fur vour swudy after
recerving your revised proposal which did incorporate all the components proposed by the
reviewers

.
You shall be required (0 submil the progress reporl and any other major changes made in the
propasal during the implementation stage. At the end of the survey the lnmimlifnml.R eview Roand

saall alsc require to be given & final report of the study.

I wish vou success in this important s
gali Health Institute

K.H1
ity Heslth Davelopmenst

Mrs MUKAMANA Donatills s AJ

For Chairperson, KHI Institutional

x>
Vice Rector, Academics and Research, KIHI
- Reetor, KHI
- Members of IRB

- Chairperson, National Ethics Committee

E. Ivan PhD thesis Page 121



Appendix 2: Wits ethical committee letter

Divigion of the Deputy Regisicar (Research)

HUMAN RESEARCIH ETHICS COMMITTEE (MEDICAL)
R14/49 Mr Ivar Fmil

CLEARANCF. CERTIFICATE M%QT0S

EROJECT e begefits of 12e-Warming and Prevalence ol
Helminchs and Human Immunodeficiency Virus-1
Coirfections in Pregnant Werne stciding
Autsamnal Services n Sclectod Rwandan bealth
Cenbron. A Prospective Targeted VS Untrageted...

INVESTIGATORS Mr Ivan Emil.

DEPARTMENT Chemical pathology and Medical Microbiology
DATE CONSIDERED 02.07.31

DRECISION OF THE COMMITTEE* Approved imconditinnally

DRATE 2000/09/28 LCHAIRFEESON,

f (Professor PE Cleaton-Jones)

TG wdelnszs for written “informed consent” attached where applicable
e Supecyisor: Prof N Cruwuwer
DECLARATION TICATOR(S

To be completed in duplicats and QOINE COPY retimed 1o the Secretary at Room 10004, 10th Fleor.
Sennte Heoase, | Iniversily

W fully nnderstand the conditions under which | am/we are authorized (o carry out the abovementionad
rescarch and 1/we guaranies o ensure compliance with [hese conditions. Should any departure to be
contemplated from Lhe research procedure as approved Twe undertake to resubmit the protecol 1o the
Committee. [ neree (o @ completion of 3 vearly progress report,

PLEASL QUOTE THE PROTOCOT. NUMBER IN ALL ENQUIRIES...

E. Ivan PhD thesis Page 122



Appendix 3: Questionnaire (CRF)

A) Health centre Information : District Health centre : G.L.S Information /PMTCT/ANC

1. Health centre Name:

|

|

2. Health centre Identification code Number :Enter Identification code for each participant

|

|

3. Name of the I/C of the Medical officer in the Health centre ,his/her code Number

LD

code

participant

Dr

Code

4. Province where the

hospital is located

Province

District

5. Date of ANC visit by the participant: DDD/MMM/YYY

‘Visitl |Visit2 |Visit3 |Visit4 ‘VisitS |

6. B) Geographical coordinates of the health Facility Location

Degrees

of arrival

North

South

East

West

Central

Degrees
of

departure

Altitude

Type of

soil
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7. C) Information related to Hygiene and Sanitation for Socio Demographic

characteristics Data
- - rrr r r r ]

7.1 Do you have tap water at home compound or shelter house? (1)=Yes , (0) =No.

7.2 other water source around=2

8. Do you use river water as source for drinking and other domestic use at home?
8.1 Drinking? (1)=Yes __ (0)=No
8.2 Domestic use? (1)=Yes  (0)=No
8.3 If yes do you fetch water from the river yourself? (1)=Yes  (0)/=No
8.4 Do you normally put on shoes while at home? (1)=Yes  (0)=No
8.5 Do you wash your hands after using toilet at home? Tick one: (1)= Often (2)= Not often_
(0)=not at all
8.6 What type of fertilizers do you use in the gardens at home? = (1) Cow dung = (2) human
faeces= (3) organic fertilizers= (0) none of these
8.7 Are there flushing toilets at home? (1)=Yes (2) = No
8.8 Type of drinking water? Boiled water? =1 not boiled=0 (1)/ (0) Yes/No Unboiled water? (1)/
(0) Yes/no? Bottled water (1)/ (0) Yes/No
8.9 How often do you go gardening, fishing and bathing in water ponds or lakes? (1)Often
(2) Not often- _ (0) Not at all
D) Information Related To Participant’s Immunity For Laboratory Data:
9. Is this your first pregnancy? (1)Yes  (0) No_ if No its Number 1=0 2=1, 3=2, 4=3, 5th=4
Circle corrects one.
9.1. How many times have you attended the antenatal care during this pregnancy? (1)Ist _,
(2)2nd _, (3)3rd__ (4) More than 3 (0)4 never
9.2. When did you last have a de-worming service at antenatal care PMTCT, VCT in the last
three months?
(1) one month ago (2) two month ago (3) three month ago (4) six months ago (5) one year
ago (6) not at all
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9.3. Do you know your HIV status? (1)Yes , (0) No__ , (2) don’t know, (3)/ (4) Want to now
test Yes/no
9.4. Do you know your CD4 count? (1)/ (0) Yes/No. Do you have evidence? (1)/ (0) Yes/no

the new CD4 countis

9.5. Viral load? (1)Yes or (2) No if yes how many  ? Where and when
did you last have it measured?

9.6. If No, do you want the viral load or CD4 determined now? (1)Yes . (0)
No

9.7. How old is your pregnancy in terms of weeks or trimester? Number of weeks or,
Don’t Know=3

9.8. Or the TRIMESTER 1STTREMESTER=0 2ND TRIMESTER=1 3RD

TRIMESTER=2

9.9. If Don’t know, do you want the weeks of pregnancy determined By Doctor/Midwife
Examination? By Medical examination? Yes=Ino=0  , by Ultra sound machine by a
gynecologist? Yes=1 no=0

E) Information Related To Physical Examination And Medication History:

10. Number of weeks of pregnancy determined is:

10.1. Do you want your body weight and height determined? (1)Yes (0) No

10.2. If Yes, Your body weight determined is (Kgs), Height
is Metres squared.
10.3 When were you born? Your age in year’s is

10.4. Do you know how to read and write? (1)/ (0) Yes/No: If yes, tick the rates as: Poor=0,
Fair=1, Good=2 very good=3.

10.5. What is your sexual intercourse behaviour? Protected=1 or (0) un protect=0? If (1)= yes;
(2) often, (3) not often, (4) always

10.6 Do you receive Nutritional supplements at antenatal /PMTCT services? Yes= (1) no= (0)
Yes /No

If yes give name of supplements
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10.7. Are you taking any anti- TB medications? (1)/(0) Yes/No? If Yes which ones and since
when did you start taking the medication? Which TB test did you last have? Sputa test=1
serology test=0, please show me the TB test results if any?

10.8. Are you already on ARVs? No/yes (0) (1)

10.9. If yes how long have you been taking ARV ? Less than three months, Three months, six or
one year (0), (1),(2).(3)

10.10. What type of ARVs are you taking at the moment, first line=0, second line=1

F) Information Related To Nutrition and Food Supplements

10.11. What type of food did you eat for the last three days? List them for three days

10.12. What type of food did other members of your house hold eat for the last three days? List
them for the last three days.
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Appendix 4: Follow up form (FU)

SUBJECT TEL: SUBJECT ID:

Helminths-HIV STUDY Follow-Up Form

FOLLOW UP VISIT #1+

Date: /| /

Physicals: Weight/ kgs:

Age  Trimester

Height /m”: BMI:

Compliant With Meds: _ Yes  No
Type of ARV__ Duration on ARV__
Malaria Smear: Positive:  Yes _ No

HRP-2 Positive: Yes -----No__Stool Smear: positive: Yes
No_ epg  Worm
type CD4y:_ Viralload;: Hb,/gdl

FOLLOW UPVISIT #2:
Date:  / /

Physicals:
Weight/ kgs:

Height/m’

BMI: Compliant With Meds: _ Yes  No

Malaria Smear: Positive: ~ Yes  No  HRP-2 positive:

Yes No
Stool smear positive: Yes /No  epg
(D4,

Worm type Hby/ gdl

FOLLOW UP POST TERM VISIT#3:

Date: /| |/
Physicals:
Weight/Kgs:
Height/m’
BMI: Compliant With Meds: _ Yes  No
Malaria Smear:
Positive: _ Yes _ No

HRP-2 positive: Yes No

Stool Smear: Positive: Yes  No epg  Worm
type CD43 HB;/gdl

FOLLOW UP POST TERM VISIT #4.

Date:  / /

Physicals:

Weight/Kgs:
Height/m2:

BMI: Compliant With Meds: _ Yes  No

Malaria Smear:

Positive: _ Yes  No

HRP-2 Positive: Yes  No

Stool Smear: Yes No _epg Wormtype  CD4, /Viral

lOadz Hb4/ gdl
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ing the interactions between HIV/AIDS, malaria and intestinal helminth infections in pregnancy. The aim
of this study was to determine the prevalence of malaria-helminth dual infections among HIV positive
pregnant mothers after 12 months of ART. A cross sectional study was conducted on intestinal helminths
and malaria dual infections among HIV-positive pregnant women attending antenatal health centers in
Rwanda. Stool and malaria blood slide examinations were performed on 328 women residing in rural

I;Svyx;r:s: (n=166) and peri-urban locations (n = 162). BMI, CD4 cell count, hemoglobin levels, type of ART and viral
Helminths load of participants were assessed. Within the study group, 38% of individuals harbored helminths, 21%
Malaria had malaria and 10% were infected with both. The most prevalent helminth species were Ascaris lumbri-
Co-infection coides (20.7%), followed by Trichuris trichiura (9.2%), and Ancylostoma duodenale and Necator americanus
HIV/AIDS (1.2%).Helminth infections were characterized by low hemoglobin and CD4 counts. Subjects treated with
Pregnancy add4T, 3TC, NVP regimen had a reduced risk of T. trichiura infection (OR, 0.27; 95% Cls, 0.10-0.76; p<0.05)

and malaria-helminth dual infection (OR, 0.29; 95% C1,0.11-0.75; p<0.05) compared to those receiving
AZT,3TC, NVP. This study shows a high prevalence of malaria and helminth infection among HIV-positive
pregnant women in Rwanda. The differential effect of ARTs on the risk of helminth infection is of interest
and should be examined prospectively in larger patient groups.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Helminth and malaria infections have been hypothesized to be
factors likely to be driving the HIV-1 epidemic in Africa (Harms and
Feldmeier, 2002; Slutsker and Marston, 2007). Globally, there are
more than 2 billion people that are estimated to be infected with
soil-transmitted helminths, with the geographical distribution of
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these infections overlapping considerably with regions of high HIV-
1 sero-prevalence and malaria endemicity (Fincham et al., 2003;
Hotez and Kamath, 2009). Malaria and helminth infections play a
role in the pathogenesis of HIV-1 infection in Africa, due to their
profound effects on the host immune system, which makes those
infected more susceptible to HIV-1 infection (Harms and Feldmeier,
2002; Korenromp et al., 2005).

The combination of HIV, helminthic and plasmodial infection
in the host creates an immunologically complex profile (Gallagher
etal., 2005) and substantially increases the risk of anemia, which is
caused by all three types of infections (Laufer et al., 2006). There-
fore, in terms of co-infection with these diseases, pregnant women
in sub-Saharan Africa represent a highly vulnerable group, partic-
ularly in light of data showing that helminth infection increases
the risk of mother-to-child transmission of HIV (Gallagher et al.,
2005).
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Recent data on the prevalence of helminth infection in Rwanda
for school-going children from eight districts indicated a preva-
lence of 64.5%. The observed prevalence was higher in rural than in
urban settings (Mupfasoni et al., 2009). However, no studies have
documented the prevalence of malaria and intestinal helminth dual
infections among pregnant women with HIV/AIDS attending ante-
natal services in the setup of ARV roll-out programs. Therefore,
the aim of this study was to determine the baseline prevalence of
helminth and malaria dual infections in HIV-1 infected pregnant
women attending Rwandan health centers after ART initiation.

2. Materials and methods
2.1. Study area and population

Participants were enrolled among women attending the ante-
natal health center clinics in the provinces of Ruhuha, Mareba and
Biryogo. After having given written informed consent, women in
the second and third trimester of pregnancy were enrolled into
the study. Women were excluded if they were HIV negative, below
18 years of age, had clinical evidence of TB, and had a treatment
history of antihelminthic therapy and clinical confirmation of an
abnormal pregnancy. On enrolment, subjects were interviewed for
demographicinformation, and type and duration of ARV treatment.

After informed consent was obtained, blood samples were col-
lected for malaria microscopy, rapid malaria testing, hemoglobin
level and CD4 cell count determination, and viral load assays. Stool
samples were obtained on three consecutive days for determina-
tion of helminth infection.

2.2. Laboratory tests

Intestinal helminths were identified microscopically by the
Kato-Katz method (Katz et al., 1972; Bukusuba et al., 2004). Three
Kato-Katz slides were prepared from each of three stool samples
collected on consecutive days, and examined within 30 min for
Ancylostoma duodenale and Necator americanus and again the fol-
lowing day for ova of Ascaris lumbricoides and Trichuris trichiura.
Eggs per gram (EPG) of stool were calculated by taking the mean
of the mean values obtained for each of the three stool samples.
Malaria antigen HRP-2 (Orchid Bio Medicals Goa, India) was iden-
tified using a rapid serial testing algorithm, as previously described
(Grobusch etal., 2003). Plasmodium spp. parasitemia was identified
by examination of thick and thin blood films. Hemoglobin levels
were measured using a Rapid HemoCue® kit (HemoCue AB, Angel-
holm, Sweden). The CD4 cell counts were determined at enrolment
using multiset® software on a FACS Calibur/Sysmex XT1800i® dual-
platform system (Becton Dickinson BD, San Jose, CA, USA). Plasma
HIV RNA was quantified using a Gen-probe® HIV-1 viral load assay
on a AmpliPrep/Cobras Tagman® (HIMCAP Fort Lauderdale, FL,
USA), detecting <40 copies/mL.

2.3. Treatment of infections

Helminth infections were treated according to study protocol
and in accordance with recommendations of the Rwanda Ministry
of Health. All women who tested positive for malaria were treated
with artemether-lumefantrine (Coartem® Dispersible, Novartis,
Garden City, NY, USA). All women were receiving anti-retroviral
therapy (ART) and the duration of therapy was determined by entry
on the patient treatment card and cross checking with records in
the patient’s file. The study was approved both by the Kigali Health
Institute’s Ethical Review Committee and the University of the Wit-
watersrand’s Medical Ethical Review Committee.

24. Statistical analysis

Analyses were performed using Stata® version 11.0 (College Sta-
tion, TX, USA) and Statistica® version 9.1 (StatSoft, Tulsa, OK, USA).
Data were expressed in tables and text as mean +SD or median
[interquartile range]. Data that were not normally distributed
were log transformed to normality. Comparison of continuous data
between 2 groups was carried out using a Student non-paired t
test, whilst data comparison across more than 2 groups were per-
formed using ANOVA with paired means analyzed using Tukey's
test. Comparisons of mean values between groups, with adjust-
ment for possible confounding variables, was accomplished with
the use of ANCOVA. Percentage levels were compared across study
groups using the 2 test. Backward, stepwise multiple regression
analyses were performed to identify the principle determinants
of hemoglobin levels and CD4 counts. Independent variables that
were included in the initial regression model were those that cor-
related with the dependent variable with p<0.10 in a Pearson
univariate analysis. Variables were then removed one at a time
based on their p-value, with the variable with the weakest p-value
being removed in each round until only variables with a p<0.05
were left in the model. Logistic regression was performed to assess
the risk of infection across antiretroviral therapy (ART) regimens
and data expressed as an odds ratio (OR) with 95% confidence inter-
vals (95% CI). The categorical variable was infection/no infection
whilst the independent variables were the ART regimens for which
dummy variables were generated. The AZT, 3TC, NVP regimen was
set as the reference, with an odds ratio of 1. The logistic regres-
sion models were run with and without the confounding variable
location, i.e. peri-urban and rural, which were coded as 0 and 1,
respectively.

3. Results
3.1. Participants’ characteristics

The study cohort of 328 pregnant women included 166 from
rural and 162 from peri-urban centers. The median [interquartile
range] age of the cohort was 27.0 [8] years with no significant dif-
ference in age between the 2 population groups. The mean BMI
(£SD) of the total cohort was 25.4+ 3.44 with women from the
peri-urban (26.7 +2.88) group being significantly heavier than the
rural (24.1+3.46; p <0.0001) population. Study participants were
recruited to the study in the second and third trimesters of preg-
nancy with 288 (87.8%) women recruited in the second and 40
(12.2%)in the third trimester. No significant differences were noted
between these 2 groups for any of the study variables except that
53.5% of women recruited in the second trimester of pregnancy
originated from the rural area compared to 30.0% in the third
trimester (p =0.005).

3.2. Prevalence of helminth and malaria infections

Table 1 shows that the prevalence of malarial (with or with-
out helminth) infection (p <0.0005) and of malarial-helminth dual
infection (p <0.005) was significantly higher in the rural than peri-
urban population. Helminth (with or without malaria) infections
were also higher in the former population but this difference did
not reach statistical significance. However, the prevalence of T.
trichiura infection was significantly higher (p<0.05) in the rural
population. Cases were also detected where helminth infection was
present without malaria. The prevalence of these ‘helminth only’
cases was 27.7% in the rural population and 27.8% in the peri-urban
group. Also, malaria was detected in subjects without a helminth
co-infection. The prevalence of these ‘malaria only’ cases was 14.5%
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Table 1
Prevalence of malaria and helminth infections in rural, peri-urban and combined
populations.

Variables Rural Peri-urban Combined

N number 166 162 328

Malaria with or without 295 1237 210
helminth (%)

Helminth with or without 446 32.7 37.8
malaria (%)

Specific species
Ascaris lumbricoides (%) 235 17.9 20.7
Trichuris trichiura (%) 127 5.56 9.15
Hookworm (%) 181 0.62 122
Asc +Trich + Hkw (%) 6.63 8.64 7.62

Both malaria and 15:1 4.94" 10.1
helminths (%)

Eggs per gram of stool 6236+ 6831 6491 £4814 63426051
(EPG)

Data given as % except for EPG (mean = SD); mean EPG was calculated using values
only from subjects with a worm infection (N="74 for rural and 53 for peri-urban);
Asc, Ascaris lumbricoides; Trich, Trichuris trichiura; Hkw, hookworm.
" p<0.05 versus rural group.
~ p<0.005 versus rural group.
™ p<0.0005 versus rural group.

in the rural population and 7.4% (p <0.05 versus rural) in the peri-
urban group with an overall prevalence of 11.0% in the combined
population. The EPG values did not differ between the two groups.

3.3. Effects of helminth and malarial infections

Table 2 shows that dual infection with malaria and helminths is
associated with a lower BMI than in both non-infected (p <0.05) and
helminth-only infected (p < 0.05) subjects. Furthermore, in compar-
ison to subjects with no infections, those with a malaria-helminth
dual infection or aninfection with helminthsonly are characterized
by lower hemoglobin levels (p<0.005 and p<0.05, respectively)
and a higher prevalence of hemoglobin levels <12g/dL (p <0.005
and p<0.05, respectively). Subjects with malaria alone also had
lower hemoglobin levels and a higher prevalence of reduced
hemoglobin concentrations when compared to females with no
infections; however, these differences were not statistically signif-
icant. Also, subjects with a dual infection or with a helminth-only
infection had lower CD4 counts than subjects with no infection
(p<0.005 and p < 0.0005, respectively) and subjects with a malaria-
only infection (p <0.05 and p <0.0005, respectively).

Backward, stepwise multiple regression models were developed
to identify the principal determinants of hemoglobin levels and CD4
counts. The initial regression model for hemoglobin levels included
the following continuous variables: helminth egg count and body
weight, and the following coded (0 or 1) variables: Helminth
infection, rural/peri urban and detectable viral load. The final
model retained only 2 variables that significantly correlated with
hemoglobin level: helminthinfection (beta=-0.21; p <0.0005) and

Table 2
Comparison of age, BMI, hemoglobin and CD4 levels across infection sub-groups.

Table 3

Comparison of anti-retroviral regimens used in rural and peri-urban populations.
Anti-retroviral regimens Rural Peri-urban
DAT, 3TC, NVP (%) 63.2
AZT, 3TC, NVP (%) 199
AZT, NVP (%) 0.60
AZT (%) 120
Other (%) 422

" p<0.05 versus rural group.
™" p<0.0005 versus rural group.

body weight (beta=0.13; p <0.05). R for the final regression model
was 0.27 (p <0.0001). The initial regression model for CD4 counts
included one continuous variable (helminth egg count) and the
following coded variables: helminth infection, rural/peri urban
and antiretroviral treatment regimen. The final model retained
only 1variable that significantly correlated with hemoglobin level:
helminth infection (beta and R=-0.35; p <0.0001).

3.4. Antiretroviral treatment regimens and their effects

Table 3 shows that there were significant differences in the
antiretroviral regimens that were used atrural and peri-urbanssites.
Thus, over 95% of peri-urban centers used the AZT, NVP regimen.
The most common regimen in use atrural sites (63.2%) was the d4T,
3TC, NVP triple-combination.

Table 4 shows that duration of ARV therapy, hemoglobin lev-
els and CD4 counts were not significantly different across the 4
treatment groups. However, BMI was significantly higher in those
receiving AZT and NVP when compared against all other groups
(p<0.0005 for all comparisons). Also, the prevalence of a detectable
viral load (DVL) was higher in the AZT, 3TC, NVP treatment group
compared to both the d4T, 3TC, NVP (p <0.05) and the AZT, NVP
groups (p<0.0005). This pattern was reproduced in the preva-
lence of helminth (with or without malaria) (p <0.05 and p<0.005,
respectively) and T. trichiura infections (p <0.05 and p<0.0005,
respectively). It was also observed that malaria (with or with-
out helminth infections) was more common in the d4T, 3TC, NVP
and AZT, 3TC, NVP treatment groups compared to the AZT, NVP
group (p<0.05 and p <0.0005, respectively). The same pattern was
also observed for helminth-malaria dual infections (p <0.05 and
p <0.005, respectively). The EPG value for the d4T, 3TC, NVP group
was significantly lower than in the AZT, NVP group (p<0.05) and
also lower than in the AZT, 3TC, NVP group, but this difference did
not reach statistical significance (p =0.08).

Only 6 subjects (1.83%) had a DVL (>40 RNA copies/mL) and the
median CD4 count in these subjects was significantly lower than
in those with an undetectable viral load (UVL; 363 [114] cells/mm?
versus 493 [173] cells/mm?; p <0.0001). All the participants with
a DVL tested positive for helminth infection, whereas only 36.6%
(p<0.005) of subjects with an undetectable viral load (UVL) were

Variables No infections Malaria only Helminths only Both malaria and helminths
N number 168 36 91 33

Age (years) 27.0(7.00] 27.5[9.50) 26.0 [9.00] 28.0[9.00]

BMI 25.7+3.53" 255+3.74 25.6+3.03 235£331

Hemoglobin (g/dL) 123+1.107 12.1£095 119+1.17 11.5+1.05

Prevalence of hemoglobin <12 g/dL(%) 3457 444 472 636

CD4 (cells/mm?) 532[181]"- 1" 533 [203]" " 449[131] 464[156]

Data expressed as mean +SD, median [interquartile range] or percentage.
" p<0.05 versus both malaria and helminth.
"~ p<0.005 versus both malaria and helminth.
! p<0.05 versus helminth only.
1" p<0.0005 versus helminth only.
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Table 4
Comparison of BMI, hemoglobin and CD4 levels and prevalence of detectable viral load and helminth and malaria infections across ARV treatment groups.
Variables d4T, 3TC, NVP AZT, 3TC,NVP AZT, NVP AZT
N number 38 155 22
Duration of ARV therapy (months) 6.52+9.64 8.76+14.5 937+149
BMI 24.0+3.227 26.9+2.8 229+225™
Hemoglobin (g/dL) 120087 121£1.29 12.2+1.21 120+125
CD4 (cells/mm?) 490 [111) 463 [223] 500 [201] 537(328)
Detectable viral load (%) 0.95' 10.5 0.00'" 0.00
Eggs per gram stool (EPG) 4292 + 4881 7344 £ 6409 7060+ 6336 63714902
Helminth with or without malaria (%) 40.0 65.8 32.2t 31.8'
Specific species
Ascaris lumbricoides (%) 229 26.3 19.3 136
Trichuris trichiura (%) 857 263 4.52'" 136
Hookworm species (%) 0.00 5.26 0.64 0.00
Asc+Trich +Hkw (%) 857 7.89 7.74 454
Malaria with or without helminth (%) 25.7° 39.57 12.3 273
Both helminth and malaria (%) 124 23.77 5.16 9.09

Data expressed as mean = SD or median [interquartile range] or percentage; mean EPG was calculated using values only from subjects with a worm infection (N =42 for d4T,
3TC, NVP, 25 for AZT, 3TC, NVP, 50 for AZT, NVP and 7 for AZT); Asc, Ascaris lumbricoides; Trich, Trichuris trichiura; Hkw, hookworm.

" p<0.05 versus AZT,NVP.

~ p<0.005 versus AZT, NVP.

™ p<0.0005 versus AZT, NVP.

! p<0.05 versus AZT, 3TC, NVP.

' p<0.005 versus AZT, 3TC, NVP.
! p<0.0005 versus AZT, 3TC, NVP.

Table 5
0dds ratios for risk of infection within each ARV regimen with and without adjustment for location (peri-urban or rural).
Infections AZT, 3TC, NVP d4T, 3TC, NVP AZT, NVP AZT
Malaria 1.00(-) 053 0.21 0.57
1.00(-) (0.24-1.17) (0.09-0.48)™ (0.18-1.81)
0.47(0.21-1.05) 0.58(0.09-3.55) 0.55(0.09-2.88)
Trichuris trichiura 1.00(-) 0.26 0.13 044
1.00(-) (0.10-0.71)° (0.05-038)" (0.11-1.83)
027 0.11 045(0.11-1.85)
(0.10-0.76)° (0.02-064)
Malaria with helminth 1.00(-) 035 0.13 039
1.00(-) (0.14-0.86)" (0.05-0.36)" (0.09-1.59)
029 0.96(0.01-67.6) 0.36(0.09-1.51)
(0.11-0.75)"

Data expressed as odds ratio (95% confidence intervals); data in normal text is unadjusted for location, whilst data in italics is adjusted for location; N number for all the

models is 328.
" p<0.05 versus AZT, 3TC, NVP.
™ p<0.0005 versus AZT, 3TC, NVP.

infected with helminths. Malaria was also more common in sub-
jects with a DVL (50.0% versus 20.5%; p =0.08) but this difference
did not reach statistical significance. The prevalence of helminth
co-infection with malaria was also more common in those with
a DVL (50.0% versus 9.32%; p<0.005). Hemoglobin levels were
lower in subjects with a DVL in comparison to those with an UVL
(11.0g/dL versus 12.1 g/dL; p<0.05). However, after adjusting for
the presence of a helminth infection using ANCOVA, the p-value
was attenuated (p =0.08).

The data in Table 4 suggests differential effects of the ARTs
on malaria and helminth infections. This was investigated further
by logistic regression analysis in which the odds ratios for risk of
infection for each ARV treatment regimen was calculated with and
without adjustment for location (peri-urban/rural), which was the
only possible confounding variable. The AZT, 3TC, NVP regimen was
set as the reference odds ratio of 1. The results of this analysis are
shown in Table 5. The data demonstrate that the d4T, 3TC, NVP
regimen reduces the risk of T. trichiura infection and the risk of a
combined malaria and helminth infection when compared to the
AZT, 3TC, NVP regimen, and that adjustment for location does not
level-out this effect. This was also observed for the effect of AZT,
NVP on the risk of T. trichiura infection. However, adjusting for loca-
tion did indeed level-out the significant risk reduction observed
for this ARV regimen on both malaria and dual malaria-helminth

infection. It was also observed that for the d4T, 3TC, NVP regi-
men, after adjustment for location, the odds ratio for malaria was
slightly attenuated, with this effect just missing statistical signifi-
cance (p=0.06).

4. Discussion

The current study shows that helminth and malaria infection
levels in HIV-positive pregnant women are high and that malaria
and malaria-helminth dual infection are more common in rural
than urban areas. Malaria-helminth dual infection was found to
be a risk factor for reduced BMI, whilst helminth infection either
on its own or in conjunction with malaria was found to lead to
lower hemoglobin and CD4 levels. The ARV regimen of d4T, 3TC
and NVP was found to significantly reduce the risk of T. trichiura
and malaria-helminth dual infection when compared to the AZT,
3TC, NVP regimen, whilst AZT with NVP also lowered the risk of T.
trichiura infection.

A prevalence rate of 37.8% for helminth infections and 21.0%
for malaria indicates a high transmission intensity of these par-
asites among HIV-positive pregnant women in Rwanda. A study
of malaria prevalence conducted in HIV-positive pregnant females
in Kigali, Rwanda demonstrated that 8.0% of the study group had
malaria (Ladner et al., 2002). This figure is comparable to the
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prevalence of malaria observed in our study (12.3%) for sub-
jects residing in the peri-urban areas of Kigali. The prevalence
of helminth infection in our study was lower than that reported
in a study of school children in Rwanda with a prevalence of
64% from eight surveyed districts (Mupfasoni et al., 2009). This
may be related to the greater recreational exposure of chil-
dren to contaminated soil, and a reduced level of agricultural
activities in pregnant females. A previous study has shown that
soil-transmitted helminthiasis is more common in children than
adults (Knopp et al., 2010). Our findings show lower prevalence
levels for malaria and malaria-helminth co-infection but a higher
level of helminth infection than those reported in a study of preg-
nant women from Ghana (Yatich et al., 2009). In that study the
prevalence of malaria, intestinal helminth and dual infection was
36.3%, 25.7%, and 16.6%, respectively. However, the HIV status
of this population was not assessed. An investigation in Uganda
among pregnant women (Ndibazza et al., 2010) reported a preva-
lence level of 68% for helminth infection and 11% for malaria, with
12% being HIV-positive. Thus, these studies show varying levels of
helminth infection during pregnancy across African populations.
There may be a number of reasons for this including differences in
socio-economic status and the level of helminth exposure. How-
ever, it should be noted that in the present study all participants
received ART, and we show that helminths seem to be susceptible
to particular ART regimens.

Our findings show that dual infection with malaria and
helminths is associated with a lower BMI compared to the other 3
study groups (Table 2). Females with malaria-only, helminth-only,
or dual infection all had lower hemoglobin levels than non-infected
females, but the difference was only significant for helminth-
only or dually infected subjects (Table 2). The dually infected
subjects had the lowest hemoglobin levels. It has been observed
that dual infection of malaria with helminths leads to lower
hemoglobin levels when compared to malaria-only or helminth-
only infected pregnant females, whilst all 3 infected groups exhibit
lower hemoglobin levels compared to non-infected subjects(Yatich
et al,, 2009). The non-significant effect of malaria on hemoglobin
levels within our study may be related to the lower number of sub-
jects carrying only malaria, thus reducing the power of the analysis.

In subjects with a helminth-only or a malaria-helminth infec-
tion, CD4 cell counts were significantly lower than in those with
malaria-only or no infection (Table 2). It is well-established text-
book knowledge that pregnancy, and first pregnancy in particular,
increases malaria susceptibility. Itis equally generally accepted that
HIV-infected pregnant women have a significantly increased risk
of malaria parasitemia and placental malaria, more severe clinical
manifestations and pregnancy outcomes (Ayisi etal.,2003; Van Eijk
et al., 2003; Ticconi et al., 2003; Ter Kuile et al., 2004). Our study
suggests that in HIV-positive pregnant females, malaria is not nec-
essarily associated with lower CD4 cell counts. This was confirmed
in a multiple regression analysis in which the presence of malaria
did not associate with CD4 counts. Further support for these results
comes from a study showing that CD4 counts do not differ between
HIV-positive subjects with or without malaria (Onyenekwe et al.,
2008), and from the observation that the prevalence of malaria is
not related to CD4 cell counts (Laufer et al., 2006). Furthermore,
a prospective investigation of HIV-positive, pregnant females in
Kigali, Rwanda, demonstrated that HIV-positivity but not CD4 cell
count was the only factor related to an increased risk of malaria
(Ladner et al., 2002). One explanation could be the fact that HIV
infection has been found to be associated with a specific cytokine
dysregulation resulting from impairment of IL-12-mediated IFNvy
production by intervillous blood mononuclear cells impairing the
immune response against placental malaria, rather than mounting
a generalized suppression of the cellular immune response against
malaria (Ned et al., 2005). Thus, regarding CD4 cell count level and

malaria alone, there seems to be conflicting evidence blurring the
otherwise clear-cut picture of the malaria-HIV interaction.

In contrast, our data also show that helminth infection is linked
to lower CD4 cell counts in pregnant, HIV-positive women and that
all subjects with a DVL tested positive for helminths. However,
previous studies have shown that CD4 counts correlate positively
with the risk of helminth infection (Walson et al., 2010; Woodburn
etal., 2009), but others have found the opposite (Asmaetal., 2011).
Reviewing the epidemiology and immunology of helminth-HIV
interactions, Webb et al. (2012) concluded that there is incon-
sistent evidence for a beneficial effect of at least anthelminthic
therapy on CD4 counts and viral load in HIV-1 co-infected individ-
uals. However, this effect would be expected to be suppressed by
successful ART reducing viremia, possibly explaining why in some
studies including ours CD4 counts were not relating to increased
helminth infection risk. It should be noted that both these studies
were performed in subjects who were ART naive whilst our study
only involved females who were receiving ART.

It has been described before that ART may reduce the prevalence
of helminth infection (Bachur et al., 2008). However, the study by
Bachur and colleagues did compare ART/non-ART in different areas
and did not control for other covariates such as education and age,
which could be relevant. A major finding of the study presented
here is that there is a differential effect of ART on the infection
rate. Thus, the ART regimens of AZT, NVP and d4T, 3TC, NVP both
significantly reduced the risk of helminth infection compared to
a regimen of AZT, 3TC, NVP. This effect was particularly evident
for T. trichiura. Furthermore, the d4T, 3TC, NVP regimen, but not
the AZT, NVP regimen, lowered the EPG count, suggesting that
the former therapy reduces both the prevalence and intensity of
helminth infection. It was also observed that both ART regimens
that reduced the risk of helminth infection had similar but less
prominent effects on malaria risk, and had lower prevalence lev-
els of DVL than the AZT, 3TC, NVP regimen. A number of in vitro
studies have shown that protease inhibitors can inhibit Plasmod-
ium falciparum growth (Mishra et al., 2010; Nathoo et al., 2003;
Parker et al., 2004; Skinner-Adams et al., 2004); however, similar
studies have not been performed with the other antiretroviral drug
classes. Clinical studies have confirmed the ability of ART to reduce
malaria prevalence (Losina et al., 2007; Mermin et al., 2006a,b).

The strengths of this study are the screening of 3 stool samples
on consecutive days for the presence of helminths, and the use of a
combination of two different screening techniques to increase the
sensitivity of helminth and malaria diagnosis. However, this study
also has some limitations. Due to its cross-sectional design, it is
impossible to determine temporal direction or causality. Also, the
study had no control group of HIV-positive subjects not receiving
ART. Additionally, N for this study is relatively small and there-
fore it may not be sufficiently powered to uncover true differences
or relationships within the study cohort and may also obscure or
falsely reveal significant effects in the logistic and multiple regres-
sion models.

In conclusion, we found that the prevalence of malaria and
helminth infections is high in HIV-positive pregnant women
in Rwanda. Helminth infection in this population is an impor-
tant risk factor for low hemoglobin and CD4 cell counts whilst
malaria-helminth dual infections are characterized by a reduced
BMIL. Particular ART regimens seem to have positive effects on both
P. falciparum and T. trichiura infections, and further studies need to
be undertaken in large prospective cohorts to confirm and further
specify these results.
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rates than the AZT-3TC-NVP regimen. Anti-retroviral therapy had no effect on the risk of malaria.

Conclusion/significance: H\N-positive pregnant women would benefit from the scaling up of de-worming programs
alongside health education and hygiene interventions. The differential effect of certain ART combinations (as observed here
most strongly with AZT-3TC-NVP) possibly protecting against helminth infection warrants further investigation.

Citation: Ivan E, Crowther NJ, Mutimura E, Osuwat LO, Janssen S, et al. (2013) Helminthic Infections Rates and Malaria in HIV-Infected Pregnant Women on Anti-
Retroviral Therapy in Rwanda. PLoS Negl Trop Dis 7(8): €2380. doi:10.1371/joumal.pntd.0002380

Editor: Zvi Bentwich, Rosetta Genomics, Israel
Received January 19, 2013; Accepted July 10, 2013; Published August 15, 2013

Copyright: © 2013 Ivan et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: El received a training award from WHO-TDR for three years. The Rwandan student funding agency SFAR funded the field work, with additional support
from the Ministry of Health. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: m.p.grobusch@amc.uva.nl

consequences for susceptibility to other infections and immunologically
mediated conditions such as allergy and autoimmune discases [6].
The immunological interplay between helminth infections and
HIV is complex, and there are different hypotheses on the
influence of the infections on each other; the most important being
the Th2 bias induced by helminth infections, suppressing Thl

Introduction

Globally, the most common nematode species that cause soil-
transmitted helminthic discases are Ascaris lumbricoides, Trichuris trichiura,
and the hookworm species Necator americanus and Ancylostoma. duodenale
[1,2,3]. Although morbidity due to helminths can be controlled by

delivering preventive chemotherapy with antihelminthic medicines,
climination and finally cradication will not be achieved until affected
populations have access to effective sanitation, sewage treatment and
waste disposal; which remains a common problem in most rural
African scttings. In most of sub-Saharan Africa, the health burden of
helminthic discase is enormous [4]. Co-infections with malaria and
HIV are numerous and important causes of morbidity and mortality.
Combating co-infections has been identified as an important public
health goal [5]. Important arcas of current rescarch interests are the
cffects of helminth infections on immune regulation and their possible
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responses specific to HIV; thus leading to more rapid HIV
progression [7,8]. HIV acquisition was positively correlated with
female urogenital schistosomiasis [9] but in contrast, a randomized
controlled trial (RCT) showed no benefit of deworming on
prevention from mother to child transmission of HIV [10]. A
few systematic reviews have been published describing the effect
of anti-helminthic treatment on markers for HIV discase pro-
gression showing inconsistently beneficial effects of anti-helminthic
treatment; lower increases in HIV viral loads and increases in
CD4 counts have been reported [11-13]. However, results from a
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Author Summary

There is an overlap in the worldwide distribution of
intestinal worms (helminths), malaria and HIV. Co-infec-
tions with helminth and malaria parasites cause a
significant problem in the host, particularly in the presence
of HIV infection. The aim of this study was to assess the
prevalence of intestinal worm and malaria infection and
co-infections and the associated risk factors among HIV-
positive pregnant women that attended rural and peri-
urban health centers in Rwanda. Our findings indicate that
intestinal worms were more common among HIV-infected
pregnant women in the rural than peri-urban settings. HIV-
positive pregnant women who had lower CD4 cell counts
were more at risk of being infected by intestinal worms
and malaria. Malaria also increased the risk of being
infected by intestinal worms and vice versa. Socio-
economic factors such as lack of education and unem-
ployment were among the risk factors for intestinal worm
infections and malaria. Hand washing was found to reduce
the risk for worm infections; whilst one particular ART
combination (AZT-3TC-NVP) led to a reduced rate of
helminth infections when compared to others.

recent RCT did not suggest a beneficial role of empric deworming
to delay HIV progression [14].

Risk factors for helminth infections depend on the route of
transmission and the life cycles of the various helminth species; they
are usually related to hygiene and sanitation [15]. The geographical
distribution of helminth infections is largely influenced by several
environmental factors such as climate and presence of stagnant
water bodies [16]. In the absence of vaccinations, the only currently
recommended public health intervention for soil transmitted
helminths is regular mass de-worming, particularly for high risk
groups; backed up by facilitating access to clean water, improved
sanitation and health education [17].

Pregnancy may increase susceptibility to helminths, but this is
uncertain. A recent study from Gabon showed increased
prevalence in pregnancy [18], but a study from Thailand found
no association [19]. Susceptibility and clinical outcomes are
further complicated by co-infection with HIV and malaria.
Malaria in pregnancy duc to Plasmodium falciparum, combined with
helminthic infections in HIV-positive women is of great concern
from a public health perspective [20,21]. Control of P. falciparum
infection by intermittent preventive trcatment and use of
insecticide-treated bed nets is of high importance especially in
primigravidac [22,23]. HIV-infected women tend to experience
faster CD4 decline during and after pregnancy [24], and could
thercfore be even more susceptible to helminth infection and
malaria.

This prospective cohort study was designed to assess the major
risk factors for helminth and malaria co-infection in HIV-positive
pregnant women who participated in an carly anti-retroviral
therapy (ART) initiation program for the prevention of mother-to-
child transmission in Rwanda. We describe the bascline preva-
lence of malaria and helminth infection in HIV-infected pregnant
women on ART, and assess the factors that may increase or
decrease rates of both infections.

Methods

Ethics Statement
Ethical approval was obtained from the Rwanda National
Ethics Committee and the Ethics Committee (Human Rescarch)
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of the University of the Witwatersrand Medical School, Johannes-
burg, South Africa. All subjects provided written informed consent
at enrolment. Subjects who could only provide oral consent were
asked to give thumb marks using indelible ink on the consent form,
in case they were illiterate; in accordance with the IRB oral
standard cthical consent guidelines of the two ethical committees
and in accordance with Helsinki declarations.

Study Population and Procedures

The study participants were recruited amongst women access-
ing antenatal care and ART services at rural and peri-urban
health centers in the central and castern provinces of Rwanda,
between 02 January 2010 and 29 February 2011. After giving
written informed consent, women in the second trimester of
pregnancy were enrolled at their fourth, fifth or sixth month
of gestation. Additionally, women were enrolled if they lived
within walking distance from the study areas, and if they planned
to deliver at the registered study health center. Enrolment criteria
were HIV infection; pregnancy (in the second trimester); use
of ART; and willingness to provide three stool samples on
consccutive days. Women were excluded if they were diagnosed
with tuberculosis, or if they had taken any anti-helminthic drugs at
any time point prior to entry into the study. Those who had been
cnrolled in other rescarch projects during the study period were
also excluded. Participants provided blood and stool samples
before being treated in accordance with the study protocol.

Collection of Demographic, Socio-economic and
Pregnancy-Related Data

On cnrolment, participants were interviewed to obtain demo-
graphic and socio-cconomic information pertaining to the relevant
environmental risk factors for helminth infections and malaria.
Subjects were asked whether they had attended school, whether
they were employed, their source of water (river or piped), if they
wore shoes, whether they washed their hands after using the toilet,
and whether they used dictary supplements. Study participants
were also asked about their number of previous pregnancices.

Diagnosis and Treatment of Infections

Intestinal helminths were identified by the Kato Katz method
[22,23]. Three Kato Katz slides were prepared from cach stool
sample, and then examined within 30 minutes for hookworm
species. The same specimens were again examined the following
day for ova of other soil transmitted helminths with the formol
cther concentration method. Eggs per gram (EPG) of stool were
calculated by taking the mean of the mean values obtained for
cach of the three stool samples. In all study women asymptomatic
parasitacmia was determined. Plasmodium falciparum was identified
by light microscopic examination of Giemsa stained thick and thin
blood smears, and screening for malaria was also performed by
detection of the P. falciparum histidine rich protein 2 (HRP-2)
antigen using a rapid diagnostic test kit (Biotec Laboratories Ltd.,
UK). In the case of discordant results, expert light microscopy
results were considered as gold standard. Participants received
treatment for helminth infections and malaria in accordance
with the study protocol. Artemether/lumefantrine (120/20 mg)
was given as standard falciparum malaria treatment, admin-
istered orally in four doses for three days. Deworming was
performed every 12 wecks with 400 mg albendazole given to
women with helminth infections only/not to those negative in the
‘targeted treatment’arm; whereas all women received 400 mg
albendazole irrespective of infection status in the ‘untargeted
treatment’arm.
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Women received nevirapine for prevention of mother-to-child
HIV transmission and subsequent combination ART, irrespective
of CD4 cell levels in accordance with the latest (2010) Rwandan
Ministry of Health treatment guidelines [25].

Statistical Analysis

Data analysis was performed using Stata version 11.0 (College
Station, TX, USA) and Statistica version 9.1 (StatSoft, Tulsa, OK,
USA). Data that was not normally distributed was log transformed
to normality before analysis.

The prevalence of helminth, malaria and helminth-malaria co-
infections were determined in population sub-groups c.g. in
employed and unemployed subjects, and differences between the
groups were assessed using the 1 test.

Backward, stepwise multiple logistic regression analysis was used
to determine the principal factors associated with helminth and
malaria infections and helminth-malaria co-infections. Models were
constructed for infection with cach individual helminth species, i.c.
A. lumbricoides, T. trichiura and hookworms, and a combined model
for infection with any helminth species. The independent variables
incuded in the initial logistic regression models were, for helminth
infections: location, month of year, ART, gravidity, education,
employment, water source, use of shoes, hand washing, dictary
supplement use, HIV viral load, presence/absence of malaria, age,
height, gestational age and CD4 counts. With malaria as the
dependent, dichotomous variable, the same list of independent
variables was used. The presence/absence of helminth infection was
incuded as an additional independent variable whilst presence/
absence of malaria was removed. With co-infection (helminth-
malaria infection) as the dependent variable, both malaria and
helminth presence/absence were removed from the model. In all
the logistic regression models, the independent variable with the
highest p-value was removed at iteration until only variables with a
p<0.05 were left in the model.

Backward, stepwise multiple regression analysis was used to
identify the principal determinants of fecal helminth egg counts
and blood hemoglobin levels. Univariate analyses were initially
performed, and any variable with p<<0.50 was included as an
independent variable in the multiple regression models. The same
procedure as described for the logistic regression models was then
followed.

A sample size calculation was not performed for this study. N
was chosen based on logistical factors, taking into account future
follow-up studies. However, if one performs a post-study sample
size calculation based on the logistic regression model for

Helminthic Infections in Pregnancy

identifying the principal determinants of helminth infection and
using the equation N = (10¥Kk)/p [26], where k is the number of co-
variables (k=18) and p is the frequency of helminth infections
(p=0.34), we obtain a minimum N of 529, which is far below the
actual N of 980.

Results

Prevalence of Helminth Infections and Malaria

The data in Table 1 show that infection with any helminth
species (in the presence or absence of malaria) occured in 336
participants (34.3% of the population investigated), being signif-
icantly (p<<0.0005) more common in rural than in peri-urban
communities. Infection with helminths in the absence of malaria
showed a similar trend, occurring in 36.5% of rural, and in 11.3%
of peri-urban subjects (p<<0.00053). Infection with cach of the three
helminth species also occured more often in the rural than the
peri-urban  population, with A. lumbricoides being the most
commonest. The presence of a malaria infection (in the pre-
sence or absence of helminths) was more frequent in peri-urban
than in rural subjects (p<<0.05). This trend was mirrored by
malaria-only infections, with a prevalence of 4.39% in rural and
10.7% in peri-urban females (p<<0.00053). The prevalence of
helminth-malaria co-infection was similar in both environments

(Table 1).

Prevalence of Helminth Infections and Malaria in
Different Population Sub-Groups

The prevalence of helminth, malaria and helminth-malaria co-
infections were calculated for different population sub-groups
(Table 2). Helminth infections of any type, asymptomatic malaria
or co-infections were all less prevalent in subjects receiving AZT-
3TC-NVP when compared to those taking d4T-3TC-NVP
(p<<0.005). Treatment with AZT-3TC-NVP was also associated
with a lower prevalence of malaria or co-infection when compared
to AZT-NVP therapy, and a lower prevalence of co-infection
compared to TDF-3TC-NVP. The latter therapy was associated
with a lower prevalence of asymptomatic malaria compared to
subjects receiving AZT-NVP.

A number of factors had the opposite cffect on helminth
infection compared to malaria or co-infection rates. Thus,
helminth  infections were more common, but malaria and
consequently co-infections less common in females who were
tested in March-May compared to those tested in January or
February. This same pattern was observed for females who did

Table 1. Prevalence of helminth and malarial infections in rural and peri-urban populations.

***p<<0.0005 vs rural.
doi:10.1371/journal.pntd.0002380.t001
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Variables Rural Peri-urban Combined

n 635 345 980

Helminth infection 43.1 (39.3-47.0) 180 (13.9-22.0)™ 34.3 (31.3-373)

Specific species: Ascaris lumbricoides 26.1 (22.7-29.6) 110 (7.69-143)"" 20.8 (18.3-234)

Trichuris trichiura 866 (647-108) 435 (218-6.51)" 7.14 (553-8.76)
Hookworm 835 (6.19-105) 261 (092-4.30)"" 633 (4.80-7.85)

Malaria infection 110 (858-135) 17.4 (13.4-21.4) 133 (11.1-154)

Helminth-malaria co-infection 661 (4.68-8.55) 6.67 (4.02-9.31) 663 (5.07-8.19)

All data expressed as percentage (95% confidence intervals);

*p<0.05,

**p<0.005,
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not wear shoes compared to those who did, and in females who
did not regularly wash their hands or take dictary supplements
when compared to those that did (Table 2).

Pregnant females who were older than 30 years at testing had a
lower prevalence of helminth infections but higher levels of
asymptomatic malaria and co-infections than those females who
were 30 years or younger. Primigravidac had higher prevalences
for all three infection types compared to females who had more
than one previous pregnancy, whilst females who presented for
testing at an carlier stage of their pregnancy (4 months) had higher
prevalence levels of malaria and co-infections compared to those
at a later stage of pregnancy (5-6 months) (Table 2). If this latter
group was divided into 5 and 6 months of gestation, the prevalence
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Table 2. Prevalence of helminth and malarial infections in relation to various risk factors.

Variables n Helminth (%) Malaria (%) Co-infection (%)

ART: AZT-3TC-NVP NNNNNVP 299 274" 63511 2671t
AZT-NVP 126 325 246" 143"
d4T-3TC-NVP 461 397 145 672
TDF-3TC-NVP 94 319 13.8' 851%

Months: Jan-Feb 262 279 244 122
Mar-May 718 366 919" 460"

Age: =30 years 545 374 103 550
30 years 435 303" 170" 805

Gravidity: 7 225 422 16.0 102
2-5 755 319" 124 556

Gestation: 4 months 505 335 220 ns3
5-6 months 476 352 400" 168"

Education: Some 480 216 106 280
None 500 475" 16.0° 106

Employment: Yes 181 283 109 363
No 799 608" 238" 199"

Water: Piped 215 130 16.7 326
River 765 403" 123 758

Shoe wearing: Yes 380 305 163 816
No 600 367" ns 567

Hand washing: Yes 695 293 17.7 863
No 285 463" 246 175"

Diet supplements: Yes 281 281 213 1.7
No 699 368" 100 458"

Viral load: Detectable 90 700 17.8 14.4
Not detectable 890 3077 128 584"

cD4: =350 cells/mm” 209 62.7 27.7 206
350 cells/mm” m 266" 934" 285"

Malaria: Present 130 500 - -
Absent 850 3197

Helminths: Present 336 - 193 -
Absent 644 - 1017

All data expressed as percentage; *p<<0.05, **p<0.005, **p<<0.0005 vs other sub-group of same variable.

For ART: *p<<0.05, **p<<0.005 vs d4T-3TC-NVP;

'p<0.05,

" p<0.0005 vs AZT-NVP;

#p<0.05 vs AZT-3TC-NVP.

doi:10.1371/journal.pntd.0002380.t002

of malaria was not significantly different between them (4.20% vs
3.52% respectively).

Study participants who were unemployed and subjects with no
formal education had a higher prevalence of helminth infections,
malaria and co-infections compared to subjects with employment
and the uneducated, respectively. Women who used river surface
rather than piped water had a higher prevalence of both helminth
infection and co-infection but a lower prevalence of malaria,
although this last comparison did not reach statistical significance
(p=0.09). A detectable viral load and a CD4 count =350 cells/
mm® were both associated with higher levels of all infections.
Subjects with asymptomatic malaria had a higher prevalence of
helminth infections, and vice versa (see Table 2).
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Identification of Risk and Protective Factors for Helminth
Infections

Table 3 depicts the results of multiple logistic regression analyses
to identify risk and protective factors for helminth infections.
With regard to ART, the d4T-3TC-NVP regimen groups
exhibited higher prevalences of infection with A. lumbricoides
and hookworm compared to AZT-3TC-NVP. The same applied
with the AZT-NVP and TDF-3TC-NVP regimens regarding
T. trichiwra prevalence when compared to the AZT-3TC-NVP
therapy.

There were lower rates of hookworm infestation in subjects who
were screened  for infections during January and February
compared to those screened later in the year, whilst subjects
who were older than 30 years, or who were multigravid had a
lower risk of any helminth infection when compared, respectively,
to those 30 and younger, or primigravidac.

Subjects who were residents of a peri-urban location had a
lower risk of A. lumbricoides, hookworm or any helminth infection in
comparison to those from a rural environment. Educated study
participants and those who used piped water were at a lower risk
of A. lumbricoides or any helminth infection when compared,
respectively, to subjects with no formal education and who used
river water. Furthermore, pregnant women who were employed or
who regularly washed their hands were at a lower risk for A.
lumbricoides, T. trichiura or any helminth infection in comparison to
subjects who, were employed or did not wash their hands
regularly, respectively.

Pregnant females who had a detectable viral load when
compared to those who did not, were at a higher risk for A.
lumbricoides, and subjects with a CD4 count at or below 350 cells/
mm” were at a higher risk for all kinds of helminth infections when
compared to those with CD4 counts above 350 cells/mm?®. The

Helminthic Infections in Pregnancy

presence of malaria was associated with a higher risk of any
helminth infection.

Identification of Risk and Protective Factors for Malaria
and Co-Infections

The risk for malaria was higher in the months of January and
February than from March to May (Table 4). Risk was also higher in
older females but lower in those in the third trimester. This latter
trend was also mirrored by risk for co-infection. Co-infection risk was
also reduced in subjects with some formal education and in those
with employment. Pregnant females who used piped rather than
river surface water had a higher risk of malaria. Helminth infection
was associated with a higher risk for malaria, whilst low CD4 counts
were linked to a higher risk of malaria and co-infection. Interestingly,
and being difficult to interpret, women who regularly washed their
hands had a higher risk of both malaria and co-infections.

Identification of the Principal Determinants of Fecal
Helminth Egg Count and Hemoglobin Level

Backward, stepwise multiple regression analysis demonstrated
that fecal helminth egg counts were highest in females who were
multigravid; who did not wear shoes and who had low CD4 counts
(Table 5). Hemoglobin levels were lowest in females who had
helminth or malaria infections, who had low CD4 counts and who
had a higher (5 or 6 months compared to 4 months) gestational age.

Discussion

In this study population, we determined the prevalence and
identified protective and risk factors of helminth, malaria and co-
infections in HIV-infected pregnant women on ART in Rwanda.
We found that helminth infection was more prevalent in rural

Table 3. Multiple logistic regression analyses to identify risk factors for helminth infections.

Odds ratios fol Odds ratios for 0Odds ratios for Odds ratio for any

Variables Ascaris inf i h inf i h k 'm infe hel h infi i
ART' d4T-3TC-NVP 259 (1.79-3.75) - 219 (1.27-379)" 3.47 221545

AZT-NVP - 465 (241-8.96)" 2,60 (1.33-5.08)"

TDF-3TC-NVP - 3.57 (169-7.57)" - 2.47 (1.27-480)"
Months: Jan-Feb vs Mar-May - - 032(0.13-077) -
Age: >30vs =30 yrs - - - 0.66 (0.47-0.94)°
Gravidity: >Tvs1 - - 0.59 (0.39-0.87)°
Location: Periurban vs Rural 052 (0.33-082)" - 032 (0.15-066)" 0.41 (027-062)"
Education: Yes vs No 041 (0.28-0.59)" - - 0.39 (0.28-055)""
Employment: Yes vs No 047 (0.31-0.73)" 0.14 (0.08-0.27)"" - 0.23 (0.15-0.36) "
Water: Piped vs River 030 (0.16-0.53) - - 0.23 (0.14-038)""
Hand washing: Yes vs No 052 (0.33-0.80)" 0.20 (0.10-0.40)" - 0.29 (0.19-0.46)""
Detectable viral load: Yes vs No 195 (1.11-342) - 242 (1.29-455)
cD4: =350 vs >350 cell/mm® 212 (1.38-323)" 2.27 (1.32-3.90)" 3.03 (1.75-526)" 3.39 (2.16-533)""
Malaria: Infected vs Not - - 213 (1.27-359)"

"as compared to AZT-3TC-NVP;
data are odds ratios (95% confidence intervals);
odds ratios for ARTs are in comparison to therapy with AZT-3TC-NVP;

*p<0.05,

**p<0.005,

*+4p<0,0005.
doi:10.1371/journal.pntd.0002380.t003
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odds ratios are not given for variables that had no significant effect and were removed from regression model;
the following variables did not significantly affect risk for any of the above infections: gestational age, wearing shoes, use of dietary supplements and height;
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Table 4. Multiple logistic regression analyses to identify risk factors for malaria infection and helminth-malaria co-infection.

Odds ratios for helminth-malaria

Variables Odds ratios for malaria infection  co-infection
Months: Jan-Feb vs Mar-May 1.70 (1.08-2.68) -

Age: =30 vs =30 years 1.76 (1.15-2.69)" -

Gestation: 5-6 vs 4 months 0.17 (0.10-0.29) " 0.16 (0.07-0.35) "
Education: Yes vs No 0.32 (0.17-0.63) "
Employment: Yes vs No - 0.26 (0.14-0.49) "
Water: Piped vs River 1.76 (1.04-297)" -

Hand washing: Yes vs No 581 (251-13.5)" 2.96 (1.07-8.19)"
Helminth infection: Yes vs No 242 (1.51-389)" -

cD4: =350 vs >350 cells/mn’® 337 (2.11-5.38)" 7.13 (395-129)"

height;

*p<0.05,

**p<0.005,

***p<0.0005.
doi:10.1371/journal.pntd.0002380.t004

than peri-urban settings. Poor education and unemployment were
risk factors for both helminth and P. faleiparum infection, whilst hand
washing protected against worm infections. HIV treatment with
AZT-3TC-NVP was associated with a lower prevalence of helminth
infections. A CD4 count =350 cells/mm” was associated with
higher levels of all infections. Multiple lincar regression analysis
demonstrated that helminth egg counts (EPG) were highest in
females who were multigravid and hemoglobin levels were lowest in
females who had helminth or malaria infections.

The prevalence of helminth infection was higher among the
rural than peri-urban populations. Whilst we did not notice
general differences between women recruited at the various health
centers, this is best explained by variations in lifestyle between
both settings. The most prevalent species were A lumbricoides
followed by 7. trichiura and hook worm specices (A. duodenale and N.
americanus). This is in agreement with previous findings from the
same location [21]. Our results are further supported by findings
from an carlier study in the region which indicated that A.
lumbricoides and T. trichiura were more commonly found in Rwanda
and Burundi than in most other East African countries [27]. Our
findings show lower prevalence levels for malaria and malaria-

Data are odds ratios (95% confidence intervals); odds ratios are not given for variables that had no significant effect and were removed from regression model; the
following variables did not significantly affect risk for any of the above infections: location, ART, viral load, gravidity, wearing shoes, use of dietary supplements and

helminth  co-infection than previously reported for pregnant
females in Ghana but higher rates of helminth infections [28]. A
study in Uganda [29] rcported that the prevalence of helminth
infection among pregnant women was 68% and malaria was 11%;
however, only 12% of the women were HIV infected. These
results indicate (not surprisingly) that there are varying prevalence
levels of helminth infection during pregnancy across East African
populations. It should be noted that in the study in Ghana the
HIV status of the participants was not known, whilst in our study
all participants were HIV-infected and receiving ART.

An carlier study of malaria prevalence conducted in HIV-
positive pregnant females in Kigali, Rwanda, demonstrated that
8.0% of the study group had malaria [21]. It is well documented
that pregnant women living in malaria endemic arcas have an
increased risk of P. falciparum infection during pregnancy but this
usually remains asymptomatic. In the current study, we found
scasonal fluctuation, with the prevalence of asymptomatic malaria
being higher in subjects tested in the months of January—February
than those tested in March-May.

In the current study, we report that pregnant females who were
older than 30 years at the time of testing had a lower prevalence of

Table 5. Multiple regression models for determinants of helminth egg count and hemoglobin level.

Gestational age”

Model b Dependent variable Independent variables Beta value (p value) R for model (p-value)
7 Egg count (log) Gravidity* 0.17 (0.001) 0.28 (<0.0005)

Use of shoes® -0.13 (0.01)

CD4 count (log) —0.54 (0.03)
2 Hemoglobin level Helminth® —0.67 (<0.0005) 0.34 (<0.0005)

Malaria® -0.31(0.01)

CD4 count (log) 1.37 (<0.0005)

—0.19 (0.02)

¥ idity coding: primigravida - 1, multigravida - 2;

Coding for use of shoes: wear shoes - 1, do not wear shoes - 0;
“Coding for helminth or malaria: infected - 1, no infection - 0;
9Coding for gestational age: 4 months - 1, 5 or 6 months - 2.
doi:10.1371/journal.pntd.0002380.t005
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helminth infections but higher levels of malaria than younger
females. The helminth data is supported by a previous study from
Uganda [30]; however, most studies show that malaria is also more
common in younger, pregnant females [31,32]. This difference may
be related to a number of factors including lifestyle and socio-cultural
differences across the population groups included in these studics.
Litde data exists on the relationship between gravidity and the
risk of helminthiasis. One study shows no cffect of gravidity on the
risk of helminth infection [28] whilst a second study demonstrates
a higher risk of hookworm infection but a lower risk of A.
lumbricoides infection in primigravid compared to multigravid
females [32]. The data from the current study shows that
primigravid females have a higher prevalence and risk of helminth
infection compared to multigravid females. This is an important
finding and suggests that de-worming programs should target such
individuals. Our data also shows a higher fecal egg count in
multigravid compared to primigravid females. Thus, although
multigravid females are at a lower risk of helminth infections than
primigravidae, when they do acquire a helminth infection they
have a higher intensity of infection than primigravid females.
Females who presented for testing at an carlier stage of their
pregnancy (4 months) had a higher prevalence of malaria and

helminth-malaria co-infection than those at a later stage of

pregnancy (5-6 months). This data is supported by findings from
previous African studies [31,33].

Education and employment acted as protective factors against
both helminth infection and helminth-malaria  co-infection.
Previous studics have shown similar associations [28,30], suggest-
ing that socio-cconomic status is a strong modulator of discasc risk.

Helminth infection was shown to be more prevalent in subjects

who did not wash their hands. Studies have shown that the risk of

helminth infection is reduced in subjects who regularly wash their
hands, more so in those who use soap [34,35]. Thus, simple
changes in hygicne practices would be important for reducing the
prevalence of helminth infections. In our analysis, however, hand
washing was statistically significantly associated with an increased
risk of malaria and — consequently - helminth-malaria co-infection.
This finding is surprising and difficult to understand. Of note, the
use of piped compared to river water reduced the risk of helminth
infection but seemed to increase the risk for malaria. Whilst
improved access to water is known to reduce the risk for helminth
infection [36] the possible reasons for a greater risk of malaria
associated with hand washing and piped water are not known,
with little data available in the literature to confirm these
associations. We believe that we are dealing here with a
confounder, although it is apparently difficult to understand its
nature, and neither an clevated social status nor local vector
behavior or distribution offers any clue to understand this
observation. However, one possible explanation is that stand
pipes for the collection of water may have been situated in arcas
more suitable for mosquito breeding, or that puddle formation
around stand pipes created favourable breeding conditions.
Helminth egg counts were highest in multigravidac who did not
wear shoes regularly and who had low CD4 counts (Table 5).
Hemoglobin levels were lowest in females who had helminth or
malaria infections, who had low CD4 counts and who had a
gestational age of 5 or 6 months. Based on the distinct mechanisms
by which helminth and malaria affect hemoglobin levels, it can be
speculated that their combined presence might interact to enhance
the risk of anemia when intensity is moderately higher than in light
worm intensitics. The relationship between helminth infection,
intensity and anemia has been described in several settings in Africa
as well as in South East Asia [37]. Although women in our study
group were all on ART with some having reccived nutritional
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supplements as part of their antenatal care package, previous
regional studies also reported lower hemoglobin levels to be
associated with high prevalence of helminth and malaria [38].
Our findings are further supported by other studies [17,39] which
report that pregnant women are known to exhibit fluctuating CD4
levels in pregnancy, which might expose them to higher helminth
infection prevalence leading to maternal anemia. This could be
explained by the fact that during pregnancy the immune system is
impaired; therefore, HIV positive pregnant women who live in
highly endemic arcas in sub-Saharan Africa are likely to be at
increased risk for helminth-malaria co-infections.

In the present study the risk of helminth infection was higher in
females with a reduced CD# cell count, and in subjects with a
detectable viral load. This is in agreement with previous studies
conducted in pregnant females in Uganda [38] and Rwanda [21]
where CD4 counts correlated negatively with the risk of helminth
infection. However, another study has found the opposite [38],
although this investigation was not carried out in pregnant
females. Webb et al. [40] reviewed the epidemiology and
immunology of helminth-HIV interactions, and concluded that
there is inconsistent data support to postulate a beneficial effect of
anti-helminthic therapy on CD4 counts and viral load in HIV-1
co-infected individuals. With regard to malaria, we found that
a low CD4 count was associated with an increased number of
malaria cpisodes. This is in contrast with data from a very similar
study performed in Rwanda, where no such an association was
found [21]. This discrepancy may be related to the lower power of
the carlier investigation. There is clear evidence from a number of
studies that HIV does lead to more, and to more severe malaria
cpisodes, particularly in pregnant women [41].

The prevalence of helminth infection was increased in subjects
with malaria, and zce versa. A study conducted in Ghana on
pregnant females also showed that helminth infection increased
the risk of malaria [28]. It is thought that helminth infections have
a number of effects on the immune system that leads to increased
susceptibility to malaria [39,42].

In our study population all subjects were taking ART ir-
respective of CD4 counts, as prescribed by the new (2010)
Rwandan Ministry of Health guidclines for the prevention of
mother to child transmission of HIV [25]. Helminth infections of
any type, malaria or co-infection, were all less prevalent in subjects
receiving AZT-3TC-NVP when compared to the other three ART
regimens (Table 2). These effects remained significant for helminth
infections after adjusting for confounding variables in a logistic
regression analysis (Table 3). However, the protective effect of
AZT-3TC-NVP for malaria was not sustained in the logistic
regression model (Table 4). A previous study performed in
pregnant Rwanda females also demonstrated that specific ART
regimens secemed to reduce helminths prevalence but had less
cffect on malaria [21]; in this study the AZT-3TC-NVP regimen
was the least protective compared with the other therapies i.c.
AZT-NVP, d4T-3TC-NVP and AZT. This may be related to a
much smaller sample size (n = 328) compared to the current study
(n=980), and the lack of data for confounding variables. Whilst
these findings suggest a possible anti-helminthic effect of (certain)
ART combinations, there was no non-ART control arm in both
studics, as they were not designed to detect ART cffects on
helminth infections in the first place. Whilst there is therefore a
limit to the interpretation of this finding, it warrants further
investigation. Although the ART-induced reconstitution of cellular
immunity would probably be the main factor for reducing
helminth infections among HIV patients, previous i vitro and in
vivo investigations indicated that HIV treatment, especially with
protease inhibitors (PIs), could have a direct effect in killing of parasites
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including malaria [43]. It has been described before that ART
without PIs may reduce the prevalence of helminth infection [21,44].
Thus, ART itself might have contributed to the decline in helminth
prevalence, asymptomatic malaria or co-infection seen in our study.
We hypothesize that anti-mitochondrial toxicity of ART compounds
may play a direct role here, a hypothesis for which support seems to
accrue in a currently ongoing field trial in Gabon, designed to address
this question (MP Grobusch and S Janssen, unpublished data).

The strengths of this study are the screening of a large number
of women from cight health centers which caters for women of all
socio-cconomic classes; the screening of three stool samples on
three consccutive days for the presence of helminths; the use of a
combination of two different screening techniques to increase the
sensitivity  of helminth  diagnosis. However, our study has
limitations. Methodologically, its cross-sectional design makes it
impossible to determine temporal causality, incuding the inability
of multivariate models to adjust for all confounding factors. All
participants in the study were women and as hemoglobin levels
differ between men and women, our findings cannot be
extrapolated to men. The Kato Katz method used to determine
the number of helminth eggs could have underestimated the
proportion of women with light hookworm infection. The study
had no control group of HIV-positive subjects not receiving ART.
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In conclusion, we found that the prevalence of helminth
infections, malaria and co-infections is common in HIV-positive
pregnant women on ART in Rwanda. Helminth and malaria
infection in this population are important risk factors for low
hemoglobin levels. Subjects with low CD4 counts were at higher
risk of infections and helminth infection is a risk factor for malaria.
Education and employment were independent protective factors
for helminth infection and malaria, whilst hand washing reduced
the risk only for helminth infections. The possible antihelminthic
cffect of some ART combinations warrants further studies.
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Effect of Deworming on Disease Progression
Markers in HIV-1-Infected Pregnant Women on
Antiretroviral Therapy: A Longitudinal
Observational Study From Rwanda

Emil Ivan,'? Nigel J. Crowther,? Eugene Mutimura,® Aniceth Rucogoza,' Saskia J % Kato K. Njunwa,' and
Martin P. Grobusch®

"College of Medicine and Health Sciences, Department of Biomedical Laboratory Sciences, University of Rwanda, Kigali; “Department of Chemical
Pathology, University of the Witwatersrand Medical School, National Health Laboratory Services, Johannesburg, South Africa; *Rwanda Alliance for
Sustainable Development, Kigali; and “Center of Tropical Medicine and Travel Medicine, Dep of Infectious Diseases, Division of Intemal Medicine,
Academic Medical Center, University of Amsterdam, The Netherlands

Background. Deworming human immunodeficiency virus (HIV)-infected individuals on antiretroviral therapy
(ART) may be beneficial, particularly during pregnancy. We determined the efficacy of targeted and nontargeted
antihelminth therapy and its effects on Plasmodium falciparum infection status, hemoglobin levels, CD4 counts,
and viral load in pregnant, HIV-positive women receiving ART.

Methods. Nine hundred eighty HIV-infected pregnant women receiving ART were examined at 2 visits during
pregnancy and 2 postpartum visits within 12 weeks. Women were given antimalarials when malaria-positive where-
as albendazole was given in a targeted (n = 467; treatment when helminth stool screening was positive) or nontar-
geted (n=513; treatment at all time points, with stool screening) fashion.

Results.  No significant differences were noted between targeted and nontargeted albendazole treatments for the
variables measured at each study visit except for CD4 counts, which were lower (P<.05) in the latter group at the
final visit. Albendazole therapy was associated with favorable changes in subjects’ hemoglobin levels, CD4 counts,
and viral loads, particularly with helminth infections.

Conclusions. Antihelminthic therapy reduces detectable viral load, and increases CD4 counts and hemoglobin
levels in pregnant HIV-infected women with helminth coinfections receiving ART.

Keywords. Rwanda; HIV; pregnancy; malaria; helminths.
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The immunological interplay between helminth infections
and HIV is complex. Several hypotheses describe the influence
of these infections on each other. One hypothesis is that T-helper
cell 2 bias is induced by helminth infection, suppressing the
T-helper cell 1 response to HIV [12]. However, clinical data on
this topic are limited and contradictory. Thus, observational
studies demonstrated impaired immune responses to HIV in
helminth-coinfected individuals [11, 13], and randomized con-
trolled trials suggested that treatment of helminth coinfection
delayed HIV disease progression [3, 14]. However, systematic
reviews reported lower effects of antihelminthic treatment on
HIV disease progression [15, 16], and a recent study demon-
strated no benefits from deworming antiretroviral therapy
(ART)-naive, HIV-positive subjects [11].

Studies from Rwanda showed high rates of HIV/helminth co-
infections in pregnant women receiving ART [17, 18]. During
pregnancy, coinfections increased anemia risk and mother-
to-child HIV transmission [19], whereas treatment of helminth
infections reduced HIV RNA load [13]. However, there is little
evidence regarding benefits of deworming in HIV-infected
pregnant women receiving ART. We determined the effect of
deworming HIV-infected pregnant Rwandan women receiving
ART on markers of HIV disease progression and hemoglobin
levels, and the efficiency of deworming in targeted vs nontar-
geted treatment modes.

MATERIALS AND METHODS

Study Population

Pregnant women were recruited at antenatal clinics. Inclusion cri-
teria were HIV infection, pregnancy in the second trimester, and
use of ART. Women were excluded if diagnosed with tuberculo-
sis, or if they had taken antihelminthic drugs at any time point
before study entry. Measurements were taken at 2 visits during
pregnancy and 2 visits after birth, all 12 weeks apart. Ethical ap-
proval was obtained from the Rwanda National Ethics Committee
and the Ethics Committee of the University of the Witwaters-
rand’s Faculty of Health Sciences, Johannesburg, South Africa.

Therapies

Patients were randomly assigned to targeted deworming
(n =550), with 400 mg albendazole (ABZ) (ASPARTEC-400,
Dwarkesh Pharmaceuticals, Ahmedabad, India) given at any
study visit if participants were helminth positive, or to untargeted
deworming (n = 550), where all women were given 400 mg ABZ
at each visit irrespective of helminth infection status. If testing
positive for Plasmodium falciparum at any study visit, they were
treated with artemether-lumefantrine (AL) (Coartem). On all
study visits, research assistants confirmed the intake of
all drugs. Women received nevirapine (NVP) for prevention of
mother-to-child HIV transmission and subsequent combination

ART, irrespective of CD4 cell levels, in accordance with the
Rwandan Ministry of Health guidelines [20].

Measurements Taken at Each Visit

Weight and height were measured at each visit, as were CD4 cell
counts and hemoglobin levels. Viral loads (VLs) were measured
at baseline and at the final visit. Due to ART use, VLs were low
and were recorded as either above or below the detectable limit
of 40 copies/mL. The presence of helminth (Ascaris lumbri-
coides, Trichuris trichiura, and hookworms) and P. falciparum
infections were assessed on each visit [18].

Laboratory Tests

Intestinal helminths were identified by the Kato-Katz method
[21]. Three Kato-Katz slides were prepared from each of 3 stool
samples collected on consecutive days, and examined within 30
minutes for Ancylostoma duodenale and Necator americanus,
and the following day for ova of A. lumbricoides and T. trichiura.
Eggs per gram of stool were then calculated. Malaria antigen
Histidine-Rich Protein-2 (Orchid Bio Medicals, Goa, India) was
identified using a rapid serial testing algorithm [22]. Plasmodium
species parasitemia was identified by examination of thick and
thin blood films. Hemoglobin levels were measured using a
Rapid HemoCue kit (HemoCue AB, Angelholm, Sweden). The
CD4 counts were determined using a FACSCalibur/Sysmex
XT1800i system (BD, San Jose, California). Plasma HIV RNA
was quantified using a Gen-Probe HIV-1 VL assay on a Ampli-
Prep/COBAS TagMan (HIMCAP, Fort Lauderdale, Florida).

Study Subgroups

The initial analysis compared the targeted group with the nontar-
geted group. A subgroup analysis was performed in which partic-
ipants were divided into 3 groups based on the ABZ treatment:
(1) a comparator group in which all subjects were helminth free
and received no ABZ throughout the study (H ABZ); (2) a
group in which all subjects were helminth-free but received
ABZ throughout the study (H ABZ"); and (3) a group in
which all participants were helminth-infected at baseline and
received ABZ therapy either at all visits or only at visits where
helminth infection was detected (H'"ABZ*'").

Statistical Analyses

Skewed variables were log-transformed to normality and ex-
pressed as median (interquartile range) in the tables. Normally
distributed data were expressed as mean + SD. Continuous var-
iables were compared between targeted and nontargeted groups
using Student ¢ test or analysis of variance (ANOVA )/analysis of
covariance (ANCOVA) if adjustment for confounding variables
was required, whereas within-group comparisons were per-
formed using a paired Student ¢ test with Bonferroni correction.
Comparisons across subgroups were performed using ANOVA
with Tukey post hoc test. Categorical variables were analyzed
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using the y” test or Fisher exact test. Logistic regression was used
to determine effects of therapy on risk of P. falciparum infection
at visit 4 by dividing the cohort into 4 groups based on therapies
received at visit 3: those who received neither treatment; those
who received only ABZ; those who received only AL; and those
who received ABZ and AL. Backward, stepwise multivariate
regression analysis was used to determine the correlates of
percentage changes in hemoglobin levels and CD4 counts be-
tween visits 1 and 2. This time period shows the outcome of
treatment of more long-term helminthic or P. falciparum in-
fections compared with other periods in the study in subjects
who had not previously been dewormed. The initial regression

models included variables that correlated with each of the 2 out-
come variables at P <.50 in univariate correlation analyses. All
statistical analyses were performed using Statistica version 9.1
(StatSoft, Tulsa, Oklahoma).

RESULTS

Study Population

In total, 1300 pregnant women were screened for eligibility.
Two hundred participants were not eligible for the following
reasons: 100 subjects were enrolled in other studies; 50 were
to deliver at facilities situated outside the study area; 40 did

1300 subjects assessed for eligibility I

200 not eligible, excluded

4' 1100 consented & were randomized }

Targeted arm: 550 subjects
assessed at visit 1

34 did not give stool samples;
no viral lcad results for 13

Nontargeted arm: 550
subjects assessed at visit 1

6 did not give stool samples;
ne viral load results for 10

502 subject:

6 did nct give stool samples;
18 lost to follow-up

479 subjects at visit 3

—»| 13 lost to follow-up

466 subjects at visit 4

Figure 1.

534 assessed at visit 2
5 Lost to follow-up

529 subjects at visit 3

6 did not give stool sample;
10 lost to follow-up

513 subjects at visit 4

Study profile for subjects in targeted and nontargeted treatment groups.
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Figure 2. Comparison of targeted (dashed line) vs nontargeted (solid line) albendazole treatment on helminth infection (4), Plasmodium falciparum in-
fection (B), serum hemoglobin levels (C), and CD4 counts (£). *P< .05 vs targeted arm; YP< .05, ¥"P< 0005 vs preceding visit of nontargeted arm; *P< .05,
“P< 0005 vs preceding visit of targeted arm. Data expressed as percentage for helminth and P. falciparum infections and as means for hemoglobin levels
and medians for CD4 counts. For clarity, the SD and interquartile ranges were not included. Abbreviation: SD, standard deviation.

not wish to participate; 10 were receiving antihelminthic thera-
py. The remaining 1100 participants were randomized to target-
ed and nontargeted treatment groups, of whom 120 (12.3%) did
not complete the study due to various reasons (Figure 1). These
were excluded from the final analysis, leaving a total patient
population of 980.

Helminths, Malaria, and Hemoglobin in Targeted and
Nontargeted Groups
The prevalence of helminth infection was similar at all time
points in the targeted and nontargeted groups (Figure 2A). In
both groups, helminth infections dropped dramatically by
visit 2 (P <.0005 vs visit 1 for both comparisons), with a
more shallow decrease by visit 4. Prevalence levels of helminth
infections at baseline for the total cohort were as follows: A.
lumbricoides, 20.8%; T. trichiura, 7.1%; hookworm species,
6.3%. The prevalence of P. falciparum infection was similar at
all time points for the 2 treatment arms, with a significant prev-
alence decline at visit 2. There was a tendency for the infection
rate to be higher at visit 4 with nontargeted ABZ administration
(7.8% vs 5.1%; P =.09; Figure 2B). The prevalence of helminth
coinfection with P. falciparum was significantly higher in the
targeted (8.6%) than in the nontargeted group (4.9%; P < .05)
at baseline, but in both groups no coinfection was detected at
any of the subsequent visits.

Hemoglobin levels were similar in both arms at all study vis-
its (Figure 2C), rising significantly from visit 1 to visit 2 in both

arms and peaking by visit 3. Thereafter, levels fell significantly
(P <.0005) by visit 4.

CD4 Counts and Detectable VL in Targeted and Nontargeted
Groups
Within both treatment groups, CD4 counts rose significantly,
reaching a peak at visit 4, where levels were significantly higher
in the nontargeted vs the targeted group (P < .05; Figure 2). This
difference between the 2 treatment groups was analyzed using
ANOVA with treatment mode as the grouping variable and
level of CD4 counts at visit 4 as the dependent variable
(F=5.03; P=.025). Adjusting for possible confounders in an
ANCOVA (eg, ART, frequency of detectable VL, AL usage,
age, education, employment, gravidity, and gestational age)
did not attenuate this effect. However, adjusting for ABZ ther-
apy in the absence of helminth infection did weaken this effect
significantly (F=0.10, P =.77). Adjustment for ABZ therapy
with helminth infection had minimal effect (F=4.90, P =.027).
The prevalence of detectable VL dropped from 9.0% at visit
1% to 4.7% at visit 4 (P <.005) in the nontargeted group and
from 9.4% at visit 1 to 3.6% at visit 4 in the targeted group
(P <.0005). No significant differences were noted between treat-
ment modes.

Baseline Comparison of Study Subgroups
At visit 1, no significant differences across the 3 study groups
were noted for age, gestation, or body mass index (Table 1).
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Table 1. Baseline Characteristics of Study Subgroups

Subject Groups

Variables H"ABZ ® H'ABZ*®  H*-ABZ*-°
No. of subjects 204 272 334
Age, y 30.5+4.62 30.3+4.78 29.9+4.73
Gestation, mo 458+0.72 4.65+0.74 464+0.72
Gravidity >1, % 77.9 80.9* 716
BMI, kg/m? 25.4+3.27 25.2+3.32 25.3+3.28
Hemoglobin, g/dL  12.2+1.18*** 12.3+1.22*** 11.4+1.35
CDA4, cellsful 489 [173]*** 483 [182]*** 380 [112]
Detectable HIV, % 4.90*** 4.78*** 189
ART regimen, %
ZDV, 3TC, NVP 35.3* B9 7**E 242
ZDV, NVP 11.8 9.55 12.3
d4T, 3TC, NVP 421 42,3%* 548
TDF, 3TC, NVP 10.8 8.45 868
Malaria, % 8:33%*+ 9:93%* 195
Education, % 60.8*** 57:0%** 32.0
Employment, % 88:2%% 90, T*%X 67.1
Periurban, % 46.1*** 39.0%%* 186

Data given as %, mean = SD, or median (interquartile range).

Abbreviations: 3TC, lamivudine; ABZ, albendazole; ART, antiretroviral therapy;
BMI, body mass index; d4T, stavudine; HIV, human immunodeficiency virus;
NVP, nevirapine; SD, standard deviation; TDF, tenofovir; ZDV, zidovudine.

# Helminth free and not treated with ABZ at any visits.

® Helminth free and treated with ABZ at all visits.

“Infected with helminth at baseline but helminth free at other visits and treated
with ABZ at baseline

*P<.05, **P<.005, ***P<.0005, vs H*~ABZ*"~.

The prevalence of multigravidity was higher in the H ABZ"
group compared with the H'"ABZ"'~ group (P <.05). The
use of the zidovudine/lamivudine (3TC)/NVP ART regi-
men was more common in the H' ABZ™ and H ABZ" groups.
The stavudine/3TC/NVP regimen was found less often in the
H ABZ and H ABZ" groups when compared to the H""BZ"'~
group. No differences were noted for the tenofovir/3TC/NVP
regimen.

Longitudinal Changes in Malaria, Hemoglobin, Detectable VL,
and CD4 Counts in 3 Study Subgroups

The study variables at each visit for the 3 treatment subgroups
are given in Figure 3. Helminth infection was 100% by definition
in the H""ABZ"'~ group and 0 in all other groups at baseline,
remaining as such at all subsequent visits for the H ABZ " and
H ABZ" groups. Within the H*'~ABZ*~ group, helminth in-
fection fell to 6% at visit 2 (P < .0005 vs visit 1), rose to 10.8%
at visit 3 (P < .05 vs visit 2), and fell to 7.8% at visit 4 (P =.10 vs
visit 3). Malaria was more prevalent at baseline for the H*'~
ABZ*'~ group than for each of the 2 other groups (P< .05
and P <.0005; Figure 3A). However, at visit 2, P. falciparum de-
tection fell significantly in the H*'~ABZ*'~ group (P <.0005) to

levels comparable to that of the other 2 groups, and remained so
at visit 3. The prevalence of P. falciparum positivity rose slightly
by visit 4 in both groups receiving ABZ therapy, but fell in the
group not receiving ABZ (H ABZ"), such that this group had a
significantly (P <.05) lower level of infection compared to the
H''~ABZ"'~ group at visit 4.

Hemoglobin levels were significantly lower in the H"'"ABZ"/~
group at baseline compared with the 2 other subgroups (P <
.0005; Figure 3B) but rose significantly at visit 2 (P <.0005) and
visit 3 (P <.0005). Within the remaining 2 study groups, hemo-
globin levels did not rise significantly between visits 1 and 2
(P <.005) but did so between visits 2 and 3 (P <.0005). Hemoglo-
bin levels fell significantly (P < .0005) between visits 3 and 4 in the
H ABZ and H ABZ" groups, but not in the H"~ABZ*'~ group.

CD4 counts were significantly lower in the H""ABZ*/~
group at baseline when compared with the 2 other subgroups
(P <.0005; Figure 3C). CD4 counts rose significantly within
this group from visit 1 to visit 2 (P <.0005) and from visit 2
to visit 3 (P <.05). However, at both visits CD4 counts were
still significantly lower compared with the 2 other subgroups
(P <.0005 for all comparisons). A large increase in CD4 counts
from visit 3 to visit 4 (P <.0005) brought levels to within the
range observed in the other groups. There was a shallow but sig-
nificant rise in CD4 counts from visit 1 to visit 3 in the H ABZ
and H ABZ" groups. CD4 counts rose significantly from visit 3
to visit 4 in the H"ABZ" group (P < .0005), leaving levels signif-
icantly higher than in the H*~ABZ"~ group (P < .05), confirm-
ing the observations shown in Figure 2D.

The prevalence of detectable VL was significantly higher in
the H~ABZ"~ group at baseline compared with the other 2
groups (P <.0005 for both comparisons), but fell significantly
by visit 4 (P <.0005; Figure 3D). The prevalence of detectable
VLs did not change between the first and final visits for the 2
other study groups.

Multivariable Linear Regression Analyses

Backward, stepwise linear regression analyses for determining
the correlates of percentage change in CD4 counts and percent-
age change in hemoglobin levels demonstrated that from visit 1
to visit 2, malaria treatment was associated with a CD4 count
increase of 8.6% (P < .0005; Table 2), whereas malaria at the
later time point reduced CD4 counts by 9.8% (P <.0005) com-
pared with subjects with no change in malaria status between
these 2 study visits. Results for A. lumbricoides infections were
similar, with treatment being associated with a 6.7% CD4 count
increase (P <.0005) and a later-acquired infection leading to a
7.4% CD4 count decline (P =.003). Treating T. trichiura or
hookworm infections increased CD4 counts by 5.3% (P =.02)
and 5.9% (P =.02), respectively. Subjects with detectable VL at
visit 1 underwenta 25% CD4 count increase (P <.0005) compared
with subjects with undetectable VL.
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Figure 3.  Substudy analysis of 3 subject groups for P. falciparum infection (A), serum hemoglobin (Hb) levels (B), CD4 counts (C), and detectable viral load
(D). Study groups are as follows: H"ABZ" (helminth free and not treated with albendazole [ABZ] at any visits; small dashes with diamond markers); H"ABZ*
(helminth free and treated with ABZ at all visits; solid line with circle markers); H*~ABZ*/~ (infected with helminth at baseline but helminth free at other
visits and treated with ABZ at baseline; large dashes with triangle markers). °P< .05, *P< 005, *P< 0005 for H*~ABZ*'~ vs HABZ; ®P< .05, *°P<.005,
Bobp ¢ 0005 for H/~ABZ*/~ vs H"ABZ*; “P< .05, “**P< 0005 vs preceding visit within H*~ABZ*"~ group; P< 005, YP< 0005 vs preceding visit within
H™ABZ* group; “P< .005, “*P<.0005 vs preceding visit within H"ABZ" group. Data expressed as percentages for malaria and for detectable viral load and
as means for Hb levels and medians for CD4 counts. The SD and interquartile ranges were excluded for clarity. Abbreviations: HIV, human immunodeficiency
virus; P. falciparum, Plasmodium falciparum; SD, standard deviation.

Table 2. Backward, Stepwise Multivariable Regression Models for Percentage of Change in CD4 Counts and Hemoglobin Levels From
Visit 1 to Visit 2

Independent Variables With Unstandardized Adjusted R? for Full
Dependent Variable B Coefficient (P Value) Model (P Value)
Percentage change in CD4 count Loss of malaria infection, 8.64 (<.0005) 0.22 (<.0005)

Gain in malaria infection, —9.81 (<.0005)

Loss of Ascaris infection, 6.74 (<.0005)

Gain in Ascaris infection, —7.37 (.003)

Loss of Trichuris infection, 5.28 (.02)

Loss of hookworm infection, 5.94 (.02)

Detectable viral load at visit 1, 25.0 (<.0005)
Percentage change in Periurban vs rural, —1.90 (.01) 0.09 (<.0005)

hemoglobin level Employment, 2.13 (.02)

Gestational age, 2.08 (.002)

Gain in malaria infection, —3.82 (.009)

Loss of Ascaris infection, 4.93 (<.0005)

Loss of Trichuris infection, 2.93 (.03)

Loss of hookworm infection, 8.96 (<.0005)

Variable coding: loss or gain of any helminth or Plasmodium falciparum infection was coded as -1 and 1, respectively, and compared against no change in
infection status (coded as 0); presence of a detectable viral load at visit 1 was coded as 1 whereas an undetectable viral load was coded as 0; periurban was
coded as 1 and urban as 0; employed was coded as 1 and unemployed as 0; gestational age of 5 or 6 months was coded as 1 and gestational age of 4 months
was coded as 0.
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Periurban subjects had a 1.9% hemoglobin decline (P =.01)
compared with urban-dwelling subjects between the study visits.
Employed women had a 2.1% hemoglobin increase compared
with unemployed women (P =.02). Malaria between study visits
1 and 2 was associated with a 3.8% hemoglobin decrease
(P=.009). Successful treatment of A. lumbricoides, T. trichiura,
or hookworm infections was associated with a 4.9% (P <.0005),
2.93% (P=.03), and 8.96% (P <.0005) increase in hemoglobin.

DISCUSSION

The present study is the first to systematically determine the
effect of ABZ therapy on CD4 counts, VL, and hemoglobin in
HIV-infected pregnant women on ART and antimalarial med-
ications. Favorable changes were observed in all these variables
over a period of 1 year in subjects who had helminth infections
at baseline visit. ABZ was administered in either targeted or
nontargeted fashion, and both these treatment modes were
equally effective. This suggests that in regions endemic for geo-
helminths, nontargeted anthelminthic therapy may be more
cost-effective than a test-then-treat procedure.

The current study demonstrates that in pregnant women re-
ceiving ABZ therapy, CD4 counts increase, whereas detectable
VLs decrease in the presence of concurrent ART. Thus, ABZ
therapy significantly augments ART in improving immune
function and blocking viral replication. Furthermore, hemoglo-
bin levels increase after deworming.

Previous studies investigating the effect of deworming on CD4
counts and VL in HIV-positive patients have been analyzed in
systematic reviews [3, 11], which demonstrated statistically signif-
icant beneficial effects. A recent study from Uganda showed that
deworming HIV-positive pregnant women reduced VL, but the
effect was statistically nonsignificant [13]. However, this study
involved only 1 dose of ABZ or praziquantel, which was admin-
istered at baseline. VLs were measured, but not CD4 counts, at 6
weeks posttreatment at delivery. Furthermore, no participants
were receiving ART at recruitment but were given single-dose in-
trapartum and neonatal NVP to reduce mother-to-child trans-
mission. The Uganda study showed that in HIV-infected
subjects not receiving ART, ABZ therapy had no effect on
HIV-associated disease progression [13]. However, a meta-anal-
ysis of 3 randomized controlled trials showed that anthelminthic
therapy benefited HIV-infected subjects [3]. Contradictory data
may result from differences in study methodology, including
treatment of different helminth species, variable sample sizes, dif-
ferences in study duration, frequency of antihelminthic therapy,
presence of different parallel therapies (eg, for HIV or P. falcipa-
rum infection), variations in the prevalence of helminth infec-
tions, and differences in population demography.

Our findings demonstrate that increases in CD4 counts occur
with removal of each of the 3 different helminth species. Thus,

the loss of each helminth infection caused a 5.0%-7.0% increase
in CD4 counts over a 3-month period. One study has shown that
treating A. lumbricoides with ABZ does improve CD4 counts [3];
however, these findings, and those for treatment of T. trichiura
and hookworm observed in our study, are not supported by
other studies [4, 11, 15, 16, 23]. None of these studies included
subjects receiving ART. It is therefore possible that ABZ therapy
has a more significant effect on the immune system responsive-
ness of HIV-infected subjects in the presence of ART.

The current study has several strengths. Compliance with the
study treatments was documented by direct observation by study
staff. Retention of participants in the study was high and did not
differ between groups. Outcome measures were systematically as-
sessed. The limitation of the study is that, in a setting where
women received anthelminthics during pregnancy routinely,
the design fell short of that of a placebo-controlled, randomized,
double-blind clinical trial, which would have been preferable over
the quasi-observational approach we undertook. Furthermore,
the study was not developed to investigate drug-drug interactions
and therefore such effects could not be confirmed.

Our findings suggest that ABZ treatment of HIV-positive
pregnant women is of benefit, without a need for screening
for helminth infection. Thus, within regions where geohel-
minths are endemic, nontargeted intervention may be more ef-
ficient than targeted approach. The present study shows
beneficial effects of ABZ therapy on VL, CD4 counts, and he-
moglobin levels, particularly in women who harbor helminth
infections. However, there is some evidence that the effect on
CD4 counts may not be due to helminth clearance, thus requir-
ing further investigation.
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