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Abstract: Misdiagnosis of malaria is a major problem in Africa leading not only to incorrect individual level
treatment, but potentially the acceleration of the spread of drug resistance in low-transmission areas. In
this paper we report on the outcomes of a simple intervention that utilized a social entrepreneurship
approach (SEA) to reduce misdiagnosis associated with hospital-based microscopy of malaria in a low-
transmission area of rural Tanzania. A pre-post assessment was conducted on patients presenting to the
hospital outpatient department with malaria and non-malaria like symptoms in January 2009 (pre-
intervention) and June 2009 (post-intervention). All participants were asked a health seeking behavior
questionnaire and blood samples were taken for local and quality control microscopy. Multivariate logistic
regression was conducted to determine magnitude of misdiagnosis with local microscopy pre- versus- post
intervention. Local microscopy pre-intervention specificity was 29.5% (95% Cl = 21.6% - 38.4%) whereas the
post intervention specificity was 68.6% (95% Cl = 60.2% - 76.2%). Both pre and post intervention sensitivity
were difficult to determine due to an unexpected low number of true positive cases. The proportion of
participants misdiagnosed pre-intervention was 70.2% (95%Cl = 61.3%-78.0%) as compared to 30.6% (95%Cl =
23.2%-38.8%) post-intervention. This resulted in a 39.6% reduction in misdiagnosis of malaria at the local
hospital. The magnitude of misdiagnosis for the pre-intervention participants was 5.3 (95%Cl = 3.1-9.3) that
of the post-intervention participants. In conclusion, this study provides evidence that a simple intervention
can meaningfully reduce the magnitude of microscopy-based misdiagnosis of malaria for those individuals
seeking treatment for uncomplicated malaria. We anticipate that this intervention will facilitate a valuable
and sustainable change in malaria diagnosis at the local hospital.

Keywords: malaria, microscopy, misdiagnosis, Tanzania
Introduction

Despite extensive control and elimination efforts, malaria remains a leading cause of morbidity
and mortality for children under five (Mboera et al. 2007; WHO 2011). Malaria is strongly
associated with poverty as parasite prevalence is known to be higher in poorer populations in
rural areas (WHO, 2012). As a compounding effect, rural and remote health facilities are often
under-resourced, resulting in a decline in the quality of malaria diagnosis and treatment (Bell et
al. 2006). The combination of these two risk factors may create the perfect storm for malaria
misdiagnosis and improper case management.

The 2010 World Health Organization (WHO) Guidelines for the Treatment of Malaria
recommend presumptive diagnosis and treatment of children under the age of five in endemic
areas only when microscopy or malaria rapid diagnostic tests (mRDTs) are unavailable (WHO
2010a). Despite these recommendations, presumptive diagnosis remains a key diagnostic
algorithm in low-resource areas due to: lack of quality microscopy or RDTS, patient pressure, fear
of missing a malaria case and disregard of negative laboratory tests when available (Chandler et
al., 2008). The reliance on presumptive diagnosis has been shown to be associated with
considerable misdiagnosis and over-treatment (Gwer et al., 2007; Nankabirwa et al., 2009).

Consequently, communities and individuals in low-resource areas may experience wasted
resources on drug purchase, over-medication of children, drug shortages, and unnecessary
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morbidity and mortality due to improper treatment of the true cause of acute febrile illness
(Zuroc et al., 2006; Hume et al., 2008). Over-treatment with artemisinin combination therapies
(ACT) is also thought to be a main force driving the spread of Plasmodium drug resistance (Rafael
et al., 2006; WHO, 2010b). Drug resistance is one of the most serious problems facing malaria
elimination (White et al., 2009). By 2006 Plasmodium falciparum had developed resistance to
almost all forms of anti-malarial drugs available except for artemisinin derivatives and this has
since emerged in Cambodia (Noedl et al., 2008; Dondorp et al., (2009).

Furthermore, the literature pertaining to Tanzania consistently demonstrates that the
high variability of hospital records and the lack of standard operating procedures (SOPs) does
not provide a clear picture of malaria epidemiology (Shears, 2000; Snow et al., 2005; Maegga et
al., 2005; Masika et al., 2006; Makundi et al. 2007). There is an inevitable need to improve upon
existing malaria laboratory diagnostics and disease surveillance techniques to promote better
management of malaria (Maegga et al., 2005; Makundi et al., 2007; WHO 2010a). In order to
address these salient issues it is crucial that rural, low-resource health facilities have access to
accurate and reliable microscopy or mRDTs. Here, we report the impact of a simple intervention
aimed to improve the accuracy of malaria microscopy that was implemented in a rural low-
resource and low-transmission area of northern Tanzania. This intervention provides evidence
that simple changes to improve the quality of malaria microscopy can provide foundations for
substantial decreases in misdiagnosis.

Materials and Methods

Study location

The study was conducted at a hospital in the Ngorongoro Conservation Area (NCA) of the
northern Tanzanian highlands. It is the only hospital serving a population of approximately 51,000
people who are predominantly Maasai pastoralists. Elevation ranges from 1000m to over 3000m
above sea level, thus placing the population in a low transmission zone for malaria (Chandler et
al., 2006). Based on a formative assessment of hospital out-patient records in 2008, the
proportion of patients presenting with febrile symptoms who were diagnosed as positive for
malaria based on microscopy was over 40% (Allen et al., 2010). Although this is not a true
estimate of malaria prevalence for the area, one may anticipate from the regional relationship
between malaria prevalence and altitude that this proportion should be much lower (Chandler et
al., 2006), suggesting a high level of malaria misdiagnosis and over-treatment with anti-malarial
drugs may be occurring.

Intervention description

Sustainability is a key to successful health interventions. We applied a social entrepreneurship
approach (SEA) to foster a sustainable application of the research. The guiding theory and
approach to this intervention has been described in detail elsewhere (Allen et al., 2010). The
intervention was conducted in May 2009 and consisted of 4 major components: (1) training of
local laboratory staff to use WHO standard operating procedures (SOPs) and implementation of
the SOPs; (2) addition of an institutionally trained laboratory technologist to the local laboratory;
(3) training on local epidemiological information regarding expected prevalence of malaria in this
low transmission zone; and (4) feedback on current levels of malaria microscopy sensitivity,
specificity and misdiagnosis following baseline data collection in January 2009 (pre-intervention).
Following the intervention, a post-intervention data collection period (June 2009) was conducted
to assess changes in sensitivity, specificity and misdiagnosis magnitude as measured by the odds
ratio of malaria misdiagnosis for microscopy-based detection of malaria at the local hospital.
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Study design and sample size
A cross-sectional study with sampling occurring in January (pre-intervention) and June of 2009
(post-intervention) was performed. During both of the sampling times, the region received
limited rainfall. Study design was based on the WHO Evaluation of diagnostic tests for infectious
diseases: general principles (Banoo et al., 2006) and the WHO Evaluation of rapid diagnostic tests:
malaria (Bell & Peeling, 2006). A demographic and health seeking behavior (HSB) questionnaire
was administered in parallel to participants in all study groups in order to determine if patient
level factors confound or modify the odds of misdiagnosis.

Sample size was calculated based on an expected malaria prevalence of 9.3% (Chandler et
al., 2006), a 95% confidence and precision level of 5%. The simple formula of n = 2> P (1-P) | d’,
where n = sample size, Z = Z statistic for a level of confidence, P = expected prevalence or
proportion and d = precision was used for calculations (Naing, 2006). The resulting total sample
size required per group (pre and post intervention) was n=129.

Inclusion and exclusion criteria of study participants

Inclusion criteria: Patients presenting to the local hospital who lived in the NCA and gave
informed consent that met the following inclusion criteria were enrolled: 1) clinical suspicion of
malaria sent for microscopy requisition; and 2) non-malaria like symptoms sent to the laboratory
for other diagnostic tests. The second group of participants was deemed important due to the
short timeframe for sampling paired with the limited number of patients presenting to the local
hospital each day. During data analysis, no distinctions were made between those with clinical
suspicion and those without. Age of participants was not used as an inclusion criteria, but rather
to dichotomize the two groups in to <5 years and >5 years (actual age was not recorded).

Exclusion criteria: Any patients with known or suspected pregnancy, patients with severe
and/or complicated malaria, and patients with severe and complicated co-morbidities as defined
by the clinical health officer.

Sampling strategy

Research personnel, together with clinical officers at the local hospital identified all potential
participants presenting to the outpatient department within the data collection time frame.
Patients presenting to the outpatient department were assessed to determine if they met the
inclusion criteria by both the clinical officer and the research personnel. All individuals meeting
the inclusion criteria were asked for informed consent before conducting the HSB questionnaire
and laboratory microscopy. The same sampling strategy was used for both pre and post
intervention participant recruitment.

Local microscopy and quality control

In the laboratory, blood was obtained by a finger prick; a thick and thin blood smears were
prepared according to standard WHO procedures (WHO, 2010b). One of the laboratory
technicians working in the hospital laboratory stained slides with either Fields stain or Giemsa and
estimated parasites density against 200 white blood cells. At least 100 fields on each slide were
examined before the slide being declared negative for malaria parasites (WHO, 2010b).
Treatment of patients for malaria was based on the results from local microscopy.

Blood slides were stored in a cool and dark location to maintain sample integrity until
being sent to Catholic University of Health and Allied Health Sciences (CUHAS) in Mwanza,
Tanzania to be read by two independent laboratory technologists. These quality control (QC)
laboratory technologists were blinded to each other as well as the local hospital microscopy
results. QC Laboratory technologists at CUHAS held a 3-year diploma in laboratory techniques
with more than 6 years working experience in a parasitology laboratory at the time of the study.
In addition, both the local laboratory technicians and QC laboratory technologists had been



attending refresher courses to improve their skills in malaria microscopy. At both sites, the WHO
standard operating procedures for microscopy were followed (WHO, 2010b).

After completion of standard WHO microscopy procedures, a blood smear was
considered to be either a true positive or true negative only when both external CUHAS QC
readers agreed on the result. External CUHAS QC readers were blinded to the microscopy results
of the local hospital laboratory as well as to each other. Percent agreement and kappa values
were used for analysis for both agreement between the external CUHAS QC readers and
agreement between external CUHAS QC and the local hospital laboratory (Landis & Koch 1977).
Parasitemia was not considered during evaluation of true positives or true negatives, only that
both CUHAS QC readers identified the slide as either positive or negative (binary result).
Parasitemia was used as a measure of infection severity for clinical purposes but was not taken
into account during QC measures.

Data analysis

All data were entered into Microsoft Excel version 12.3.3 and analysis was performed using STATA
version 11.0. Study participants with missing microscopy data were excluded from analysis.
Sensitivity and specificity with 95% confidence intervals were calculated using standard
procedures in STATA. Misdiagnosis by local microscopy was recorded when there was a
disagreement with the external CUHAS QC result and the local hospital test result. Logistic
regression model was used to determine the magnitude of misdiagnosis during both pre-
intervention and post-intervention. Potential effect modifiers or confounders such as age and
gender were included in the multivariate analysis. Participants were stratified into >5 yearand <5
years to develop binary categories for age based on WHO guidelines for the presumptive
treatment of malaria in children under 5 years of age.

Ethical considerations

Ethical approval for this study was granted from the Conjoint Health Research Ethics Board
(CHREB) at the University of Calgary and the Medical Research Coordinating Committee of the
National Institute of Medical Research in Tanzania. In Tanzania the Commission on Science and
Technology approved a research permit. Informed consent was obtained from all study
participants. The informed consent form was translated into Kiswahili and was then further
translated into the local language of Maa for those participants unable to understand Kiswahili.
For all participants who were able to provide a signature, written consent was obtained. For
those participants who were unable to provide a written signature, verbal consent was obtained
by the clinical officers and “verbal consent” was noted on the signature line of the consent form.
Informed consent for study participants under the age of 5 was provided by a parent, guardian or
next of kin. For children between the ages of 5 to 16 years of age their informed assent together
with parental/guardian or next of kin informed consent was obtained.

Results

The actual sample sizes for the pre and post intervention groups’ varied marginally from the
original calculations due to logistics of data collection (pre n=124 and post n=144). Throughout
the course of the study, a limited number of patients with malaria-like symptoms declined
consent to participate (<10 patients). Characteristics including estimates of local hospital
microscopy positive tests, quality control (QC) microscopy true positives, local hospital
microscopy sensitivity and the proportion of patients misdiagnosed at the local hospital are
summarized in Table 1.

Local microscopy pre-intervention specificity was 29.5% (95%Cl = 21.6%-38.4%) whereas the post
intervention specificity was 68.6% (95% Cl = 60.2% - 76.2%). Both pre and post intervention
sensitivity were difficult to determine due to an unexpected low number of true positive cases.
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The proportion of participants misdiagnosed pre-intervention was 70.2% (95%Cl = 61.3%-78.0%) as
compared to 30.6% (95%Cl = 23.2%-38.8%) post-intervention. This resulted in a 39.6% reduction in
misdiagnosis of malaria at the local hospital. The magnitude of misdiagnosis for the pre-
intervention participants was 5.3 (95%Cl = 3.1-9.3) that of the post-intervention participants
(Table 1).

Table 1: Characteristics of the participant groups both pre and post intervention

Characteristic Pre (95% Cl) Post (95% Cl)

N 124 144

<5 years 36.3%(27.8% - 45.4%) 37.5%(29.6% - 45.9%)
Male 47.6% (38.5% - 56.7%) 50.7% (42.2% - 59.1%)
Local hospital microscopy positives 70.9% (62.1% - 78.8%) 32.6% (25.0% - 40.9%
QC microscopy true positives 1.6% (0.2% - 5.7%) 2.8%(0.8% - 6.9%)
Misdiagnosis at local hospital 70.2% (61.3% - 78.0%) 30.6% (23.2% - 38.8%)
Local hospital microscopy sensitivity " 100% (15.8% — 100%) 75%(19.4% — 99.4%)
Local hospital microscopy specificity 29.5% (21.6% - 38.4%) 68.6% (60.2% - 76.2%)

“Accuracy of the sensitivity estimate is reduced due to lower than anticipated true positive cases of malaria at the local hospital (2/124
pre-intervention and 4/144 post intervention).

The crude odds ratio was used to describe the magnitude of misdiagnosis for patients with
malaria-like symptoms as compared pre- and post-intervention. Logistic regression model was
used to determine the magnitude of misdiagnosis during both pre-intervention and post-
intervention. Potential effect modifiers or confounders such as age and gender were included in
the multivariate analysis (Table 2).

Table 2: Age group stratified analysis of the odds of misdiagnosis pre intervention as compared to post
intervention

Age Group Odds Ratio (95% Cl)
< 5years 1.9 (3.9 -39.9)

> 5 years 4.0 (2.0 - 8.1)
Crude 5.3(3.1-9.3)

M-H combined * 5.6 (3.2 -9.6)

* M-H Test of Homogeneity p-value = 0.077

When comparing the two external CUHAS QC readers using the entire data set (n=268), there
was a 97.39% inter-rater agreement (k = 0.6181, SE = 0.0610). The results from local hospital
laboratory microscopy had 51.12% agreement (k = 0.0291, SE = 0.0230) with CUHAS QC reader #1
and 52.24% agreement (k=0.0514, SE = 0.0219) with CUHAS QC reader #2. The low level of
agreement between the local hospital laboratory microscopy and the external CUHAS QC readers
is due to a high number of false positives diagnosed in the local laboratory.

The proportion of participants diagnosed as positive by the local hospital laboratory
during pre-and post-intervention assessments are presented in Table 1. The intervention can be
associated with an approximately a 36.2% decrease in positive malaria microscopy-based
diagnoses at the local hospital.

Based on comparisons with the CUHAS QC results, changes in sensitivity and specificity
from pre to post intervention are reported in Table 1. Estimates of sensitivity were calculated
using an unexpectedly low number of true positives (pre intervention true positives n=2, post
intervention true positives n=4). The 75% (95% Cl = 19.41% - 99.37%) sensitivity for post
intervention represents the local laboratory staff identifying 3 out of 4 true positives.

There was no statistically significant confounding or modifying effects of age group or
gender on misdiagnosis in the multivariate logistic regression models. Therefore the odds of
misdiagnosis for the pre-intervention participants were 5.34 (3.07-9.34) the odds of misdiagnosis
for the post-intervention participants.



Discussion

It is widely recognized that accurate laboratory-based diagnosis of malaria is central to guiding
proper clinical decisions and reducing the use of unnecessary antimalarials (WHO 2004;
Wongsrichanalai et al., 2007). Despite this fact, the quality of malaria diagnosis at health care
facilities in rural Tanzania is generally poor due to limited skill of laboratory personnel and a lack
of essential supplies (Ishengoma et al., 2010). Sustainable improvements in the accuracy of
malaria microscopy at the local level are challenging often due to poor blood film preparation
and a lack of expertise in slide review (Wongsrichanalai et al., 2007), but as we have shown
through this simple intervention, reductions in misdiagnosis for all age groups is achievable.

We anticipate that the reduction in the magnitude of misdiagnosis demonstrated by this
intervention will ultimately improve patient care and maximizing the cost to benefit ratio. But,
we must be mindful that improvements at the laboratory level, do not always translate directly to
clinical decision-making. Previous research in Tanzania has shown that, presumptive diagnosis of
malaria at the clinical level has been associated with a disregard for negative microscopy results,
patient pressure and preference, clinician disease preference and peer pressure (Chandler et al.,
2008; Leslie et al., 2012). Therefore it is imperative that clinicians are included in the quality
improvement process and efforts to develop a culture of malaria diagnosis that does not rely
solely on presumptive diagnosis and treatment are made.

Quality laboratory-based diagnosis, paired with congruent clinical decision-making will
provide a comprehensive picture of the epidemiology of malaria as well as the efficacy of, and
potential resistance to, drug therapies (Sheers, 2000; Makundi et al., 2007). Accurate disease
profiling could lead to programme modifications that optimize the control of malaria and
properly guide funding allocation. Additionally, several areas in Tanzania are prone to malaria
outbreaks because of unstable malaria transmission, which catch several communities off-guard
further exacerbating already high morbidities and mortalities (Mboera & Kitua 2001). Early
confirmation of malaria as the cause of a febrile illness outbreak through accurate diagnostic
methods, in addition to the development of a management strategy, could better prepare
communities for outbreaks. The improvements in malaria diagnosis achieved at this rural hospital
though our simple intervention demonstrates that it is possible to reduce malaria misdiagnosis
and ultimately begin to improve patient care and generate more accurate epidemiology profiles
for this low-transmission and low-resource area of Tanzania.

This study had a number of limitations. Due to the small number of true positives it is
difficult to reliably judge the effect of the intervention on sensitivity. The observed decrease in
sensitivity was due to the local laboratory technicians failing to detect a single true positive case.
Increasing sample size would assist in correcting for wide confidence intervals and the resulting
large margin of error for sensitivity measurements. Yet, the current sample size does provide
reliable estimates of specificity as well as odds ratios for misdiagnosis pre versus post
intervention.

Although we report the crude odds ratio for malaria misdiagnosis, and not the age
stratified odds ratios in this case (due to a non-significant M-H test of homogeneity p=0.0774), it
is important to discuss the difference between statistical significance and clinical importance
(Altman & Bland, 1996). The finding of statistical non-significance may have been influenced by
sample size that was not sufficient to detect a significant difference between the two age groups
(95% Cl are very wide for the odds ratio estimates). Despite this, the finding that there may be a
clinically important difference in the odds of misdiagnosis for those under the age of five is
salient. In areas of low transmission, a mindset of “safer than sorry” may result in an increase in
malaria misdiagnosis for children under the age of five (Nankabirwa et al., 2009). We support the
idea that clinicians and laboratory personnel should be mindful of presumptively diagnosing
malaria for all patients in this context (D'Acremont et al., 2007).
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In conclusion, reducing malaria misdiagnosis is a key component of elimination and
control efforts in low-transmission areas of Tanzania. This study provides evidence that a simple
intervention can meaningfully reduce the magnitude of microscopy-based malaria misdiagnosis
for those individuals seeking treatment for uncomplicated malaria. We anticipate that this
intervention, together with congruent changes in the culture of clinical decision-making, will
facilitate a valuable and sustainable change in malaria diagnosis and treatment for this
population.
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