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Abstract

Malaria remains common in sub-Saharan Africa, but it is frequently over-diagnosed and over-

treated in hospitalized children. HIV is prevalent in many malaria endemic areas and may delay 

parasite clearance and increase mortality among children with malaria. This prospective cohort 

study enrolled children with suspected malaria between 3 months and 12 years of age hospitalized 

at two referral hospitals in Tanzania. Both a thick blood smear (BS) and a malaria rapid diagnostic 

test (mRDT) were performed. If discordant results were obtained, PCR was performed for P. 
falciparum. Malaria was confirmed if two out of three tests were positive. Malaria parasite 

densities were determined for two consecutive days after diagnosis and treatment of malaria. All 

participants were tested for HIV. Among 1492 hospitalized children, 400 (26.8%) were enrolled 

with suspected malaria infection. There were 196/400 (49.0%) males, and the median age was 18 

[9–36] months. BS was positive in 95/400 (23.8%), and mRDT was positive in 70/400 (17.5%), 

with moderate agreement (Kappa = 0.598). Concordant results excluded malaria in 291/400 

(72.8%) and confirmed malaria in 56/400 (14.0%). PCR performed on 53 discordant results 

confirmed malaria in 1/39 of the BS-positive/mRDT-negative cases, and 6/14 of the BS-negative/

mRDT-positive cases. The prevalence of confirmed malaria was 63/400 (15.8%). In multivariable 

logistic regression, malaria was associated with HIV (OR 3.45 [1.65–7.20], p=0.001). Current 

breastfeeding (OR 0.25 [0.11–0.56], p=0.001) and higher hemoglobin (OR 0.70 [0.60–0.81], 
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p<0.001 per 1g/dL) were associated with decreased odds of malaria. Malaria parasite clearance 

was delayed in HIV-infected participants (p<0.001). Malaria is over-diagnosed even at referral 

centers in high transmission areas. Hospitalized HIV-infected children are more likely to have 

malaria and exhibit delayed clearance of parasites. Hospitals should consider using mRDTs as a 

first step for malaria testing among hospitalized children in sub-Saharan Africa.

Keywords

malaria; children; Tanzania; HIV; diagnosis; clearance

1. Introduction

Malaria remains common worldwide with more than 198 million cases and 584,000 deaths 

in 2013. Africa carries the brunt of this burden with 82% of all malaria cases and 90% of all 

deaths occurring on the continent. More than 96% of all deaths from malaria in Africa occur 

in children < 5 years old (WHO, 2014a). While gains have been made in the worldwide 

control of malaria, only a slight decrease in the number of years of life lost has been 

realized, especially in children (GBD 2013 Mortality and Causes of Death Collaborators, 

2015). Tanzania is among the 18 countries accounting for 90% of all P. falciparum infections 

in sub-Saharan Africa (WHO, 2014a). Based on presumptive diagnoses made by clinicians, 

malaria still ranks as the third most common cause of years of life lost in Tanzania (GBD 

2013 Mortality and Causes of Death Collaborators, 2015). Most large surveys focus on rural 

patients, and little is known about malaria among hospitalized children living in an area of 

high malaria transmission.

Malaria is frequently over-diagnosed in low resource settings such as sub-Saharan Africa 

(Mwanziva et al., 2008; Reyburn et al., 2007; Zurovac et al., 2006) even in hospitalized 

patients (Crump et al., 2011; Nadjm et al., 2012; Reyburn et al., 2004; Strøm et al., 2013). 

Even clinicians in referral centers vastly overestimate the diagnosis of malaria in areas of 

low malaria transmission (Crump et al., 2011), perhaps because providers acquiesce to 

community perception about causes of fever (Hertz et al., 2013). Children with negative 

malaria test results are often treated as if they have malaria nonetheless and never receive 

diagnostic workup or treatment for alternative causes of severe febrile illness (Nadjm et al., 

2010; Reyburn et al., 2004). Correct diagnosis and treatment of severely ill hospitalized 

children is an urgent matter. Untreated bacterial sepsis, for example, will lead to higher 

morbidity and mortality. Inappropriate use of antimalarials could increase hospital costs for 

families and/or deplete facility drug supplies.

The WHO has recommended that all cases of malaria be confirmed before treatment (WHO, 

2012a). Thorough examination of thick and thin blood slides (BS) by experienced 

technologists using light microscopy remains the gold standard (Bailey et al., 2013; CDC, 

2015; WHO, 2011a, 2010). However, several studies from sub-Saharan Africa have shown 

the real time accuracy of microscopy in basic health facilities is poor (A-Elgayoum et al., 

2009; Kahama-Maro et al., 2011; Mwanziva et al., 2008) and that even experienced 
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laboratory technologists at referral centers often report inaccurate BS results (Kilonzo et al., 

2014; Strøm et al., 2013).

Malaria rapid diagnostic tests (mRDT) are an alternative diagnostic method with a high 

degree of sensitivity and specificity in both laboratories (WHO, 2014b) and outpatient 

settings (Abba et al., 2011; Beadle et al., 1994; Huong et al., 2002; van den Broek et al., 

2006). Since 2009, the WHO has recommended the use of mRDTs within national malaria 

programs (WHO, 2009). mRDTs have several advantages over BS, including no need for 

continuous electricity and little training needed to perform and interpret. They must be used 

with some caution as they can remain positive for up to one month after infection and have 

lower sensitivity at lower levels of parasitemia. Referral hospitals typically rely on BS, 

assuming that experienced laboratory personnel and reliable electricity will allow for high-

quality testing using light microscopy. However, data to support this assumption, particularly 

among hospitalized children in a malaria-endemic region, are lacking.

Therefore we conducted a prospective cohort study of children hospitalized with suspected 

malaria at two referral centers in Mwanza, Tanzania. Our objectives were to describe the 

prevalence of confirmed malaria among hospitalized children suspected to have malaria, to 

compare the agreement between BS and mRDT, to identify factors associated with 

confirmed malaria, and to compare the time to malaria parasite clearance and in-hospital 

mortality between HIV-infected and uninfected children.

2. Materials and Methods

2.1 Study Site

This was a prospective cohort study that included children who were treated for malaria at 

two referral hospitals in Mwanza, Tanzania: Bugando Medical Centre (BMC) and Sekou 

Toure Hospital (STH). Mwanza, the 2nd largest urban center in Tanzania, is on the southern 

shores of Lake Victoria at 1,140 meters above sea level in northwestern Tanzania. The region 

is located in a highly endemic zone for malaria and has the highest malaria prevalence 

among children in the country. Among children 6–59 months in the most recent survey, 

8.1% were diagnosed with malaria by BS and 14.8% by mRDT (TACAIDS, ZAC, NBS, 

2013).

STH is the regional referral hospital for Mwanza Region with a population of approximately 

3 million people, and BMC is a consultant and teaching hospital for the larger Lake Zone 

with a catchment area of approximately 13 million people (National Bureau of Statistics, 

2013). STH has 320 total beds and 2,000 pediatric hospitalizations per year. BMC has 1,000 

inpatient beds and 3,500 pediatric hospitalizations per year. Approximately 25 % of all 

pediatric hospitalizations are suspected to have malaria at STH and BMC. All pediatric 

patients hospitalized at both hospitals routinely undergo provider-initiated testing and 

counseling (PITC) for HIV, and approximately 10% are HIV-infected.

2.2 Study Population and Inclusion Criteria

All children between 3 months and 12 years of age hospitalized at the STH or BMC 

pediatric wards and suspected to have malaria by a clinician were eligible for enrollment in 
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the study. If the admitting physician ordered a test for malaria, the child was considered to 

have suspected malaria. Children were enrolled only after a parent or guardian consented to 

their involvement in the study and to receiving provider-initiated testing and counseling 

(PITC) for their child’s HIV testing.

2.3 Study Protocol

Demographic and clinical information including recent fever, use of antimalarials, and 

presenting symptoms were collected from the parent of each child using a structured 

questionnaire administered by a trained research assistant. For those who were known to be 

HIV-infected, information regarding use of antiretroviral medications and cotrimoxazole 

prophylaxis were also collected, supplemented by information from the medical chart. All 

children underwent a clinical exam including the measurement of temperature, height, and 

weight.

A routine thick blood smear for malaria was taken from all participants at the time of 

hospitalization using the hospitals’ standard operating procedures in accordance with the 

World Health Organization guidelines (WHO, 2010). The initial BS result was interpreted 

by on-duty hospital laboratory technicians with a 2 year diploma in laboratory techniques 

and at least 1 year of experience. At the time of the study, there was no quality assurance 

program for malaria microscopy in place at our hospitals. For the purposes of this study, 

10% of the slides underwent a second reading by another independent, experienced 

laboratory technician. If these two disagreed, a third experienced technician was asked to 

provide a tie-breaking interpretation.

If a participant had a positive BS at the time of hospitalization, two more BS were tested at 

24 hours and 48 hours after hospitalization to determine parasite clearance. All slides were 

interpreted by two independent laboratory technicians with a 4 year bachelor’s degree in 

laboratory techniques and more than 5 years of microscopy experience in parasitology. An 

average of the two readers was reported. All microscopists were blinded to the HIV status of 

participants.

An mRDT was also performed on all participants within 24 hours of hospitalization using 

the SD Bioline Malaria AG Pf/Pan mRDT (Standard Diagnostics, 65, Borahagal-ro, 

Giheung-gu, Yongin-si, Gyeonggi-do, Republic of Korea). This mRDT detects both the 

histidine-rich protein-2 (HRP-II) antigen specific to Plasmodium falciparum as well as the 

plasmodium lactate dehydrogenase (pLDH) enzyme that is common to all Plasmodia 
species. This mRDT is among the rapid diagnostic tests recommended by the World Health 

Organization and the Tanzanian Ministry of Health (WHO, 2011b). The mRDT was 

considered positive if the line for one or both of these antigens was present.

When BS and mRDT results disagreed, a blood sample was frozen at −20°C for later testing 

with PCR for P. falciparum. PCR testing was performed at the Tanzanian National Institute 

for Medical Research in Mwanza. Briefly, DNA was isolated from 200μl of blood with 

QIAamp Blood Kit spin columns using the manufacturer’s recommendations. In each 

sample, a fixed amount of Phocin Herpes virus 1 (PhHV-1) was added within the isolation 

lysis buffer to serve as an internal control. Plasmodium-specific PCR primers and detection 
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probe, and primers and detection probe for PhHV-1 were used as described previously 

(Kaisar et al., 2013). An amplification reaction of each DNA sample was performed in a 

volume of 25 μl with PCR buffer (HotstarTaq mastermix; Qiagen, Valencia, CA, USA), 5 

mM MgCl2, 12.5 pmol of each Plasmodium-specific primer and 15 pmol of each PhHV-1-

specific primer, 2.5 pmol of P. falciparum-specific XS- probe and PhHV-1-specific Cy5 

double-labeled detection probe (Biolegio, Nijmegen, the Netherlands), and 5 μl of the DNA 

sample. Amplification consisted of 15 min at 95°C followed by 50 cycles of 15 sec at 95°C, 

30 sec at 60°C and 30 sec at 72°C. Amplification, detection and data analysis were 

performed with the Rotor gene real-time system (Qiagen).

HIV tests were performed on all participants according to the Tanzanian national guidelines 

for PITC (NACP, 2007). Severe immune suppression was defined as CD4 count < 25% for 

children ≤ 18 months old, < 15% for those 19–60 months old, and a CD4 count < 350 cells/

μL for children > 60 months old. A sample of blood was collected for assessment of anemia 

on all participants using a Cell Dyn 3700 hematology analyzer (Abbott Diagnostics, 

Chicago, United States of America).

All participants were managed according to the hospital protocol. All results were promptly 

provided to the treating clinicians, and all treatment decisions were made by the clinicians 

supervising the participant’s care, including the decision of when to discontinue malaria 

treatment. The research team followed each participant to ensure that prescribed medications 

were issued in a correct and timely manner. Participants were followed until discharge and 

their discharge diagnoses noted.

2.4 Definitions

Participants were considered breastfed if their mother described their current source of food 

as primarily breastmilk. Convulsions were defined as any involuntary abnormal movement 

of the limbs associated with change in consciousness reported by the caregiver during the 

current illness. Vomiting/diarrhea was defined as two or more episodes of vomiting and/or 

diarrhea reported by the caregiver in the last 24 hours before hospitalization. Subjective 

fever was defined as a fever reported by the caregiver in the past 24 hours. Objective fever 

was defined as an axillary temperature ≥ 37.5° Celsius at the time of hospitalization. Pallor 

was defined as a clinical assessment of pallor by the admitting clinician. Malnutrition was 

defined using weight-for-age z-scores and graded as severe (≤ −3 below the median), 

moderate (>−3 and ≤ −2 from the median), mild (> −2 and ≤ −1 from the median), or none 

(>−1). Malaria status was considered confirmed positive or confirmed negative in any 

participant with at least 2 concordant tests (BS, mRDT, or PCR).

2.5 Data Analysis

Data were analyzed using STATA version 13 (College Station, Texas, USA). The primary 

outcome was the prevalence of confirmed malaria among hospitalized children suspected to 

have malaria, using BS, mRDT, and malaria PCR.. Secondary outcomes included the 

agreement between BS and mRDT, factors associated with confirmed malaria, the time to 

malaria parasite clearance, and the in-hospital mortality rate compared between HIV-

infected and HIV-uninfected children. Categorical variables were described as proportions 
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(percentages), and continuous variables were described as medians (interquartile ranges 

(IQR)). Categorical variables were compared using Fisher’s exact test. Continuous variables 

were compared using Wilcoxon rank-sum tests. Odds ratios (ORs) with 95% confidence 

intervals were calculated. Statistical significance was defined as p<0.05. Univariable logistic 

regression was used to determine the associations of individual variables with the outcomes. 

A predefined logistic regression model was used to determine the association of multiple 

variables with the outcomes. The agreement between different diagnostic tests were 

calculated using a kappa statistic.

2.6 Ethical Considerations

Permission to conduct the study was obtained from the research and publication committee 

of the Catholic University of Health and Allied Sciences and the institutional review board 

of Weill Cornell Medical College. Participants were enrolled only after obtaining informed 

consent from one of their parents. Testing and management of HIV was conducted in 

accordance with Tanzanian National Guidelines (NACP, 2009).

3. Results

3.1 Enrollment

This study was conducted at Bugando Medical Centre and Sekou Toure Hospital from 

October 2011 to April 2012, during the short and long rainy seasons. During this period, 

1492 children younger than 12 years old were hospitalized at both BMC and STH. Of the 

total 1,492 hospitalizations, 687 were excluded due to an age of less than 3 months, 393 

were excluded because they were not suspected to have malaria, and 12 were excluded 

because consent could not be obtained from their parents. The remaining 400/1492 (26.8%) 

were suspected to have malaria and subsequently enrolled in the study. Of these 400 

participants, 334/400 (83.5%) were hospitalized at BMC, and 66/400 (16.5%) were 

hospitalized at STH. See Figure 1 for details of enrollment and testing.

3.2 Baseline Characteristics

Among the participants, 196/400 (49.0%) were male. The median age was 18 months (IQR 

9–36), and the median weight was 9 kg (IQR 6.8–13). A total of 237/400 (59.3%) had used 

antimalarials in the past month. The most common presenting symptoms were fever in 

356/400 (89%) with a median duration of five days (IQR 3–7) and diarrhea/vomiting in 

211/400 (52.8%). Convulsions were reported in 57/400 (14.3%). The most common sign of 

illness was malnutrition, with approximately equal numbers of mild (87/400, 21.8%), 

moderate (98/400, 24.5%), and severe malnutrition (106/400, 26.5%). On physical 

examination, objective fever was found in 224/400 (56.0%), and pallor in 148/400 (37.0%). 

On laboratory evaluation, more than 90% had a hemoglobin <10.1 g/dL with 312/400 

(78.0%) having an Hb between 5–10 g/dL and 49/400 (12.3%) having an Hb <5 g/dL. Of the 

400 participants suspected to have malaria, 52/400 (13%) were HIV-infected, and 38/52 

(73.1%) had severe immunosuppression.
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3.3 Thick blood smear (BS), rapid diagnostic test (mRDT), and PCR results

Among the 400 participants with suspected malaria, a positive BS was found in 95 of 400 

participants (23.8%), and 70 of 400 (17.5%) showed a positive mRDT result. In 56/400 

(14.0%) participants, malaria diagnosis was based on concordant positive BS and mRDT; 

291 (72.8%) were confirmed not to have malaria based on concordant negative BS and 

mRDT (Table 1). The remaining 53 of 400 (13.3%) participants with discordant BS and 

mRDT: 39/53 (72.2%) were BS-positive/mRDT-negative, and 14/53 (26.4%) were BS-

negative/mRDT-positive. The agreement between routine BS and mRDT results was 

moderate (Kappa=0.598). In total, 109/400 (27.3%) participants had at least one positive 

malaria test.

Among the 53 participants with discordant BS and mRDT results, P. falcifarum-specific 

PCR was positive in 1/39 of the BS-positive/mRDT-negative tests and in 6/14 of the BS-

negative/mRDT-positive tests, yielding seven additional cases of confirmed malaria (Table 

2). Therefore the total number of confirmed malaria cases was 63/400 (15.8%). P. 
falciparum was not identified by PCR in the other 46 cases of discordant results (38/39 of 

the BS-positive /mRDT-negative tests and 8/14 of the BS-negative/mRDT-positive tests).

The one BS-positive/mRDT-negative case that was confirmed by PCR was a 36 month old 

child who was HIV-infected (CD4 15%) with severe anemia (Hb 4.47 g/dL). She presented 

with a subjective fever for seven days and had used antimalarials in the last 30 days. On 

hospitalization she had a temperature of 38.5°C and a malaria parasite density of 920 

parasites/μL. She received both antimalarials and antibiotics while in the hospital.

The six BS-negative/mRDT-positive cases that were confirmed by PCR had a median age of 

72 months (IQR 20–84) and a median weight of 15.5 kg (IQR 8–18). Of the six participants, 

five had malnutrition: two with mild, one with moderate, and two with severe. None of them 

were HIV-infected, but all had anemia: five with mild, and one with severe. All six presented 

with a subjective fever with a median duration of 5.5 days (IQR 3–7), and 5/6 had used 

antimalarials in the last 30 days. On hospitalization three had diarrhea/vomiting, two had 

convulsions, and three had an objective fever. All six received both antimalarials and 

antibiotics while in the hospital.

3.4 Factors associated with confirmed malaria

Table 3 shows factors associated with confirmed malaria by univariable analysis. In the 

medical history, prior use of antimalarials was associated with increased odds of confirmed 

malaria (OR 1.89 [1.05–3.40], p = 0.034), and current breastfeeding was associated with a 

decreased odds of confirmed malaria (OR 0.35 [0.20–0.61], p < 0.001). On physical exam, 

both mild malnutrition (OR 1.87 [1.03–3.40], p = 0.038) and pallor (OR 1.97 [1.14–3.38], p 
= 0.015) were associated with increased odds of confirmed malaria. Laboratory results 

associated with increased odds of confirmed malaria included having HIV infection (OR 

4.43 [2.33–8.44], p < 0.001), severe immunosuppression (OR 3.24 [1.56–6.76], p = 0.002), 

and severe anemia (OR 3.95 [2.04–7.64], p < 0.001). A higher hemoglobin level was 

associated with a decreased odds of confirmed malaria (OR 0.70 [0.61–0.80] for every 

1g/dL increase in Hb, p < 0.001).
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Association with confirmed malaria was also tested using a predetermined multivariable 

logistic regression analysis including age, sex, HIV status, hospital of diagnosis, symptoms 

of convulsion, symptoms of diarrhea and vomiting, presence or absence of malnutrition, 

hemoglobin level, temperature on hospitalization, breastfeeding status, and prior use of 

antimalarials. After multivariable logistic regression, HIV infection remained significantly 

associated with confirmed malaria (OR 3.38 [1.61–7.10], p=0.001). Current breastfeeding 

(OR 0.24, [0.10–0.55], p=0.001), higher hemoglobin (OR 0.70 per 1 g/dL increase in Hb, 

[0.60–0.82], p<0.001), and older age (OR 0.98 per month increase in age, [0.97–1.00], 

p=0.029) were associated with a decreased risk of confirmed malaria.

3.5 Malaria, HIV, and parasite clearance rates

The prevalence of confirmed malaria among the HIV-infected children was 20/52 (38.5%), 

and the prevalence of confirmed malaria among the HIV-negative children was 43/305 

(12.4%). Fifty-seven of the participants with confirmed malaria had a positive BS at 

diagnosis, and repeat BS were collected 24 and 48 hours later. Malaria parasite clearance 

rate was significantly diminished in the 20 HIV-infected participants when compared to the 

37 HIV-uninfected participants (Table 4). On day 2 (24 hours after hospitalization and the 

initiation of antimalarials), 4 (20.0%) participants had cleared malaria parasites in the HIV-

infected group, while all 37 (100.0%) participants had cleared the infection in the HIV-

uninfected group (p < 0.001). This significant difference persisted on day 3 (48 hours after 

the initiation of antimalarials) when only 17 (85.0%) HIV-infected participants had cleared 

the infection, compared to all the participants in the HIV-negative group (p = 0.039).

3.6 Clinical outcomes

Of the 400 participants, 303/400 (75.8%) were prescribed antimalarials at time of 

hospitalization, and 258/400 (64.5%) were prescribed simultaneous antimalarials and 

antibiotics. Among the 63 participants with confirmed malaria, all received antimalarials, 

and 56/63 (88.9%) received concomitant antibiotics. Among the 291 participants who had 

both a negative BS and a negative mRDT, 194/291 had initially been prescribed antimalarial 

medication. The clinician stopped antimalarials in only 10/194 (5.2%) cases after receiving 

the negative malaria test results.

Among the 400 enrolled participants, 81 (20.3%) died during hospitalization. See Table 5 for 

univariate logistic regression analysis of characteristics associated with death. Confirmed 

malaria was not associated with an increased odds of death (OR 1.42 [0.76–2.67], p=0.270). 

HIV-infected participants had a significantly higher odds of death (OR 4.83 [2.61–8.93], 

p<0.001), as did those with severe malnutrition (OR 4.60 [2.74–7.70], p<0.001). Association 

with death was also tested using a predetermined multivariable logistic regression analysis 

including age, sex, HIV status, hospital of diagnosis, symptoms of convulsion, symptoms of 

diarrhea and vomiting, presence or absence of malnutrition, hemoglobin level, temperature 

on hospitalization, breastfeeding status, prior use of antimalarials, and confirmed malaria 

status. After multivariable analysis, HIV infection remained significantly associated with 

death (OR 4.29 [2.15–8.57], p<0.001). The absence of malnutrition was associated with a 

decreased risk of death (OR 0.25 [0.11–0.58], p=0.001). HIV-infected children with 

confirmed malaria who cleared their infection did not have a significant reduction in 
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mortality compared to HIV-infected children with confirmed malaria who had persistent 

parasitemia either on day 2 (p=0.625) or on day 3 (p=0.074).

4. Discussion

Among 400 children who were hospitalized at two large Tanzanian hospitals with suspected 

malaria, >75% were empirically started on anti-malarial treatment despite the fact that only 

15% had confirmed malaria. Over the past five years the WHO has reported a consistent 

decrease in worldwide incidence of malaria (WHO, 2014a). As malaria incidence decreases, 

empiric treatment for malaria becomes increasingly problematic. In 2010 the WHO 

introduced the “T3: Test. Treat. Track.” initiative and recommended that every suspected 

malaria case be confirmed by microscopy or mRDT prior to treatment (WHO, 2012a). 

Despite this initiative only 62% of patients in Africa with suspected malaria were tested 

before receiving treatment in 2013 (WHO, 2014a). When febrile children are inappropriately 

treated for malaria, other causes of fever are often ignored and both adverse drug reactions 

and parasite resistance increase. The present findings support prior studies that have reported 

the inaccuracy of clinical diagnosis and the high prevalence of malaria over-treatment 

(Kilonzo et al., 2014; Mwanziva et al., 2008; Nadjm et al., 2012; Zurovac et al., 2006), and 

show that this remains a problem, even in referral centers.

The present study also demonstrates only moderate agreement between routine BS and 

malaria mRDT and suggests mRDT is a better initial test in diagnosing malaria among 

pediatric inpatients with suspected malaria in Tanzania, as we have previously demonstrated 

in adults (Kilonzo et al., 2014). When testing for malaria at a referral center, BS is widely 

regarded as the test of choice since there are more experienced laboratory technicians and a 

large volume of tests. mRDT in this setting is considered an unnecessary expense. We 

present evidence to the contrary. Among 95 participants with a positive routine BS, only 56 

also had a positive mRDT. Only one of 39 participants with a positive BS and a negative 

mRDT had a positive PCR for P. falciparum. Only 8 of 70 participants with a positive 

mRDT had a negative PCR, and all 8 of these were PCR-negative, BS-negative, and mRDT-

positive, suggesting recent infection with clearance of parasitic DNA, but persistent 

antigenemia after successful treatment due to prior use of antimalarials.

Despite the potential of mRDT to expedite accurate diagnosis and reduce rates of over 

diagnosis (Abba et al., 2011; Batwala et al., 2011; D’Acremont et al., 2011; de Oliveira et 

al., 2009; Harchut et al., 2013; Reyburn et al., 2007; Strøm et al., 2013), mRDT rollout in 

Tanzania continues to focus on clinics and smaller hospitals even after we reported similar 

findings in adults from the same large hospitals in 2014 (Kilonzo et al., 2014). mRDT use 

can yield significant cost savings due to the decreased use of antimalarials (D’Acremont et 

al., 2011; Yukich et al., 2010). Improved uptake of proper malaria diagnostic algorithms can 

be challenging (Reyburn et al., 2007), but changes in diagnostic practice can be achieved 

with a multifaceted approach (Chandler et al., 2014; Masika et al., 2006). This has important 

implications even for tertiary care centers which already have the infrastructure necessary to 

use microscopy (i.e. reagents, a microscope, and a dedicated power supply). If mRDT were 

used on the wards, it could decrease turn-around-time from 6 hours to 20 minutes, providing 

immediate feedback to physicians. mRDT use would also decrease the work load for an 

Smart et al. Page 9

Acta Trop. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



already overstretched laboratory staff. Withholding antimalarials from children who test 

negative with an mRDT is a safe practice in the outpatient setting (D’Acremont et al., 2010). 

In hospitalized children with higher risk of mortality withholding antimalarials must be done 

cautiously. Still mRDT could be valuable as part of the diagnostic algorithm on the wards. 

For example, instead of reading a BS for every patient with suspected malaria, technicians 

could focus their time and energy on reading BS carefully for patients with severe and/or 

persistent symptoms consistent with malaria despite a negative mRDT or other special cases.

Our study demonstrates that HIV-infected Tanzanian children not only were more likely to 

have confirmed malaria but also had delayed parasite clearance following quinine treatment 

compared to HIV-uninfected children. The higher prevalence of malaria among HIV-infected 

children is most likely related to impaired immunity and has been described in other studies 

(Korenromp et al., 2005; Serghides et al., 2015). To the best of our knowledge this is the first 

time that delayed clearance of malaria parasites among children has been reported. Studies 

among HIV-infected adult populations have reported conflicting results depending on the 

malaria treatment regimen used and the CD4 count (Kamya et al., 2006; Laufer et al., 2007; 

Müller and Moser, 1990; Patnaik et al., 2005; Shah et al., 2006; Van Geertruyden et al., 

2006).

In our previously published study we identified for the first time a decreased clearance of 

parasites during treatment with quinine compared to HIV-uninfected adults (Kilonzo et al., 

2014). In the current study, malaria parasite clearance was delayed in children with HIV at 

both 24 hours and 48 hours. Our findings contrast with those of several other studies among 

HIV-infected and uninfected children that reported similar rates of treatment failure among 

children treated with a variety of regimens including quinine (Byakika-Kibwika et al., 2007; 

Colebunders et al., 1990; Gasasira et al., 2008; Greenberg et al., 1991; Kamya et al., 2006; 

Müller and Moser, 1990). Our results provide evidence against the hypothesis that children 

have not acquired adequate immunity to demonstrate a difference in clearance between HIV-

infected and uninfected children (Flateau et al., 2011). Other studies may not have detected 

this difference because they relied on clinical surrogates for parasite clearance such as 

resolution of fever rather than checking daily parasite counts. The observed, delayed parasite 

clearance following quinine treatment could be addressed by using parental artesunate. The 

study presented has limitations. No data was collected on the 393 children for whom the 

clinician did not suspect malaria. Due to a limited supply of reagents, PCR could only be 

performed on specimens that were discordant after BS and mRDT testing. Testing all 

specimens with PCR in future studies would clarify the accuracy of BS and mRDT methods. 

Only P. falciparum-specific PCR was performed, and so other Plasmodia species would not 

have been detected by PCR. The mRDT is also less sensitive for detection of other 

Plasmodia. Some of the 38 positive BS results that were negative by mRDT and PCR could 

therefore have been P. ovale or P. malariae cases. However, P. falciparum has consistently 

been shown to cause > 95% of the cases of severe malaria in our region (Mboera et al., 2006; 

TACAIDS, ZAC, NBS, 2013; WHO, 2012b). Furthermore, while we instituted a quality 

control system for reading blood slides in our study, the results of individual readers were 

not available for comparison. Finally, the specifics antibiotics prescribed and doses used 

were not recorded during data collection.
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5. Conclusion

Our study demonstrates that malaria, although an important cause of hospitalization among 

children living in an endemic area, is still massively over-diagnosed and over-treated at large 

referral centers. Only 15% of children diagnosed clinically with malaria actually had 

malaria. Even experienced referral hospital laboratory technicians over-diagnosed malaria 

when using BS. mRDT ought to be considered for integration into clinical algorithms in 

referral hospitals. If properly introduced, this could decrease inappropriate use of 

antimalarials and result in improved care of hospitalized children. BS could still be used to 

determine malaria species and confirm clearance, especially among HIV-infected children.
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Highlights

• Malaria is over-diagnosed even at referral hospitals using blood slides.

• HIV increases the risk of malaria and leads to higher mortality from malaria.

• Parasite clearance is delayed in children infected with HIV.

• Referral hospitals in Africa should consider using malaria rapid diagnostic tests.
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Figure 1. 
Screening, enrollment and malaria test results for pediatric inpatients in two Tanzanian 

hospitals. BS: blood slide for malaria; mRDT: malaria rapid diagnostic test; PCR: 

polymerase chain reaction.
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Table 1

Routine BS and mRDT results among 400 pediatric inpatients with suspected malaria in two Tanzanian 

hospitals.

mRDT positive (%) mRDT negative (%) Total (%)

BS positive 56 (14.0) 39 (9.8) 95 (23.8)

BS negative 14 (3.5) 291 (72.7) 305 (76.2)

Total (%) 70 (17.5) 330 (82.5) 400

Kappa = 0.598

mRDT, malaria rapid diagnostic test; BS, blood smear
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Table 2

Confirmatory P. falciparum PCR results among 53 pediatric inpatients with discordant BS and mRDT.

PCR positive (%) PCR negative (%) Total (%)

BS +ve/mRDT − ve (%) 1 (2.6) 38 (97.4) 39 (100)

BS − ve/mRDT +ve (%) 6 (42.9) 8 (57.1) 14 (100)

Total (%) 7 46 53

BS, blood smear; mRDT, malaria rapid diagnostic test; PCR, polymerase chain reaction
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Table 3

Factors associated with confirmed malaria in 400 pediatric Tanzanian inpatients using univariable logistic 

analysis.

Characteristic Confirmed malaria (n=63)
number (%)
median (IQR)

Confirmed not malaria (n=337)
number (%)
median (IQR)

Odds ratio [95% CI] p-value

Sex

 Male 24 (38.1) 172 (51.0) 1.69 [0.98–2.94] 0.061

 Female 39 (61.9) 165 (49.0)

Age in months 25 (14–48) 16 (9–36) 1.00 [0.99–1.01] 0.316

Hospital

 Bugando 52 (82.5) 282 (83.7) 1.08 [0.53–2.21] 0.823

 Sekou Toure 11 (17.5) 55 (16.3)

Malnutrition

 No malnutrition 15 (23.8) 85 (25.2) 0.93 [0.49–1.74] 0.812

 Mild malnutrition 20 (31.8) 67 (19.8) 1.87 [1.03–3.40] 0.038

 Moderate malnutrition 11 (17.5) 87 (25.8) 0.61 [0.30–1.22] 0.160

 Severe malnutrition 16 (25.4) 90 (26.7) 0.93 [0.50–1.73] 0.829

Fever (subjective) 59 (93.7) 297 (88.1) 1.99 [0.68–5.76] 0.207

Fever (objective) 39 (61.9) 185 (54.9) 1.34 [0.77–2.32] 0.305

Fever (duration, days) 5 (3–7) 5 (3–7) 0.99 [0.95–1.03] 0.701

Temperature (°C) 37.8 (37.0–38.6) 37.7 (36.8–38.7) 1.06 [0.84–1.35] 0.603

Vomiting/Diarrhea 36 (57.1) 175 (51.9) 1.23 [0.72–2.12] 0.447

Pallor 32 (50.8) 116 (34.4) 1.97 [1.14–3.38] 0.015

Convulsions 11 (17.5) 46 (13.7) 1.34 [0.65–2.75] 0.428

Hemoglobin (g/dL) 6.5 (4.3–7.4) 7.6 (6.8–8.9) 0.70 [0.61–0.80] <0.001

Severe Anemia (Hb<5) 18 (28.6) 31 (9.2) 3.95 [2.04–7.64] <0.001

Breastfeeding 27 (42.9) 229 (68.0) 0.35 [0.20–0.61] <0.001

Prior use of anti-malarials 45 (71.4) 192 (57.0) 1.89 [1.05–3.40] 0.034

HIV-infected 20 (31.8) 32 (9.5) 4.43 [2.33–8.44] <0.001

Outcome

 Died 16 (25.4) 65 (19.3) 1.42 [0.76–2.67] 0.279

 Recovered 47 (74.6) 272 (80.7)

Bold values indicate the statistically significant characteristics.
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Table 4

Time to successful parasite clearance among all BS-positive pediatric inpatients (20 HIV-infected and 37 HIV-

uninfected) with confirmed malaria.

Days after the initiation of antimalarial 
treatment

HIV-infected (N=20) number 
cleared (%)

HIV-uninfected (N=37) number 
cleared (%)

p-value

Day 1 0 0 –

Day 2 4 (20) 37 (100) <0.001

Day 3 17 (85) 37 (100) 0.039
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Table 5

Factors associated with death in 400 pediatric Tanzanian inpatients using univariable logistic analysis.

Characteristic Dead (n=81)
number (%)
median (IQR)

Alive (n=319)
number (%)
median (IQR)

Odds ratio [95% CI] p-value

Sex

 Male 36 (44.4) 160 (50.2) 1.26 [0.77–2.05] 0.358

 Female 45 (55.6) 159 (49.8)

Age in months 24 (12–42) 17 (9–36) 1.00 [0.99–1.01] 0.523

Hospital

 Bugando 68 (84.0) 266 (83.4) 0.96 [0.49–1.86] 0.902

 Sekou Toure 13 (16.0) 53 (16.6)

Malnutrition

 No malnutrition 7 (8.6) 93 (29.2) 0.23 [0.10–0.52] <0.001

 Mild malnutrition 11 (13.6) 76 (23.8) 0.50 [0.25–1.00] 0.049

 Moderate malnutrition 19 (23.5) 79 (24.8) 0.93 [0.52–1.65] 0.807

 Severe malnutrition 43 (53.1) 63 (19.8) 4.60 [2.74–7.70] <0.001

Fever (subjective) 70 (86.4) 286 (89.7) 0.73 [0.35–1.52] 0.407

Fever (objective) 36 (44.4) 188 (58.9) 0.56 [0.34–0.91] 0.020

Fever (duration, days) 9.5 (4–14) 4 (3–7) 1.09 [1.05–1.12] <0.001

Temperature (°C) 37.1 (36.5–38.2) 37.8 (36.9–38.7) 0.73 [0.59–0.91] 0.005

Vomiting/Diarrhea 36 (44.4) 175 (54.9) 0.66 [0.40–1.08] 0.095

Pallor 36 (44.4) 112 (35.1) 1.48 [0.90–2.43] 0.121

Convulsions 14 (17.3) 43 (13.5) 1.34 [0.69–2.59] 0.383

Hemoglobin (g/dL) 7.3 (6.4–8.7) 7.4 (6.5–8.9) 0.97 [0.86–1.09] 0.581

Severe Anemia (Hb<5) 7 (8.6) 42 (13.2) 0.62 [0.27–1.45] 0.271

Breastfeeding 48 (59.3) 208 (65.2) 0.77 [0.47–1.28] 0.320

Prior use of anti-malarials 55 (67.9) 182 (57.1) 1.59 [0.95–2.67] 0.077

HIV-infected 25 (30.9) 27 (8.5) 4.83 [2.61–8.93] <0.001

Confirmed malaria 16 (19.8) 47 (14.7) 1.42 [0.76–2.67] 0.270

Bold values indicate the statistically significant characteristics.
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