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Abstract

Background: Malaria is a major cause of paediatric morbidity and mortality. As no clinical features clearly
differentiate malaria from other febrile illnesses, and malaria diagnosis is challenged by often lacking laboratory
equipment and expertise, overdiagnosis and overtreatment is common.

Methods: Children admitted with fever at the general paediatric wards at Muhimbili National Hospital (MNH), Dar es
Salaam, Tanzania from January to June 2009 were recruited consecutively and prospectively. Demographic and clinical
features were registered. Routine thick blood smear microscopy at MNH was compared to results of subsequent thin
blood smear microscopy, and rapid diagnostics tests (RDTs). Genus-specific PCR of Plasmodium mitochondrial DNA was
performed on DNA extracted from whole blood and species-specific PCR was done on positive samples.

Results: Among 304 included children, 62.6% had received anti-malarials during the last four weeks prior to admission
and 65.1% during the hospital stay. Routine thick blood smears, research blood smears, PCR and RDT detected malaria
in 13.2%, 6.6%, 25.0% and 13.5%, respectively. Positive routine microscopy was confirmed in only 43% (17/40), 45%
(18/40) and 53% (21/40), by research microscopy, RDTs and PCR, respectively. Eighteen percent (56/304) had positive
PCR but negative research microscopy. Reported low parasitaemia on routine microscopy was associated with negative
research blood slide and PCR. RDT-positive cases were associated with signs of severe malaria. Palmar pallor, low
haemoglobin and low platelet count were significantly associated with positive PCR, research microscopy and RDT.

Conclusions: The true morbidity attributable to malaria in the study population remains uncertain due to the
discrepancies in results among the diagnostic methods. The current routine microscopy appears to result in
overdiagnosis of malaria and, consequently, overuse of anti-malarials. Conversely, children with a false positive malaria
diagnosis may die because they do not receive treatment for the true cause of their illness. RDTs appear to have the
potential to improve routine diagnostics, but the clinical implication of the many RDT-negative, PCR-positive samples
needs to be elucidated.

Keywords: Malaria, Diagnostics, Polymerase chain reaction, Blood microscopy, Rapid diagnostic test, Tanzania,
Paediatrics, Fever
Background
Malaria is a major cause of paediatric morbidity and
mortality in many developing countries, particularly in
sub-Saharan Africa [1,2].
In many areas where malaria is endemic it is highly

overdiagnosed [3]. Febrile illness can have many causes,
especially in children, who are more susceptible to infec-
tions and who present with more diffuse symptoms than
* Correspondence: gro_strom@hotmail.com
1Department of Clinical Science, University of Bergen, Bergen, Norway
2National Centre for Tropical Infectious Diseases, Department of Medicine,
Haukeland University Hospital, Bergen, Norway
Full list of author information is available at the end of the article

© 2013 Strøm et al.; licensee BioMed Central L
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
adults [4]. Differentiation of fever caused by malaria,
septicaemia and other diseases is challenging due to
similar clinical presentation and poor diagnostic facil-
ities. Furthermore, there is increasing evidence that mal-
aria predisposes for invasive bacterial disease, making
this differentiation even more complex [5].
Overworked health-workers in understaffed institutions

may contribute to the overdiagnosis and overtreatment of
malaria [6,7]. Furthermore, malaria remains a major diag-
nosis in febrile patients in many endemic areas, despite
evidence from research studies of decreasing numbers of
verifiable malaria cases [8]. Recent estimates suggest that
td. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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malaria mortality in children under five years of age in
Tanzania has dropped from 60,880 in 2000 to 26,606 in
2010 [9].
Blood smear microscopy, the long-time gold standard

for malaria diagnostics, is increasingly supplemented or
replaced by rapid diagnostic tests (RDTs) [10]. Lack of
trained and experienced personnel, poor microscopes
and lack of staining reagents and other equipment can
lead to unreliable microscopy results [6]. Studies done
on the implementation of RDTs have shown promising
results [11] and may contribute to reduce overtreatment
of malaria and to halt the development of anti-malarial
resistance [12].
Polymerase chain reaction (PCR) is a reliable tech-

nique for identifying malaria cases [13]. In some devel-
oped countries it has been tested as a routine diagnostic
method [14], but it is generally only used in research
and to confirm other laboratory findings.
With a diminishing number of cases and deaths at-

tributable to malaria, the World Health Organization
(WHO) recommends anti-malarial treatment to be
based on laboratory results, when available, also in chil-
dren [15]. The current study was performed to assess
the morbidity and mortality attributable to malaria
among febrile children admitted to Muhimbili National
Hospital (MNH), and to compare malaria diagnostics by
microscopy, RDT and PCR.
Methods
Study site and study population
Dar es Salaam is a major city located in a malaria-
endemic area in coastal Tanzania, but may have lower
rates of malaria transmission in its urban core [16].
MNH is a tertiary hospital receiving referrals from all
over Tanzania as well as a large number of local patients.
The predominant malaria species transmitted in the area
is Plasmodium falciparum [17]. In mainland Tanzania
there were 5,48 million presumed and confirmed cases
of malaria in 2011 [2]. The prevalence of malaria among
children six months to five years of age in 2011–2012,
irrespective of symptoms, was 3,6% by RDT and 0,3% by
thick blood smear microscopy in the Dar es Salaam
region [18].
Informed, written consent was obtained from the child’s

parent or guardian by signature or thumbprint. Children
between one month and seven years of age, for whom
consent was obtained, were recruited consecutively from
January to June 2009 at the paediatric wards A and B at
MNH. Inclusion criteria were admission due to chief com-
plaint of fever or measured fever (temperature ≥ 37.5°C,
axilla) on admission [19]. A primary investigator recruited
patients and collected samples and clinical data assisted by
ward staff.
A research permit was obtained from the Tanzanian
Commission for Science and Technology (COSTECH),
and ethical clearance was received from the appropriate
bodies at MUHAS and MNH and from the Regional
Ethical Committee in Norway. The study was done in
collaboration between MUHAS/MNH and the Univer-
sity of Bergen/Haukeland University Hospital, Norway.

Data collection
Upon admission, a thick blood smear was obtained from
each child for routine malaria investigation at MNH. An
additional thin blood smear was prepared, and stored for
subsequent staining and assessment. A vial of venous blood
with EDTA was collected from each child. As a part of hos-
pital routine, a full blood cell count was performed on the
EDTA-blood. The remaining content was stored at −20°C
for ensuing DNA extraction. Blood slides and EDTA blood
vials were transferred to the University of Bergen using the
Material Transfer Agreement of Muhimbili University of
Health and Allied Sciences (MUHAS) and the EDTA blood
samples were kept frozen using dry ice during transport.
A case report form was completed for each child by

questioning the parent/guardian and consulting the child′
s medical file. Date of birth, gender, mother′s level of edu-
cation, and whether the child was referred from another
hospital, slept under a mosquito net at home, had per-
manent residence in Dar es Salaam, had known sickle cell
disease, had convulsions, and how long the child had been
ill, were recorded. Whether treatment with anti-malarials
and antibiotics had been given and whether the child had
travelled outside Dar es Salaam during the previous four
weeks before admission were also documented. Upon
admission, weight, axillar temperature, respiratory rate
(tachypnea defined as ≥ 60/min if age < 2 months, ≥ 50/
min if age two to eleven (<12) months, ≥ 40/min if age
one to seven years [20]), pulse/heart rate (tachycardia de-
fined as >160 beats/min if age <12 months, >120/min if
age one to seven years [20]), spleno- and hepatomegaly,
abdominal distention, jaundice, palmar pallor, and level of
consciousness, were recorded for each child. The results
of haematological parameters (haemoglobin (Hb), platelet
count, erythrocyte count, leucocyte total and differential
count), blood slide for malaria, and blood culture with
species identification and antibacterial drug susceptibility
testing were recorded, if done. Any treatment with antibi-
otics and anti-malarials during stay at the hospital, and
length of hospital stay were recorded along with the out-
come, dichotomized as dead or alive. Re-admissions dur-
ing the study period were followed to observe final patient
outcome.

Malaria detection using blood slides
Thick blood smears taken in routine malaria diagnostics
at MNH were stained, with Fields stains A and B, and
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examined according to hospital routine. Parasitaemia of
positive slides were quantified as number of parasites
seen per 200 white blood cells. Parasitaemia measured
as parasites per μl was calculated using the leucocyte
count of each case.
Thin blood smears (research slides) were stained with

Giemsa 5% for 20 min after 30-sec fixation with 100%
methanol. One hundred high-power microscopic fields
were examined before a slide was declared negative.
Parasitaemia of positive slides was reported in percent-
age of infected red blood cells. To quantify parasites per
μl, 1% parasitaemia was assumed to be 50,000 parasites
per μl according to Hänscheid et al. [21]. All slides were
examined once and a second experienced microscopist
reviewed all slides with uncertain results. Both microsco-
pists were blinded to PCR, RDT and routine thick smear
microscopy results.

Malaria detection using PCR
DNA was extracted from 200 μl whole blood (venous
blood collected in a vial with EDTA anti-coagulant)
using QIAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany) as described by the manufacturer, and eluted
in a final volume of 100 μl.
A genus-specific PCR targeting Plasmodium mitochon-

drial genome, as described by Haanshuus et al. [22], but
with a primer concentration of 1 μM, was performed on
DNA extracted from whole blood. Amplification was done
using GeneAmp PCR System 9700 (Applied Biosystems,
Carlsbad, CA, USA).
All samples positive by genus-specific PCR were analysed

using a P. falciparum, Plasmodium vivax, Plasmodium
ovale and Plasmodium malariae species-specific PCR
protocol applying primers targeting 18S as previously
published by Padley et al. [23]. A modified version of the
protocol using four separate reaction mixtures was used, as
described byHaanshuus et al. [22].
Analysis was done by electrophoresis using 2% SeaKem™

agarose gel (Lonza, Rockland, ME, USA) with 1X GelRed™
(Biotium, Hayward, CA, USA).
DNA sequencing in one direction, as described by

Haanshuus et al. [22], was done on PCR products that
were positive by genus-specific PCR but negative by
species-specific PCR.

Malaria detection using RDT
Retrospectively, samples of remaining EDTA-blood
stored at −20°C (from 258 of included patients) were
tested with the RDT First Response Malaria Ag pLDH/
HRP2 Combo card test following the manufacturer’s in-
structions. The test detects histidine-rich protein 2
(HRP2) for P. falciparum and lactate dehydrogenase
(pLDH) for all species (PAN; P. falciparum, P. vivax, P.
ovale and P. malariae) on two separate bands. This RDT
has among the best panel detection scores for combo
tests on the WHO Rapid Diagnostic Test Performance
Round 4 [24].

Statistical methods
Statistical analysis was done using IBM SPSS Statistics ver-
sion 19 (SPSS Inc, IBM Company). Differences were
reported as statistically significant if p-values were < 0.05.
Categorical variables were assessed with the Chi-squared
test or Fisher′s exact test for analyses with few observa-
tions. Odds ratio was calculated for each variable.
Multivariate analysis was performed to evaluate poten-

tial confounding among the clinical variables analysed as
risk factors associated with a diagnosis of malaria by the
various test methods. It was done by automated and
manual backwards stepwise logistic regression on all
variables obtaining P < 0.2 in the univariate analysis. The
multivariate analysis for predictors of positive RDT
excluded the following factors with extensive numbers
of missing values: very low weight for age, referral from
other hospital, no antibiotics within the previous four
weeks, tachycardia for age, and no tachypnea for age.

Results
Characteristics of participants
Among a total of 1,443 children admitted at the general
paediatric wards during the study period, 469 fit the
inclusion criteria and consented to participate. Among
study subjects for whom consent was obtained, routine
thick blood slide, research thin blood smear and EDTA-
blood for PCR were obtained from 304 children, and
these are the subjects included in the further analyses.
Two-thirds of participants were referrals from other
hospitals.
The mean age of the study participants was 22.1 months

and 175 (57.6%) were males. Mean axillar temperature
upon admission was 38.4°C. During hospital stay, 22.7%
died. There was no significant association between fatal
outcome and positive PCR (21.7% case fatality rate),
research microscopy (4.3%) or RDT (10.3%) as shown in
Additional file 1. There was no significant difference in
case fatality rates between PCR-positive cases that re-
ceived anti-malarials and those that did not .
Within the four weeks prior to admission, 74.5% had re-

ceived antibiotics and 62.6% had received anti-malarials,
83.8% of these had been treated with recommended anti-
malarials (artemisinin combination therapy (ACT), or
quinine). Children under 12 months of age were more
likely to have received pre-treatment with anti-malarials
than older children (p = 0.038). No significant association
was found between pre-treatment with anti-malarials and
PCR and microscopy results. During hospital admission,
65.1% received anti-malarial treatment and 96.1% received
antibiotics.
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Laboratory and clinical results
While 40/304 (13.2%) of the routine thick blood smears
examined at MNH were positive, only 20/304 (6.6%) of
the thin research blood smears were positive. Genus-
specific PCR was positive for 76/304 (25.0%) patients.
All PCR-positive samples were identified as P. falcip-
arum by species-specific PCR (55) or DNA sequencing
(21) and none as P. vivax, P. malariae or P. ovale.
Positive routine microscopy was confirmed in only

43% (17/40), 45% (18/40) and 53% (21/40), by research
microscopy, RDTs and PCR, respectively. All 20 positive
research thin blood smears were PCR-positive (Table 1).
There were 17 patients that were positive both for rou-

tine and research blood slides, while three of the positive
research slides were negative on routine microscopy. The
average parasitaemia among all positive research slides
was 3.03% infected red blood cells (RBCs) or 151,500 par-
asites/μl with all having > 0.1% infected RBCs or > 5,000
parasites/μl. For the routine slides the average parasit-
aemia was 355 parasites per 200 white blood cells or
19,044 parasites/μl. There was statistically significant asso-
ciation between high parasitaemia (>10,000 parasites/μl)
on routine slides and both positivity on research slide and
positivity on PCR (p < 0.001). Only one routine slide with
high parasitaemia was negative by all other diagnostics
methods while remaining false positive routine slides were
reported as having low parasitaemia.
Of the 258 cases where RDTs were performed, 36 were

positive. Both HRP2 (P. falciparum) and pLDH (PAN)
was positive for 25 of these, ten were positive only for
HRP2 and one was only pLDH-positive. Two tests were
invalid (no control band), but were valid when repeated.
Among those positive by routine microscopy, only half
of them were also positive by RDT and most of these
(17/18) were positive by both pLDH and HRP2. All
those positive on research blood slides were positive for
both pLDH and HRP2. Of those positive by RDT, all
were also positive on species-specific PCR for P. falcip-
arum. There was a significant association between signs
of severe malaria (altered consciousness, severe anaemia,
jaundice or respiratory distress) and positive RDT (p <
0.001). No significant association was found between
positive PCR or positive research blood smear and signs
of severe malaria. There was no significant association
between high parasitaemia on routine or research blood
smear and signs of severe malaria.
Table 1 Concordance of PCR with routine and research micro

Routine microscopy Rese

Pos (N = 40) Neg (N = 264) Pos (

PCR pos (%) 21 (52.5%) 55 (20.8%) 20 (1

neg (%) 19 (47.5%) 209 (79.2%) 0 (0.0

Abbreviation: pos positive, neg negative, PCR Polymerase chain reaction.
The sensitivities, specificities, number of false positives
and false negatives are given in Additional file 2. These
values were calculated using the PCR result, research
thin blood smear and RDT results separately as gold
standards.
Comparisons with results of the mitochondrial PCR,

which has a very high sensitivity [22], research microscopy
and RDT results indicate that routine microscopy results
in high numbers of false positives. Thus, the routine
microscopy results were not included in further analysis of
attributable morbidity and mortality.
Univariate analysis
Results of analysis comparing cases with positive re-
search blood slide with cases with negative research
blood slide, PCR-positive cases with PCR-negative cases,
and cases with positive RDT with cases with negative
RDT are shown in Additional file 1. Levels of leucocytes,
neutrophils, monocytes and lymphocytes were not sig-
nificantly associated with positive PCR or research blood
slide.
The cases only positive by PCR but with negative

research blood slide examination are compared to cases
positive by both PCR and research blood slide in
Table 2.
Multivariate analysis
In the logistic regression model using PCR result as the
outcome variable, the variables significantly associated
with a positive result are shown in Additional file 3, as
are the results of the corresponding models performed
with research blood slide results as outcome variable
and RDT result as outcome variable. In the logistic
regression model, no factors were significantly associated
with only being PCR positive (but research slide nega-
tive) compared to those also research slide positive.
Palmar pallor, as reported by the clinicians, corresponded

well to low haemoglobin levels with the same trend apply-
ing when analysing the PCR positive and the study blood
smear positive cases separately (Figure 1).
Death during hospital stay was significantly associated

with reduced consciousness upon admission (p < 0.001),
convulsions before admission (p = 0.027), lower age (p <
0.001), shorter hospital stay (p < 0.001), and hepatomeg-
aly (p = 0.003). Sickle cell disease was significantly more
scopy and RDT results

arch microscopy RDT

N = 20) Neg (N = 284) Pos (N = 36) Neg (N = 222)

00.0%) 56 (19.7%) 36 (100.0%) 32 (14.4%)

%) 228 (80.3%) 0 (0.0%) 190 (85.6%)



Table 2 Univariate analysis of predictors of negative research blood slide among PCR positive cases

Characteristic PCR pos only (%) OR (95% CI) p-value

Demographics;

•Age > 12 months 34/52 (65.4) 0.18 (0.04 to 0.86) 0.019*

•Male 29/41 (70.7) 0.72 (0.25 to 2.02) 0.527

•Very low weight for age 7/11 (63.6) 0.60 (0.15 to 2.33) 0.474

•Mothers education less than secondary school 48/64 (75.0) 1.50 (0.34 to 6.70) 0.688

•No mosquito net used 4/5 (80.0) 1.58 (0.17 to 15.19) 1.000

•Travel outside Dar last 4 weeks 21/30 (70.0) 0.84 (0.28 to 2.50) 0.754

•Home not in Dar 5/8 (62.5) 0.43 (0.09 to 2.10) 0.365

•Sickle cell disease 12/18 (66.7) 0.64 (0.20 to 2.01) 0.542

•Referral from other hospital 14/19 (73.7) 0.98 (0.30 to 3.22) 1.000

Pretreatment:

•No antibiotics the last 4 weeks 13/21 (61.9) 0.28 (0.09 to 0.94) 0.055

•No antimalarials the last 4 weeks 20/27 (74.1) 0.98 (0.33 to 2.95) 0.974

Symptoms:

•Current illness ≤5 days 29/47 (61.7) 0.06 (0.01 to 0.50) 0.001*

•Convulsions before admission 13/17 (76.5) 1.21 (0.34 to 4.26) 1.000

Clinical findings:

•Reduced conciousness 18/25 (72.0) 0.90 (0.31 to 2.65) 0.854

•Tachycardia, for age 22/27 (81.5) 2.12 (0.67 to 6.79) 0.199

•Tachypnea, for age 31/35 (88.6) 5.39 (1.59 to 18.28) 0.004*

•Febrile (temp >37.5) 40/56 (71.4) 0.71 (0.20 to 2.50) 0.764

•Palmar pallor 40/57 (70.2) 0.21 (0.026 to 1.79) 0.163

•Jaundice 13/15 (86.7) 2.72 (0.56 to 13.30) 0.328

•Splenomegaly 9/12 (75.0) 1.09 (0.27 to 4.49) 1.000

•Hepatomegaly 24/33 (72.7) 0.91 (0.33 to 2.56) 0.868

•Abdominal distention 12/16 (75.0) 1.09 (0.31 to 3.88) 1.000

Laboratory findings:

•Low Hb (<9.0 g/dl) 43/61 (70.5) 0.37 (0.08 to 1.80) 0.328

•Platelets <100 x103 per mm3 11/18 (61.1) 0.49 (0.16 to 1.51) 0.233

•Leucocytosis for age 19/21 (90.5) 4.62 (0.97 to 22.04) 0.040*

Treatment in hospital:

•No antibiotic treatment in hospital 3/6 (50.0) 0.32 (0.06 to 1.74) 0.183

•Anti-malarial treatment in hospital 46/66 (69.7) 0.055

•Blood transfusion given 18/29 (62.1) 0.39 (0.14 to 1.10) 0.071

Results:

•Blood culture negative 11/15 (73.3) 0.79 (0.11 to 5.49) 1.000

•routine malaria slide positive 4/21 (19.0) 0.01 (<0.01 to 0.07) <0.001*

•high parasitaemia (>10,000 parasites/μl), routine slide 1/15 (6.7) 0.07 (0.01 to 0.95) 0.053

•Received diagnosis malaria 28/43 (65.1) 0.33 (0.11 to 1.04) 0.053

•Length of admission ≤5 days 33/44 (75.0) 1.17 (0.42 to 3.29) 0.760

•Died in hospital 12/15 (80.0) 1.55 (0.39 to 6.16) 0.746

Abbreviation: OR Odds ratio, 95% CI 95% Confidence interval, Dar Dar es Salaam, pos positive, PCR Polymerase chain reaction, Hb Haemoglobin. * significant
results (p-value < 0.05).
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Figure 1 Relation between palmar pallor and haemoglobin level. A. For all cases. B. Based on PCR results. C. Based on research slide results.

Strøm et al. Malaria Journal 2013, 12:228 Page 6 of 10
http://www.malariajournal.com/content/12/1/228



Strøm et al. Malaria Journal 2013, 12:228 Page 7 of 10
http://www.malariajournal.com/content/12/1/228
frequent among those who survived compared to the
children who died in hospital (p < 0.001).

Discussion
The study assessed children admitted at MNH with febrile
illness for malaria, and compared laboratory results to
clinical and haematological features and clinical outcome.
Almost half of the cases identified by routine micros-

copy at the hospital were negative on research microscopy,
RDT and PCR. The study thus confirms that routine
malaria diagnosis leads to gross overdiagnosis of malaria,
as was reported from other health facilities in Dar es
Salaam in a previous study [25]. In both studies, false posi-
tive routine microscopy was associated with reported low
parasitaemia. Conversely, the majority (85%, n = 17) of the
samples positive on research microscopy were also posi-
tive on routine microscopy and these routine slides had a
high average parasitaemia (>10,000 parasites/μl). This
indicates that, despite the large problem with overdiagno-
sis, the routine thick-drop microscopy performs well in
detecting malaria cases with high parasitaemia, which are
those most likely to be severely ill and in need of urgent
treatment. The fact that thick drop smears are more diffi-
cult to interpret because of lacking red cell morphology
and many artefacts may partially explain the high rate of
false positives [26].
The study confirmed that palmar pallor, low haemoglobin

levels and low platelets are predictors for malaria [27,28].
Anaemia is often a sensitive, though non-specific indicator
of malaria in febrile children in malaria-endemic areas
[29,30], and the combination of anaemia and thrombocyto-
paenia has been shown to be fairly sensitive (80%) and spe-
cific (84%) in predicting malaria [29]. The study confirmed
the usefulness of palmar pallor as a clinical sign of anaemia
and severity of anaemia [31], and this clinical sign is particu-
larly valuable in resource-constrained settings where la-
boratory testing for haemoglobin may not be available.
Severe palmar pallor was particularly accurate in identifying
severe anaemia with haemoglobin levels < 6.0 g/dl, which is
associated with severemalaria [32].
PCR was positive in a fifth of patients with negative

microscopy. The PCR method used in this study has
nearly 100% sensitivity and specificity for the presence
of malaria DNA [22] and all results were validated by
species-specific PCR or DNA sequencing. PCR-positive
patients may represent unidentified clinical malaria cases
requiring anti-malarial treatment or low parasitaemia
without clinical significance for example from partially
or fully treated cases. The PCR targets the mitochondrial
genome, which exists at a high copy number particularly
in gametocytes due to an increased number of mito-
chondrial organelles in the parasite′s sexual stage [33],
and may therefore detect low levels of persisting asexual
parasites or gametocytes. Gametocytes may survive anti-
malarial treatment with ACT and continue to circulate
more than 28 days after completed treatment, without
any clinical symptoms [34,35]. Though reported pre-
treatment with anti-malarials was not significantly asso-
ciated with positive PCR for malaria, self-treatment with
anti-malarials before seeking help from health services is
so common practice that it may have influenced the
results [36,37]. Asymptomatic malaria, though less com-
mon in children than in adults, may cause positive PCR
results in febrile children with other causes of fever than
malaria, while microscopy might not detect this low level
parasitemia [38-40]. Younger children, in the current
study, had an increased risk of discordant results with
positive PCR and negative research blood slide, which can
be explained by an observed higher rate of prior anti-
malarial treatment. The clinical relevance of the positive
PCR in microscopy-negative patients remains unclear.
Thus, as it is not possible to identify a true gold standard
for malaria in the current study, the true incidence of
malaria in the population remains uncertain. The new
recommendations from WHO in 2010 to only treat la-
boratory-confirmed malaria cases if laboratory diagnostics
are available, rather than to treat all suspected paediatric
cases with anti-malarials [15], has reemphasized the im-
portance of precise diagnostics.
RDTs have shown promising results as an alternative

to microscopy for malaria, though they have certain
limitations especially due to the fact that RDTs detecting
HRP2 can remain positive for up to 56 days after com-
pleted treatment [41]. Re-infections are difficult to iden-
tify, resulting in a low specificity of HRP2-detecting
RDTs for true clinical infection. This challenge is highly
relevant in the study area, which is located in a malaria
endemic region. The other test antigen, pLDH, is cleared
more quickly from the bloodstream at about the same
time as the parasites are cleared. While rapid tests
detecting pLDH are less sensitive than HRP2 tests [42],
they have the advantage of also detecting other species
of Plasmodium than P. falciparum. With implementation
of a HRP2/pLDH RDT in the study area, some cases of
non-falciparum malaria might go undetected. However,
as P. falciparum dominates in the area and is the most
dangerous of the Plasmodium species, RDTs are likely to
be sensitive for the clinically most significant malaria
cases. As most of the rapid tests were positive for both
HRP2 and pLDH it can be assumed they were current P.
falciparum cases. The one test that was only pLDH-posi-
tive was positive for P. falciparum on species-specific
PCR and negative on the other species-specific PCRs and it
can therefore be assumed to be a P. falciparum case despite
the RDT result. The cases only positive for HRP2 may be
cases with persisting HRP2 post-treatment or may be
current infections as detection of pLDH is less sensitive
than HRP2. Discordant, pLDH-negative / HRP2-positive,
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samples corresponded well to PCR-positive / microscopy-
negative samples. This implies that malaria detected only
on PCR may represent partially or fully treated cases of
malaria of less clinical significance than samples detected
bymicroscopy.
Positive RDT results, all confirmed by PCR, were asso-

ciated with signs of severe malaria, while malaria cases
diagnosed primarily by PCR or research blood slide mi-
croscopy were not. This may support the notion that the
RDTs identify more relevant cases of malaria, confirming
their usefulness in this clinical setting.
Studies have shown that with reduced use of anti-

malarials due to better precision of malaria diagnostics,
antibiotic use increases [43], and this may, in turn con-
tribute to further emergence of antibiotic resistance [44].
In order to reduce overuse of drugs, improved diagnos-
tics for malaria must been accompanied by better diag-
nostics for other infections.
The high case fatality rate of 22,7% among febrile chil-

dren is striking and is likely due to transfer of many
severely ill patients from district hospitals, and the fact
that less severe cases were treated as outpatients and not
included in the study. The similar case fatality rates
between malaria positive and negative cases imply that
there are other major causes of life-threatening febrile
illness, such as bacteraemia, pneumonia, and meningitis
in the study population. A previous study of febrile chil-
dren at the same hospital observed a similarly high case
fatality rate for malaria (20.2%), but still found that bac-
terial and fungal bloodstream infections caused more
deaths than malaria [45]. The current study found a
much lower case fatality rate among patients with posi-
tive research microscopy (4.3%) than those with positive
PCR (20.7%). This might be explained by increased
number of malaria deaths among untreated patients with
false negative malaria microscopy. However, considering
that a positive malaria PCR was not associated with clin-
ical signs of severe malaria, the appropriate interpretation
may be that a positive malaria-PCR in absence of other
positive malaria tests indicates clinically non-significant
malaria parasitaemia in a patient with another, potentially
serious, infection.
Tachypnea, a feature of the systemic inflammatory

response syndrome [46], was negatively associated with
research microscopy-positive cases, but positively associ-
ated with discordant, PCR positive / microscopy negative,
cases further suggesting that the real cause of the febrile
illness in patients with discordant results is bacterial sepsis
or other non-malarial infection.
The study area/population being an urban population

with lower malaria transmission than the surrounding
rural areas [9], may limit the applicability of the results
to the general Tanzanian population. Both clinical and
laboratory findings may be biased by the fact that many
of the children had received prior treatment with antibi-
otics and anti-malarials and that two-thirds were re-
ferred from other hospitals or clinics. Since the study
did not investigate systematically other causes of febrile
illness, it is uncertain how many of the identified malaria
cases had concomitant serious infections caused by bac-
teria or other agents.
Conclusions
The study indicates that the current routine diagnostic
method, while efficient at detecting high malaria parasit-
aemia, leads to gross overdiagnosis of malaria and, conse-
quently, overuse of anti-malarials. Overdiagnosis of malaria
may hamper the identification and treatment of the real
cause of the febrile illness and lead to death from bacterial
sepsis and other infections. The diagnostic challenges
understandably make clinicians opt to safeguard using both
anti-malarials and antibacterial drugs, however, this has
potential harmful consequences in terms of increasing
emerging antibiotic and anti-malarial drug resistance. The
current study supports the notion that diagnostic algo-
rithms employing RDTs may contribute to improving mal-
aria diagnosis andmanagement.
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