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Abstract. In malaria-endemic regions any febrile case is likely to be classified as malaria based on presumptive diag-
nosis largely caused by a lack of diagnostic resources. A district-wide prevalence study assessing etiologies of fever in
659 patients recruited in rural and semi-urban areas of Bandarban district in southeastern Bangladesh revealed high
proportions of seropositivity for selected infectious diseases (leptospirosis, typhoid fever) potentially being misdiagnosed
as malaria because of similarities in the clinical presentation. In an area with point prevalences of more than 40% for
malaria among fever cases, even higher seroprevalence rates of leptospirosis and typhoid fever provide evidence of a
major persistent reservoir of these pathogens.

INTRODUCTION

The Chittagong Hill Tracts of Bangladesh (CHTs) are situ-
ated toward the border to India and Myanmar and consti-
tute a geographically secluded, forested region with a total
population of more than 1.5 million distributed over 14 dif-
ferent ethnical communities.1 Malaria is considered a major
health threat in this area and most of the 55,000 laboratory-
confirmed malaria cases reported in Bangladesh in 2010
originate from this endemic region.2 The total number includ-
ing unreported and clinically diagnosed malaria cases in
the entire country is estimated around 1.2 million cases per
year with Plasmodium falciparum as the predominant spe-
cies (70% of all cases).2 Because of high incidence rates of
malaria, non-malarial febrile illnesses such as leptospirosis,
typhoid fever, or dengue are often misdiagnosed as malaria.
Epidemiological data on the etiology of febrile diseases in
Bangladesh are scarce. Misdiagnosis is therefore considered
a major obstacle for the adequate management of malaria
and other diseases within its differential diagnosis.
Recent studies in other parts of Bangladesh and Thailand

indicate high incidence rates of leptospirosis in the region.3–6

Comparable proportions of typhoid fever have been reported
earlier from urban slums in Bangladesh with the highest
rates among children < 5 years of age.7,8 Throughout the last
century sporadic cases of dengue fever have been reported
from major cities of Bangladesh, but since the year 2000
several dengue outbreaks with up to 6,000 clinical cases and
a case-fatality rate around 1.6% occurred.9–11 Rickettsial dis-
eases have been reported as being an emerging problem in
the subcontinent but the epidemiology remain poorly under-
stood as a result of challenges associated with diagnosis of
this complex group of organisms.12

In light of these findings, we investigated the seropreva-
lence of leptospirosis, typhoid fever, and dengue and their
rate of co-infections with malaria among fever cases recruited
in malaria-endemic rural and semi-urban areas of the CHTs
in Bangladesh.

MATERIALS AND METHODS

We assessed seroprevalence rates of leptospirosis, typhoid
fever, and dengue among febrile patients in a community
and a hospital survey between 2007 and 2010. The com-
munity survey was performed in the framework of a large-
scale cross-sectional, household survey to assess malaria
prevalence in Bandarban district, CHTs, in the Southeast
of Bangladesh. Details of the cross-sectional study will be
reported elsewhere. In brief, during the rainy season of
2007 all seven sub-districts of Bandarban district were sur-
veyed. Through probability proportional to size sampling a
total of three villages/communities per sub-district were ran-
domly selected resulting in a total of 21 villages. Nine vil-
lages in three of the seven sub-districts were revisited in
the following dry season from December 2007 to February
2008. Community sensitization in selected villages was per-
formed by a local field worker 24–48 hours before arrival
of the study team. Free diagnosis and treatment was pro-
vided to all participants and patients and severe conditions
were referred to the closest medical facility. Inhabitants
of the visited villages suffering from an episode of fever
were encouraged to participate in the ongoing survey.
Males and females of any age with fever defined as axillary
temperature > 37.5°C, or history of fever within the past
72 hours were eligible.
The hospital survey was conducted throughout the year

at the Bandarban Sadar hospital/MARIB (Malaria Research
Initiative Bandarban) outpatient department between 2008
and 2010. Patients were self- referred and inclusion criteria
were the same as previously mentioned. A questionnaire cap-
turing demographic data, previous malaria infections, recent
treatment of the disease, current signs and symptoms, and
travel history was completed for all subjects and a physical
examination was performed. From each participant one
heel or finger prick sample was obtained to perform instant
malaria diagnosis by rapid diagnostic test (RDT) and prepa-
ration of a microscopic slide. Two drops of blood (2 + 100 mL)
were collected on filter paper (903; Schleicher & Schuell
BioScience GmbH, Dassel, Germany) for a later confirmation
of the diagnosis by polymerase chain reaction (PCR). Venous
blood samples were drawn from all individuals 8 years of
age or older for serologic assays. Serum was immediately
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separated by centrifugation and stored at −20°C until further
processing. At the central laboratory in Bandarban (MARIB),
samples were tested for the presence of Immunoglobulin
M (IgM) antibodies (Abs) to assess recent exposure for lepto-
spirosis, dengue, and typhoid fever.
Leptospirosis. The IgM-Abs against leptospirosis in patients

sera were detected using commercial enzyme-linked immuno-
sorbent assay (ELISA) kits (E-LEP01M, Panbio Limited,
Queensland, Australia). Three control sera included in the kit
were treated in a similar way as the test samples, to determine
the cut off concentration. As recommended by the manufac-
turer, all readings were divided by the cut-off value and then
classified as seronegative if the value was > 0.9, considered
positive if < 1.1, and retested if a value between these two
values was calculated.
Typhoid fever. Presence of anti-Salmonella O9 IgM in

collected sera was detected by a semi-quantitative rapid
in vitro assay (TUBEX, IDL Biotech AB, Bomma, Sweden).
In the presence of anti-Salmonella O9 IgM, a reaction between
antigen-coated and Ab-coated magnetic microglobuli is inhib-
ited in a suspension of microglobuli, serum, and solution.
Applying a magnetic field results in a color change of the
suspension, this is then compared with a color scale ranging
from 1 to 10. Based on previously published data the cut-off
value was set to > 5 to improve specificity.13,14

Dengue. Seropositivity for dengue was tested with a
capture-ELISA (E-DEN01M, Panbio Limited, Queensland,
Australia) detecting the presence of IgM-Ab. Similar calcu-
lations as for the leptospirosis-ELISA were performed.
Malaria. All participants were instantly screened for the

presence of P. falciparum (HRP2) and Plasmodium vivax
antigens (pLDH) by RDT (Falcivax, Zephyr Biomedicals,
Goa, India) and later confirmed microscopically in a Giemsa
(Merk KGaA, Darmstadt, Germany) stained thick and thin
film. If results between RDT and microscopy were discor-
dant, an additional reading obtained by a second expert
microscopist was considered final. For the statistical analysis
only results from microscopy were considered. Filter paper
samples were analyzed at the laboratories of the Medical
University of Vienna for PCR confirmation of the malaria
diagnosis and results were reported previously.15,16

Statistical analysis. Data were entered into a customized
MS-Excel (Microsoft Corp., Reston, VA) database and ana-
lyzed using the OpenEpi statistical calculator (http://www
.openepi.com). Proportions of test positivity for malaria,
typhoid, and the remaining samples (test positive for lepto-
spirosis, dengue, or fever not specified) and clinical categorical
variables were compared using Yates corrected Pearson’s c2

(Chi-square) and Fisher’s Exact test. Comparisons of con-
tinuous data were made using Student’s t test at a significance
level of P < 0.05.
Ethics. The study was approved by the ethics committee

of the ICDDR,B (International Center of Diarrheal Disease
Research, Bangladesh) and written informed consent was
obtained from all participants or their legal representatives
prior to sampling.

RESULTS

A total of 659 febrile individuals were enrolled and
506 (76.8%) blood and serum samples for serological analy-
sis were collected from participants 8 years of age or older.

From 105 patients < 8 years of age only finger/heel prick
samples were collected. Approximately half of the patients
were enrolled in the hospital survey (N = 309) and the
other half in the community survey (N = 350), whereby
280 patients were enrolled in the first part of the com-
munity survey during the rainy season (7 sub-districts
visited) and 70 in the second part (3 sub-districts visited)
in the dry season. Figure 1 shows the flow chart for the
enrollments during community (rainy and dry season) and
hospital-based survey.
The study population was well balanced regarding gender

and age with a high number of fever patients at a young
age, as shown in Figure 2. All patients were screened for
malaria and among the participants 8 years of age or older
500 patients (98.8%) could be tested for antibodies against
dengue, 488 (96.4%) for typhoid fever, and 455 (89.9%)
for leptospirosis.
We found 37.3%, 69.8%, and 39.9% of the samples posi-

tive for anti-Salmonella O9 IgM in the community survey
during the rainy and dry season and in the hospital survey,
respectively. Similarly, we found 42.0%, 40.0%, and 44.4%
positive for IgM against leptospirosis. The IgM against
dengue was found in the community survey only during the
rainy season in 1.2% and in the hospital survey in 13.4% of
the patients’ sera (Table 1). In total 171 (25.9%) patients of
all age groups were positive for malaria of which 126 (73.7%)
were diagnosed as P. falciparum, 34 (19.9%) were P. vivax,
6 (3.5%) were mixed infection of P. falciparum and P. vivax,
and 2 (1.2%) individuals were positive for Plasmodium
malariae (Table 1).
A total of 201 (30.5%) patients were negative for malaria

parasites and seronegative for dengue, typhoid, and lepto-
spirosis and were summarized as fever not specified.
A significant reduction (P = 0.002) of malaria cases was

observed between the rainy season (114 positive cases,
40.7%) and dry season (15 positive cases, 21.4%). The pro-
portion of leptospirosis was stable between the rainy and
dry season, whereas typhoid fever showed a significant
increase (P < 0.001) in the dry season compared with the
monsoon months.
Most fever cases were single test positive. However, 108

(16.4%) participants 8 years of age or older were found
to have two positive test results and 21(3.2%) were triple
positive (Table 2).
Clinical signs and symptoms. Patients with any of the

described seroprevalences showed rather unspecific clini-
cal signs. Main symptoms included fatigue, fever, dizziness,
and headache. Patients’ positive for anti-Salmonella O9 IgM
were significantly older and presented with lower body tem-
perature than the rest of the cohort (P < 0.05). In general,
malaria-positive children < 8 years of age had more severe
symptoms (headache, myalgia, and dizziness) and a greater
probability of vomiting than older malaria patients. The
only significant clinical predictor for malaria was spleen
enlargement (Table 3). No significant difference in the clini-
cal presentation between single, double, and triple (sero-)
positive cases was found.

DISCUSSION

Bandarban is known to be one of the 13 malaria-endemic
districts in Bangladesh, but there is a lack of data on the
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Figure 2. Test positivity of malaria, leptospirosis, typhoid fever, and dengue by age group and gender. In the age group 0–7 years only
malaria diagnosis was performed.

Figure 1. Flow chart for enrollment and sampling including demographic characteristics for community and hospital survey.
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prevalence and importance of other communicable diseases
with similar clinical presentation. The aim of this study was
to provide greater knowledge of the distribution of selected
pathogens in the surveyed area to improve awareness of
diseases within the differential diagnosis of malaria. The
well-matched ratio of women to men within the study popu-
lation and among the test-positive fractions suggests simi-
lar relative risk for infection with any of the investigated
pathogens, regardless of gender and possibly occupation.
The high number of fever cases among children may be
attributed to a generally increased susceptibility and vul-
nerability at this age, but also to the population structure in
the CHTs featuring a high proportion of young individuals,
as it is typical for developing countries.17 Malaria prevalence
rates in this study were similar to previous reports from
this area but even higher seroprevalence rates were found
for leptospirosis and typhoid fever, providing evidence of a
major persistent reservoir of these pathogens in a region,
where malaria is considered to be the main health threat.18

In contrast to recent reports from hospital-based fever sur-
veys indicating similar prevalence rates for dengue in urban
and rural populations in different districts of Bangladesh,
only a few seropositive cases of dengue were identified in
the course of this study.19 An explanation for these findings
might be that dengue is a largely urban problem in Bangladesh,
whereas the rural population of Bandarban district is rather
stable with very little migration background from other parts

of the county or from abroad. Recent data on occurrence and
frequency of mosquitoes as vectors in the CHT remain scarce
and are limited to Anopheles species and malaria transmis-
sion20; because migration and urbanization is likely to increase
over the next decades, patterns of transmission might change,
potentially leading to rising numbers of dengue cases in this
area in the future.21–23

High seroprevalence rates for the pathogens tested in
this study have been reported from other parts of South
and Southeast Asia. Similar high seroprevalence rates have
been reported from western Thailand and Vietnam and
diseases like leptospirosis are likely to be major contributors
to the spectrum of febrile illnesses in the region.24–26 In
neighboring India they contribute to the vast challenge of
infectious diseases and are likely to be underreported.27

Typhoid fever remains an important public health problem
and a major cause of morbidity and mortality not just in
Asia but throughout the developing world.28

The seropositivity for leptospirosis was stable throughout
the year, whereas malaria and typhoid fever showed a distinct
seasonality. Malaria had a peak in the rainy season, when
conditions for the vector seem to be favorable. Poor quality
and shortage of water, on the other hand, may contribute to
increased numbers of individuals’ seropositivity for typhoid
fever during dry season.7 Data from the community and hos-
pital survey were not used for comparison because of essential
differences in the surveyed populations (encouraged to par-
ticipate versus self-referred).
The diseases investigated in this study were very difficult

to distinguish by their clinical presentation. Splenomegaly
remains the only significant predictor for malaria, especially
among children, who generally present with more severe
symptoms than adults with malaria. In a household surveil-
lance conducted in the same rural communities of Bandarban
in parallel with this fever study, high proportions of oligo- and
asymptomatic malaria-positive adults were identified, indi-
cating a greater probability for semi-immunity by increasing age.
Another finding of this study is the high proportion of par-

ticipants testing positive for more than one of the pathogens
similar to previous reports from the Thai-Myanmar border24;
considering a potential overlap more elaborate diagnostic
measures for causes of fever other than malaria may there-
fore be indicated, especially for severe cases and patients
with persistent symptoms under antimalarial treatment.
The diagnostic tools used in this study were selected by

their field applicability. For malaria, microscopy provides

Table 2

Double and triple positive cases with corresponding axillary temperature

Test positivity Positive cases* N (%) Temperature °C mean (range)

Double positive (108)
malaria + leptospirosis 16 (3.2%) 37.1 (35.8–42.0)
malaria + typhoid fever 17 (3.4%) 37.1 (35.9–39.6)
malaria + dengue 5 (1.0%) 37.4 (36.5–38.5)
leptospirosis + typhoid fever 56 (11.1%) 36.9 (35.0–38.9)
leptospirosis + dengue 3 (0.6%) 37.4 (36.4–39.5)
dengue + typhoid fever 11 (2.2%) 37.2 (34.8–39.2)

Triple positive (21)
malaria + leptospirosis + dengue 13 (2.6%) 36.4 (36.1–39.5)
malaria + leptospirosis + typhoid fever 2 (0.4%) 37.7 (36.7–39.5)
malaria +typhoid fever + dengue 1 (0.2%) 38.8
leptospirosis + typhoid fever + dengue 5 (1.0%) 37.9 (36.2–39.3)

*Individuals < 8 years of age are not included in this analysis.

Table 1

Test positivity for malaria, typhoid fever, leptospirosis, and dengue in
the rainy and dry season and among individuals enrolled in the
hospital-based fever survey

Community survey

P value* Hospital surveyRainy season† Dry season‡

Fever cases 280 70 309
Test positive (%)
P. falciparum 95 (33.9%) 12 (17.1%) 0.01 19 (6.2%)
P. vivax 15 (5.4%) 2 (2.9%) 0.58 18 (5.8%)
P. falciparum +

P. vivax
4 (1.4%) 1 (1.4%) 0.67 1 (0.3%)

P. malariae 0 (0%) 0 (0%) NA 2 (0.7%)
TUBEX 63 (37.3%) 30 (69.8%) 0.00 110 (39.9%)
Leptospirosis IgM 68 (42.0%) 18 (40%) 0.88 126 (44.4%)
Dengue IgM 2 (1.2%) 0 (0%) NA 38 (13.4%)

*Significance of difference between rainy and dry season using c2 or Fisher’s exact test
as appropriate; level of significance > 0.05.
†Seven sub-districts (21 villages) surveyed.
‡Three sub-districts (9 villages) surveyed.
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high sensitivity and specificity and remains the gold standard
whenever working in the field. Serological assays, however,
have major limitations regarding sensitivity and specificity.29

Molecular techniques or blood culture could potentially
provide more accurate diagnosis, but these techniques are
relatively expensive and time-consuming, making them less
suitable for the use in field studies and for local clinicians.
The setup in this study did not allow for follow-up samples
to be collected. However, the IgM seropositivity can provide
an indication of recent infections as IgM can be detected as
early as 1 week after the emergence of symptoms. A single
positive result for leptospirosis by ELISA will provide evi-
dence of seroconversion within the preceding months to
1 year, as IgM antibodies against Leptospira remain detect-
able in the blood for up to 300 days or even longer30,31; this
fact might contribute to the non-existing seasonality for
leptospirosis found in this study.
False positive results for dengue can be caused by cross-

reactivity of the ELISA with other arboviruses thereby
decreasing the specificity of the dengue test used.32 Positive
ELISA results for leptospirosis and dengue were not felt
to be convincing evidence of an acute infection and there-
fore not separately considered in the calculations of clini-
cal predictors. According to the TUBEX manual, all cases
exhibiting a score of > 3 shall be considered positive. We
found this value to be too low for the region and considered
all patients with a score of > 5 to suffer or have undergone
a recent typhoid infection. This assumption is supported by
studies recently conducted in the capital Dhaka.13

With this study, we intended to bring attention to the
diagnostic challenges and the effects of misdiagnosis and
underreporting of febrile diseases in malaria-endemic regions.
Our findings confirm the existence of a major reservoir of
other causes of fever than malaria with possible dual and
triple infections and underline the need to improve strategies

for the diagnosis and management of febrile conditions in
resource-limited settings.
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