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© 2012 Japanese Society of Tropical MedicineAbstract: More than 20 million people in Bangladesh are considered at risk of developing visceral leishmaniasis

(VL). A community-based active surveillance was conducted in eight randomly selected villages in a highly

endemic area of Bangladesh from 2006 to 2008. A total of 6,761 individuals living in 1,550 mud-walled houses

were included in the active surveillance. Rapid rK39 dipstick tests were conducted throughout the study period to

facilitate the case diagnosis. Individuals with previous or current clinical leishmaniasis were identified on the basis

of the case definition of the VL elimination program. Untreated cases of suspected VL were referred to the hospital

for treatment. Socioeconomic and environmental information including bed net use was also collected. In 2006,

the annual incidence of clinical leishmaniasis in the study area was 141.9 cases per 10,000 population, which was

significantly increased by the following year owing to community-based active surveillance for case detection and

reporting. However, early case detection and early referral for treatment led to a significant decrease in incidence

in 2008. This study suggests that community-based active surveillance using a simple diagnostic tool might play

a role in achieving the goal of the VL elimination program.
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INTRODUCTION

Visceral leishmaniasis (VL), or kalaazar, is one of the

most neglected tropical diseases in the world, affecting the

poorest segments of rural populations. In the Indian subcon-

tinent, VL was almost eliminated as a collateral effect of the

malaria eradication program during the 1960s, which was

largely based on the widespread use of DDT residual spray-

ing [1]. A resurgence of the disease occurred during the late

1970s, when large-scale use of DDT was stopped [2].

According to the Directorate General of Health Services in

Bangladesh, a total of 70,170 VL cases were reported

throughout the country during the previous 10 years (1999–

2010). However, these official figures are thought to grossly

underestimate the real situation.

The unique anthroponotic features of VL in the Indian

subcontinent, including Phlebotomus argentipes as the only

vector, humans as the only reservoir, and a defined geo-

graphical area, make the disease a potential candidate for

elimination [3]. Knowledge of this possibility led to the

signing of a memorandum of understanding in 2005 by

Bangladesh, India, and Nepal to eliminate VL by reducing

the incidence of the disease to less than one case per 10,000

population by 2015. Early case detection and treatment to-

gether with integrated vector management are the main stra-

tegic pillars of the VL elimination program. However, de-

lays in case detection and treatment remain a problem in the

control of VL despite some advancement in diagnostics and

treatment.

The objective of this study was to provide information

regarding the VL burden in endemic communities of

Bangladesh in the early phase of the eradication program
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and to identify some of the risk factors associated with VL

in these areas. The results of this study might help to dem-

onstrate the potential of active surveillance as an important

element of the VL elimination program.

MATERIALS AND METHODS

Mymensingh is the most endemic district for VL in

Bangladesh. Every year, more than 60% of the total VL

cases reported in Bangladesh are from this district. The

present study was conducted in Trishal, one of the highest

VL case-reporting subdistricts of Mymensingh. Trishal con-

sists of 12 unions with an area of 339 km2 and 80,000 house-

holds comprising a total population of 372,000 (according

to the 2001 census). Two unions of the Trishal subdistrict

were chosen for the study because they had the highest inci-

dence of VL according to hospital data for 2003. From these

two unions, eight villages were further selected (Fig. 1).

The villages were selected by multicluster random sam-

pling. All the inhabitants living in mud-walled houses were

included in the study.

At the beginning of the study, individuals from each

selected household were invited to participate in the

community-based active surveillance starting in August

2006. Children aged less than three years were excluded

from the study because VL is both difficult to diagnose in

small children and is also still uncommon in this age group.

Field research assistants completed a household roster and

recorded individuals with VL in the household within the

previous one year as per the study case definition stated

below. Untreated VL suspected cases were referred to the

government hospital for further confirmation and appropri-

ate case management. Information on demographic, socio-

economic, and educational status and mosquito-control

measures was also collected.

To facilitate case management, the rapid rK39 dipstick

test was performed for the maximum number of individuals

available at the beginning of the study (Kalazar Detect®;

InBios International, Seattle, WA, USA). According to a re-

cent meta-analysis study, the average sensitivity and speci-

ficity of rK39 dipstick test was 92% and 95% respectively

[4]. Rapid rK39 dipstick tests were performed at one-year

intervals for two consecutive years (in 2007 and 2008) for

suspected VL cases. A person with fever ≥2 weeks and sple-

nomegaly was considered a “suspected VL case.” RK39-

positive individuals with signs and symptoms of VL were

considered as “probable cases of VL” and referred to the

nearby government hospital for further confirmation and

treatment. RK39-positive persons without any signs or

symptoms were considered “asymptomatic VL patients”

and advised to contact the health workers working in the

villages for study purposes. In the event of any subsequent

complaint of VL symptoms, an additional test was per-

formed and probable VL patients were referred to the gov-

ernment hospital. Field research assistants conducted home

visits on holidays and in the early morning and late evening

on working days. At least one home visit was conducted ev-

ery month in each village. More frequent home visits, i.e., at

Fig. 1. Study area and villages
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least one home visit every two weeks, were conducted dur-

ing the summer (April through September). Copies of the

treatment record sheets of VL patients were collected from

the corresponding government hospital in order to identify

patients missing from those referred to the hospital by the

field assistants. In such cases, field staff visited the missing

patients’ houses and assisted them in reporting to the hospi-

tal. This longitudinal prospective cohort study was part of a

community-based intervention study with a biopesticide

(neem oil) [5].

IBM SPSS version 20.0 software was used for the sta-

tistical analysis. The general characteristics of the study

subjects and households were summarized as the frequency

for categorical variables. Age of the study subjects was cat-

egorized into three groups, 3–14 years, 15–45 years, and

>45 years, according to a previous study in Bangladesh

which demonstrated high prevalence of VL among younger

(<45 years old) people [6]. The incidence of VL was calcu-

lated for each year (2006, 2007, and 2008). Univariate anal-

ysis of the association between VL incidence and potential

risk factors was conducted using a modified Poisson regres-

sion analysis with a robust error variance procedure [7].

Cochran-Mantel-Haenszel (CMH) statistics were then con-

ducted to measure the relationships between each pair of

VL incidence-related variables identified from univariate

analysis. A final multivariate model was constructed to de-

termine the relative associations between VL incidence and

each significant variable while adjusted for other covariates.

Sex was also included in the final multivariate model ac-

cording to evidence shown in a previous study [8]. The sig-

nificance level was set at p < 0.05 for all tests. The results

were expressed as the relative risk (RR) and 95% confi-

dence interval (CI).

The following study case definitions were used:

Clinical/confirmed leishmaniasis cases (past cases):

patient diagnosed with illness characterized by ≥2 weeks of

fever and at least one of the following: splenomegaly, skin

darkening, and/or weight loss, plus a history of treatment

with either sodium stibogluconate or pentamidine with clin-

ical resolution of the symptoms; or with Leishmania

amastigotes demonstrated in bone marrow or splenic aspi-

rate or tissue over the past one year and documented in the

medical records.

Clinical/confirmed leishmaniasis cases (current cases):

patient diagnosed with illness characterized by ≥2 weeks of

fever and at least one of the following: splenomegaly, skin

darkening, and/or weight loss; or with Leishmania amastig-

otes demonstrated in relevant aspirate or tissue, and/or a

positive rK39 dipstick result.

ETHICAL APPROVAL

The protocol was approved by the icddr,b Research

and Ethical Review Committee. Informed consent was ob-

tained from all adult participants and from a parent or

guardian of all participating children.

RESULTS

A total of 1,550 mud-walled houses accommodated

6,955 inhabitants in the study villages. Household inter-

views were successfully completed for all mud-walled

houses. Active disease surveillance was conducted for

6,761 individuals aged ≥3 years in 2006. Table 1 shows the

individual and household characteristics of the study sub-

jects. Most of the inhabitants (99.7%) had been living in the

study area for more than three years. About one third

(34.7%) were children aged less than 15 years. The average

number of household members was 4 (SD = 2) and the av-

erage household yearly income was US $526.0 (SD =

333.6). More than 70% of the household heads were illiter-

ate, and only 12.2% had completed ≥5 years of institutional

education. The majority of households (59.5%) owned land

and at least one domestic animal (72.9%). Only 23.4%

households used some kind of mosquito-control measures;

however, most of them (74.1%) were irregular in imple-

menting those measures. Although 92.1% of the households

used bed nets, only 23.8% of them did so regularly. Table 2

shows the incidence of clinical leishmaniasis from 2006

through 2008. In 2006, 96 individuals were identified as

having clinical leishmaniasis. In 2007, the number of re-

ported clinical leishmaniasis cases was substantially in-

creased over that of the previous year (RR = 1.38; 95% CI =

1.07–1.79). However, the incidence of clinical leishmania-

sis in 2008 was significantly lower than in 2006 (RR = 0.19;

95% CI = 0.12–0.32).

Table 3 shows the results of the Poisson regression

analyses for variables significantly associated with clinical

leishmaniasis. It was found that VL incidence was signifi-

cantly different among the three age groups (likelihood ratio

χ2 = 14.78, df = 2, p = 0.001). The younger age group (3–14

years) was 2.17 times more at risk of developing VL than

the older age group of >45 years (RR = 2.17; 95% CI =

1.39–3.37, p = 0.001); but the age group of 15–45 years

showed borderline significance compared to the older age

group of >45 years (RR = 1.55; 95% CI = 0.99–2.41, p =

0.055). Male participants tended to develop VL more fre-

quently (4.1%) than female participants (3.2%), but the dif-

ference was not statistically significant (RR = 1.26; 95% CI

= 0.98–1.61, p = 0.066). People living without electricity in

their homes were at a higher risk of developing VL than



136 Tropical Medicine and Health Vol.40 No.4, 2012

people who did have it (RR = 3.40; 95% CI = 1.76–6.59,

p < 0.001). Similarly, people who never used mosquito-

control measures or bed nets while sleeping were more

prone to VL than those who had at least some habit of using

a bed net or other mosquito-control measure ((RR = 1.49;

95% CI = 1.09–2.06, p = 0.013, and RR = 2.02; 95% CI =

1.44–2.84, p < 0.001, respectively). The other variables,

i.e., education of household head, having own land, having

domestic animal, and having cattle shed on the premises,

were not found to be significantly associated with clinical

leishmaniasis (data not shown).

The younger age group (3–14 years) implemented

fewer mosquito-control measures than the older age group

>45 years (24.8% and 27.6% respectively, p = 0.082).

Moreover, the male younger age group used fewer

mosquito-control measures than the female younger age

group (24.5% and 25.2% respectively, p = 0.372). On the

other hand, use of bed nets was slightly higher among male

Table 1. Characteristics of the study subjects (n = 6761) and households (n = 1550)

No. Percentage

Age, years (n = 6761)

3–14 2344 34.7

15–45 3365 49.8

>45 1052 15.6

Sex (n = 6761)

Male 3429 50.7

Female 3332 49.3

Education of household head, years (n = 1550)

0 1129 72.9

1–5 232 15.0

>5 189 12.2

Have own land (n = 1550) 923 59.5

Have electricity in the house (n = 1550) 168 10.8

Share a bedroom with others (n = 1550) 1110 71.6

Have domestic animals (n = 1550) 1130 72.9

Have a cattle shed on the premises (n = 1550) 671 43.3

Use mosquito-control measures at night (n = 1550) 363 23.4

Mosquito coil 131 36.1

Smoke (burning straw etc.) 232 63.9

Frequency of use of mosquito-control measures (n = 363)

Always 62 17.1

Sometimes 269 74.1

Only in summer 32 8.8

Use bed net at night (n = 1550) 1428 92.1

Frequency of bed-net use (n = 1428)

Always 340 23.8

Sometimes 953 66.7

Only in summer 135 9.5

Table 2. Incidence of clinical leishmaniasis in the study area

*p < 0.05, **p < 0.001

No.
Incidence 

(per 10,000)
 Relative risk (RR) 

(95% CI)

Clinical leishmaniasis in 2006 96 141.9 reference

Clinical leishmaniasis in 2007 133 196.7 1.38*  (1.07–1.79)

Clinical leishmaniasis in 2008 19 28.1 0.19** (0.12–0.32)
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than female participants (92.2% and 91.9% respectively, p =

0.695). However, these associations were not statistically

significant. Nor was a significant association found between

using a bed net and implementation of mosquito-control

measures (p = 0.068). A significantly positive association

was found between having electricity in the house and im-

plementing mosquito-control measures (p < 0.001) and be-

tween having electricity in the house and using a bed net

(p < 0.001).

Table 3 shows the result of multivariate Poisson re-

gression analysis of the final model adjusted for all the co-

variates with a p value of < 0.05 in the univariate analysis.

After adjustment, the age group of 15–45 years became sta-

tistically significant (RR = 1.59; 95% CI = 1.02–2.47, p =

0.040). The association between having electricity and clin-

ical leishmaniasis was slightly attenuated, but still remained

significant (RR = 2.99; 95% CI = 1.56–5.75, p = 0.001). A

similar result was found for use of mosquito-control mea-

sures (RR = 1.41; 95% CI = 1.03–1.92, p = 0.031) and use

of bed net (RR = 1.96; 95% CI = 1.40–2.75, p < 0.001).

DISCUSSION

The results of this study suggested that VL was under-

reported in 2006 through the existing passive case detection

system. The increased incidence of clinical leishmaniasis in

2007 indicates that community-based active surveillance

using a simple diagnostic tool (rK39 dipstick test) can sub-

stantially increase the level of case reporting. Early case re-

porting and referral for treatment could significantly reduce

the source of infection within the community, which re-

sulted in the notably decreased incidence of clinical leish-

maniasis in 2008. In South Asia, as in Bangladesh, delays in

case detection and treatment remain a problem in the con-

trol of VL. The median delay from onset of fever to treat-

ment was reported to be about four months [9–11]. More-

over, the number of people exposed to infection or infected

without any symptoms has important implications in dis-

ease transmission. Therefore, early diagnosis with active

surveillance and early treatment are essential not only to

cure the VL patient but also to decrease the infection reser-

voir. The rapid rK39 dipstick test has shown high sensitivity

and specificity in detecting VL infections on the Indian sub-

continent [12]. The World Health Organization (WHO) cur-

rently recommends it as the best available diagnostic tool

for VL for use at health facilities in remote areas. Thus, this

kind of simple diagnostic tool may improve active surveil-

lance programs by facilitating case management.

Although this study was not designed for comprehen-

sive risk factor analysis, we tried to identify some of the fac-

tors associated with clinical leishmaniasis. This study found

that the children (3–14 years old) of these communities

Table 3. Factors related to clinical leishmaniasis

†Univariate Poisson regression analysis
‡Multivariate Poisson regression analysis adjusted for age, sex, having electricity in the house, use of mosquito-control measures at
night, and use of bed nets at night
*p < 0.05, **p < 0.01, ***p < 0.001

Clinical leishmaniasis 
No. of cases

Univariate analysis† Multivariate analysis‡

RR (95% CI) RR (95% CI)

Age, y

3–14 111 2.17 (1.39–3.37)** 2.17 (1.39–3.37)**

15–45 114 1.55 (0.99–2.41) 1.59 (1.02–2.47)*

>45 23 reference reference

Sex

Male 140 1.26 (0.98–1.61) 1.26 (0.99–1.62)

Female 108 reference reference

Have electricity in the house

No 239 3.40 (1.76–6.59)*** 2.99 (1.56–5.75)**

Yes 9 reference reference

Use mosquito-control measures at night

Never 203 1.49 (1.09–2.06)* 1.41 (1.03–1.92)*

Always/sometimes 45 reference reference

Use bed net at night

Never 37 2.02 (1.44–2.84)*** 1.96 (1.40–2.75)***

Always/sometimes 211 reference reference
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were at a higher risk of developing VL than the older age

group of >45 years, as in other endemic areas of Bangladesh

[6]. It was also found that male cases of VL were more fre-

quent than female cases, although the difference was not

statistically significant. A recent study in Nepal found that

male participants had a significantly higher risk of develop-

ing VL than female participants [8]. Other studies in

Bangladesh and India did not find any association between

sex and VL incidence [6, 13]. Traditionally, men in the

countryside keep the upper part of their body exposed and

wear fewer clothes than women, particularly in the summer

months, which might make them more vulnerable to bites

by the sandfly vector. We also found that the use of some

mosquito-control measure, e.g., smoke and mosquito coil,

provided protection against VL. However, very few house-

holds reported implementing such measures regularly.

Moreover, people in the younger age group, especially

young males, used fewer mosquito-control measures than

people in the older age group, which might also make them

more susceptible to the sandfly bite.

Previous epidemiologic studies on the Indian subconti-

nent found bed nets to be a protective factor against VL [6,

9], which is also supported by our findings. More than 90%

of households in the study villages reported using bed nets

at night. This high percentage suggested that bed nets were

already widely implemented in Bangladeshi communities.

However, only 23.8% of the households reported using bed

nets regularly. Previous studies in this subcontinent region

demonstrated that insecticide-treated bed nets were a favor-

able option for vector management [14, 15]. Therefore,

health education programs regarding personal protection

measures followed by provision of insecticide-treated bed

nets promise to be a highly effective prevention intervention

in the endemic community.

VL is known as a disease of the poorest people on the

Indian subcontinent [16]. Although determining the rela-

tionship between poverty and VL involves multiple factors

[17], poverty has been found to be associated with VL in

previous studies conducted in this region [9, 10]. In the

present study, having electricity in the household, which

may constitute an indicator of better socioeconomic status,

was found to reduce the risk of developing VL. Previous

studies in Nepal [8, 9] and Bangladesh [6] found that own-

ership of cattle was strongly protective against VL. Another

study in India found that illiteracy was associated with VL

risk [13]. However, in the present study, neither cattle own-

ership nor illiteracy of the household head was associated

with VL incidence in the univariate analysis and thus was

not included in the multivariate analysis.

This study was part of a community-based intervention

study with neem oil. Neem oil was not found to be effective

in the control of VL; in fact the VL incidence was slightly

higher in the intervention area. Probably the result was con-

founded by other variables such as better socioeconomic

condition and higher rate of using mosquito-control mea-

sures including bed nets in the control area. Thus, neem in-

tervention was not included in the analysis. In this study, we

did not report some of the important factors of recent inter-

est, such as immunogenetic factors, dietary indicators, and

nutritional status, which might influence the susceptibility

of a host to the development of VL infection [6, 18]. Avail-

ability of a highly sensitive and specific rapid diagnostic

test (rK39), an increasing number of treatment options, and

the unique anthroponotic features of the sandfly vector

make VL a potential candidate for elimination. However,

massive efforts in community-based active disease surveil-

lance coupled with scaled-up personal protection measures

and integrated vector management interventions are re-

quired to achieve the goal of the VL elimination program.
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