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Detection of Leishmania donovani in peripheral blood of asymptomatic
individuals in contact with patients with visceral leishmaniasis
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Background: The majority of individuals infected with Leishmania donovani complex remain asymptomatic.
They may act as transmission reservoirs for visceral leishmaniasis (VL). We investigated sero-prevalence
of L. donovani complex among those closely associated with patients with VL and whether these
sero-reactive individuals had Leishmania parasites in their peripheral blood. Other risk factors were also
investigated.

Methods: A total of 257 individuals in contact with patients with VL were tested for anti-Leishmania antibo-
dies by rk39 immunochromatographic test (rk39 ICT), ELISA using promastigote antigen (p-ELISA) and indir-
ect fluorescent antibody test (IFAT). Buffy coats of rk39 ICT positive individuals were cultured; sero-reactive
buffy coats were tested for Leishmania DNA by ITS1 PCR. DNA obtained from culture was sequenced to con-
firm Leishmania species. Risk factors were evaluated for each sero-positive sample.

Results: The results showed 29.2% (75/257) prevalence by serological tests: 14.4% (37/257) were positive
by rK39 ICT, 25.3% (65/257) by p-ELISA, 18.3% (47/257) by IFAT and 10.9% (28/257) by all three serologi-
cal methods. Ten percent (3/30) of cultures were positive for Leishmania promastigotes. Only 3% (2/74)
sero-reactive buffy coats were positive for DNA; sequence analysis revealed L. donovani species. Significant
risk factors were age, working as farmers, domestic animals in household and proximity to animal
shelters.

Conclusions: Asymptomatic family members of patients with VL can carry live L. donovani in peripheral blood
and may act as potential reservoirs.

GenBank accession number: BankIt1863680 Leishmania KT921417 (DNA sequences of the ribosomal ITS1 region of L. donovani).
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The majority of infections with L. donovani complex remain
asymptomatic.” Due to the intracellular existence within mono-
cytes, parasites can be present in blood for an undefined period
between the sand fly bite and their localization in organs to

Introduction

Visceral leishmaniasis (VL) is a vector borne disease caused by
the protozoan parasites of the Leishmania donovani complex.!

An annual incidence of 0.2 to 0.4 million cases of VL with
approximately 20 000 to 40 000 deaths are reported worldwide.
Over 90% of these VL cases are from India, Bangladesh, Nepal,
southern Sudan, north-east of Brazil and Ethiopia.? Leishmania
donovani is the principal cause of VL in the Indian subcontinent
and in Africa, while L. infantum causes VL in the Mediterranean
basin and South America.?

cause VL. During this period individuals remain asymptomatic
and can carry parasites in their peripheral blood.” In endemic
areas, only 10-20% of infected humans develop symptomatic VL
while the other 80-90% remain asymptomatic and can either
develop clinical disease months later or recover spontaneously
in about one or two years.® Asymptomatic infections are not
well defined. They are determined by a positive serological test
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and/or leishmanin skin test (LST) and/or PCR and/or culture of
blood buffy coats in apparently healthy individuals with no clini-
cal history of either VL or post kala-azar dermal leishmaniasis
(PKDL).”"*! Several prospective serological studies calculate the
incidence of asymptomatic infections compared to that of symp-
tomatic cases as having a ratio of 4:1 in Kenya,*? 18:1 in Brazil,**
4:1 in Bangladesh? and 8.9:1 in India and Nepal.** Mathematical
modelling suggests that individuals with asymptomatic infection
may act as potential reservoirs for sustained transmission of
Leishmania in endemic areas.'® In addition, several studies in
endemic areas have revealed the presence of Leishmania para-
sites in peripheral blood of asymptomatic individuals by culturing
sero-positive buffy coats and by microscopy.”®*® However in
Bangladesh, published data on parasite detection in peripheral
blood of asymptomatic individuals are not yet available.

Approximately 80% of global individuals with VL live in remote
rural areas of India, Bangladesh and Nepal® with about 200 million
people at risk of VL.*> Consequently, governments of these three
countries launched a regional VL elimination program in 2005 with
the aim of reducing the number of individuals with VL to less than
one per 10 000 population per year at sub district level of endemic
districts by the year 2015."” However, none of these countries has
reached the elimination target yet.'®® Even though the numbers
of VL patients are declining rapidly in Bangladesh, 16 districts still
consistently report new cases every year.*® The current elimination
program is primarily focused on early detection and treatment of
symptomatic VL cases and vector control activities. Therefore,
many individuals with asymptomatic infection of Leishmania in the
community may remain undetected. These individuals may carry
Leishmania parasites in their peripheral blood and contribute to
sustained transmission of VL in Bangladesh. We investigated the
status of asymptomatic infection by serology and the presence
of Leishmania parasites in peripheral blood of asymptomatic
sero-positive individuals by culture and PCR targeting family
members and adjacent neighbours of patients with VL. Other
potential risk factors were also investigated.

Materials and methods

Study design and study population

A cross-sectional study was carried out amongst asymptomatic
and apparently healthy contacts of 155 patients with VL
recently diagnosed by parasitological methods. These patients
with VL (index cases) attended the Surya Kanta Kala-azar
Research Centre (SKKRC), Mymensingh district, Bangladesh, from
May 2013 to May 2014 for diagnosis and treatment. We chose
family members and adjacent neighbours as contacts of these
patients with VL because sand flies have a short flight range of
up to 200 meters.”° Using a non-probability sampling technique,
we selected a total of 257 contacts, of which 80.9% (208/257)
were family members and 19.1% (49/257) were adjacent neigh-
bours. Inclusion criteria were: age between 2 and 75 years old;
either sex; clinically healthy with no previous history of VL or
PKDL; family member residing in the same household as
patients with VL or adjacent neighbours without VL cases in the
household; and voluntary consent to participate in the study.
Female participants who were pregnant or breastfeeding were
excluded from the study.

Sample size calculation

In an endemic district of Bangladesh (Mymensingh), the preva-
lence of human VL was found to be about 3%.%! Assuming a
similar prevalence amongst contacts of infected individuals, a
sample size of 200 was determined to be sufficient to ensure
the estimated prevalence was correct within +3%. According to
this estimate, we surveyed 257 individuals.

Asymptomatic infection of Leishmania

Asymptomatic individuals with positive rk39 immunochromato-
graphic test (ICT) (SD BIOLINE Leishmania Ab rapid test, SD
Standard Diagnostics, Inc., Giheung-gu, Yongin-si, Gyeonggi-do,
Korea) and/or positive p-ELISA  (Human Pan-Leishmania
Antibody CELISA kit, Cellabs Pty Ltd, Brookvale, Australia) and/or
positive IFAT (Leishmania-Spot IF, bioMerieux, Marcy [Etoile,
France) results without clinical features and past history of
either VL or PKDL were considered to have an asymptomatic
infection of Leishmania in this study.

Collection of blood and relevant data

Blood samples and socio-epidemiological data were collected
from the family members who accompanied index VL cases at
the SKKRC. A house to house visit was done to collect data and
blood samples from the adjacent neighbours. About 3-4 ml of
venous blood was collected from each participant in a
Vacutainer® containing lithium-heparin (BD, Franklin Lakes, NJ,
USA). A complete medical history was obtained and a physical
examination was done before specimen collection. Socio-
demographic and epidemiological data collected in a structured
questionnaire included: residential address, age, gender, educa-
tional level, occupation, medical history, family income, housing
type, living with domestic animals, presence of pet/stray dogs
and rats in the households. Other factors comprised of animal
shelters, water sources, vegetation and accumulated garbage
found within an approximate 100 meter radius of residences of
study subjects. Written informed consent was obtained from
each participant before collecting relevant information and bio-
logical specimens. In case of participants less than 18 years old,
consent from parents or legal guardians was taken as proxy
informant. Their contact numbers were also recorded to inform
them of the test results. Data on samples and isolates were
coded and anonymized.

Field testing, culture and storage of specimens

Field testing by rk39 ICT, and culturing and storing of specimens
from family members were done at SKKRC. Blood samples from
the adjacent neighbours were brought to the Microbiology
Department of Mymensingh Medical College (MMC) for testing
with rk39 ICT and for immediate inoculation into culture media.
Plasma and buffy coat were separated after centrifugation at
3000rpm for 15 minutes at ambient temperature. Plasma was
tested for anti-Leishmania antibody by rk39 ICT. Buffy coats from
samples showing positive reaction with rk39 ICT were immedi-
ately seeded into Novy-MacNeal-Nicolle (NNN) media. The plasma
and buffy coat from each sample were stored at —20°C.

287



S. S. Banu et al.

Duplicate vials of NNN media with antibiotics (penicillin and
gentamycin) (Square Pharmaceuticals Ltd, Dhaka, Bangladesh)
were prepared for each buffy coat (about 250 ul in each med-
ium). Inoculated media were incubated at 24-26°C and exam-
ined weekly for up to 6 weeks. Positive isolates were sub
cultured every 2 weeks for maintenance. Thirty buffy coats were
inoculated from 37 individuals who tested positive by rk39 ICT.
Seven other samples were insufficient for Leishmania culture,
but their buffy coats were stored for further molecular analysis.
Culture media harvested from positive isolates were stored at
—-80°C.

Frozen specimens were transported in dry ice to Australia for
further serological and molecular testing.

Serological screening

Plasma specimens from study subjects were initially tested
for anti-Leishmania antibodies by rk39 ICT in Bangladesh. The
p-ELISA using mixed Leishmania promastigotes and IFAT using
whole promastigotes of the L. donovani complex were per-
formed in Australia on all samples following the manufacturer’s
instructions. Anti-Leishmania 1gG against Leishmania promasti-
gotes was detected by p-ELISA using 1:400 and by IFAT using
1:40 dilutions of assayed plasma. True negative and positive
controls confirmed by clinical, parasitological and serological
assays were included in all serological methods performed.

DNA extraction and PCR amplification

DNA was extracted from buffy coats obtained from sero-
reactive individuals and cultured promastigotes using QIAamp
DNA Mini Kit following the manufacturer’s instructions (QIAGEN,
Hilden, Germany). We extracted DNA from 74 out of 75 buffy
coats; one buffy coat was lost during laboratory processing.

The ribosomal internal transcribed spacer 1 (ITS1) region
(300-350 bp) was amplified using primers and methodology as
previously described.?? Amplicons were visualized and photo-
graphed under UV light in 1.5% agarose gels containing 2%
ethidium bromide.

DNA sequence analysis

Each amplicon was bidirectionally sequenced by Macrogen,
Koreaq, using respective forward and reverse primers. Sequences
were assembled and edited using the Sequencher 5.3 software
(Ann Arbor, MI, USA) and searched against GenBank using the
Basic Local Alignment Search Tool (BLAST). An identity value
greater than 99% was used to assign species identification.

Statistical analyses

Data were analyzed by using the statistical software IBM® SPSS
version 21 (IBM® SPSS Statistics, Armonk, NY, USA). Two-tailed
tests with a significance level of 5% were used throughout.
Continuous variables were summarized using the mean,
median and SD. Categorical variables were summarized by
percentages. The 95% CI for a proportion was calculated as
described previously.”® Either y*> or Fisher's exact test was
applied where appropriate for testing association between
categorical variables.

Results

Study population

The study participants (n=257) were from 14 sub-districts and
five metropolitan cities (Sadar) within eight different districts
(Mymensingh, Tangail, Gazipur, Jamalpur, Pabna, Sirajganj,
Shariatpur and Sherpur) of Bangladesh. Among them, 55.3%
(142/257) participants were male and 44.7% (115/257) were
female. The median age was 29 years (range 2-63) with the high-
est number of participants (35.8%, 92/257) in the 30-45 years
age group (Table 1). About half (122/257, 47.5%) of the indivi-
duals in the study group had received only primary level edu-
cation, 28.4% (73/257) were unschooled and 24.1% (62/257)
either completed or were doing their secondary schooling. The
distribution of socio-economic, epidemiological and environ-
mental characteristics of the study population is shown in
Table 2.

Table 1. Sero-prevalence of 257 individuals in contact with patients with VL divided by gender and age

Variables Number examined Positive by any of the 95% (I
n (%) serological tests n (%)
Gender
Male 142 (55.3) 48 (33.8) 26.5-41.9
Female 115 (44.7) 27 (23.5) 16.7-32.0
Age group (years)
2-15 68 (26.5) 12 (17.7) 10.4-28.4
16-29 68 (26.5) 18 (26.5) 17.5-38.0
30-45¢ 92 (35.8) 37 (40.2) 30.8-50.4
46-60 27 (10.5) 7 (25.9) 13.2-44.7
61-75 2(0.8) 1 (50.0) 9.5-90.6

9 p<0.05, significant association of sero-reactivity with 30-45 years age group.
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Table 2. Sero-prevalence of 257 individuals in contact with VL patients divided by socio-economic, epidemiological and environmental
variables

Variables Frequency Sero-prevalence p-value
n (%) n (%)

Type of contact

Family members 208 (80.9) 64 (30.8) NS

Adjacent neighbours 49 (19.1) 11 (22.4) NS
Educational status

Nil 73 (28.4) 24 (32.9) NS

Primary only 122 (47.5) 35(28.7) NS

Secondary or higher 62 (24.1) 16 (25.8) NS
Occupation

Farmers 70 (27.2) 29 (41.4) 0.002

Non-agriculture 32 (12.5) 10 (31.3) NS

Student 79 (30.7) 11 (13.9) NS

Housewife 68 (26.5) 24 (35.3) NS

Dependent 8(3.1) 1(12.5) NS
Family income

Very poor® 100 (38.9) 34 (34.0) NS

Poor® 118 (45.9) 29 (24.6) NS

Medium income group® 39 (15.2) 12 (30.8) NS
Type of housing

Mud/thatched house 196 (76.3) 55(28.1) NS

Concrete/brick 61 (23.7) 20(32.8) NS
Domestic animals in household

Yes 154 (59.9) 54 (35.1) 0.011

No 103 (40.1) 21 (20.4) NS
Households close to animal shelterd

Yes 207 (80.5) 68 (32.9) 0.009

No 50 (19.5) 7 (14.0) NS
Dogs within domestic vicinity®

Yes 175 (68.1) 52 (29.7) NS

No 82 (31.9) 23 (28.1) NS
Rats in household

Yes 226 (87.9) 67 (29.6) NS

No 31(12.1) 8 (25.8) NS
Use of bed-net

Yes 216 (84.0) 64 (29.6) NS

No 41 (16.0) 11 (26.8) NS
Houses close to water bodies?

Yes 165 (64.2) 55 (33.3) NS

No 92 (35.8) 20 (21.7) NS
Vegetation adjacent to household®

Yes 253 (98.4) 74 (29.2) NS

No 4 (1.6) 1(25.0) NS
Garbage close to household®

Yes 247 (96.1) 73 (29.6) NS

No 10 (3.9) 2 (20.0) NS

NS: not significant.

@ Income Bangladeshi (BD) Taka 2000-5000 (USS$26-64)/month.

® Income BD Taka 5001-10 000 (US$ 65-128)/month.

€ Income BD Taka 10 001-15 000 (USS 129-192)/month.

4 Close to’, ‘adjacent to’, ‘domestic vicinity’ terms were used to indicate the area within an approximate100 meter radius of the residences.
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Serology

Healthy contacts tested positive by any of the three serological
methods were considered as asymptomatic cases. Of the 257 par-
ticipants 75 were sero-positive by any of the tests performed show-
ing a point prevalence of 29.2%. Of those, 14.4% (37/257) were
positive by rk39 ICT, 25.3% (65/257) by p-ELISA, 18.3% (47/257) by
IFAT and 10.9% (28/257) by all three serological methods (Table 3).

Culture, PCR and species identification

Parasites grew from 10% (3/30) of buffy coats inoculated into
NNN media; the same individuals were also sero-reactive in all

Table 3. Prevalence of asymptomatic VL infections amongst 257
participants determined by different serological methods

Serological assays Prevalence, n (%) 95% CI

rk39 ICT 37 (14.4) 10.6-19.2
p-ELISA 65 (25.3) 20.4-30.9
IFAT 47 (18.3) 14.0-23.5
rk39 ICT, p-ELISA and IFAT 28 (10.9) 7.6-15.3
Positive in at least one test 75(29.2) 24.0-35.0

ICT: immunochromatographic test; IFAT: indirect fluorescent anti-
body test; p-ELISA: ELISA using promastigote antigen.

tests (Table 4). Direct PCR detection of parasite DNA from buffy
coats was found in 3% (2/74) sero-reactive individuals; these
two PCR positive individuals were also culture positive. ITS1
sequences obtained from three culture isolates showed 100%
identity to L. donovani species. Since all generated sequences
were the same, only one was deposited into GenBank with the
accession number of KT921417.

Risk factors

A significant number of individuals with asymptomatic infection
was found amongst those aged 30-45 years (p<0.05) (Table 1),
working as farmers (p<0.01), living with domestic animals in the
same household (p=0.01) and living close to animal shelters
(p<0.01) (Table 2). An increased tendency of sero-reactivity was
also observed in individuals whose houses were close to water
sources (p=0.05). No significant difference was observed by
other socio-economic, cultural and environmental variables
investigated in this study (Table 2).

Discussion

Due to the distinctive epidemiological features of VL in the
Indian subcontinent, management of symptomatic cases and
vector control activities are the principal objectives of the cur-
rent elimination program of the participating countries.'’
Detection and follow up of asymptomatic cases for clinical dis-
ease development are expected to improve eradication of VL,
because asymptomatic human carriers have been identified as

Table 4. Serological, molecular and socio-demographic details of three asymptomatic individuals from whom parasites were cultured

Variables

Participant 1

Participant 2

Participant 3

Personal details

Age 30 years
Gender Male
Educational status Primary
Occupation Service
Family status Poor®
Subdistrict/Upazila Trishal
District Mymensingh
Type of contact Family member
Duration of infection of Index case 8 months
Housing type Mud-house
Test results
rk39 ICT Positive
p-ELISA Positive
IFAT Positive
ITS1 PCR (buffy coat) Positive
DNA sequence analysis (culture) L. donovani

ICT: immunochromatographic test; IFAT: indirect fluorescent antibody test; ITS1: internal transcribed spacer 1.

@ Income Bangladeshi (BD) Taka 5000-10 000 (USS 65-128)/month.

b Income BD Taka <5000 (US$<65)/month.

25 years 42 years
Female Male
Uneducated Primary
Housewife Agriculture
Very poor® Very poor®
Gaffargaon Fulbaria
Mymensingh Mymensingh
Family member Family member
7 months 4 months
Mud-house Mud-house
Positive Positive
Positive Positive
Positive Positive
Positive Negative

L. donovani L. donovani
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potential reservoirs for VL transmission in other endemic
areas.*%* In Bangladesh, a few studies were conducted pri-
marily to evaluate the immunological status of VL in asympto-
matic individuals in an endemic district of Mymensingh.?%>:2
Only one of these studies performed PCR on buffy coats from
healthy blood donors who were sero-positive (0.3%), but no
parasite DNA was detected in any of the sero-reactive
donors.?® The other two studies did not look for evidence of
parasites in peripheral blood of sero-positive individuals. As
such, our study was designed to investigate whether asympto-
matic individuals could carry Leishmania parasites in their per-
ipheral blood when they were found to be sero-reactive. We,
therefore, cultured for live Leishmania promastigotes and
tested for parasite DNA from extracted buffy coats from sero-
reactive asymptomatic individuals who were in contact with
index VL cases.

We found a point prevalence of 29.2% by serology indicating
the presence of asymptomatic infection among individuals in
contact with patients with VL. Follow up examination and test-
ing of these sero-positive individuals at three months to one
year could reveal disease progression. Others have shown that
sero-positive individuals, who are asymptomatic, have disease
conversion rates of 10 to 69%.%*°

Several studies used buffy coat as a means to culture para-
sites from asymptomatic sero-positive individuals.”® Based on
those studies, buffy coats from rK39 ICT reactive samples were
inoculated into NNN media to detect live Leishmania parasites.
We used rK39 ICT to identify individuals likely to be carrying
Leishmania in their blood as it was a rapid screening test.
Moreover, the test has been shown to have a 100% sensitivity
and specificity for sero-diagnosis of VL in the Indian subconti-
nent.?’ Three (10%) of the inoculated cultures were found posi-
tive for Leishmania promastigotes in this study indicating that
asymptomatic sero-positive individuals can harbour live para-
sites in their peripheral blood. Similar numbers of isolates of
L. infantum were cultured from buffy coats in sero-positive
asymptomatic individuals with 4% (3/67) occurring in Spain®
and 12% (9/76) occurring in France.” Parasite detection in per-
ipheral blood of asymptomatic individuals by PCR (2.7%) in this
study was lower than that (4.2% to 25%) found in other studies
conducted in neighbouring India.’®!! These Indian studies were
carried out in the highest endemic state of Bihar, while our
study populations came from both endemic and less or relo-
tively non-endemic districts of Bangladesh. Here we found that
the three culture positive individuals were positive by all three
serological methods and two of their buffy coats were positive
for Leishmania DNA (Table 4). The failure of the PCR to detect
Leishmania DNA from the third buffy coat, that was culture posi-
tive, might be due to insufficient sample. The majority of the
buffy coat (2 x 250 pl) was used for culture. The remaining num-
ber of white blood cells present for DNA extraction might have
been insufficient for molecular detection. However, the sensitiv-
ity of peripheral blood cultures and parasite detection by PCR
could be improved with repeated attempts for isolating para-
sites and detecting parasite DNA from sero-positive individuals
every 6-12 months.&1%%% Further studies are required to quanti-
tate the number of parasites in the peripheral blood of these
carriers and determine whether these levels are sufficient for
transmission to the sand fly vector.

Family members and adjacent neighbors may have an
increased chance of infection as they share similar socio-cultural,
economic and environmental conditions as the index VL cases.
One study conducted in Bangladesh shows that living within
a 50 meter radius of patients increases the risk of developing VL
by threefold. The risk increases to 26-fold when living with a pre-
viously diagnosed case in the same household.?® Furthermore,
family members are genetically similar and this may predispose
them to acquiring the infection.? In our study, the three indivi-
duals from whom live parasites were isolated were family
members living in the same household. Therefore, screening of
asymptomatic family members and household contacts of
patients with VL by serology and monitoring sero-positive indivi-
duals for early case detection and management should be con-
sidered as part of the strategy for VL elimination.

Our study showed a higher sero-prevalence among adults of
30-45 years (p<0.05) as seen in other investigations.”*3° This
association with age might be explained by the longer period of
exposure to the disease-carrying vector in endemic areas.
However, most of the family members accompanying patients
with VL were adults (30-45 years age group) causing a selection
bias in our study.

A significant number of asymptomatic cases were found
amongst farmers (p<0.01). This supports a previous finding
from an Italian study which has suggested that agricultural
activities in rural environment are a significant risk for acquiring
Leishmania infection.®' Living with domestic animals in the
same household was also significantly associated with asymp-
tomatic infection in our study (p=0.01). This suggests that
domestic animals may act as potential reservoirs for Leishmania
as found in another study conducted in Nepal.*? In addition,
there was a significant association between asymptomatic
infection and proximity of human residences to animal shelters
(p<0.01) indicating that animal shelters and loose soil surround-
ing them are suitable breeding sites for Phlebotomus argen-
tipes.** Since the flight range of the phlebotomine sand fly is
estimated to be up to 200 meters,’° the disease prevalence is
likely to be enhanced when residing within the vector flight range
from their breeding sites. The restricted flight range could also
explain why there was a greater tendency of detecting asympto-
matic sero-positive individuals whose houses were close to water
bodies (p=0.05). An earlier study demonstrates that humidity
provided from water sources favors sand fly survival.**

Most of the sero-positive participants in our study were either
illiterate or poorly educated with very low socio-economic sta-
tus. They live in mud/thatched houses often with cracked walls
and floors which become damp during the rainy season, thus
favoring sand fly breeding and survival.”® Others also found pov-
erty as a risk factor for VL spread.>® However, this association
was not found in our study (p>0.05).

This study did have a selection bias by targeting family
members and adjacent neighbors for screening antibodies to
L. donovani complex. The majority of the family members who
accompanied patients with VL while attending SKKRC were
adults. Hence the observed prevalence and age specific distribu-
tion of asymptomatic infection cannot be generalized among
other strata of the population. Although serological tests cannot
distinguish between relapses, re-infections, and past infections
from individuals who have self-cured or received treatment for
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VL, we selected those asymptomatic individuals who did not
have a past history of VL or PKDL by scrutinizing their medical
records and treatment history. The other limitation of serological
tests is that they may miss those individuals who have a recent
infection, but not yet developed antibodies at this early stage.
We, therefore, suggest that a prospective study to follow up on
this target population is required to minimize the possible
underestimation in a single cross-sectional survey.

Conclusions

Asymptomatic infections were detected by rk39 ICT, p-ELISA and
IFAT among apparently healthy family members and neighbours
of patients with VL residing in various districts of Bangladesh. This
study shows that healthy sero-positive individuals can be carriers
of L. donovani and that detection from a single collection of per-
ipheral blood underestimates the true number of asymptomatic
carriers in an endemic community. Asymptomatic individuals
who are sero-reactive should be monitored for early detection
and managed under the VL elimination program, if clinical symp-
toms of disease appear. Further investigations are required to
determine whether these carriers of live Leishmania parasites can
act as reservoirs for this anthropophilic infection.
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