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Abstract

Background

Visceral Leishmaniasis (VL) is a neglected tropical disease that afflicts some of the poorest
populations in the world including people living in the Bihar state of India. Due to efforts from
local governments, NGOs and international organizations, the number of VL cases has
declined in recent years. Despite this progress, the reservoir for transmission remains to be
clearly defined since it is unknown what role post kala-azar dermal leishmaniasis (PKDL)
and asymptomatic infections play in transmission. This information is vital to establish effec-
tive surveillance and monitoring to sustainably eliminate VL.

Methodology/Principal Findings

We performed a longitudinal study over a 24-month period to examine VL transmission and
seroconversion in households with VL, PKDL and asymptomatic infections in the Saran

and Muzaffarpur districts of Bihar. During the initial screening of 5,144 people in 16 highly
endemic villages, 195 cases of recently treated VL, 116 healthy rK39 positive cases and 31
PKDL cases were identified. Approximately half of the rK39-positive healthy cases identified
during the initial 6-month screening period were from households (HHs) where a VL case
had been identified. During the 18-month follow-up period, seroconversion of family mem-
bers in the HHs with VL cases, PKDL cases, and rK39-positive individuals was similar to
control HHs. Therefore, seroconversion was highest in HHs closest to the time of VL dis-
ease of a household member and there was no evidence of higher transmission in house-
holds with PKDL or healthy rK39-positive HHs. Moreover, within the PKDL HHs, (the initial
31 PKDL cases plus an additional 66 PKDL cases), there were no cases of VL identified dur-
ing the initial screen or the 18-month follow-up. Notably, 23% of the PKDL cases had no
prior history of VL suggesting that infection resulting directly in PKDL is more common than
previously estimated.
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Conclusions/Significance

These observations argue that acute VL cases represent the major reservoir for transmis-
sion in these villages and early identification and treatment of VL cases should remain a pri-
ority for VL elimination. We were unable to obtain evidence that transmission occurs in HHs
with a PKDL case.

Author Summary

Visceral leishmaniasis (also known as kala-azar) caused by infection with L. donovani is a
deadly parasitic disease that afflicts some of world’s poorest populations, including the peo-
ple of the northern Bihar State of India. Once transmitted to a human by an infected sand-
fly, the L. donovani parasite migrates from the site of the sandfly bite throughout the
reticuloendothelial system, resulting in high levels of infection in the spleen, liver and bone
marrow that eventually lead to organ failure and death if not treated effectively. India,
Nepal and Bangladesh are currently engaged in a program to eliminate visceral leishmania-
sis, principally through early case detection, treatment and vector control. As humans are
the only reservoir for L. donovani, it is necessary to understand how the disease is transmit-
ted and specifically what role acute visceral leishmaniasis (VL) cases, asymptomatic infec-
tions and post kala-azar dermal leishmaniasis (PKDL) cases play in transmission. We
therefore performed a study to determine seroconversion for antibodies against the L.
donovani rK39 antigen as a surrogate for transmission in households with VL cases, asymp-
tomatic infections and PKDL cases in 16 highly endemic villages over a 2-year period in
Bihar, India. We observed that most transmission occurred in the VL households and fur-
ther that it occurred closest to the time of acute disease. We were unable to confirm that
transmission occurred in the households with either asymptomatic infections or PKDL
cases. These observations argue that active surveillance to diagnose and treat VL cases as
soon as possible to reduce transmission should remain a priority for VL elimination.

Introduction

Visceral leishmaniasis (VL), also known as kala-azar, is a neglected vector-borne disease
caused by a protozoan parasite, Leishmania donovani and is transmitted by the bite of infected
Phlebotomus argentipes sandflies. The estimated number of annual VL cases worldwide is 0.2—-
0.4 million per year, and the majority of the cases occur in India, Bangladesh, Sudan, Ethiopia
and Brazil [1]. India alone contributes up to 50% of the worldwide VL cases [1], and 80% of
these cases are from the northern Bihar State [2]. Most of the endemic population are from
rural areas living in mud adobe houses [3]. During the 2005 world health assembly, the gov-
ernments of India, Nepal and Bangladesh committed to eliminate VL with a target of less
than 1 case per 10,000 in all highly endemic regions by 2015 [4]. Although this date has been
extended, significant progress has been made largely due to the availability of point of care
diagnostics and effective treatments at the primary health care (PHC) level. However, this tar-
get will likely not be met in the near future in the Bihar state of India, which continues to have
the highest number of cases.

One of the challenges of eliminating VL is that not everyone who becomes infected mani-
fests with clinical disease. The role of asymptomatic infections and post kala-azar dermal
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leishmaniasis (PKDL) in transmission and maintenance of the human reservoir remains
poorly understood. Asymptomatic infections include a positive result from serological assays,
polymerase chain reaction (PCR), leishmanin skin test (LST) or IFN-y release assay (IGRA) [5,
6]. It is difficult to know how many asymptomatic carriers there are in the Indian subcontinent
because of the different study designs and assays used to identify asymptomatic carriers, but it
has been estimated to be in the range of 5-10 asymptomatic cases for each active VL case [5, 6,
7]. The immunological, nutritional, environmental and genetic factors that determine progres-
sion or protection against VL in asymptomatic cases of L. donovani infection are unknown.

PKDL usually appears several months after successful treatment of VL, but can more rarely
also occur in the absence of prior VL [8, 9]. PKDL cases are healthy but display a spectrum of
skin lesions ranging from hypo-pigmented macules to papules and nodules over the body and
face, which can be mistaken for other skin conditions including leprosy [8, 9]. In the Indian
subcontinent, PKDL occurs in about 5-10% of cured VL patients and in Sudan it occurs in up
to 50% of cured patients. It has been reported that PKDL represents a reservoir capable of
starting new epidemics of VL [10], however this requires verification and more study. Since
PKDL does not cause clinical discomfort, patients rarely seek treatment.

Only a few longitudinal studies have been performed and these have shown that living in
the same household (HH) with a VL case strongly predisposes individuals to developing VL
[11, 12]. However, several aspects of VL transmission and development require investigation,
including the role of PKDL and asymptomatic infections in transmission. The assumption of
this study was that transmission occurs in VL and PKDL HHs, but the relative levels of trans-
mission between these reservoirs remains to be determined. The contribution asymptomatic
infections have on transmission is not known. Understanding the relative contributions of L.
donovani transmission by individuals with PKDL and asymptomatic infections is crucial for
designing control and elimination strategies [13, 14]. To address these issues, a longitudinal
study was undertaken to follow family members from households with asymptomatic and
PKDL cases alongside households with VL cases. Transmission to family members in these
households was determined by monitoring the development of new VL cases and conversion
to rK39-positivity over a period of 24 months.

Since this was a longitudinal study involving thousands of individuals, it was necessary to
use an assay acceptable to the population and which could be performed routinely in the field.
The rK39 rapid diagnostic test (RDT), which detects the presence of antibodies against the
K39 L. donovani antigen, was therefore used. Although this assay is not sensitive enough to
identify all asymptomatic infected cases, it does have the same sensitivity and specificity for
each group and thus provides an accurate comparison of relative seroconversion between
groups. Individuals with higher rK39 or DAT antibody titers have been reported to be associ-
ated with higher conversion rates to VL than people with low antibody titers [15,16,17]. We
therefore believe that the rK39 RDT was an appropriate assay for comparing transmission
between different cohorts in this longitudinal study.

Methods
Sample size

Our primary aim in conducting the study was to test the hypothesis that there is greater trans-
mission in households (HH) in which there are VL cases than in HH with healthy rK39-posi-
tive individuals or HH with only PKDL cases. Cumulative incidence of rK39 seroconversion
in each of the cohorts over the course of the study was used as the measure of transmission.
Sample size was calculated based on the assumption that at least 6% of the population in the
highly endemic regions would become asymptomatically infected and seroconvert over 2
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years [7,16,18]. In order to detect an odds ratio of 3.0 in the difference in seroconversion risk
between any pair of cohorts, with a significance of 0.05 and a power of 0.8, at least 151 people
were required in each cohort.

Selection of endemic villages and screening

Sixteen highly endemic villages from the Paroo, Sahebganj, Baniyapur and Marhoura blocks
were selected on the basis of having the highest number of VL cases in 2012 and 2013 in the
highly endemic Saran and Muzaffarpur districts in the state of Bihar. Using medical records
from the primary health centers (PHC) to identify previously treated VL cases and corre-
sponding village addresses, a survey was conducted by field technicians in the selected villages
to obtain details from all VL affected HHs including details of illness, diagnosis, treatment and
affected family members using a structured questionnaire. Within the 16 villages, 1442 HH
were in the highly endemic area and 203 HH were removed from the study since they had VL
cases 2 years previous to the study (2011 or earlier). Of the 1239 HH remaining, the population
was determined to be 8805 of which 5144 were tested with the rK39 RDT since not everyone
was available during the serology camps and furthermore, we restricted our screening activity
to the endemic clusters of the villages. Inclusion criteria were all individuals living in the
endemic villages. The only exclusion criteria included members from HHs with VL cases 2
years prior to the study since we were unsure what effect this could have on transmission and
children below the age one year old. Serology was also performed in the endemic villages with
the rK39 (InBios Inc.) rapid diagnostic test (RDT). Baseline data on VL cases, rK39 serology,
and PKDL incidence was obtained from April—October, 2013. Follow-up in the same
endemic villages was performed every 6 months for 18 months up to April 2015 to identify
new VL and PKDL cases, and to repeat serological testing with the rK39 RDT. Conversion to
rK39-positive was considered the criteria for transmission of L. donovani. VL cases were iden-
tified as having fever for more than 2 weeks, splenomegaly and a positive test on the rK39
RDT. PKDL cases were identified using the rK39 RDT and microscopy on skin biopsies. The
rK39 RDT was performed on a finger-prick drop of blood according to the manufacturer’s
(InBios Inc.) instructions.

One hundred and fifty-two healthy control HHs from the same endemic villages where the
entire family were healthy and rK39-negative were also selected for the 18-month follow-up
period. Four cohorts of HHs were identified: VL, PKDL, healthy rK39-positive, and control.
Retrospective studies of an additional 49 PKDL cases were also carried out on cases admitted
and treated in 2012 and 2013 at the Rajendra Memorial Research Institute of Medical Sciences
(RMRIMS) and on 17 PKDL cases identified beyond the 16 study villages.

Data collection, monitoring and analysis

A written register was maintained in each participating PHC containing the details of HH
members and addresses, and the rK39 test strips were attached to the register for display
against the names of VL, PKDL, rK39+ healthy and control cases. Each of the 4 PHCs in the
Paroo, Sahebganj, Baniyapur and Marhoura blocks had 2 technicians and one field surveyor to
facilitate and carry out the screening activities in the villages. The project team of RMRIMS
undertook regular monitoring of rK39 RDT screening activities in the selected endemic vil-
lages. The role of the project monitoring team was to supervise the screening activities and
provide technical guidance. During the field monitoring activities, health camps were rou-
tinely conducted in the endemic villages where local villagers were examined and treated by
the clinician of the project team for minor illness and distribution of basic medicines including
analgesic, anti-diarrheal tablets, iron supplements, cough syrup and de-worming treatment.
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Treatments were the same for each cohort. The health camps were necessary to obtain the con-
fidence of the rural population for repeatedly screening with the rK39 RDT and at the same
time provided relief from common illness. During the field monitoring, VL cases under treat-
ment were also followed and given necessary advice to complete the treatment.

The data generated in the field was doubly entered in the software Epi Info version 3.5.1,
specifically designed for the study independently by two Data Entry Operators. Upon comple-
tion of the 2™ entry, the two files were compared. In case of discrepancies, corrections were
made after reviewing the original questionnaire and data entry forms. The online software,
GraphPad QuickCals was used for data analysis. Fisher’s Exact two-tailed tests were performed
to determine whether there were significant differences between the different cohorts. Odds
ratios for family members converting to rK39-positive were calculated for the different cohorts
(VL, PKDL and healthy rK39-positive households) for follow-up months 6-18 using online
MedCalc statistical software.

Ethical considerations

The study was approved by the ethics committee of Rajendra Memorial Research Institute of
Medical Sciences (RMRIMS), Agamkuan, Patna, India. Before the start of screening activities,
written informed consent was obtained for participation in the study and issues regarding con-
fidentiality, publication and approval of participation obtained by signature or thumb impres-
sion in the presence of a witness.

Results

Sixteen highly endemic villages were selected in the Muzaffarpur and Saran districts of Bihar
on the basis of clinical record information from local PHCs revealing these villages to be highly
endemic for VL. Household (HH) heads were interviewed and the village populations tested
with the rK39 RDT to detect the presence of antibodies against the K39 L. donovani antigen.
At the study baseline, 5144 individuals were tested with the rK39 RDT from 1442 HH within
the 16 selected villages in the Muzaffarpur and Saran districts of Bihar. Fig 1 outlines the differ-
ent cohorts identified, including VL, PKDL and healthy rK39-positive individuals. The age
and sex of the different cohorts is summarized in Table 1. The incidence of VL cases from
April—October 2013, calculated as a percentage of the screened population that had VL, was
similar in each age category (there were no statistically significant differences). The age inci-
dence distribution was similar in the healthy rK39-positive group, but with lower incidence in
the 16-30yr age group (p < 0.0001). In the PKDL group, there were no statistically significant
differences in incidence between age groups.

From the initial baseline screening, VL, PKDL and healthy rK39-positive cases were identi-
fied (Table 2). There were 195 cases of VL where 170 HH had one case, 11 HH had 2 cases and
1 HH had 3 cases. There were also 54 healthy rK39-positive cases identified in the VL HHs.
There were 31 PKDL cases identified in 31 HHs in which no other family members had VL,
PKDL or were rK39-positive. There were 116 healthy rK39-positive cases in which 54 were
from the VL HHs and 62 were from non-VL HHs. The fact that almost half of the rK39-posi-
tive cases were from VL HH (54/886 RDTs from VL HHs versus 62/4258 RDTs from non-VL
HH), this demonstrates that transmission was more likely to occur in the VL HHs than in
the non-VL HHs (Odds ratio = 4.39, 95% confidence interval = 3.03-6.37, z statistic = 7.8,

p < 0.0001).

Household members from the VL, PKDL and asymptomatic rK39-positive cohort HHs
were then followed prospectively for 18 months to determine how many converted to
rK39-positive (Table 3). For this analysis, 692 individuals from 152 HH living in close
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Initial Number of Households (HHs) (1442)

203 HHs with VL cases in 2011 &
earlier excluded

A 4

\ 4
Number of HHs Followed-up (1239)

A 4
Population Surveyed (8805)

\ 4
Population tested with rK39 (5144)

A 4

\ 4 A 4 A 4
31 PKDL Cases 195 VL Cases 116 Asymptomatic (rK39 +ve)
\ 4
v v
54 VL HH 62 Non VL HH

Fig 1. Outline of the different cohorts identified during the initial screening.
doi:10.1371/journal.pntd.0005196.9001

proximity to the VL HHs were selected as controls where all family members were healthy and
rK39-negative. An interesting observation from the 18-month follow-up was that the number
of new conversions to rK39-positive was relatively few in the VL HHs (24 cases); [8(at 6
months) +13(at 12 months) +3(at 18 months) = 24] compared to the initial screen at 0 months
(54 cases). This is likely because the VL cases had all received treatment and thus become less
infectious to the sandfly vector resulting in less transmission to family members during the
18-month follow-up. Seroconversion in the VL HHs was similar to the control HHs [10(6
months) + 4(12 months) + 2(18 months) = 16 cases in control HH] (p = 0.6332 for a test of dif-
ference in seroconversion incidence). Seroconversion to rK39-positive during the 18-month
follow-up was also low in the HHs with existing healthy rK39-positive cases (2 cases) and the
PKDL HHs (2 cases) and was less than in the control HH. In the VL HHs, 34 of the 54
rK39-positive healthy cases became rK39-negative and one developed PKDL during the
18-month follow-up. In the healthy rK39-positive HHs, 36 of the 62 rK39-positive cases
became rK39-negative, one developed VL and one developed PKDL during the 18-month fol-
low-up.

Overall, these observations show no significant increased transmission to new rK39-posi-
tive cases in the VL, rK39-positive and PKDL cohorts compared to the control cohort during
the 6-18 month follow-up. This suggests that most seroconversion in family members
occurred closest to the time of disease during the initial screening period (Table 2).
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Table 1. Demographic Characteristics of Cohorts at the Baseline Survey.

Characteristics and age group (yrs) Screened Population’ No. Male No. Female Total (incidence,%)? p-value®
Visceral Leishmaniasis cases
1-15 2283 45 39 84 (3.68%) 0.36
16-30 1136 15 14 29 (2.55%) 0.026
31-45 817 25 17 42 (5.14%) 0.50
> 46 908 24 16 40 (4.41%) Reference
Total 5144 109 86 195 (3.79%)
Healthy rK39 —positive cases
1-15 2283 16 34 50 (2.19%) 0.035
16-30 1136 4 7 11 (0.97%) <0.0001
31-45 817 10 13 23 (2.82%) 0.41
> 46 908 18 14 32 (3.52%) Reference
Total 5144 48 68 116 (2.26%)
PKDL cases
1-15 2283 6 11 17 (0.74%) 0.22
16-30 1136 2 5 7 (0.62%) 0.53
31-45 817 2 2 4 (0.49%) 0.71
> 46 908 3 0 3(0.33%) Reference
Total 5144 13 18 31 (0.60%)

1. Atotal of 5144 rK39 RDTs were performed from 1239 HH in 16 highly endemic villages.

2. Incidence calculated as the percentage of the screened population in each age group who had VL, were rK39+ or had PKDL from 04/2013-10/2013.
3, p-values calculated using Fisher's Exact two-tailed test. Significance determined at p < 0.05/3 = 0.017 using the Bonferroni correction to account for
multiple comparisons.

doi:10.1371/journal.pntd.0005196.t001

Considering the above observations, we were interested to further examine transmission in
PKDL HHs since it has been generally held that PKDL HHs represent an important reservoir
for transmission of VL [10]. We therefore identified an additional 66 cases of PKDL and per-
formed rK39 RDTs on all of their family members, and also determined whether any of their
family members developed VL or PKDL over an 18-month period. We further stratified these
additional 66 PKDL cases and the original 31 cases (from Table 1) according to clinical presen-
tation, including whether the lesions were macular, papular or nodular. As shown in Table 4,
about 60% of the cases were macular followed by about 30% mixed and about 10% nodular. It
is noteworthy that there were no cases of VL among the HH family members living with the

Table 2. Number of Cases Identified in Initial Screening (Months 0-6) in Households with VL, PKDL and rK39-positive.

Household Category |No. of rK39 RDTs performed on family members2 | No. VL cases® | No. rK39 positive healthy cases | No. PKDL cases

VL 886 195 54 0
rk39-positive’ 261 0 624 0
PKDL® 153 0 0 31
Healthy 3844 0 0 0

1. Includes rk39-positive cases outside of VL HHs

. A total of 5144 rK39 RDTs were performed from 1239 HH in 16 highly endemic villages.

3. From 182HH where 170 HH had 1 case of VL, 11 HH had 2 cases of VL, 1 HH had 3 cases of VL and 47 VL HH had 54 healthy rK39-positive cases.
4 49 HH had 1 case of rK39 (+) healthy, 5 HH had 2 cases of rK39 (+) healthy, 1 HH had 3 cases of rK39 (+) healthy.

5. None of the PKDL HH had VL or rK39 (+) healthy cases.

2

doi:10.1371/journal.pntd.0005196.t002
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Table 3. Transmission: New rK39-positive Cases during the 6-18 Month follow-up.

Baseline rK39 positive cases New rK39 positive cases identified
Category / No. 0 Months (Baseline) 6 Months 12 Months 18 Months Transmission®6—18 month
Households (HHs) (follow-up) (follow-up) (follow-up) No. positive/No. tests (%)
No.! No. No. No. No. No. No. No.
Tests posit Tests Posit Tests Posit Tests Posit
VL/182 HHs 886 542 1024 8 1051 13 1007 3 24/3082 (0.78)
Healthy rk39+ /55 HHs 261 623 316 0 314 1 309 1 2/939 (0.21)
PKDL /31 HHs 153 0 187 0 161 0 167 2 2/515 (0.39)
Control®/ 152 HHs 692 NA* 859 10 845 4 783 2 16/2487 (0.64)

!, Indicates number of rK39 RDTs performed on family members for each cohort.
2 There were 54 healthy rk39-positive cases of whom one developed PKDL and 34 became seronegative during the 18 month follow-up.

8 There were 62 healthy rk39-positive cases of whom one developed VL, one developed PKDL, and 36 became seronegative during the 18 month follow-
up period.

4 NA: not applicable since these HH were selected to be all rK39-negative at baseline.

5. Indicates number of new positives/total number of rk39 RDTs for the 6 to 18 month follow-up.
6. Control HHs contained rk39-negative healthy individuals.

doi:10.1371/journal.pntd.0005196.t003

97 PKDL cases at baseline or follow-up. There were only 3 cases of individuals becoming
rK39-positive in which 2 were from the 18-month follow-up performed on the original 31
PKDL cases identified in Table 4. Considering the entire PKDL cohort, the risk of conversion
to rK39-positive was not greater than in the control group in Table 3.

There appears to be an increased number of PKDL cases treated in Bihar since currently
there are more patients treated for PKDL than for VL at RMRIMS. We therefore also deter-
mined how many of the PKDL cases were in fact post kala-azar or developed PKDL without
prior treatment of VL. A total of 23% were not previously treated for VL revealing a substantial
number of PKDL cases developed from asymptomatic cases without conversion to VL. There-
fore, the development of PKDL without VL is relatively common in these communities.

Discussion

The reservoir for VL transmission in South East Asia remains poorly understood and this is
hampering the development of strategies for sustainable VL elimination. The objective of this
longitudinal study was to compare households with VL, PKDL and healthy rK39-positive
cases with respect to family members developing VL or becoming rK39-positive. The major

Table 4. VL and rK39 serology in Family Members of PKDL Households.

Lesion Type Number Transmission over 18 Months
VL rK39 (+)
Macular 58 0 2
Papular 2 0
Nodular 9 0 0
Mixed 28 0 1
Total 97 (31+17+49) 0 3

'. The 31 PKDL cases were from the original screening of the 16 villages described above, 17 cases were
identified beyond the 16 villages and 49 cases were recently admitted and treated at RMRIMS and their
family members were followed prospectively as described above.

doi:10.1371/journal.pntd.0005196.t004
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observation was that transmission to rK39-positive in family members occurs predominantly
in VL HHs and that transmission occurs close to the time of disease, presumably when parasite
levels are highest prior to treatment. Seroconversion in VL HHs after treatment (6-18 month
follow-up), in rK39-positive healthy HHs and in PKDL HHs was similar to control HHs. This
was somewhat surprising since it is widely believed that PKDL represents an important reser-
voir for transmission [10]. Similarly, transmission in a HH with a healthy rK39-positive indi-
vidual appears to be relatively minor as only 7 out of 55 HH had more than one rK39-positive
individual during the initial screen and there were relatively few (only 2) new rK39-positive
cases identified during the 18-month follow-up in these HHs. The low level of transmission in
HH with a healthy rK39-positive individual compared to HH with a VL case could be due to
the much lower level of parasite in the blood of asymptomatically infected individuals. It has
been reported that asymptomatic individuals have 0.01-5 parasites per ml of blood compared
to 8-50,000 parasites ml of blood in VL cases [19]. Considering that a sandfly blood meal is
about 10 ul; this would represent less than a single parasite from the asymptomatic cases with
the highest level of parasitemia. This low level of parasite in the asymptomatic cases [19] indi-
cates that these individuals have developed immunity to control parasite levels and it will be
important to understand how tolerance develops in these individuals. Similar villages as identi-
fied in this study could be useful for such studies and perhaps identify in advance which vil-
lages are vulnerable to future outbreaks.

During the follow-up period, over half (70/116) of the healthy rK39-positive cases became
rK39-negative, 1 developed VL and 2 developed PKDL. These observations are consistent with
a previous study reporting that within one year about 80% of healthy rK39-positive cases
became seronegative [16] and one out of 50 direct agglutination test (DAT)-positive cases
developed VL [7].

In Nepal, it has been reported that about 5% of treated VL patients subsequently develop
PKDL [20] whereas in Bangladesh and India the conversion to PKDL is about 10% [21, 22].
We observed that about 23% of PKDL cases had not previously been diagnosed with VL and
this is consistent with a previous study reporting that 18% of PKDL cases had no prior history
of VL [23]. These observations bring into question whether the term ‘post kala-azar dermal
leishmaniasis’ is accurate since a significant number of PKDL cases are not associated with
prior kala-azar. It is unclear what evolutionary advantage there is for L. donovani to cause
PKDL since the observations from this study suggest that PKDL does not appear to provide a
major reservoir for transmission. Alternatively, PKDL may arise as a result of the host protec-
tive immune response in some individuals.

Taken together, the observations from this study fail to provide evidence that PKDL repre-
sents a risk factor for development of VL or becoming asymptomatic rK39-positive. It will be
necessary to follow a larger cohort of family members of PKDL cases with nodular lesions to
determine if nodular cases transmit, since there are a larger number a parasites in the nodules
than in macular lesions [22]. Even though PKDL may not be a major source of disease trans-
mission, it may nevertheless represent a potential reservoir that maintains the parasite in these
endemic regions for long periods and in some instances could be a source of infection in sand-
flies [10]. Based on these observations, consideration should be given to the management of
PKDL, including whether treatment is justified considering that current therapies are highly
toxic and have low compliance.

It is important to appreciate that rK39-positive seroconversion is only one criteria to iden-
tify asymptomatic infections with L. donovani and was used in this investigation as a tool to
study transmission and not to identify all of the asymptomatic cases in the endemic villages.
Other assays such as the IFN-vy release assay (IGRA), leishmanin skin test (LST), DAT or PCR
will identify more cases. Currently, there is no universal definition of an asymptomatic L.
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donovani infected individual. Moreover, there is no simple assay to measure parasite load in
VL or asymptomatic infections, which would help to identify the L. donovani reservoir more
precisely and perhaps identify those asymptomatic cases at risk of progression to disease.
Xenodiagnosis and sandfly infection studies involving households with VL, PKDL and
rK39-positive cases could also help establish a better understanding of the reservoir for trans-
mission of L. donovani to the sandfly vector and maintenance of the L. donovani reservoir in
Bihar.

It has been reported that a higher antibody titer in asymptomatic cases is associated with a
greater likelihood of progression to VL [15,16,17]. Since the rK39 RDT requires a higher titer
to be positive than an rK39 ELISA [24], this would suggest that the rK39 RDT could identify
those with higher antibody titers and therefore greater risk of progression to VL. However, we
identified only one case of VL developing in a healthy rK39-positive individual over the
18-month follow-up period. This suggests that seroconversion using the rK39 RDT may not
provide a strong prognostic indication of VL.

It is noteworthy that once a cluster of VL cases in an endemic village is identified for study,
the local epidemic is already at the tail end, which makes longitudinal studies such as the one
reported here difficult to perform. It would be useful in future to perform the rK39 RDT on
family members and surrounding HH as soon as a VL case reports to a PHC for treatment.
This could establish a cohort at the beginning of a local epidemic and could also help to define
a potential cohort for future vaccine trials.

Although these observations provide insight into VL transmission in highly endemic vil-
lages, further studies are needed to understand how the parasite reservoir is maintained in
areas where there are very few VL cases, such as in the hilly regions of Nepal and Bhutan [25,
26], and why VL cases tend to cluster and occur in shifting and tightly localized areas. With
respect to control measures, the results from this study argue that every effort should be made
to identify and treat acute VL cases as soon as possible, since this appears to be the major
source of transmission. This is consistent with a recent study involving mathematical modeling
which likewise concluded that shortening the time to diagnose and treat VL cases would result
in a dramatic reduction in the incidence of new VL cases [27]. One approach to improve sur-
veillance of VL among large rural populations would be to expand and strengthen the training
of village accredited social health activists (ASHA) to identify VL cases in endemic villages and
ensure treatment at the local primary health care centers [28, 29]. This will require continuing
strong commitment from NGOs, and local and national governments.
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