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Background: India alone contributes nearly 54% of the global load of new cases
of leprosy and 21% to global helminthic parasitic infection cases. Research
studies have suggested that Soil-transmitted helminth (STH) infection can
regulate the host's immune response and make them susceptible to leprosy.
This study aimed to investigate the association between helminth infection
and leprosy.

Materials & Methods: Stool samples (n=360) were collected from 96 patients
and 264 household contacts (HHCs) from the endemic region in Purulia (West
Bengal) and Champa (Chhattisgarh) India. Samples were examined
microscopically for the presence of intestinal helminthic parasites; Cytokine
profiling (IFN-v, IL-12, IL-10) was performed by ELISA on a subset of helminth-
positive and negative patients to assess immune responses.

Results: Intestinal parasites were detected in 26% of leprosy patients and 17% of
HHCs. Male patients with helminth infection had a significantly higher risk of
multibacillary leprosy (OR = 2.60; 95% Cl: 1.22-5.55; p = 0.019); no significant
association was observed in females or overall, between cases and HHCs. IFN-y
levels were significantly reduced in helminth-positive cases (mean 19.70 pg/ml)
compared to helminth-negative cases (mean 46.60 pg/ml; p < 0.02), indicating
Thl suppression. IL-12 and IL-10 levels did not differ significantly between
groups. Over five years, 30 HHCs developed leprosy, but no significant
association with baseline helminth status was observed (p = 0.816).

Conclusion: Although STH co-infection suppressed Thl responses in leprosy
patients, no direct population-level association with leprosy incidence was
established. Integrated parasite control measures may complement leprosy
programs by mitigating potential immunomodulatory risks, particularly in high-
burden settings.
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Introduction

Leprosy is an infectious disease caused by Mycobacterium (M).
leprae or M. lepromatosis that primarily affects the skin and
peripheral nerves (1, 2). This disease is prevalent in more than
182 countries worldwide, posing a significant health problem,
particularly in developing nations. India, for instance, was
declared to have achieved the elimination of leprosy as a public
health problem in 2005 after attaining the prevalence rate (PR) of
<1/10,000 cases set by the World Health Organization (WHO) (3).
However, still the country witnessed a 37.7% surge in the detection
of new cases in 2022 compared to the previous year, and it still
harbours 54% of the world’s leprosy patients (4).

In addition to the above, Asia accounts for nearly 70% of the
global burden of soil-transmitted helminths (STH) infection, with the
highest prevalence in India (21%) followed by China (18%) (5). The
main species that infect humans include Ascaris lumbricoides,
Trichuris trichiura, and Ancylostoma duodenale/Necator
americanus. These worms reside in the host’s intestines and
produce numerous eggs daily, which are discharged in the
environment like soil and water. Infection most commonly exists
in rural communities in warm, humid climates with poor sanitation.
Those most affected are usually the economically disadvantaged. The
eggs of these helminths which are present in human waste can lead to
soil contamination in areas with inadequate sanitation. This implies
that people living in these regions with poor sanitation are prone to
helminthic infections and are more likely to contract them (6).

Leprosy is manifested in different clinical spectral
forms depending on the host’s immune response, which may
vary from person to person. While Tuberculoid (TT) or
Paucibacillary (PB) leprosy patients show a Thl immune profile
with higher levels of interleukin-2 (IL-2) and interferon-y (IFN-vy),
lepromatous (LL) or multibacillary (MB) patients exhibit a Th2
immune profile with the rise in IL-10 and IL-4 interleukins (7). A
study has suggested that co-infection with helminths is associated
with the development of multibacillary leprosy. This association
may be attributed to the induction of a Th2-biased immune
response in the host (8, 9). This type of immune response is
characterized by the production of Th2 cytokine (IL-10) typically
associated with allergic and humoral immune reactions. Thus,
altered immune responses may increase the vulnerability of
individuals to MB forms of leprosy (8, 10).

Building on this immunological interaction, it is hypothesized that
helminth infections—especially STH—might actively influence host
immunity, potentially undermining resistance to M. leprae. Various
studies indicate that STH infections can downregulate protective Thl
responses, leading to a shift in the immune balance towards a Th2-
dominant or humoral response (11-13). This shift could impair
macrophage activation and intracellular killing mechanisms, which
are crucial for controlling M. leprae, thereby increasing vulnerability to
more severe, multibacillary forms. While epidemiological data support
this association to some extent, direct laboratory evidence is still
lacking. Understanding the immunomodulatory role of STH in
leprosy is vital, as it may impact clinical manifestations, disease
progression, and treatment outcomes. Testing these hypotheses
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through well-designed in vitro or in vivo models is essential for
elucidating these mechanisms and guiding integrated disease
management strategies.

Moreover, recent studies have indicated that co-infection with
STH may affect the occurrence of lepra reactions at diagnosis. In
endemic regions where both infections coexist, immune
reconstitution following deworming might provoke inflammatory
episodes due to the halt of chronic helminth-induced immune
suppression (14). This finding highlights an essential intersection
between parasitic and mycobacterial diseases, underscoring the
need for further exploration of the intricate interactions between
host immunity, environmental factors, and co-infections.

The present research involved diagnosing STH by examining
stool samples under a microscope to detect eggs and larvae, aiming
to assess the role of infections in susceptibility to leprosy. The study
was carried out in leprosy-endemic areas - the Purulia district of
West Bengal and the Champa district of Chhattisgarh, which are
known for their high prevalence rates of leprosy [PR of Champa
(1.54/10,000) and of Purulia (3.55/10,000] and helminth infections
(15). A cohort of 96 leprosy cases and their 264 household contacts
(HHC) were followed for over five years at 6-month intervals for the
development of leprosy. Additionally, levels of Thl and Th2
cytokines were measured using enzyme-linked immunosorbent
assay (ELISA) was used in leprosy cases (with and without STH
parasitic infections) in whole blood culture assays. This study is the
first of its kind in India to specifically address the interplay between
two major neglected tropical diseases in understanding the
susceptibility to leprosy.

Methodology
Study subjects’ recruitment

The study included a total of 96 cases of leprosy and 264 of their
household contacts (HHCs) who were enrolled after providing
informed consent, following the ethical standards and guidelines of
the Indian Council of Medical Research and TLMTI Ethical
Committee. All leprosy patients, along with their household contacts,
were systematically categorized based on sex, age, and specific type of
leprosy (as detailed in Table 1). This classification underscores the
importance of understanding the demographics and variations in
leprosy cases for more effective intervention and treatment strategies.
All participants were newly diagnosed with untreated leprosy and
received care at The Leprosy Mission Trust India in the Purulia district
of West Bengal and in the Champa district of Chhattisgarh, India.
Qualified physiotherapists assessed all leprosy patients and
subsequently confirmed their diagnosis by dermatologists in a TLM
hospital in a leprosy-endemic area.

* Voluntary Participation: Prior to participation, patients
were adequately explained about the study and provided
their consent in an informed manner.

¢ Community Outreach: The field assistant obtained the
addresses of enrolled leprosy patients from the TLM hospital
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TABLE 1 Demographic details of the leprosy patients and their household contacts who developed leprosy.

Purulia district of West Bengal

Vieie] Mean age Chi-square
Category samples : 9 PB a Odd ratio
(in years) +SD (P value)
number
2.09 (95% CIL:
Male 48 344 + 147 2 (4%) 46 (96%) 0.0001 (95%
0.17-26.4)
Index cases
Female 12 35.1 + 14.9 1 (8%) 11 (92%)
Male 62 29.3 + 14.7 3 (5%)* 5 (8%) * N/A N/A
HHCs
Female 85 29.3 £ 152 4 (5%)* 2(2%) *
Total number 207
Champa District of Chhattisgarh
Total Mean age Chi-square .
Category Sex . 9 PB MB q Odd ratio
Samples (in years) +SD (P value)
26.82 (95% CL: 1.12
Male 29 344 £ 147 0 29 (100%) 0.0005 (05%
- 644.44)
Index cases
Female 7 309 £ 152 2 (29%) 5 (71%)
Male 54 29.6 £ 154 (0) * 8 (15%) N/A N/A
HHCs
Female 63 29.1 £ 152 3 (5%) * 5 (8%) *
Total number 153

(*HHCs developed a type (PB & MB) of leprosy after follow-up of 5 years); N/A, not applicable; Significant results are shown in bold (P<0.05); OR (odds ratio); CI (confidence interval).

registration desk and subsequently visited their residences to * Residing in an endemic area: Patients were selected from areas
enrol household members in the study. One day prior to with known prevalence of leprosy and helminthic infections.

sample collection, the field assistant explained the procedure * No recent deworming treatment: At the time of sample
for stool sample collection and provided appropriate collection period, it was confirmed from the ASHA workers
containers with labelling code to all participating households. regarding whether any recent deworming treatment was
The following morning, both the laboratory technician and the done or not in the community. It was noted from the ASHA
field assistant collected the stool samples and processed them workers and local authorities of Public Health Centres that
according to standard methods for the laboratory detection of there was no such deworming programme was carried out
helminthic parasites. in the community in the recent past.

« Exclusion Criteria

StUdy setting and context * Patients on recent anti-helminthic treatment
e Severe illness or complications that prevent participation.

The cohort study was conducted in two leprosy-endemic areas: the  Inability to provide stool samples

Purulia district of West Bengal and the Champa district of * Pregnant or lactating women.

Chhattisgarh. The prevalence rate (PR) of leprosy at Purulia was

recorded as 3.55/10,000, and that of Champa was recorded as 1.54/ Time Period

10,000 population (16). We selected these sites because leprosy patients

and the areas were endemic for both leprosy and STH infection. e We gathered details about new leprosy patients from the
o Inclusion criteria medical records at the TLM hospital. The study lasted for

three years, and we recruited patients for two of those years.
* Confirmed diagnosis of leprosy: We have verified cases of

leprosy at TLM Hospital and classified them according to Age Range
WHO criteria as either PB or MB leprosy.

* Consent form: Patients and their household contacts *  Weincluded a wide range of participants, consisting of both
provided their consent and expressed their willingness to adults and children, with ages ranging from 5 to 75 years.
participate in this study and provided their stool samples This approach ensures representation of both elderly
for detection of helminthic parasite. patients and children in the leprosy community.
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Stool specimen collection

We gathered stool samples the day after commencing multidrug
therapy (MDT) for the primary patients and subsequently collected
samples from their household contacts living in the same home. The
stool samples are collected early in the morning from the patients’
residences. Stool specimens were collected in plastic wide-mouthed 10
ml stool containers and were distributed to all household members in
the evening. Before collecting the specimen, the containers were
labelled and distributed to the patients with their household name
with sample code numbers and collection dates and times. The
following morning, the technician collected plastic containers
containing stool specimens. These were kept cold on ice in an ice
box for transportation to the TLM hospital laboratory. Individuals who
failed to provide specimens were reminded in the evening of the
preceding subsequent collection days. After three requests, individuals
who did not provide the samples were excluded from the study. Each
stool sample was examined using the direct saline and iodine wet
mount method.

Processing of stool specimen and direct
wet mount analysis

Stool specimens were obtained from all patients and their
household contacts enrolled in the study. Microscopically, STH
intestinal parasites were detected from stool samples using direct
saline and iodine wet mount methods. A small portion of stool
samples were preserved in 10% formalin solutions to examine the
ova, eggs larva, and the rest of the solution.

Then, preserved specimens were processed using the Formol-Ether
concentration method for screening to find the presence of helminth
ova and larvae in the sample. The stool samples were examined under a
compound microscope at 100 and 400 magnifications as per routine
TLM hospital stool examination protocol.

Formol-ether concentration method

Stool specimens were processed following (17) protocol, with
some modifications. Specimens were processed to identify intestinal
helminths by placing 1 g of stool in a conical centrifuge tube with 7
ml of 10% formol water. The resulting suspension was filtered, and
ether acetate was added to the deposit. The centrifuge tube
containing the suspension in ether acetate is shaken vigorously
before centrifugation at 3200 rpm for 1 min. After discarding the
supernatant, a smear was prepared from the sediment and observed
under the microscope 10X and 40X after drying as per routine TLM
hospital stool examination protocol.

Data quality assurance

We followed strict procedures to ensure high data quality. The
lab technician and the field assistant carefully collected stool and
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blood specimens. Specimens were labelled and transported in cold
chain boxes. We educated study subjects to prevent contamination.
Contaminated specimens were rejected. Direct stool examinations
were performed immediately after receipt of the samples in the
laboratory and accurate observations were recorded.

Blood samples collection

The blood sample was collected by applying the tourniquet
tightly onto the hand above the elbow to engorge the antecubital
vein. The skin above the antecubital vein was sterilized with a 70%
ethanol-soaked swab, and then a 2 ml syringe was used for the
aspiration of blood by puncturing the vein. Blood samples were
transferred into heparinized vials. Peripheral blood samples of 2 ml
were aseptically collected from ten leprosy patients with helminthic
infection and from nine leprosy patients without helminthic
infection. The collected blood samples were transported
immediately between 4° - 8°C to the laboratory for whole blood
assay for interleukins.

Whole blood assay for estimation of
interleukins

The protocol for the whole blood assay was standardized in
Stanley Browne Laboratory following the method of Tran et al. (18)
with some modifications. Blood (2 ml) was taken by venipuncture
from each subject in a heparinized vial and immediately cultured in
a 96-well Nunc (Microwell 96-Well), Nunclon Delta-Treated, Flat-
Bottom; Nunc, Denmark; Cat no. 167008) plate for the whole
blood assay.

In Brief, the blood was diluted 1:5 with sterile RPMI 1640
(Sigma-Aldrich, USA; Cat no. R5886) tissue culture medium
containing 2 mM antibiotic antimycotic solution (Sigma-Aldrich,
USA) and 2 mM L-glutamine (Sigma-Aldrich, USA; Cat no G7513).
The mitogens (phytohaemagglutinin (PHA) (Thermo Scientific,
USA; Cat no. 10576015) were used as a positive control stimulant
in a final concentration of 5 jig/ml) and culture medium alone was
kept as the negative control. The final volume of the culture was
made to 200yl in triplicate wells.

The lyophilized M. leprae Cytosol Fraction (MLSA) (Catalog
No. NR-19330; obtained from BEI resources under NIH leprosy
research support contract) was reconstituted in sterile Phosphate-
buffered saline (PBS) (pH 7.2) and added to the RPMI culture in 96-
well tissue culture plates to achieve a final concentration of 10 ug/ml
in the culture medium.

After that the culture plate was incubated at 37°C in 5% CO2
atmosphere, 150 pl culture supernatant was collected from each
well after 42 hrs. of incubation and subsequently tested for
cytokine assays for estimation of IFN-y (R&D Systems, USA;
Cat no. DY285B), IL-10 (R&D Systems, USA; Cat no. DY217B)
and IL-12 (R&D Systems, USA; Cat no. DY1270) by ELISA in
triplicate wells.
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The ELISA protocol for estimation of IFN
gamma, IL-10 and IL-12

ELISA plate coating with capture antibody

The capture antibody was diluted with 1X PBS to make a
working concentration of antibodies. Flat-bottom F96 MaxiSorp
Nunc-Immuno Plates (Cat. No. 442404; Nunc, Denmark) 96-well
microtiter plates were coated immediately with the 100 pl of capture
antibodies of Interferon- either gamma (IFN-y) or Interleukin-10
(IL-10) or Interleukin-12 (IL-12) using R&D Systems kits. After
sealing with a sterilized sealer, the plates were incubated overnight
at room temperature (RT). After incubation, the ELISA plates were
washed thrice with 300 pl wash buffer (0.05% Tween 20 in PBS).
After the washing step, the residual wash buffer was decanted by
inverting and tapping the plate against clean blotting sheets. Later,
the wells were blocked by adding a reagent diluent (RD) (1% BSA in
PBS) (300 pl/well) and kept for incubation at RT for 60 min. The
washing was done, and the ELISA plate was washed again with 300
ul wash buffer. These antibody-sensitized plates were used for
ELISA assays.

ELISA assay procedure

The standard and whole blood culture supernatant samples
were diluted in Reagent Diluent (RD) (1% BSA in PBS), and 100 pl
each of the culture supernatant was distributed into each well and
after gentle tapping the plates were covered with sealer and
incubated, at RT for 2 hrs. After the incubation, the washing was
done three times with a wash buffer. Detection antibody (100 pl)
diluted in RD was added to each well, and the ELISA plates were
incubated at RT for 2 hrs. Later, the plates were washed three times
with a wash buffer. After washing the plate, 100 ul streptavidin-HRP
(1:40 dilution) was added to each well, and an ELISA plate was
incubated at RT for 20 minutes in the dark to prevent direct
exposure to light. The washing step was repeated thrice, and
100ul Substrate Solution (1:1 mixture of Color reagent A (H202)
and Color reagent B (Tetramethylbenzidine) (Cat no. DY999, R&D
Systems, USA) was added to each well. The plates were incubated at
RT for 20 minutes in the dark without exposure to direct light. Fifty
ul of stop solution (2N HCI) was added to each well of the plates to
stop the reaction. The optical densities of each well were determined
in a microplate reader at 450 nm. using Multiskan FC ELISA Reader
(Thermo Fisher Scientific, USA).

Software and statistical analysis

All cases of leprosy, along with their HHCs, were systematically
analysed to determine any associations with the STH-helminthic
positive and STH-helminthic negative groups by using the Odds ratio
(OR) and relative risk ratio (RR). The characteristics and observations
of the subjects were assessed using the Chi-square test. A p-value of
less than 0.05 was deemed statistically significant, whereas a p-value
exceeding 0.05 was considered not significant. ELISA data were
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expressed as mean + SD in the graph, and the outliers of ELISA
were removed by the ROUT method. The difterences between optical
density (OD) values obtained in the WBA culture of STH-helminthic
positive and STH-helminthic negative of the leprosy patients and
HHCs were determined using Mann-Whitney U test. Data were
analysed using GraphPad Prism software version 5.0 (GraphPad
Prism, La Jolla, CA).

Results
Study population characteristics

Three hundred sixty individuals participated in a study
conducted in two leprosy-endemic districts: Purulia (n = 207) in
West Bengal and Champa (n = 153) in Chhattisgarh. The study
population included clinically confirmed index leprosy cases and
their household contacts (HHCs). The analysis focused on key
demographic factors, such as age, sex distribution, clinical
classification (PB or MB), and the prevalence of STH infections.

Demographic and clinical characteristics

Purulia district, west Bengal

In the study involving 60 index cases, 48 participants were male,
with a mean age of 34.4 + 14.7 years, while 12 participants were
female, with a mean age of 35.1 £ 14.9 years. The predominant form
observed was MB leprosy, which affected 96% of males and 92% of
females. The odds ratio for MB leprosy among the male population
was calculated to be 2.09(95% CI: 0.17-26.4), demonstrating a
statistically significant association (p = 0.0001).

Furthermore, an analysis of 147 household contacts revealed
that 62 were male (mean age: 29.3 + 14.7 years) and 85 were female
(mean age: 29.3 + 15.2 years). Within this cohort, low frequencies of
both PB and MB leprosy were detected. Specifically, among the
male contacts, there were 3 cases of PB (5%) and 5 cases of MB
(8%), whereas the female contacts exhibited 4 cases of PB (5%) and
2 cases of MB (2%) after follow-up of 5 years. (Table 1).

Champa district (Chhattisgarh)

In a detailed investigation involving 36 index cases, the
demographic breakdown revealed that 29 participants were male,
with a mean age of 34.4 years (+ 14.7), while 7 participants were
female, with a mean age of 30.9 years (+ 15.2). - Remarkably, all
male cases were classified as having MB leprosy, representing 100%
of the male cohort. In contrast, among the female cases, 71% were
diagnosed with MB leprosy, whereas 29% presented with PB
leprosy. - The calculated odds ratio for MB leprosy among males
was 26.82 (95% CI: 1.12 - 644.44), indicating a statistically
significant association (p = 0.0005). Additionally, an assessment
of 117 household contacts revealed that 54 were male, with a mean
age of 29.6 years (+ 15.4), and 63 were female, with a mean age of
29.1 years (£ 15.2). - Within this group, eight males (15%) and five
females (8%) were diagnosed with MB leprosy after follow-up of 5
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years. - Furthermore, PB leprosy was observed in 3 females (5%),
with no cases reported among the male contacts. (Table 1)

Microscopic identification of STH parasites in stool
samples

In the study population (n=360), STH infections were identified
in 26% of individuals diagnosed with leprosy and 17% of their
HHCs. The odds ratio for STH infection among leprosy cases,
compared to that among HHCs, was calculated to be 1.71 (95% CI:
0.98 - 2.98). Although these findings indicate a higher prevalence of
STH infections among individuals with leprosy, the association did
not reach statistical significance (p = 0.0703). Furthermore, we
stratified our analysis by sex-specific patterns in STH co-infection
among leprosy cases and their HHCs. Among males, 26% of index
cases tested positive for helminths, whereas only 12% of male HHCs
demonstrated the same. This discrepancy was statistically
significant, yielding an odds ratio (OR) of 2.60 (95% CI: 1.22-
5.55); p = 0.019, indicating that male index cases were significantly
more likely to be co-infected with helminths. Conversely, among
females, the prevalence of STH infection was 25% in index cases and
21% among HHCs contacts. This difference did not achieve
statistical significance (OR = 1.26; 95% CI: 0.42-3.73; p = 0.772),
suggesting no meaningful association within the female population.
These findings indicate a potential sex-specific interaction between
STH infections and leprosy status, with male cases exhibiting a
notably higher likelihood of co-infection. (Table 2)

Prevalence and distribution of intestinal
parasites among study participants

We collected 360 stool samples from leprosy cases and their
HHCs. We identified a significant prevalence of 128 intestinal STH
parasitic infections. (Table 3) STHs were identified in 55% of the
samples (n = 70), indicating a notable occurrence of helminthic co-
infections within the study population. (Table 2) Among the
identified helminths, hookworm species, specifically Ancylostoma
duodenale and Necator americanus, were the most prevalent,
detected in 30% of the samples (n
represented by Strongyloides stercoralis larvae, Ascaris

38). Roundworms,

lumbricoides, and other nematodes, were observed in 16% of the

TABLE 2 Helminthic infection and its association with leprosy.

10.3389/fimmu.2025.1499304

samples (n = 20). The presence of tapeworms, such as Taenia
saginata and Hymenolepis nana, was recorded in 3% of the samples
(n = 4), while pinworms (Enterobius vermicularis) were detected in
only 0.8% of the samples (n = 1). Furthermore, general ova and
parasite (O&P) positivity was noted in 5% of the samples (n = 7),
suggesting a non-specific helminthic infection. In addition to
helminths, protozoan infections were also common. Giardia
lamblia was detected in 12% of the samples (n = 16), and
Entamoeba histolytica was found in 16% (n = 20). Additionally,
the presence of bacteria, particularly Escherichia coli, was observed
in 17.2% of the samples (n = 22). (Table 3).

Leprosy families-household contacts
follow-up

During the study, all HHCs were monitored every six months
for the appearance of signs and symptoms of leprosy for over five
years. Among the HHCs infected with STH, 13% (6 out of 46)
developed leprosy. In comparison, among HHCs who tested
negative for STH infection, 11% (24 out of 218) developed
leprosy. The calculated RR was 1.18, indicating a marginally
increased likelihood of leprosy among STH-positive contacts.
However, this association did not attain statistical significance
(p = 0.816), suggesting that STH infection may not represent a
major independent risk factor for developing leprosy within this
cohort (refer to Table 4).

ELISA assay for cytokine IFN-v, IL-12 and
IL-10:

The statistical analysis of the cytokine levels showed that the
leprosy group without STH infection had significantly higher levels
of IFN-y (P < 0.02) than that of the STH positive group, indicating a
stronger Thl immune response STH negative leprosy group. The
mean IFN-y value for STH-positive leprosy cases was 19.70 pg./ml,
compared to 46.60 pg./ml for STH -negative leprosy cases
(Figure 1A). This significant difference suggests that leprosy
STH -negative have elevated levels of IFN-y expressing Thl
immunity without STH infection. However, regarding IL-12

Subject Total samples STH Positive STH Negative p-value OR (95% Cl)
Leprosy Cases 96 25 (26%) 71 (74%) 171
0.070 :

HHCs 264 46 (17%) 218 (83%) (0.98 - 2.98)
Group Sex STH Positive ‘ STH Negative p-value OR (95% Cl)
Index cases 20 (26%) 56 (74%) 260

Male 0.019* :
HHCs 14 (12%) 102 (88%) (1.22-5.55)
Index cases 5 (25%) 15 (75%) 1.26

Female 0.772 )
HHCs 31 21%) 117 (79%) (0.42-3.73)

*Statistically significant at p < 0.05.
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TABLE 3 Soil-transmitted helminthic parasites detected in
stool samples.

Name of Name of the STH species Total
the STH (intestinal parasite) number (%)
Hookworm Ancylostoma duodenale, 38 (30%)
Necator americanus
Roundworm Strongyloides stercoralis larva, Ascaris 20 (16%)
lumbricoides, Nematoda
Ova & Parasite OeP 7 (5%)
Pinworm Enterobius vermicularis 1 (0.8%)
Tapeworm Taenia saginata Hymenolepis nana 4 (3%)
Protozoan Giardia lamblia 16 (12%)
Entamoeba histolytica 20 (16%)
Bacteria E. coli 22 (17.2%)

Total number of 128

stool samples

cytokine levels, the mean levels for STH -positive leprosy cases in
the STH -negative group were almost equal, 70.22 and 76.46 pg./ml,
respectively. (p=0.21) (Figure 1B).

The mean values for IL-10 cytokine in a leprosy patient’s STH
-positive and negative groups were 66.03 pg./ml and 76.46 pg./ml,
respectively (Figure 1C), showing no significant (p>0.41) difference
between the groups.

Discussion

Neglected tropical diseases (NTDs), such as leprosy and STH,
exhibit high prevalence rates in Southeast Asia, particularly in India,
where they disproportionately affect vulnerable and underserved
populations. A substantial body of research indicates that STH
infections may modulate host immunity by shifting the protective
Thl responses toward a Th2-dominant immune profile, thereby
increasing susceptibility to leprosy (8, 19, 20). Within this
framework, our research sought to investigate the parasitological
burden and immunological profiles of leprosy patients and their
HHCs in the endemic regions of Chhattisgarh and West Bengal. We
specifically examined the influence of STH co-infection on disease
susceptibility and immune response. This study contributes to the
accumulating evidence that STH co-infections can significantly alter
the immune landscape in leprosy, with potential implications for
disease progression and transmission. These findings may inform

TABLE 4 Overall Helminthic Burden and Disease Development.

10.3389/fimmu.2025.1499304

public health policies in Southeast Asia, facilitating the development
of targeted interventions addressing both leprosy and STH infections.

The prevalence of STH infections among cases of leprosy was
found to be 26%, higher than the 17% observed among HHCs. The
most prevalent STH species identified included hookworms
(Ancylostoma duodenale and Necator americanus) and
roundworms (Ascaris lumbricoides). (Table 3) A statistically
significant association was established among male index cases,
revealing that STH-positive individuals had 2.6 times greater odds
(OR: 2.60; 95% CI: 1.22-5.55; p = 0.019) (Table 2) of developing MB
leprosy compared to their STH-negative counterparts. These
findings corroborate earlier research conducted by Oktaria et al.
(19), which reported a higher prevalence of STH infections among
individuals with leprosy in Indonesia. This suggests a potential
immunomodulatory effect of chronic STH exposure, which may
augment susceptibility to M. leprae infection. Additionally,
Dennison et al. (9) identified helminth co-infection as one of
several potential risk factors associated with leprosy, particularly
in conjunction with micronutrient deficiencies, such as vitamin D.
While the overall comparison between cases and HHCs did not
reach statistical significance (OR = 1.71, p = 0.07), the sex-stratified
results indicate the presence of specific subpopulations wherein the
co-infection of STH and leprosy may be more pronounced.

The significant association observed in males in our study may
indicate biological or behavioural differences that influence STH
exposure or immune responses. However, the lack of statistical
significance in the overall comparison and among females suggests
that STH infection is likely one of several interacting risk factors
contributing to susceptibility. This underscores the need for further
research to fully understand the complex dynamics of leprosy
susceptibility and the role of STH infections.

This study examined the’ demographic and clinical
characteristics of index leprosy cases and their HHCS in two
endemic districts: Purulia (West Bengal) and Champa
(Chhattisgarh). (Table 1) The findings revealed a predominance
of MB leprosy among male index cases. In Purulia, males were over
twice as likely to present with MB disease compared to females
(odds ratio [OR] = 2.09; 95% confidence interval [CI]: 0.17-26.4),
while in Champa, this likelihood was significantly higher (OR =
26.82; 95% CI: 1.12-644.44). These findings necessitate cautious
interpretation due to the wide confidence intervals, particularly in
Champa, which may result from a limited number of PB cases and
an overall restricted sample size.

The male predominance in MB cases aligns with various
epidemiological reports indicating a higher risk among males
worldwide. Biological factors, including sex hormone modulation

Relative
Risk (RR)

Chi- square

tests

1.18

Subject with STH Total Samples = Developed Not developed
infection status leprosy disease leprosy disease

HHC positive for STH infection 46 | 6 (13%) 40 (87%)

HHC Negative for STH infection ‘ 218 | 24 (11%) 194 (89%) ‘
Total ‘ 264 | 30 (11%) 234 (89%) ‘
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(A) IFN gamma response in patients stimulated with MLSA
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FIGURE 1

Level of cytokines (A) IFN v, (B) IL12, and (C) IL10 in the culture supernatant of Whole Blood Assay stimulated with MLSA. Each bar represents mean
concentration (pg/mL) with SD across each group. The OD was obtained at 450 nm. Manns Witney U test was performed for statistical analysis.

of immune responses, may contribute to this difference.
Testosterone is linked to a downregulation of cell-mediated
immunity, potentially leading to higher bacterial loads and
chronic conditions in males, whereas estrogen may enhance
protective immune responses (21, 22). Additionally, societal
factors such as occupational exposure and delayed treatment-
seeking behaviours may further increase male vulnerability to MB
disease progression (23).

The age distribution among index cases and their HHCs
indicates ongoing transmission of leprosy primarily within
younger and economically active age groups. This highlights the
critical importance of early detection and preventive strategies at
the household and community levels. The urgency and significance
of these measures in controlling the spread of leprosy are apparent,
highlighting the need for proactive public health interventions.

The absence of PB cases among male index patients in Champa
is significant and may suggest under-detection or diagnostic biases.
This underscores the need for more detailed community-level
studies, including skin smears and molecular diagnostics, to better
characterize the spectrum of disease. The findings also highlight the
necessity of integrating gender-sensitive approaches into leprosy
control programs. Active case detection should specifically target
men who may delay seeking care, and communication strategies
tailored to community gender dynamics could enhance early
diagnosis and reduce transmission. This is particularly relevant in
Southeast Asia, where the burden of leprosy and STH infections
remains high, and our research can significantly contribute to the
development of such gender-sensitive approaches.

While our study provides significant insights into the
relationship between STH infections and leprosy susceptibility, it

Frontiers in Immunology

is with limitations. The relatively small sample size, especially
among female cases, may have impacted the precision of odds
ratio estimates. Therefore, future research with larger cohorts and
longitudinal follow-ups must clarify sex-specific risks and disease
progression dynamics. Additionally, molecular typing and immune
profiling could provide deeper insights into host-pathogen
interactions. These findings should be interpreted within this
context; further investigation is warranted to confirm and expand
upon these results.

This study’s primary objective was to understand STH’s role in
susceptibility to leprosy comprehensively. Our findings indicate
that STH infections induce a Th2-biased immune response,
suppressing Thl-driven cytokines, including IFN-gamma. This
cytokine is essential for the activation of macrophages and for the
effective control of intracellular pathogens (24). The cytokine
profiling conducted via ELISA further substantiates this
immunological shift. The levels of IFN-y, a Thl cytokine critical
in managing M. leprae, were significantly lower in STH-positive
leprosy cases (mean: 19.70 pg/ml) compared to STH-negative cases
(mean: 46.60 pg/ml; p < 0.02). This observation suggests that STH
infection suppresses protective immune responses, supporting
earlier findings that Th2 responses induced by STH can inhibit
Thl-mediated immunity. Such suppression may impair the host’s
ability to effectively control M. leprae infection and increase the
likelihood of progressing to the MB form, which has also been noted
in cases involving M. tuberculosis (25). These results resonate with
studies from Brazil (9, 10) and Indonesia (19), which documented
reduced IFN-y levels and a heightened susceptibility in STH co-
infected leprosy patients, thereby underscoring the significance of
understanding immune responses in the context of disease
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susceptibility. Conversely, the levels of IL-12 did not demonstrate a
significant difference between the groups (mean: 70.22 vs. 76.46 pg/
mL, p = 0.21). This finding suggests that the initial induction of Th1
pathways may remain intact; however, the downstream effector
functions, particularly IFN-y production, appear to be selectively
suppressed. Furthermore, IL-10 levels, which indicate regulatory T
cell activity, did not significantly differ (66.03 vs. 76.46 pg/mL; p >
0.41), indicating that STH infection might not play role in the
induction of TH2 type of immunity. Further, this suggests that the
primary effect may be concentrated on downstream Thl effector
functions rather than on upstream induction or broad
immunoregulation. These immunological findings reflect those
Dennison et al. (9) reported in southeastern Brazil, where
helminth co-infection and vitamin D deficiency were associated
with an increased risk of MB leprosy. Similarly, our findings
emphasise that co-infections can hinder the host’s capacity to
mount an adequate Thl response, potentially altering the
disease outcomes.

Furthermore, ecological parallels exist with the study by Oktaria
et al. (19) in Indonesia, which identified a significant association
between STH infections and leprosy in households where both
conditions co-occurred. Although the cross-sectional design limited
conclusions about temporality or causality, the trend toward a
higher incidence of disease among STH-positive HHCs (relative
risk: 1.18) highlights the need for long-term follow-up studies to
evaluate progression risk and immune modulation. This hypothesis
is further supported by Diniz et al. (10), who reported that STH
inhibited Thl cytokine responses, such as IFN-vy, in tuberculoid
leprosy patients, potentially leading to an MB phenotype. Our
findings align with this concept, as the higher incidence of MB
leprosy among STH-positive individuals suggests an immunological
shift influenced by STH-induced suppression of protective
Th1 responses.

The consistent presence of polyparasitism, including protozoa
such as Giardia lamblia and Entamoeba histolytica, alongside
bacteria like Escherichia coli and helminths, suggests a significant
dysregulation of the gut microbiome that may affect immune
function. Although these preliminary findings open avenues for
investigating the gut-skin-immune axis in leprosy pathogenesis,
caution is warranted due to the lack of a corresponding statistical
association at the population level.

The detection of STH parasites relied on conventional
microscopic techniques with limited sensitivity, potentially
underestimating true STH prevalence. The relatively small sample
size and failure to adjust for confounding factors like age,
nutritional status, and socioeconomic conditions may also limit
nuanced associations. Additionally, our focus on three cytokines
(IEN-v, IL-12, and IL-10) restricts understanding of the broader
cytokine network involved in leprosy-STH interactions. Future
research should include a broader cytokine panel and gut
microbiome profiling for more comprehensive insights.

This study provides novel data from two understudied endemic
districts in India—Purulia (West Bengal) and Champa
(Chhattisgarh)—adding important geographic and ecological
context to the literature. The sex-disaggregated analysis presents a
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nuanced understanding of how STH co-infection may vary by
gender, a factor not thoroughly explored in earlier studies. Our
findings suggest that microbial ecology might play a significant role
in modulating disease risk and transmission by identifying a broad
spectrum of STH, protozoa, and bacterial pathogens.

In summary, this study compellingly reinforces the hypothesis that
STH infections are not merely incidental in leprosy-endemic regions
but also significant modulators of host immunity. The Thl-suppressive
effects of STHs—evidenced by reduced IFN-y levels—may impair
effective immune responses to M. leprae, potentially increasing
susceptibility and hindering bacterial clearance. These findings
highlight a critical intersection between STH parasitic co-infections
and leprosy pathogenesis, posing challenges to achieving zero
transmission. It is essential to adopt integrated approaches to break
the leprosy transmission chain and support the goals of the WHO
Global Leprosy Strategy and India’s National Leprosy Eradication
Programme (NLEP). We recommend incorporating routine
deworming, WASH (Water, Sanitation, and Hygiene) improvements,
and nutritional support into leprosy surveillance and case management
frameworks. These strategies can bolster host immunity, reduce co-
infection burdens, and strengthen the impact of existing control
programs. Further longitudinal and mechanistic research will be
crucial in identifying reliable immunological and parasitological
markers for early risk stratification and targeted intervention.
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