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Introduction  

Leishmaniasis is a vector-borne infectious disease caused 

by a group of protozoan parasites of the genus Leishmania 

[1]. It is one of the major public health problem in tropical 

and subtropical countries of the world including India. It is 

transmitted through the bite of infected sand flies of the ge-

nus Phlebotomus [2]. Visceral leishmaniasis (VL) is a seri-

ous problem in various states of India [3]. Localized cuta-

neous leishmaniasis (LCL) is usually due to L. tropica and 

is prevalent in the deserts of Rajasthan and Himachal Pra-

desh. Recently Himachal Pradesh has been a new endemic 

focus for VL[4]. The association of VL and human immu-

nodeficiency virus (HIV) infection has proved that VL is 

an opportunistic infection due to immune suppression [5]. 

During early infection with Leishmania parasite, both re-

sistant and susceptible hosts exhibit mixed Th1 and Th2 

type responses of CD4+ T cell population with IL-2, IL-4 

and IL-13 production, while IL-6 is induce often together 

with IL-1 and TNF-α in many alarming conditions[6]. 

However, IL-6 has been proposed to favor the development 

of Th2 responses. IL-6 deficient mice led to down regula-

tion of both Th1 (IL-12) and Th2 (IL-4, IL-10 and IL-13) 

associated cytokines, and in L. major infection, IL-6 

showed to promote the development of both Th1 and Th2 

responses [7].   
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ABSTRACT 

Objectives: Leishmaniasis is a major public health 

problem in tropical and subtropical countries of the 

world. The present study was aimed to assess the prev-

alence of disease as well as to know the pro and anti-

inflammatory cytokine response against the infection. 

Methods: 100 samples were collected from individuals 

suspected of leishmaniasis, from different clinics and 

hospitals situated in Rampur Bushair and Kinnaur, HP. 

Indirect ELISA was performed to detect anti-leishma-

nial IgG, and its isotypes in serum samples. The ex-

pression level of serum cytokines; TNF-α, INF-γ, IL-2, 

IL-4, IL-6, IL-10 and IL-17A was measured by cyto-

kine bead array system (BD Biosciences) and by using 

Flowcytomer (BD. Cantotm II).  

Results: Significantly high levels of IgG antibodies 

were detected in 42/100 (42%) individuals. Among 

IgG isotypes, the significantly high levels of IgG1 

(38.1%) was observed   followed by IgG3 (26.2%) 

and IgG4 (9.52%) respectively. However, the IgG2 

subclass did not show any significant difference. The 

prevalence of IgG antibodies was observed high 

among 21-40 years of age group. The flowcytometric 

analysis of the cytokines IL-2, IL-4, IL-6, IL-10, IL-

17A, TNF-α and IFN-γ revealed that the pro-inflam-

matory cytokine IL-2 was expressed in maximum lev-

els followed by TNF-α, IFN-γ and IL-6, while IL-17A 

showed the minimum levels of expression. The ex-

pression of pro-inflammatory cytokine IL-2 and anti-

inflammatory cytokine IL-10 was observe very high. 

Conclusion: The study shown that the Sutlej river 

valley is a new endemic focus for L. donovani and the 

protective immune response could not develop in the 

native population. Cytokines analysis revealed that 

the parasite prevalent in this region is highly virulent 

and causes more pathogenic effect as this is the new 

endemic foci and there is no earlier exposure to the 

parasite. 
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Whereas, IL-2 produced by Th-1 cells, is a potent inflam-

matory cytokine mediating multiple immune responses on 

activated B cells, monocytes, and natural killer (NK) cells 

[8,9]. IL-4 is considered to be the signature cytokine of Th2 

response.  IL-4 is involved in the down- regulation of the 

Th1 type of response in human leishmaniasis[10,11]. But it 

Evaluation of the role of pro and anti-inflammatory cy-

tokines in new endemic foci of Leishmania donovani 

prevalent in Sutlej river valley of Himachal Pradesh  
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also does not suppress the production of IFN- γ in cure of 

leishmaniasis. IL-10 is an important immune-modulatory 

cytokine that can be produced by monocytes, macrophages, 

mast cells, natural killer cells, B cells, CD4+, CD8+ T cells, 

T reg, Th1, Th2 and Th-17 cell subset [12,13]. It is able to 

block the production of IL-1, IL-6 and TNF-α and other cy-

tokines[14]. Some studies show that IL-10 blockade can en-

hance VL, PBMC proliferation, IFN-γ responses and in-

hibit VL serum promoted parasite replication in macro-

phages[15.16.17]. In addition, IL-10 was also shown to in-

duce the proliferation of B-lymphocytes and most notably 

their differentiation into plasma cells secreting immuno-

globulins at high rate [18]. IL-10 inhibits the microbicidal 

activity of interferon gamma (IFN-γ) treated macrophages, 

against intracellular parasites[19]. IL-10 and IL-4 inhibit 

intracellular killing of L. infantum and L. major by human 

macrophages by falling nitric oxide production. IL-17 is a 

pro-inflammatory cytokine that is secreted primarily by ac-

tivated T cells (CD4, CD8 cells). It stimulates a variety of 

cells (e.g. fibroblasts, macrophages, endothelial cells) to 

produce inflammatory mediators including IL-1, TNF-α 

and chemokines. TNF-α is a cytokine involved in systemic 

inflammation and is a member of cytokines that stimulate 

the acute phase reactions [20]. The primary sources of 

TNF-α are monocytes/macrophages activated by various 

parasite products. TNF-α is not just a pro-inflammatory cy-

tokine, it has also been proposed to be an immune-regula-

tory molecule that can alter the balance of T regulatory cells 

[21]. Studies have shown that large CL lesions correlate 

with a higher frequency of lymphocytes producing Leish-

mania soluble antigen specific inflammatory cytokines 

(IFN-γ or TNF-α)[22]. Infection of Leishmania in human is 

detected by the appearance of anti-leishmanial antibodies 

in the sera of the patients. During CL, they are present at 

low levels during active phase of the disease [23]. In con-

trast, strong anti-leishmanial antibody titers are well known 

in VL [24.25]. Critical analysis of Leishmania antigen spe-

cific immunoglobulin isotopes have shown raised levels of 

IgG, IgM, IgE and IgG subclasses during disease 

[26,27,28,29]. IgG not only fails to deliver protection 

against this intracellular parasite, but it actually contributes 

to disease progression [30]. The present study was aimed to 

determine the prevalence of Visceral Leishmaniasis and 

role of cytokines in regression and progression of patho-

genicity and immunity in Leishmania infected individuals 

in the Sutlej river valley of Himachal Pradesh. 

Materials and Methods  

Study area: Himachal Pradesh 

 The study area comprised different clinics and Hospitals 

situated at Rampur Bushair and Kinnaur district, situated in 

Sutlej river valley of Himachal Pradesh, India. These areas 

are the most active endemic pockets and previously demar-

cated as endemic area for human leishmaniasis. 

 

Ethical approval 

Ethics committee of University approved the project. 

 

Sample collection 

Samples were collected from leishmaniasis individuals at-

tending out patients department of regional hospitals situ-

ated in Rampur Bushier and Kinnaur District, Himachal 

Pradesh or clinics/hospitals situated at other areas of Sutlej 

river valley. This area has been identified as a new endemic 

focus for L. donovani. Overall, 100 samples were collected 

during July 2010 to March 2013 from visceral leishmania-

sis patients. Five millilitres of blood was obtained from 

each individual before starting the anti-leishmanial therapy. 

Venous blood samples were collected in sterile vacutainers 

for serum collection and in NNN Medium for Leishmania 

parasite cultivation. The skin scraping was taken from cu-

taneous leishmaniasis patients and inoculated in NNN me-

dium. The written informed consent was taken from each 

individual before obtaining the sample.  The serum samples 

were kept in -200  C till use. 

 

Preparation of Leishmania Antigen  

Antigen for ELISA was prepared from promastigotes cul-

tured in RPMI-1640 supplemented with 10% heat inacti-

vated fetal bovine serum (Sigma-Aldrich). The continuous 

culture of Leishmania strains isolated from clinical samples 

was maintained in RPMI-1640 medium (Hi-media) with 

10% FBS. Initially, the isolate was grown in NNN media 

with 10% rabbit blood and then the promastigotes were 

shifted to RPMI-1640 with 10% FBS streptomycin (150 

μg/ml), penicillin G (100 μg/ml) and gentamycin (150 

μg/ml) at pH 7.2. The parasites were harvested in late log 

phase and centrifuged at 1000-1500 rpm for 10 minute. Af-

ter that the supernatant was taken and centrifuged at 3000 

rpm for 10 minutes. The pellet was washed 3-4 times with 

PBS and re-suspended in ~1ml sterile distilled water and 

kept at 4ºC overnight. Then sonicated at 20 kilocycles: 3 
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cycles for 1 min. each with 1 min intermittent gap. Then 

centrifuged at 10,000g for 10 min at 4ºC and the protein of 

supernatant was estimated by Lowry’s method and stored 

in aliquots at -20ºC [31]. 

 

Enzyme linked Immunosorbent Assay (ELISA) 

ELISA was performed as described by Afrin et al [32], and 

Crewther [33]. The optimum dilutions were determined by 

checker board titrations. Purified antigen was individually 

diluted to the optimized concentration of 2.5µg per well in 

carbonate bicarbonate buffer (pH-9.6) and 100µl of antigen 

was added to each well of micro-titer plates. The plates 

were kept at 40 C overnight. The antigen-coated plates were 

washed thrice with phosphate buffer saline with 0.1 % 

Tween 20 (PBST) pH 7.2.  One hundred µl of 2% bovine 

serum albumin (BSA) was then added to each well to block 

the remaining unbound sites on the plate. Plate was incu-

bated at 370 C for one hour and washed thrice with PBST. 

One hundred microlitre of optimally diluted test and control 

sera were added in duplicate. After one hour incubation at 

37°C, washed three times with PBST. Horseradish peroxi-

dase (HRP) enzyme labeled antihuman IgG (Sigma Al-

drich),and IgG1, IgG2, IgG3 and IgG4 HRP conjugates 

(Invitrogen) were added as secondary antibodies.  After one 

hour incubation at 37°C, plate again washed with PBST and 

100 µl of chromogenic substrate i.e. hydrogen peroxide 

(H2O2) and orthophenylenediamine dihydrochloride (OPD, 

Hi-Media) was added to the plate wells and kept at room-

temperature for 15 minutes in dark. The reaction was 

stopped by adding 100 µl of 6% H2S04 and the absorbance 

was read on ELISA reader (Biotek, ELx800MS, US) at 

490nm. 

  

Analyses of cytokines profiles by Flowcytometric Anal-

ysis 

The level of serum cytokine was performed by cytokine 

bead array (BD Biosciences), a system which is a bead-

based on flowcytometric assay that permits the simultane-

ous analysis of different cytokines in a single micro plate 

well. Serum concentrations of cytokines viz. TNF-α, INF-

γ, IL-2, IL-10 and IL-17A were measured by using Cy-

tometric Bead Array (CBA Human soluble protein master 

buffer kit, B.D. Biosciences) according to manufacturer’s 

instruction and the data was analyzed by Flowcytome BD 

FACS  Cantotm II). 

 

Statistical Analysis 

Results were expressed as Mean ± Standard Error (S.E.M.). 

Different between means were evaluated using  t test  and 

p ≤ 0.05 difference was set as statistically significant.  

 

Results 

A total of 100 samples from visceral leishmaniasis patients 

were analyzed by ELISA. Of these 42 were of males and58 

of females. Anti-leishmanial IgG antibody response was 

found significantly high in 42% serum samples. Of these 

IgG positive samples, 59.9% were from female patients and 

40.5% from males. The highest prevalence of Leishmania-

sis was found in the age group of 21-40 years, both in males 

and females (Table 1). 

Table 1. Sero-prevalence of total IgG in leishmaniasis in 

Rampur Bushier and Kinnour District of Himachal Pradesh 

(n=100). 
     

Sex(n=100) Age 

group 

(Years) 

Total No of 

Specimens 

Negative 

No of Spec-

imens Posi-

tive 

Male 

(n=42) 0-20 8 5 3 (7.1%) 

 21-40 29 18 11 (26%) 

 41-60 5 2 3 (7.1%) 

 61-80 Nil Nil Nil 

Female 

(n=58) 0-20 11 8 3 (5.2%) 

 21-40 32 18 14 (24%) 

 41-60 14 7 7 (12%) 

 61-80 1 0 1 (1.7%) 

Total  100 58 42 

 

 

Table 2. Frequency of IgG subclasses (IgG1, IgG3 & IgG4) 

of leishmaniasis in Rampur Bushier and kinnour District of 

Himachal Pradesh (n=42). 

    

Whole 

IgG=42 

IgG1=16 

(38.1%) 

IgG3=11 

((26.1%) 

IgG4=4 

(.52%) 

 Male=7 

(43.75%) 

Female=9 

(56.25%) 

Male=5 

(45.45%), 

Female=6 

(54.54%) 

Male=1 

(25%), 

Female=3 

(75%) 

  

The subclasses of IgG antibodies were further analyzed in 

all the 42 IgG positive samples, out of which 17(40%) were 

from males and 25(60%) from females. In present, study 
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the frequency of IgG1 subclass was observed to be the 

highest i.e. 38.1% followed by IgG3 (26.2%) and IgG4 

(9.52%) respectively (Table 2 and 3). IgG2 antibodies did 

not show any significant difference in our study, showing 

that this antibody has minimum role in leishmaniasis. 

 

Cytokines analysis 

The expression level of pro-inflammatory cytokines viz., 

IL-2, IL-6, IL-17A, TNF-α and IFN-γ was determined in all 

the 100 serum samples. IL-2 has showed the significantly 

high level of expression followed by TNF-α, IFN-γ, IL-6 

and IL-17A respectively (Figure 1). On gender basis, sig-

nificantly high expression of pro-inflammatory cytokines 

IL-6 was observed in males followed by IFN-γ, TNF-α and 

IL-2, while, expression level of IL-17A was not significant 

(Figure 2).  

 

Table 3. Sero-prevalence of IgG subclasses (IgG1, IgG2, IgG3 &IgG4) in leishmaniasis in Rampur Bushier and Kinnour 
District of Himachal Pradesh in different age groups (n=42). 

       

Age group IgG1=16  IgG3 =11 IgG4=4  

0-20 Male 1 (6.25%) Male 1 (9.1%) Male                 Nil 

 Female 1 (6.25%) Female 1(9.1%) Female                   Nil 

21-40 Male 5 (31.25%) Male 3 (27.3%) Male                1(25%) 

 Female 6 (37.5) Female 4 (36.4) Female           2 (50%) 

41-60 Male 1 (6.25%) Male 1(9.1%) Male                Nil 

 Female 2 (12.5%) Female 6 (54.5%) Female            1 (25%) 

61-80 Male Nil Male Nil Male                 Nil 

 Female Nil Female 1(9.1%) Female            Nil 

Figure 1. Expression level of pro and anti-inflammatory 

cytokines in both genders. 

 

However, IFN-γ showed significant expression among fe-

males, followed by TNF-α, IL-17A, IL-6 and IL-2 respec-

tively (Figure 3). The pro and anti-inflammatory cytokines 

were also studied in both males and females (Figure 4). 

The expression levels of anti-inflammatory cytokines IL-4 

and IL-10 were also determined.  

 

 

Figure 2. Expression level of pro and anti-inflammatory 

cytokines in males.  

 

IL-4 did not show any significant difference while the lev-

els of IL-10 were significantly high in both the sexes, males 

and females. Thus, the flowcytometric analysis of pro and 

anti-inflammatory cytokines among the leishmaniasis pa-

tients revealed that the parasite prevalent in this region is 

highly virulent and may have more pathogenic effect to the 

patients. 
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Figure 3. Expression level of pro and anti-inflammatory 

cytokines in females. 

 

 

 

Figure 4. Significant level of pro and anti-inflammatory 

cytokines in both males and females. 

 

 

Discussion  

Leishmaniasis is characterized by high levels of Leishma-

nia specific antibodies [24]. In visceral leishmaniasis pa-

tients, significantly high levels of anti-leishmanial antibod-

ies in serum samples have been reported when compared to 

cutaneous leishmaniasis [33,34]. In the present study, the 

anti-leishmanial IgG antibodies and its subclasses i.e. IgG1, 

IgG2, IgG3 and IgG4 antibodies were assessed by ELISA, 

which like IFAT, is a sensitive technique for the diagnosis 

of leishmaniasis [35,36]. 

In our study, the IgG antibody was detected in 42% samples 

against leishmanial promastigote antigen. This is in agree-

ment with other studies which have reported the predomi-

nance of the anti-leishmanial IgG antibodies in visceral 

leishmaniasis patients from different parts of the world 

[26,37], as well as from Indian kalaazar patients [34.38,39]. 

In the present study significant difference was found in be-

tween IgG1 and IgG3 subclass while IgG4 has shown mod-

erate difference with IgG1 and IgG3. However, the preva-

lence of IgG2 was observed very low among the subject. 

This may be due to small sample size or the isolates preva-

lent in this region is not able to develop IgG2 response. 

Similarly, the earlier studies reported the absence or very 

low prevalence of IgG2 antibodies in the population of 

leishmaniasis endemic regions [26,28]. The moderate of 

low prevalence of IgG4 antibody among the population of  

present study has been supported by previous study of 

Zwingenberger et al [40] reported low prevalence of IgG4 

antibodies among the study population residing in de Sao 

Paulo, Brazil. Diverse prevalence of IgG antibodies among 

the population may be due to the new endemic foci of  L. 

donovani. The study area (Sutlej River Valley of  Himachal 

Pradesh) is an endemic region for cutaneous leishmaniasis.  

Indian VL patients also showed a predominance of IgG1 

subclass antibody response, but the levels of the IgG3, 

IgG4, and IgG2 antibody level were also significant. The 

subclasses of human IgG antibodies are equipped with 

unique functional and biological properties, including their 

response to various types of parasitic antigens [41]. The 

elicitation of IgG1, IgG3, and IgG4 antibodies in VL pa-

tients may be due to the presence of protein antigens, and 

the elicitation of IgG2 antibodies in VL patients might be 

due to the presence of carbohydrate antigens, as reported 

for viral, bacterial, and parasitic infections [42].  

ELISA analysis indicates that the serum IgG appears to be 

maximally related to the IgG1 isotype, although significant 

reaction with IgG3 followed by IgG4 and IgG2 was not ob-

served in any of the serum samples. The study reveals that 

the strain prevalent in Sutlej river valley elicits IgG1 spe-

cific immune response in individual infected with Leishma-

nia spp and predominating over other subclasses. However, 

IgG2 was not detected in any of the individual. Further, the 

prevalence of IgG1 pre-dominatingly was observed among 

the native population of Sutlej river valley while all three 

isotypes i.e. IgG1, IgG3 and IgG4 were observed in the 

population, migrated from VL endemic region to Sutlej 

river valley for the development of hydroelectric and other 

projects. The discrimination of IgG subtype prevalence be-

tween these two populations may be due to the new en-

demic foci for L. donovani. Further the study population 

was divided into different age group, the young age group 

(21-40-year age) showed the maximum frequency i.e. this 

age group is more prone to infections. We have observed 

that females are more susceptible to infection of Leishma-

nia species as the frequency of detection of anti-leshmanial 

IgG antibody was higher amongst females in comparison to 
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those of males. 

In present study, the serological data demonstrate the po-

tentiality of IgG1isotype as a marker for the detection of 

individuals with leishmaniasis. Furthermore, the serologi-

cal analysis is also suggesting that the females are more 

prone to the infection than the males. 

 We have also measured the expression level of pro 

and anti-inflammatory cytokines which helps in protection 

and progression of the disease by using different cytokines 

viz. IL-2, IL-4, IL-6, 1L-10, 1L-17A, TNF-α and IFN-γ, to 

know whether these cytokines play role in protection or pa-

thology. The expression level of pro-inflammatory cyto-

kines i.e. IL-2, IL-6, 1L-17A, TNF-α and IFN-γ was ana-

lyzed. Among all pro-inflammatory cytokines, IL-2 cyto-

kine showed highest level of expression followed by TNF-

α, IFN-γ, IL-6 and IL-17A has shown minimum level of 

expression. The expression level of IL-2 was significantly 

very high in males comparison to those of females. Gan-

guly and co- worker [43] have demonstrated the elevated 

level of IL-2 in VL and PKDL patients from Kolkata (In-

dia) and also observed that the helper T cells in treated in-

dividuals with anti-leishmanial drugs failed to synthesize 

IL-2 in PKDL patients.  The detection of high level of IL-2 

cytokines in our subject might be due the low exposure of 

disease. 

Regarding to gender, we have observed significantly high 

expression of IL-6 in males whereas expression level in fe-

males was less. In concurrence of our findings the levels of 

IL-6, was high in patients with self-healing lesions, but was 

not detectable or very low in DCL lesions [44,45,46], 

whereas, IL-17A cytokines showed no significant change 

in both genders. Interestingly this cytokine expression was 

found to be lowest among all the cytokines detected. Recent 

finding has also shown a very low expression of IL-17A in 

the splenic biopsies of both pre-and post-treatment VL pa-

tients [47]. 

The expression of IFN-γ cytokine was observed maximum 

in females, followed by TNF-α, IL-17A, IL-6 while IL-2 

was detected in low level. Similarly, the high expression 

levels of IFN- γ had been reported from Kolkata in VL pa-

tients [48]. Our findings and the earlier studies both suggest 

that IFN-γ helps in the progression of disease and is unable 

to control that. 

We have studied the expression level of anti-inflammatory 

cytokines i.e. IL-4 and IL-10. Among the anti-inflamma-

tory cytokines, IL-10 showed the maximum expression. 

The frequency of detection of IL-10 was significantly high 

in the females. In support of our findings the high expres-

sion levels of IL-10 has been reported from Kolkata, the 

authors observed the expression of IL-10 was significantly 

high among VL patients, before and after treatment [48]. 

Our study revealed that the high-level expression of IL-10 

in males amongst the study population, is able to protect 

from parasitic infection, rendering them more resistant in 

comparison to those of females. The high expression of IL-

10 in absence of significant IL-4, also indicates towards the 

high virulence of parasite prevalent in this study region. 
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