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Abstract

Lymphatic filariasis is a complex parasitic disease having a spectrum of clinical parameters

which are critical in deciding the severity of the pathogenesis. Individuals residing in the

endemic areas are categorized into different clinical groups such as: EC (endemic controls-

free of disease and infection), AS (asymptomatic carriers- free of disease but carries both

antigens and microfilaria (Mf) in circulation), CR (cryptic-free of disease and Mf but having

circulatory antigen) and CH (chronic-having manifestations of elephantiasis and hydrocele).

The immune response to the parasitic infection is well studied, whereas the protective

mechanism explaining the fate of antigenemia and filaremia between AS and CR group

remains unexplained. Increased anti-Mf antibodies have been implicated for Mf clearance in

experimental infection models whereas its role in clinical filariasis is not known. Here, we fol-

lowed up two groups of 24 and 33 CR cases for 18 and 36 months respectively and analyzed

both the clinical parameters and the anti-filarial antibody response. The humoral response

to both whole filarial antigen and Mf antigens as well as recombinant active parasitic anti-

gens was significantly higher in CR cases than AS individuals, whereas the clinical parame-

ters remain unchanged. This study made insights into the protective immune mechanism

responsible for the clearance of Mf from circulation in CR individuals.

Introduction

Lymphatic filariasis (LF) caused by Wuchereria bancrofti is a major public health problem con-

tributing to about 90% of the 120 million people affected across the globe [1,2,3]. In India, 23

states /UTs are known to be endemic to LF and 553 million people are at risk of infection with

31 million parasite carriers and 23 million with symptomatic filariasis [4]. Clinical manifesta-

tions such as lymphedema, elephantiasis and/or hydrocele are associated with this disease.

Based on disease manifestations, presence of Mf and filarial antigen in circulation, people resid-

ing in endemic areas have been classified into different clinical categories, such as: EC (endemic

control -free of disease and infection), AS (asymptomatic carriers- free of disease but having

antigens and microfilaremia in circulation) and CR (free of disease, free of Mf but having circu-

latory filarial antigen, CFA) and CH (disease with CFA) [5]. Although immune-modulation
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indicated by the filarial parasite is well studied, the protective mechanism responsible to decide

the fate of microfilaremia between AS and CR group remains unsolved in clinical filariasis.

Humoral immunity operated against Mf sheath have long been implicated for protective

mechanism against filariasis. A reverse association between the level of antibodies against Mf

sheath and microfilaremia has been demonstrated in experimental models and clinical filaria-

sis [6,7]. Immune response against dead Mf was found to be protective against later implanted

Mf [8,9]. Furthermore, anti-Mf IgG, even serum of B. pahangi immunized animals were found

to be protective against Mf [10]. All of these studies suggested that immune responses to Mf

play a major role in clearance of the parasite from the host. Since no suitable model is available

to mimic clinical filariasis, we studied the immune response against the Mf in naturally

infected clinical individuals. 57 cryptic individuals were followed up, to study the anti-Mf

immunity for 18 and 36 months.

In this study, clinical parameters, disease status, microfilaremia, and antigenemia were

monitored. The antigenemia remained unchanged during this course of time whereas the anti-

body levels against the crude filarial antigen, Mf antigen, and recombinant antigen were signif-

icantly higher in CR group as compared to AS group.

Materials and methods

Ethics statement

Approval for the study was obtained from the institutional ethical committee of theRegional

Medical Research Center (Indian Council of Medical Research), Bhubaneswar,Odisha. Adult

human blood was collected from healthy donors following written informed consent.

Collection of human blood samples

The study was carried out in two villages, namely Kanapur and Jatni area of Khurda district of

Odisha, India, known to be endemic for lymphatic filariasis [11]. A mass blood survey was car-

ried out from June 2002 to December 2003 to know the filarialsis status. DEC consumption

status by acute and/or chronic individuals was recorded.

Approximately 5 ml of blood was collected from each person, those who volunteered to

give blood samples. One ml blood was used for Mf identification. Serum samples were sepa-

rated from cells in the laboratory and frozen at -20˚C. Approval for the study was obtained

from the institutional ethical committee of the Regional Medical Research Center (Indian

Council of Medical Research), Bhubaneswar, Odisha, and informed consent was given by the

study subjects for the collection of blood samples.

Follow up of CR patients

24 cryptic individuals from Kanapur (Cohort A) and 33 cryptic individuals from Jatni (Cohort

B) were followed up for 18 months and 36 months respectively. 30 AS patients from both the

villages were recruited for comparison. They were asked for their symptoms and blood sam-

ples were collected for parasitological and immunological investigations.

Preparation of soluble filarial antigens

PBS-solubilized extracts from adult and Mf stage of S. digitata were prepared as described by

us elsewhere [12,13], and the recombinant antigens were donated by Prof. R.M. Maizels from

University of Edinburgh, London. All of the solubilized antigens were frozen at -20˚C for fur-

ther use.

IgG against filarial antigen blocks parasitemia

PLOS ONE | https://doi.org/10.1371/journal.pone.0199090 June 21, 2018 2 / 9

preparation of the manuscript. The specific roles of

these authors are articulated in the ‘author

contributions’ section.

Competing interests: Medimmune provided

support in the form of salaries for SKP. There are

no patents, products in development or marketed

products to declare. The commercial affiliation of

SKP does not alter our adherence to PLOS ONE

policies on sharing data and materials.

https://doi.org/10.1371/journal.pone.0199090


Circulating filarial antigen assay (Og4C3)

Circulating filarial antigen (CFA) levels in serum samples were measured as described by us

elsewhere [13], using a TropBio ELISA Kit (Tropical Biotechnology) according to the manu-

facturer’s protocol. Levels are expressed as arbitrary antigen units determined according to

internal standards provided in the kit.

ELISA

Polystyrene plates (96 well, MaxiSorp; Nunc) were coated with 1–2µg/ml of S.digitata adult

antigen, Mf antigen or recombinant filarial antigens (i.e. ALT, VAL. SPN and CPI) and incu-

bated for 5hrs at 37˚C and transferred to 4˚C for overnight incubation. After the plates were

washed with PBS, wells were blocked with 1% skimmed- milk- PBS for 2hrs. Then 200-fold

diluted human filarial serum was incubated and plate bound IgG was detected by using 1000-

fold-diluted peroxides-labeled anti–human IgG. The enzyme activity was measured using

orthophenylene diamine (P1526; Sigma). Absorbance was recorded at 492 nm, and the results

are expressed as arbitrary ELISA units.

Immunofluorescence assay

Immunofluorescence assay to detect IgG against the surface of Mf was performed as per proce-

dure previously described [14], with the following modifications. Human serum, diluted

10-fold in PBS containing 0.1% bovine serum albumin, was applied to microscopic slides with

fixed Mf and then incubated for 2.5 hrs in humid chambers. The slides were washed in PBS

and treated with 100-fold- diluted FITC-conjugated anti–human IgG in the same buffer. The

reactivity was recorded using fluorescence microscope.

Data analysis

Student’s t test or the X2 test was applied to determine the statistical significance between dif-

ferent groups. All statistical tests were performed using Graph Pad Prism software (version

4.0). Differences were considered significant at P< 0.05.

Results

Study population

The cryptic individuals were followed up in both the villages. Cohort A (24 individuals) and

cohort B (33 individuals) were rechecked for filariasis after 18 and 36 months respectively.

Clinical history was recorded and, blood samples were collected for Mf and CFA. There was

no significant change in clinical manifestations, Mf status (Table 1) and CFA density (Fig 1)

after the time period. Only one patient from each cohort converted to MF carrier. The geomet-

ric mean intensity (GMI) of CFA at two different time points was not significantly different.

Table 1. Mf status of cryptic individuals followed up for 18 and 36 months in village Kanapur and Jatni.

Time ‘0’ (%) 18 Months (%) 36 Months (%) Total (%)

Cohort A 0/24 (0) 1/24 (4.16) ND 1/24 (4.16)

Cohort B 0/33 (0) ND 1/33 (3.0) 1/33 (3.0)

Total 0/57 (0) 1/24 (4.16) 1/33 (3.0) 2/57 (3.508)

https://doi.org/10.1371/journal.pone.0199090.t001
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Microfilaremia and antigenemia remain unchanged in cryptic individuals

Clinical parameters, microfilaremia, and antigenemia levels were analyzed in both the cohorts.

It was observed that the above parameters remain unchanged during the course of time. Nei-

ther they acquired active infection nor the levels of antigen in circulation changed significantly

(Tables 1 and 2). These observations suggested that, the immune mechanism responsible for

the elimination of active microfilaremia remains effective during the time. This finding led us

to investigate the levels of IgG antibodies against the Mf sheath. Anti-sheath IgG antibody lev-

els in CR cases were significantly higher as compared to AS cases (Fig 1). However, only 16%

of the cases exhibit antibody positivity (Table 3). This result suggested a role of additional pro-

tective mechanism in play. Then we analyzed the IgG levels against the crude adult antigen

and Mf antigen in both the groups. IgG levels against both the antigens were significantly

higher in CR group as compared to AS group (Fig 2A and 2B). The above observations sug-

gested that the antibodies against the filarial antigen and Mf antigen play a potential role in Mf

clearance.

Fig 1. Comparison of CFA between AS and CR cases. CFA levels of 30 asymptomatic Mf carriers and 31 cryptic

individuals were taken in to consideration for comparison. They are age sex matched and other parameters has been

taken care as narrated in the Table 2.

https://doi.org/10.1371/journal.pone.0199090.g001

Table 2. Details and intensity of infection in two study group.

Sl.No. AS CR

1. Sample No.

(n = 61)

30 31

2. Male/Female 21/9 23/8

3. Median age in years (Range) 26(9–66) 28(7–75)

4. Mf Status 30/30 0/31

5. Mf density (GMI/ml) 2194 NA

6. CFA Status 29/30 31/31

7. CFA Density–GMI 27056 949

8. Clinical Symptoms No No

https://doi.org/10.1371/journal.pone.0199090.t002
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Profile of IgG subclass in AS vs CR group

The role of different IgG antibody subclasses against filarial antigens in filarial pathogenesis

has been demonstrated. Increased levels of IgG3 antibodies in individuals with active infection

were observed as compared to endemic controls [15,16]. Therefore, we investigated the profile

of different IgG subclasses against filarial antigens in AS and CR cases. An increased level of

IgG1, IgG2, and IgG3 antibody levels were observed in CR cases as compared to AS, whereas

no difference in IgG4 was observed (Fig 2C).

The IgG antibody levels against recombinant filarial antigens is

significantly more in CR cases as compared to AS

In order to identify the stage-specific antibody response, we measured the antibody levels

against different recombinant filarial antigens expressed in particular stages of development.

ALT-1 and ALT-2 are expressed by infective larval stage, SPN-2 is expressed by Mf, CPI-2 is

expressed in the surface of adult filarial worms whereas Val-1 and Val-2 are expressed in all

the developmental stages of filarial parasites [17]. Levels of IgG antibodies against SPN-2 and

CPI-2 and Val-2 were significantly higher in CR group as compared to AS group (Fig 3A) sup-

porting our previous finding that IgG responses against Mf and adult filarial antigen play a

role in Mf clearance. Then we estimated different IgG isotype levels against the above men-

tioned recombinant filarial antigens. An increased IgG3 levels against larval stage ALT-1 and

ALT-2 antigens and increased IgG1 response against adult stage CPI-2 was observed in CR

cases whereas subclass response against SPN-2 or Val-1 remained comparable between AS and

CR groups (Fig 3B–3D).

Table 3. Anti-sheath antibody between AS and CR cases.

AS CR

ASAB+VE 2 10

ASAB-VE 57 52

P = 0.0191; χ2 = 5.492

https://doi.org/10.1371/journal.pone.0199090.t003

Fig 2. Profile of IgG and IgG subclasses against different filarial antigens. Plasma levels of IgG and IgG subclasses were analyzed by ELISA. IgG against whole somatic

antigen of adult Setaria worm (A) and Setaria MF (B) were analyzed. IgG isotypes against somatic antigen of adult setaria worm were analysed (C). Mean of 30 and 31

samples were shown.

https://doi.org/10.1371/journal.pone.0199090.g002
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Discussion

The factors responsible for deciding the fate of filarial pathogenesis remains unclear. Genetic

traits, release of the bacterial endosymbiont Wolbachia and intensity of the host response have

been implicated for the degree of filarial infection whereas precise mechanism responsible for

parasite clearance and clinical manifestations between CR and AS group remains a matter of

intense debate [18,19,20,21,22]. In this study, we demonstrated that the development of

humoral response against filarial parasite and Mf is are associated with parasite clearance in

CR cases.

A number of studies have been undertaken to understand the natural history of filarial

infection. Meyrowitsch et. al undertook a 16 year follow up study of 542 subjects in Tanzania

[22]. Similarly, Myung et. al conducted a 10 year follow up survey in southwest Benin [23].

Although the clinical manifestations remain unchanged in different groups of filarial patients,

Fig 3. Profile of IgG and IgG subclasses against different filarial recombinant antigens. Plasma levels of IgG and IgG subclasses against stage specific recombinant

filarial antigens were analyzed by ELISA. Whole IgG against five recombinant antigens such as ALT-1, ALT-2, CPI 2 SPN 2 and Val-2 (A) and IgG isotypes against ALT-1

(B), ALT-2 (C) and CPI-2 (D) were depicted. Mean of 30 and 31 samples were shown.

https://doi.org/10.1371/journal.pone.0199090.g003
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a decrease in Mf levels were observed in both the studies. Previously, we have demonstrated

that a progressive decrease in prevalence and density of Mf in AS groups, whereas they contin-

ued to be CFA positive [13]. In this study, an increased humoral response against the develop-

mental stages of filarial parasites (e.g. larvae, Mf) as well as adult worm, was observed in CR

cases as compared to AS cases. Advanced understanding of filarial immunology stated that

type-2 response plays the protective role against helminth parasites which is characterized by

increased antibody response [24,25]. We also observed a correlation between increased anti-

body response and Mf clearance. So increased antibody levels in CR cases may be one of the

important factors contributing to the removal of Mf from circulation.

Association between anti-sheath antibodies and antigenemia have been demonstrated [26].

In our previous study, we demonstrated that, anti-sheath antibodies are inversely correlated

with CFA and based on the chronology of antibody response, we hypothesized that antibodies

inhibit growth and development of larvae into mature worms [6]. Here, we demonstrated that-

not only anti-sheath antibodies rather antibody response to different developmental stages of

the parasite have a positive association with Mf clearance. Although the mechanism of antigen

clearance remains unclear, this study bolsters our hypothesis that broader anti-filarial immu-

nity plays a protective role and is not restricted to anti-Mf immunity.

Different roles of IgG subclasses in filarial pathogenesis have been demonstrated. Anti-filar-

ial IgG4 antibodies have been found to be associated with AS carriers whereas titers of IgG2

and IgG3 against filarial carbohydrates in CH cases have been observed [12,27,28]. The role of

anti-filarial IgG subclass antibodies in CR cases remained unexplained. Our results demon-

strated that CR cases exhibit increased titers of IgG1, IgG2, and IgG3 as compared to AS cases,

whereas no difference in IgG4 subtype was observed. We and others demonstrated that

increased IgG4 is a characteristic of AS cases [16,29], however, we found that high IgG4 titers

are also present in CR cases in absence of circulating MF. Further research may clarify the

association between microfilaremia and IgG4.

In conclusion, our study here deciphers a previously unknown role of anti-filarial antibod-

ies in Mf clearance. The immune mechanisms responsible for parasite clearance in CR cases

appears to be mediated by anti-filarial antibody generation. Further investigations may open

up new avenues to understand the role of anti-Mf antibodies in parasite clearance.
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