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Abstract

Among the various hypotheses put forward to explain the modulatory influence of helminth 

infection on allergic effector responses in humans, the IL-10 induced suppression of Th2-

associated responses has been the leading candidate. To explore this helminth/allergy interaction 

more fully, parasite- and allergen--specific T cell responses CD4+ T cell responses in 12 subjects 

with filarial infections and coincident allergic sensitization (Fil+A+) were compared these to the 

responses to 3 appropriate control groups [Fil−A− (n=13), Fil−A+(n=12), Fil+A−(n=11)]. The 

most important findings revealed that Fil+A+ had marked (p<0001 for all cytokines) increases in 

parasite antigen-driven Th2 (IL-4, IL-5, IL-13), Th9 (IL-9) and the regulatory (IL-10) cytokines 

when compared with Fil+A−. Moreover, using multiparameter flow cytometry, filarial parasite 

antigen induced a marked increase in not only the frequency of CD4+ T cells producing IL-4, 

IL-5, IL-2 and TNF-α in Fil+A+ when compared to Fil+A− patients but also in the frequencies of 

polyfunctional Th2-like (CD4+IL-4+IL-5+ and CD4+IL-2+IL-4+IL-5+TNF-α+) cells. The Th2-

associated responses seen in the Fil+A+ group was correlated with serum IgE levels (p<0.01, 

r=0.5165 for IL-4; p<0.001, r=0.5544 for IL-5; and, p<0.001, r=0.4901 for IL-13), levels of 

circulating eosinophils (p<0.0116, r=0.5656) and their degranulation/activation products [major 

basic protein (p<0.001, r=0.7353) and, eosinophil derived neurotoxin (p<0.01, r=0.7059)]. CD4+ 

responses to allergen were not different (to a large extent) among the groups. Taken together, our 

data suggest that allergic sensitization coincident with filarial infection drives parasite antigen-

specific T cell hyperresponsiveness, characterized largely by an augmented Th2-dominated 

immune response.
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Introduction

Currently, more than three billion people worldwide are infected with helminth parasites 

and/or suffer from allergic diseases including bronchial asthma, allergic rhinitis, food allergy 

and eczema (1, 2). A common feature of both atopic disorders and helminth infections is 

their association with type 2 immune responses (3). Indeed, the canonical human immune 

response to filarial parasites is of the T helper 2 (Th2) type, characterized by the production 

of IL-4, IL-5, IL-9, IL-10 and IL-13, induction of IgG4 and IgE antibodies, as well as tissue 

and peripheral blood eosinophilia (4). This Th2-associated immune response has been 

implicated in mediating protection to helminth infection but has also been shown to play an 

important role in the pathogenesis of allergic diseases (5).

The role of helminth infection in modulating allergic reactivity [a concept grouped within 

the “hygiene hypothesis” (6)] is based on initial studies from Gabon (7) and Ecuador (8) that 

demonstrated that children infected with intestinal helminths or Schistosoma haematobium 
have a lower risk of allergic sensitization (based on skin testing to aeroallergen extracts) in 

comparison to children without helminth parasite infections from the same geographical 

regions. It has been postulated that this allergen-specific immune response modulation is 

mediated by parasite-specific IL-10 and possibly by increases in the frequency of regulatory 

T cells (9–11). Other studies, in contrast, have indicated that infection by gastrointestinal 

helminths is associated with an increased incidence of allergic reactions (12–14). The 

explanation that perhaps allow for a reconciling of these distinct set of findings may rely on 

the relative acuteness of the helminth infection (15, 16). Indeed, given that most helminth 

infections are longstanding (chronic infection is the rule), it is known that the effector T cell 

responses (including the Th2 responses) become muted [modified Th2 response (17)] 

allowing for a response that balances Th2-mediated inflammation and their regulatory 

controls. Further, it has been shown that this modulation of the antigen-specific T cell 

response in the context of chronic helminth infection has a propensity to induce bystander 

effects on responses to vaccinations, other infectious agents, and allergens (18, 19).

Thus, the present study examined the nature of the T cell response induced by parasite 

antigens and aeroallergens in the context of filarial-infected individuals with or without 

coincident allergic sensitization. Our data demonstrate that allergic sensitization coincident 

with filarial infection drives parasite antigen-specific T cell hyperresponsiveness, 

characterized largely by an augmented Th2-dominated immune response. These responses 

are associated with a marked elevation of IgE, eosinophilia, and eosinophil activation, the 

latter potentially responsible for the associated clinical signs (angioedema, urticaria) often 

seen in these infections.
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Material and methods

Study population

From a previously described cohort of 308 subjects (16, 20) used to identify cross reactive 

epitopes among parasite antigens and aeroallergens, 49 individuals were included in the 

present study population based solely on the availability of sufficient numbers of 

cryopreserved peripheral blood mononuclear cells (PBMCs). The study population is 

described in Table 1 and consisted of four study groups based on the presence or absence of 

atopy and/or filarial infection: Group 1 Filaria+Allergy+ (Fil+A+; n=12), Group 2 

Filaria+Allergy− (Fil+A−; n=11); Group 3 Filaria−Allergy+ (Fil−A+; n=13); Group 4 

Filaria−Allergy− (Fil−A−; n=13).

All individuals (and all samples collected) were part of registered protocols approved by the 

Institutional Review Boards of the National Institute of Allergy and Infectious Diseases 

(NCT00001230 and NCT00001345) for the filarial-infected subjects and of the Department 

of Transfusion Medicine, Clinical Center, National Institutes of Health (IRB# 99-CC-0168) 

for the healthy donors. Written informed consent was obtained from all subjects.

In vitro culture

For the analysis of cytokine production by PBMCs after in vitro stimulation by parasite 

antigen and environmental allergens, aliquots of cell suspension in RPMI 1640 medium 

supplemented with 10% human sera, 1% L-glutamine (Sigma, USA), 1% antibiotic 

(Invitrogen, USA) and 1% non-essentials amino acids (Sigma, USA) were cultured in media 

alone, with the filarial parasite antigen BMA (10µg/mL), dust mite Dermatophagoides 
pteronyssinus extract allergen (AlkAbelló, Port Washington, NY, USA) (Der p EXT 15 AU) 

or with PMA/ionomycin (Sigma, USA) (0.5/0.05 pg/mL) for 72 hours in 5% CO2 at 37°C 

for the measurement of cytokine production. To identify the source of these cytokines by 

flow cytometry, PBMCs of all group’s patients were cultured and stimulated in the same 

conditions as mentioned above, but for 12 hours, with the addition of CD28/CD45d co-

stimulatory molecules (BD, FastImmune™, BD Bioscience, USA) and 10µg/mL Brefeldin 

A/Monensin (Sigma, USA).

Luminex assay

The quantification of IL-2, IL-4, IL-5, IL-9, IL-10, IL-13, IL-17A, IL-22, TNF-α and IFN-γ 
levels was assessed by a Luminex multiplex assay (Milliplex®, Millipore, USA) in 

accordance with the manufacturer’s recommendations. The eosinophil granule proteins were 

measured using a previously described assay (21).

Mulitparameter flow cytometry

To identify the source of the Th1/Th2/Th9/Th17-associated and regulatory cytokines, cells 

from in vitro cultures were harvested and washed with FACS buffer (PBS, FBS 2% and 

0.1% sodium azide) and then incubated with Fc blocking solution for 20 minutes. The cells 

were then stained for viability (Live/Dead® Fixable Blue, Molecular Probes, USA), washed 

with FACS buffer and then incubated with fluorochrome-conjugated anti-CD3, anti-CD4 and 

anti-CD8 for 30 min in the dark at RT. The cells were next washed twice with FACS buffer, 
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then fixed and permeabilized using a Fix/Perm buffer kit (BioLegend, USA) for 20 min in 

the dark at 4°C. The cells were washed twice with perm buffer (BioLegend, USA) and re-

suspended with the fluorochrome-conjugated anti-IL-2, anti-IL-4, anti-IL-5, anti-IL-10, anti-

IL-17A, anti-TNF-α, anti-IFN-γ and anti-CD25 pool (Supplemental Table 1) for 30 min in 

the dark at 4°C. Finally, the cells were washed twice with perm buffer and then acquired 

using the BD LSR Fortessa™ flow cytometer (BD Biosciences, USA) and FACSDiva™ 

software (BD Biosciences, USA) for acquisition. All analyses were performed using 

FlowJov10.0.8 (Flow Jo LLC, USA). For the flow cytometry multiparameter analyses, 

PESTLE/SPICE v5.0 (NIAID, USA) software was used. In addition, the frequency of CD4+ 

T cells producing single and multiple cytokines were analyzed by the FlowJo software based 

on the gating strategy shown in Supplemental Figure 1.

Data analysis

All statistical analyses were performed using Prism 5.0 for Windows (GraphPad Software 

Inc., USA). Unless stated otherwise, geometric means (GM) and upper 95% CI of geometric 

mean (between parentheses) were used as measures of central tendency. The D’Agostino 

and Pearce normality test was used to determine whether data sets were normally 

distributed. Kruskal-Wallis followed by Dunn’s multiple comparison tests were used to 

evaluate the statistical differences in the cytokine production by the different groups, as well 

as, the frequency of CD4+ T cells producing cytokines. Correlations were performed using 

the Spearman rank correlation. Net production of cytokines (in pg/ml) and net frequency of 

CD4+ T cell producing cytokines (in %) were calculated by subtracting the baseline level 

from the level following stimulation. The differences were considered statistically significant 

when the corrected p values< 0.05.

Results

Study population

The clinical diagnoses, IgE (total and allergen-specific) levels and peripheral eosinophil 

counts for the study population can be found in Table 1. Peripheral blood eosinophil counts 

were greater in the Fil+A+ patients compared to those filarial-infected patients without 

allergy (Fil+A−). [GM=2269 (4449) cells/uL vs. 590 (1312) cells/uL; p=0.0151]. 

Interestingly, the Fil+A+ patients also demonstrated a significant increase in the levels of IgE 

(GM =1644 (3865) kUA/L) when compared to Fil+A− patients (GM=122 (323.1) kUA/L 

p<0.05], Fil−A+ individuals [GM= 84.0 (168.1) kUA/L p<0.05] and Fil−A− healthy donors 

[GM 9.0 (19.74) kUA/L; p<0.001].

Environmental allergy induces a hyperresponsiveness in the concomitant immune 
response to filarial infection mediated by parasite antigens

To elucidate the influence of atopy on the parasite- and allergen-induced immune response, 

we first assessed cytokine production. As can be seen in Figure 1, when spontaneous 

production of the various Th2-associated cytokines was measured (in the absence of a 

stimulus), there were no differences among the 4 groups in any of the cytokines measured 

(Fig. 1 A–E). In marked contrast, when stimulated with the filarial parasite antigen BMA, 

those filarial-infected individuals with concomitant atopy (Fil+A+) had marked and 
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significant increases in the levels of IL-5 [GM=232.1 (504.3) pg/mL vs 4.9 (38.34) pg/mL, 

p<0.05], IL-13 [GM=826.9 (1732) pg/mL vs 14.9 (175.6) pg/mL, p<0.05], IL-9 [GM= 83.1 

(178.8) pg/mL vs 2.8 (24.69) pg/mL, p<0.05] and IL-10 [GM=36.1 (65.45) vs 9.6 (52.82) 

pg/mL, p<0.05] when compared to Fil+A−. These differences were even more pronounced 

when the IL-4 [GM=0.1 (0.24) pg/mL, p<0.01 and GM=0.1 (0.21) pg/mL, p<0.01], IL-5 

[GM=0.7 (2.98) pg/mL, p<0.001 and GM=0.7 (2.89) pg/mL, p<0.001], IL-13 [GM=6.3 

(35.66) pg/mL, p<0.001 and GM=4.2 (32.76) pg/mL, p<0.001], IL-9 [GM=0.6 (1.99) 

pg/mL, p<0.001 and GM=0.5 (1.82) pg/mL, p<0.001], and IL-10 [GM=0.5 (1.56) pg/mL, 

p<0.001 and GM= 0.2 (0.72) pg/mL, p<0.001] response were compared to the other 2 

groups (Fil−A+ and Fil−A−, respectively Fig. 1 F–J). No relevant differences were observed 

among the groups in the cytokine production after Der p allergen stimulation (Fig. 1 K–O). 

Cytokine responses following PMA/ionomycin (P/I) stimulation showed that Fil+A+ had a 

marked increase in the levels of IL-4 (p<0.01), IL-5 (p<0.001) and IL-9 (p<0.001) when 

compared to Fil−A− (Fig. 1 P–Q,S). When levels of IL-13 were evaluated, the Fil+A+ had 

levels of IL-13 that were strikingly more pronounced than those seen in comparison to 

Fil+A− (p<0.05) and Fil−A− (p<0.001) (Fig. 1R). No differences were seen among the 

groups for P/I driven IL-10. The analysis of spontaneous production and BMA antigen, Der 

p allergen and P/I-driven Type-1 and Type-17-associated cytokines showed no differences in 

the production of IL-2, TNF- α, IFN-γ, IL-17 and IL-22 production among the 4 groups 

(Supplemental Figure 2).

When the frequencies of cytokine-producing CD4+ T cells were assessed ex vivo and in 

response to antigenic and mitogenic stimuli, a unique pattern of immune response was seen 

in those filarial-infected individuals with concomitant atopy (Fil+A+). In the ex vivo 
analyses, there were no significant differences among the 4 groups in the frequency of T 

cells producing a given cytokine in the absence of a stimulus (Supplemental Figure 3). 

However, when stimulated with the filarial parasite antigen BMA (Figure 2), Fil+A+ patients 

demonstrated a marked increase in the frequency of CD4+ T cells producing IL-4 (p<0.001; 

Fig. 2A), IL-5 (p<0.05; Fig. 2B), IL-2 (p<0.05; Fig. 2D) and TNF-α (P<0.05; Fig. 2F) when 

compared to the Fil+A− group. There was an even more marked disparity in the responses 

when the Fil+A+ group was compared to the other 2 groups (Fil−A−, Fil−A+) (p<0.01 for 

each comparison). Moreover, when the expression of CD25 was measured on the CD4+ T 

cells of the 4 groups, (to assess antigen-specific T cell activation), it was clear that BMA 

induced a marked increase in the per cell surface expression of CD25 in the Fil+A+ group, 

both in comparison with the baseline of the same group (p<0.001) and when compared to 

the BMA stimulation in the other 3 groups (Fil+A− (p<0.05, Fil−A+(p<0.05), Fil−A− 

(p<0.001) (Fig. 2H). No differences were observed after Der p allergen stimulation 

(Supplemental Figure 3) or after P/I stimulation, confirming the relative antigen-specificity 

of the hyper-reactive CD4+ T cell response in the Fil+A+ group (Supplemental Figure 3).

Having demonstrated a marked increase in CD4+ T cells producing Th1- or Th-2-associated 

cytokines in Fil+A+ individuals, we performed multiparameter analysis (Fig. 3) on the CD4 

response in all groups. As can be seen in Fig. 3A–C there were no differences among the 

groups in the spontaneous/homeostatic frequencies of CD4+IL-2+TNF-α+ cells, 

CD4+IL-4+IL-5+ cells and, CD4+IL-2+IL-4+IL-5+TNF-α cells. However in response to 

the filarial antigen BMA, those in the Fil+A+ group, had a marked increase in the frequency 
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of CD4+IL-4+IL-5+T cells [GM=0.053 (0.01)%], when compared to Fil+A− [GM=0.004 

(0.01)%, p<0.05], Fil−A+ [GM=0.003 (0.007)%, p<0.001] and Fil−A− [GM=0.001 

(0.001)%, p<0.001], Fig. 3E. Interestingly, the Fil+A+ group also had a marked increase in 

the frequency of the relatively infrequent polyfunctional CD4+ subset 

CD4+IL-2+IL-4+IL-5+TNF-α+ when compared to Fil+A− patients [GM=0.018 (0.043)% vs. 

0.002 (0.004)%, p<0.05], Fig. 3F. There were no differences among the groups when 

multiparameter flow cytometric analyses were examined in response to dust mite extract.

The polarized Th2 response –mediated by filarial parasite antigen may be responsible for 
sustaining the elevated levels of blood eosinophils and IgE in the Fil+A+ patients

To explore the relationship between the parasite-induced T cell responses and the regulation 

of eosinophilia, eosinophil activation and IgE, we examined the interrelationships among 

these various parameters (Figure 4). As can be seen in Figure 4A, the Fil+A+ group had a 

distinctly increased number of circulating peripheral eosinophils compared to Fil+A− 

patients (p<0.05) and those cells were strongly and positively correlated with the IL-5 levels 

driven by BMA antigen (p=0.005 and r=0.560) (Fig. 4B). Although increases in the number 

of peripheral blood eosinophils are often seen in helminth infections (and some allergic 

disorders as well), it is the activation of these eosinophils that often drive the eosinophil-

mediated pathology, activation that is reflected in the serum levels of eosinophil-specific 

granule proteins (MBP, EDN, ECP, EPO). As can be seen in Fig. 4C and 4D, there was an 

increase in the levels of major basic protein-MBP (p<0.01 and p<0.01; Fig. 4C) and 

eosinophil-derived neurotoxin –EDN (p<0001 and p<0.001; Fig. 4D) in the Fil+A+ patients 

in comparison to Fil−A+ and Fil−A− groups, respectively. There was also a clear relationship 

between the levels of these granule proteins and the number of circulating eosinophils 

(p=0.0017 and r=0.7353; p=0.0030 and r=0.7059; Fig. 4E). Not unlike what was seen for 

eosinophil levels, Fil+A+ individuals demonstrated significantly increased levels of IgE 

when compared to Fil+A− (p<0.05), Fil−A+ (p<0.05) and Fil−A− (p<0.001) groups. 

Moreover, the IgE was shown to be strongly correlation with the levels of IL-4 (p=0.0002 

and r=0.5165; Fig. 4G), IL-5 (p<0.001 and r=0.5544; Fig. 4H) and IL-13 (p<0004 and 

r=0.4901; Fig. 4I)] driven by BMA.

Discussion

Put into the context of the “hygiene hypothesis” it is felt that the lack of exposure by 

children early in their development to microbes/parasites (as seen in most high and middle-

income countries) may explain the increased incidence of allergic diseases (6, 22) seen in 

these same countries, providing a causal link between helminth infection and protection 

from allergy. However, a wide range of studies in humans and model systems have provided 

substantive but conflicting evidence of the relationship between helminths and allergy, with 

different studies providing evidence of a positive association (23, 24), a negative association 

(25) or no association at all (26). This lack of consensus likely reflects real differences 

among the studies, if the modulatory effects of helminth infections on allergic reactivity 

differ either because of species differences among particular helminths or because of 

differences in the timing of parasite infection in relation to immune maturation or 

sensitization (27).
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While initial exposures to helminths may be associated with enhanced allergic inflammatory 

responses to the parasite, in long-term infections and with repeated infections, the host 

inflammatory response becomes more tightly controlled (28, 29). Chronic helminth 

infections induce potent immunoregulatory pathways (30–32), such as immunosuppressive 

cytokines [e.g. IL-10 or TGF-β (33, 34)] or regulatory T cell populations (35, 36) that may 

facilitate parasite survival. This regulation, however, may not just affect responses to parasite 

antigens but also to bystander antigens and aeroallergens. Such helminth-associated 

regulatory effects may contribute to the decreased prevalence of allergic diseases (29, 37) 

reported from the rural tropics.

The present study was designed to understand the mechanisms underlying the parasite-

driven CD4+ T cell response and the effect of coincident allergic sensitization on this 

process. The most important findings revealed that filarial-infected patients with coincident 

atopy had marked increases in parasite antigen-driven Th2 (IL-4, IL-5, IL-13), Th9 (IL-9) 

cytokines and associated with adaptive Tregs (IL-10) when compared with filarial-infected 

but non-allergic patients. Moreover, filarial parasite antigen induced a marked increase in the 

frequency of CD4+ T cells producing IL-4, IL-5, IL-2 and TNF-α in Fil+A+ when compared 

to Fil+A− patients, as well as, a dominant-Th2 cell expansion, characterized by a marked 

increase in the frequencies of polyfunctional (CD4+IL-4+IL-5+) and 

(CD4+IL-2+IL-4+IL-5+TNF-α+) cells in the Fil+A+ group when compared to Fil+A− 

patients. Furthermore, we found that this increase in Th2-associated cytokine production 

was reflected in IgE serum levels, increases in circulating eosinophils and measurements of 

eosinophil activation. These increases were also strongly positively correlated with the 

ability to produce IL-4, IL-5 and IL-13 in vitro.

The current explanation related to the association between helminth infection and reduced 

allergic reactivity --based on studies in both mice and humans-- is that parasite-driven 

production of IL-10 (along with moderate increases in the frequency of regulatory T cells 

(Tregs) are responsible for the modulation of allergic reactivity (9–11). The ability of the 

Tregs to suppress immune-mediated pathology (38) was suggested in studies in mice infected 

with the intestinal nematode Heligmosomoides polygyrus, in which this parasite induced an 

expansion of natural Tregs (39–42) that prevented allergen-induced pathology (43, 44).

However, the present study suggests that on a background of allergic sensitization immune 

responses to parasite antigens may actually be accentuated in patients with relatively acute 

filarial-infections. This accentuated immune responsiveness may either lead to 1) control of 

the parasite and/or resistance to re-infection, or 2) alteration of the helminth infection –

associated pathology.

The Th2-dominant immune response as observed in the Fil+A+ in this study, has been the 

object of discussion for many years in the context of both allergy and helminth infections. 

IL-4, the major cytokine that induces IgE isotype switching, has been implicated as being 

essential for the clearance/control of microfilariae in a murine infection model (45). 

Moreover, it has been postulated that helminth-induced alternatively activated macrophages 

that are driven by IL-4 and/or IL-13 have been shown to play an important role in the control 

of Th1-type inflammation, wound healing, and worm expulsion (46, 47).
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IgE levels have also been associated with immunity to some helminth infections (48, 49). 

Indeed, Fitzsimmons and collaborators (50) reviewed a number of studies in human 

schistosomiasis, in which levels of parasite-specific IgE were shown to be correlated with 

resistance to re-infection (48, 51–55). Moreover, parasite-specific IgE responses have also 

been associated with immunity in human infections with hookworms (56, 57), Trichuris 
(58), and Ascaris infection (59, 60). In addition, eosinophils and their granule proteins have 

been implicated the in host defense against helminth parasites (61) and in mediating 

resistance to helminth infections, either alone or in conjunction with antibody, complement, 

or innate cells (62–66).

In contrast, this marked increase in the Th2-associated IgE levels and eosinophilia driven by 

filarial antigens in Fil+A+ patients has also been implicated in the pathogenesis of some 

syndromes associated with filarial infections (67–70) including tropical pulmonary 

eosinophilia (TPE) (68, 71, 72) and the localized hyperreactive dermatitis (sowda) seen in 

Onchocerca volvulus-infected patients (73–75). Finally, given that IL-10-mediated 

modulation of Th1/Th2/Th17/Th9 responses (76) has been associated with clinically 

asymptomatic filarial infection, it is possible that allergic sensitization coincident with these 

filarial infections results in altering the balance of regulatory and effector responses that 

could in turn alter the longevity of the parasites in their human hosts.

Taken together, our data suggest that allergic sensitization coincident with filarial infection 

drives a hyper-reactive parasite antigen-specific T cell response characterized by an 

augmented Th2-associated immune response, eosinophilia and elevated serum levels of IgE 

that might limit parasite burden but, as a consequence, allow for immune-mediated, parasite-

associated morbidity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BMA crude extract from Brugia malayi adult worms

Der p Dermatophagoides pteronyssinus

Fil−A− Filaria negative and Allergy negative

Fil−A+ Filaria negative and Allergy positive

Fil+A− Filaria positive and Allergy negative

Fil+A+ Filaria positive and Allergy positive

GM geometric mean

PBMC peripheral blood mononuclear cell

P/I PMA/ionomycin.
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Figure 1. Th2-associated cytokines driven by parasite antigens, allergens and mitogen in the 
filarial-infected individuals with or without coincident allergic sensitization
In vitro production of IL-4 (A,F,K,P), IL-5 (B,G,L,Q), IL-13 (C,H,M,R), IL-9 (D,I,N,S) 
and IL-10 (E,J,O,T) at baseline (A–E) and after stimulation by filaria antigen (F–J), Der p 

Ext (K–O) and P/I (P–T) in the 4 groups (FIL−A−, Fil−A+, Fil+A−, Fil+A+). Each dot 

represents a single individual and the horizontal bars are the geometric mean (GM). Net 

production of cytokines (in pg/ml) calculated by subtracting the baseline level from the level 

following stimulation.
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Figure 2. Antigen-specific CD4+ T-cells hyperresponsiveness in the filarial-infected individuals 
with or without coincident allergic sensitization
Frequency of CD4+ T lymphocytes of the 4 groups, producing IL-4 (A), IL-5 (B), IL-10 (C), 
IL-2 (D), IFN-γ (E), TNF-α (F), and IL-17A (G), and expressing surface CD25 (H) after 

stimulation with filarial parasite antigen (BMA 10µg/mL). Each dot represents a single 

individual and the horizontal bars are GMs.
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Figure 3. Flow cytometry multiparameter analysis highlighting the increased frequency of 
polyfunctional CD4+ T cell subsets
Frequency of CD4+ T lymphocytes producing multiple Th1 (A,D,G,J), Th2 (B,E,H,K) and 

mixed Th1/Th2 (C,F,I,L) at baseline (A,B,C) and after stimulation with the filarial antigen 

(BMA) (D,E,F), Der p EXT (G,H,I) and P/I (J,K,L). Each dot represents a single individual 

and the horizontal bars are GMs.
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Figure 4. Eosinophilia and IgE regulation in the 4 groups
Eosinophils counts (A) and their association with BMA-specific IL-5 (B); eosinophil 

granule proteins (C,D) and their correlation with eosinophils (E); IgE levels (F) and its 

association with BMA-specific TH2 cytokines (G,H,I). Each dot represents a single 

individual and the horizontal bars are GMs.
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