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Abstract

Background: Asthma is less common in countries outside the organization for economic coopera-
tion and development (OECD). One suggested mechanism for this disparity is the early life expo-
sure to helminthic infection in non-OECD countries due to predominant Th1l immune response,
which down-regulates Th2 responses required for exacerbation of asthma. This report is the first
in the literature to describe the effects of helminthic infection on immune responses in asthmatic
children compared to non-asthmatic controls. Methods: We administered the International Study
of Asthma and Allergies in Childhood (ISAAC) questionnaire to 1690 high school students in three
rural communities in southwestern Nigeria. Based on questionnaire responses and medical ex-
amination, identified asthma cases were matched with controls. Stool samples were collected from
all subjects and screened for intestinal helminthic infection. The serum of 12 asthmatics and 12
non-asthmatics (6 with intestinal helminthic infection and 6 without intestinal helminthic infec-
tion in each group) were assayed for interleukin (IL)-2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-13, IL-17A,
interferon-gamma (IFN-y), tumor necrosis factor-alpha (TNF-a), granulocyte macrophage colo-
ny-stimulating factor (GM-CSF), and transforming growth factor-beta (TGF-f). Results: The mean
(£SD) serum levels of IL-2 significantly increased in asthma cases with intestinal helminthic infec-
tion compared with asthma cases without infection (41.5 * 9.7 vs. 29.7 + 10.3; p = 0.035), controls
with intestinal helminthic infection compared with cases without infection (52 + 4.7 vs. 29.7 + 10.3;
p < 0.001), and controls with intestinal helminthic infection compared to controls without infec-
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tion (52 + 4.7 vs. 34.2 £ 10.4; p = 0.003). Mean levels of TGF-f significantly increased in controls
without infection compared with asthma cases with infection (1833 + 93.1 vs. 633.3 + 294.4; p <
0.001), controls without intestinal helminthic infection compared with asthma cases without in-
fection (1833 * 93.1 vs. 916.7 * 204.1; p < 0.001), controls with intestinal helminthic infection
compared to controls without infection (2366.7 + 760.7 vs. 1833 % 93.1; p < 0.001), and controls
with intestinal helminthic infection compared with asthma cases without infection (2366.7 *
760.7 vs.916.71 + 204.1; p = 0.007). Conclusion: Intestinal helminthic infection independently in-
creases IL-2 levels, while asthma decreases the level of TGF-f, which is further depressed by intes-
tinal helminthic infection.
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1. Introduction

Early studies on disease distribution suggested that asthma is less common in countries outside the organization
for economic cooperation and development (OECD), especially in rural communities [1] [2]. The reason for the
regional difference is not clearly understood, but infection with intestinal helminthes has been postulated as an
important factor in determining prevalence through various mechanisms that may suppress or inhibit the im-
mune responses which lead to clinical symptoms of asthma [3]. While eradication of parasites may offer many
public health benefits, the hypothesis that helminthic infections protect against allergic disease raises the possi-
bility that eradication may, in fact, increases the incidence of asthma and allergic diseases. Therefore, it is im-
portant to establish whether helminthic infection and asthma are related.

The immune response mounted to helminthic infections is characterized by T-helper type 2 (Th2), which is
thought to be protective [4]. There is also evidence, however, that these parasites might enhance their own sur-
vival by modulating the immune responses of their host and inducing regulatory responses that dampen activity
of effector cells [5]. Such responses typically involve increased production of cytokines, such as interleukin IL-4,
IL-5, IL-9, IL-10 and IL-13, allergen-specific and total immunoglobulin E (IgE), eosinophilia, tumor necrosis
factor-alpha (TNF-a), transforming growth factor-beta (TGF-$) and epidermal growth factor (EGF) [6] [7]. Cy-
tokines are usually extracellular signaling proteins produced by many cell types that are involved in cell-to-cell
interactions acting through specific receptors on the surface of target cells [8]. They play an integral role in the
coordination and persistence of the inflammatory process in the airways of asthmatics, as they are capable of
inducing many of the pro-inflammatory effects characteristic of the disease [9]. Thl cytokines (e.g. IFN-y,
TGF-p, etc.) enhance cellular immune responses while Th2 cytokines (IL-4, IL-10, IL-13, etc.) favor antibody
responses. These two sub-sets inhibit one another [10], so cytokine dysregulation has been under intensive study
for its possible role in the pathogenesis of many diseases [10].

Allergic diseases including asthma, eczema, and rhinitis are associated with Th-2 inflammation [11]. In indi-
viduals predisposed to allergic disease, inflammation mediated by helminthic infection can be modulated by the
host immune response and that failure of the expression of similar mechanism may be responsible for the clini-
cal expression of allergic disease [6] [12]. Although insight into the pathophysiology of asthma has increased
substantially in industrializedcountries, the relationship between helminthic infections and asthma risk, particu-
larly in rural areas of non-OECD countries remain to be further clarified. The “hygiene hypothesis” suggests that
improved sanitation leads to an increased incidence of allergic disease in susceptible individuals [13]. The situa-
tion is different in non-OECD countries, such as sub-Saharan Africa, Asia, and Latin America, where helminthic
infections remain endemic and the risk of developing allergic diseases, like asthma, is lower [14] [15]. Several
studies have shown a negative correlation between chronic helminthic infections and allergic reactivity to com-
mon allergens [10] [13] [16]. There is also growing evidence that intestinal helminthic infection may be capable
of modulating the expression of allergic disease [16].

Apart from the fact that Th2 response has evolved to minimize the virulence of helminthes [4], Th2 responses
also protect against allergies and asthma, limit the number of helminths in the intestinal tract [13] and repair
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tis-sue damage caused by the helminths that have colonized the intestine [17]. In addition to the Th2 responses
during helminthic infection regulatory B cells, alternatively activated macrophages (or M2) were key compo-
nents of the immune regulatory network functioning during helminthic infections [18].

Based on previous studies, it is clear that the interplay between helminthic infections and allergies is com-
plex and the results are inconsistent. Identification of a link between helminthic exposure and down-regulation
of Th2 immune response may suggest promising avenues for future investigation into the etiology or the me-
chanisms responsible for triggering of asthma. Therefore, the serum levels of 12 cytokines (IL-2, IL-4, IL-5,
IL-6, IL-10, IL-12, IL-13, IL-17A, IFN-y, TNF-a, GM-CSF, and TGF-f) were examined in asthma patients with
or without intestinal helminthic infection compared with non-asthmatics with or without helminthic infection.
The aim of the study was to establish whether or not on-going intestinal helminthic infection affects serum cyto-
kine levels in a cohort of asthmatic and non-asthmatic Nigerian school children in rural areas. To our knowledge,
no previous study has investigated a wide panel of cytokines in asthmatics with and without intestinal helmin-
thic infection. Additionally, no such studies have been conducted in Nigerian asthmatics.

2. Methods

The Institutional Review Board on Human Research at the University of Ibadan, Nigeria, and the University of
Chicago, USA, approved the research protocol. Approval to conduct the study was also obtained from the Oyo
State Ministry of Education, Ibadan, Nigeria. The parents or guardians of all participants provided written in-
formed consent and the students provided assent for participation in the study.

2.1. Study Participants

The study was conducted in Abanla, Eruwa and Igho-Ora, three rural communities in southwestern Nigeria. The
prevalence of asthma in this region in the past 2 years in school children aged 13 - 14 years reported in a pre-
vious study was 7.2% [19]. The study population included apparently healthy 24 children (12 asthmatics and 12
non-asthmatics) of similar ages and gender (Table 1), which is a subset of the 1690 children screened with
ISAAC questionnaires designed to diagnose patients with asthma.

2.2. Asthma Screening

Children were screened for asthma based on the affirmative responses to the ISAAC questionnaire which in-
cludes questions on symptoms of asthma and/or physician’s diagnosis of asthma. Asthma was defined by a posi-
tive response to the question “Has a doctor ever told you that you have asthma?” Those that reported non-physi-
cian diagnosed asthma were further assessed based on their “Asthma-related symptom” if they reported a posi-
tive response to either “Have you ever had wheezing or whistling in the chest at any time in the past 12 months?”
or “In the past 12 months have you had a dry cough at night, apart from a cough associated with a cold or chest
infection?” Those that reported “No” responses to both questions on physician-diagnosed asthma and asthma-
related symptoms were classified as non-asthmatic controls. Based on questionnaire responses and detailed med-
ical examination by a physician, 104 asthmatics were identified and were subsequently matched with 121
non-asthmatic controls for a total of 225 subjects. Stool samples were collected from all asthmatics and controls.
Of the 225 subjects, 12 asthmatics and 12 non-asthmatics (6 with intestinal helminthic infection and 6 without
intestinal helminthic infection in each group) were assayed for IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-13,
IL-17A, IFN-y, TNF-a, GM-CSF, and TGF-g. For analysis, data obtained on the 24 (12 asthmatics and 12
non-asthmatic controls) subjects matched for age, gender and intestinal helminthic infection were used. Ex-
cluded from the study are those on medication, obviously sick and those with malaria parasites in blood film.

Table 1. Age and gender distribution of the subjects.

Asthma (+H) Asthma (—H) Control (-H) Control (+H)
Age (Mean + SD) 14.83+£1.83 14.00 £+ 2.89 13.83 £ 2.56 13.00 £2.97
Gender (M/F) 5/1 4/2 5/1 5/1

+H = with intestinal helminthic infection; —H = without intestinal helminthic infection.
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2.3. Stool Evaluation for Parasites

All subjects produced fresh stool samples that were examined for ova and parasites at the parasitology laborato-
ry at the University College Hospital, Ibadan, Nigeria using the previously described procedure at the parasitol-
ogy laboratory at the University College Hospital, Ibadan, Nigeria [19]. These ova were used to identify the
types of adult helminthic parasite present in the intestine. Labeled dried, leak proof, clean plastic containers
were distributed for the collection of fresh fecal samples which were microscopically examined for characteris-
tic ova of intestinal parasites.

2.4. Blood Sample and Cytokine Analysis

Venous blood samples were collected from all subjects in 10ml Vacutainer EDTA tubes. All samples were
processed at the Institute for Advanced Medical Research and Training (IMRAT) laboratory at the College of
Medicine, University of Ibadan, Nigeria. Serum samples were frozen and stored at —80°C until analysis was
performed in the Immunology Unit, Department of Chemical Pathology, University of Ibadan, Nigeria. Samples
were analyzed for the levels of 12 serum cytokines (IL-2, IL-4, IL-5, IL-6, IL-10, I1L-12, IL-13, IL-17A, IFN-y,
TNF-a, GM-CSF, and TGF-p) using Multi-Analyte ELISArray Kits based on the method described by the man-
ufacturer (SA Biosciences, America) as follows: 50 ul per well of appropriate sample dilution buffer, antigen
standard cocktail or an experimental sample was pipetted into microtiter plates. This sample was incubated at
room temperature (25°C - 27°C) for 120 minutes. The ELISA immunoplate was washed 3 times with 350 pl/well
of washing buffer. After washing, 100 pl per well of detection antibodies was added. This mixture was incu-
bated at room temperature for 60 minutes. The immunoplate was rewashed 3 times with 350 pl/well of washing
buffer. A concentration of 100 pl/well of diluted Avidin-HRP conjugate was added, after which the plate was
incubated at room temperature for 30 minutes in darkness. The plate was washed 4 times and 100 ul per well of
developing solution was added. The reaction was stopped with 100 ul/well of Stop Solution and the optical den-
sity (OD) was read at 450 nm within 30 minutes following the addition of stop solution. The average absorbance
value of each OD was plotted against corresponding cytokine values to create a standard curve. The average ab-
sorbance of each serum sample was used to determine corresponding cytokine values by interpolating from the
curve.

2.5. Data Analysis

Data were analyzed using SPSS and the values were presented as mean (+ SD). Mean (x SD) between and wi-
thin groups were compared using ANOVA and Student t-test. p-value < 0.05 was reported as statistically signifi-
cant.

3. Results

The result shows that there were no significant differences between serum levels of IL-4, IL-5, IL-6, IL-10,
IL-12, IL-13, IL-17A, IFN-y, TNF-a and GMCSF when all groups were compared (Table 2). Only IL-2 and
TGF-p showed significant differences. Considering IL-2, significant increases were found between asthma cases
with intestinal helminthic infection compared with asthma cases without infection (p = 0.035), controls with in-
testinal helminthic infection compared with cases without infection (p < 0.001), and controls with intestinal
helminthic infection compared with controls without infection (p = 0.003). This result shows that intestinal hel-
minthic infection influenced the increase in IL-2 levels more than asthma. In terms of TGF-g, significant in-
creases were found between controls without intestinal helminthic infection compared with asthma cases with
infection (p < 0.001), controls without intestinal helminthic infection compared with asthma cases without
infection (p < 0.001), controls with intestinal helminthic infection compared to controls without infection (p <
0.001), and controls with parasites compared with asthma cases without infection (p = 0.007). This result
shows that asthma decreases the level of TGF-# and this was further depressed by intestinal helminthic infec-
tion.

Both IL-2 and TGF-$ were increased in non-asthmatic controls with intestinal helminthic infection compared
with asthma cases without infection or non-asthmatic controls with intestinal helminthic infection compared

with non-asthmatic controls without infection.



G. O. Arinola et al

Table 2. Comparison of mean cytokine levels between asthma cases and non-asthmatic controls.

Asthmatics (+H) Asthmatics (-H) Controls (+H) Controls (-H)

(N = 6) Mean £ SD (N = 6) Mean £+ SD (n=6)Mean+SD  (n=6) Mean + SD el
IL-2 415+9.7 29.7+10.3 52+4.7 342+104 0.002"
IL-4 21.7+93 20.8+10.2 225+8.8 142+20 0.309
IL-5 21.7+£93 19.7£10.0 16.7£2.6 147+33 0.359
IL-6 155+49 14.0+4.6 122+3.9 122+3.9 0.501
IL-10 175+75 122+39 135+51 122+3.9 0.281
IL-12 15.7+8.0 12.7+41 10.0+£0.6 10.8+4.6 0.254
IL-13 25.0+7.7 22.7+8.6 20.8+2.0 21.0+4.7 0.648
IL-17A 742+128 95.8+52.6 775175 111.7 +68.5 0.450
IFN-y 15820 155+34 15.0+3.2 147+41 0.927
TNF-a 19.7+7.1 20241 200+7.1 21.3+43 0.963
GM-CSF 25.0+17.3 41.7 + 33.6 48.3+34.7 19.2+20 0.197

TGF- 633.3+294.4 916.7 + 204.1 2366.7 £ 760.7 1833+93.1 <0.001"

+H = with intestinal helminthic infection; —H = without intestinal helminthic infection, “Post hoc: Significant differences found between Asthma cas-
es with parasite vs. Asthma cases without parasite (p = 0.035); Cases without parasite vs. controls with parasite (p < 0.001); controls with parasite vs
controls without parasite (p = 0.003). “Post hoc: Significant differences found between cases with parasite vs. control without parasite (p < 0.001);
cases without parasite vs. controls without parasite (p < 0.001); controls without parasite vs. controls with parasite (p < 0.001); controls with parasite
vs. cases without parasite (p = 0.007).

4. Discussion

The cytokine basis of hygiene hypothesis in asthmatic patients is reported to be complex and controversial [20].
Hygiene hypothesis in asthma patients could not be explained simply by the failure to shift from Th2 to Thl
immune responses [21]. Asthma is associated with Th2 (IL-4, -5 and -13) cytokine secretion [22] which is mod-
ulated by many factors such as pre-existing or co-infections with bacteria, viruses and parasites, autoimmune
disorders [23], cytokine environment and other unidentified factors [20]. Furthermore, evidence suggests that
suppression of T-regulatory cells may contribute to the underlying immune mechanisms involved in allergy and
asthma [20]. The present study investigated the influence of intestinal helminthic infection on cytokine res-
ponses in asthma patients and determined if regulatory-T lymphocytes modulate cytokine responses in asthma
patients.

Results show that Th2 cytokines (IL-3, -4, -5, -6, -10 and -13) were elevated (non-significantly) in both
groups of asthma patients compared with non-asthmatic controls without intestinal helminthic infection but
these increases were higher in asthma patients with intestinal helminthic infection compared with asthma pa-
tients without infection. This result suggests that asthma stimulates predominantly Th2 cytokine responses, ra-
ther than Thl responses, as previously reported [22]. This predominant Th2 response in patients with asthma
may be explained by the fact that dendritic cells, which are the primary link between the immune system and
external allergens, process and present peptides of the allergen via MHC 11 to TCR of progenitor T-cell. Binding
between co-stimulatory molecules (B7.2 of dendritic cell and CD28 molecule of progenitor T-cell) lead to pro-
liferation of Th2 cells and secretion of IL-3, -4, -5, -10, -13 and GM-CSF in asthmatics.

In addition, these results demonstrate that intestinal helminthic infection increases the levels of Th2 cytokines
in both asthmatic patients and non-asthmatic controls, suggesting that helminthic infections aggravate Th2 res-
ponses in asthmatic and non-asthmatic controls. Previous studies reported that the immune response of the host
to helminthic infection is dominated by significant production of Th2 cytokines such as IL-4, IL-5, 1L-10, IL-13,
IL-25, and IL-31 [24]-[27]. Parasite antigens are exo-antigens, which are processed by antigen presenting cells
and peptide presented via MHC Il for B-cell activation and antibody production, eosinophil differentiation and
recruitment. Therefore, helminthic infection is often reported to be associated with high levels of IgE, 1gG1 and
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1gG4, eosinophilia and mast cell responses [28]. It is of great interest to determine levels of IgE and 1gG sub-
classes (IgG1 and 1gG4) in asthma patients with or without helminthic infections since cytokines such as IL-4,
IL-5 and IL-13 interact with their receptors to stimulate IgE production and increased numbers of eosinophilia
and mast cell; all of which are capable of inducing inflammation in the respiratory tract [7].

Th2 cytokines are important in asthma patients with intestinal helminthic infection. They stimulate the pro-
duction of IgE specific for both asthma allergens and intestinal helminthic antigens. These different sets of IgE
compete for binding sites on mast cells. Mast cell degranulation, however, requires two or more antigen specific
IgE to cross-link. Cross-linking of non-specific IgE will not cause mast cell degranulation and leads to non-se-
cretion of vasoactive amines resulting to desensitization. Parasite specific 1gG subclasses with receptors on mast
cells may also cause desensitization of mast cells [29] [30]. This study, therefore, provides additional insight in-
to the role of helminthic infection in modulating Th1 and Th2 responses in patients with asthma.

TGF-p and IL-2 were significantly different in asthmatic patients with or without intestinal helminthic infec-
tion compared with non-asthmatic controls with or without infection. IL-2 is involved in eosinophilia in vivo,
growth and differentiation of resting T cells [9]. IL-2 is involved in control of intracellular pathogens and also
contributes to inflammatory responses. IL-2 activates and differentiates resting T-cells into either Thl or Th2
cell type. This phenomenon may explain the elevated IL-2 levels in asthma or non-asthmatic controls with intes-
tinal helminthic infection compared with non-asthmatic controls without intestinal helminthic infection, since
allergens and helminthic antigens stimulate Th2 function.

Clearly, dysregulated immune system involved in allergy and asthma cannot be explained simply by Th1/Th2
dichotomy alone [20]. Another mechanism may involve T-regulator/suppressor cells. Several types of Treg cells
have been described (natural Tregs, Trl and Th3). Th3 cells make TGF-A, which inhibits development of both
Th1 and Th2 cells [31]. Reduced levels of TGF-f in asthma patients may be an allergen-induced mechanism to
prevent down regulation of Th2 cytokines in asthmatics. This phenomenon is supported by reduced level of
TNF-a (a Thl cytokine). Thl cytokine antagonizes Th2 responses. Therefore, raised levels of Th2 cytokine in
these subjects might explain the observed low levels of TNF-a. In contrary to asthmatics, helminthic infection is
capable of inducing regulatory T-cells (Trigs) [28], which may help control morbidity and dampen resistance to
re-infection through their potent immune regulatory mechanisms. Up-regulation of TGF-4 production has been
described in individuals with chronic Schistosoma infection [32]. Similarly, the raised levels of TGF-A in non-
asthmatic controls with intestinal helminthic infection compared with controls or asthmatics without intestinal
helminthic infection are most likely influenced by the chronic helminthic infection. This observation raises the
need to relate cytokine levels with different severities of helminthic infection in asthmatics.

A major limitation of this study is the relatively small number of asthmatic and non-asthmatic subjects studied.
This small sample size was due to a continuous deworming program among school children by the Federal
Government of Nigeria, rigorous sex/age matching of asthmatic and non-asthmatic subjects for this study, and
the selection of subjects with only helminthic infection. Thus, there is need for a much larger study to further
establish the postulated causal links and to investigate the influence of anthelminthic treatment on immune re-
sponse, atopy and allergic disorders. Different species of parasite infection also may have important effects on
the pathogenesis of asthma. This study did not assess specie-specific parasite infection, instead using pooled in-
testinal parasite infection data. This choice limits the ability to clearly establish if the relationships between in-
testinal helminthic infection and asthma cytokines (IL-2 and TGF-p) observed in this study are likely to be para-
site specie-specific or parasite-intensity related. The potential modulatory influence of specific parasite species
on asthma development and expression warrants further investigation. In addition, determination of intestinal
helminthic specific IgE and allergen specific IgE in asthma patients with or without intestinal helminthic infec-
tion will also further improve our understanding of the relationship between helminthic infection and asthma
modulation.

5. Conclusion

Using a wide panel of cytokines in asthmatics with and without intestinal helminthic infection, the present study
reported significantly raised levels of IL-2 in asthma patients with intestinal helminthic infection and non-asth-
matic controls with intestinal helminthic infection compared with non-asthmatic non-infected controls and re-
duced levels of TGF-# in asthmatics with or without intestinal helminthic infection compared with controls
without intestinal helminthic infection. Therefore, IL-2 may be used to differentiate asthma patients with intes-
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tinal helminthic infection from asthma patients without intestinal helminthic infection. Moreover, intestinal hel-
minthic infection potentiates 1L-2 production but reduces TGF-# level in asthmatics. This result suggests that
intestinal helminthes infection promotes pro-inflammatory responses in asthma patients. The role of TGF- in
intestinal helminthic-based hygiene hypothesis needs further study.
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