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Abstract
B A C K G R O U N D Helminth infection is an important health challenge. Because of modulation of the
immune response toward T-helper 2 (Th2) cells, the immunologic interplay that manifest during the
coexistence of helminth infection with other conditions is still poorly understood.
O B J E C T I V E This study determined the pattern of alteration in selected cytokines and immunoglobulin E (IgE) in pregnant women, preschool aged children, and school-aged children with helminth
infection compared with uninfected groups.
M E T H O D S Seventeen pregnant women, 42 preschool-aged children, and 60 school-aged children
with helminth infection (HI) were recruited into this study. They were matched with 21 pregnant women,
42 preschool-aged children, and 50 school-aged children without helminth infection (HN) who served as
controls. Venous blood samples were collected from each participant and analyzed for serum levels of
tumor necrosis factor a (TNF-a), interleukin-10 (IL-10), interleukin-8 (IL-8), interleukin-6 (IL-6), and IgE.
Statistical analysis was done using the Student t test, and P < .05 was considered as statistically
signiﬁcant.
F I N D I N G S Only serum level of IgE was signiﬁcantly elevated in HI pregnant women compared with

HN pregnant women. In HI preschool- and school-aged children, serum levels of IL-8, IL-6, and IgE were
signiﬁcantly elevated compared with HN children. However, preschool- and school-aged children with HI
had similar levels of serum TNF-a and IL-10 compared with their corresponding HN groups.
C O N C L U S I O N S It could be concluded that altered cytokines expression in children and pregnant
women with helminth infection might have some implications on need for deworming programs to
improve pregnancy outcomes and vaccine responses.
K E Y W O R D S children, cytokines, helminth infection, IgE, pregnant women
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INTRODUCTION

Helminth infections are one of the most common
chronic infections in countries with poor hygienic conditions.1 Roundworm, whipworm, and hookworms

are the main species that infect people of all ages,
including pregnant women.2
About 2 billion people are infected with helminthes worldwide. People living in endemic areas
often suffer from single to multiple infections of
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several helminth species, thereby causing marked
morbidity and disability.3
Infection with helminthes have been reported to
have profound immunomodulatory effects on the
host as it can inhibit, alter and/or modify other
ongoing immune responses.3-5 During chronic helminth infection, there is increased production of
cytokines such as interleukin-4 (IL-4) and
interleukin-10 (IL-10) as well as increased activation and expansion of eosinophils, mast cells, basophils, and the antibody isotypes immunoglobulins
G1 (IgG1), G4 (IgG4), and E (IgE).6,7 This
form of response clearly shows that there is a shift
toward T-helper 2 (Th2) cells and antiinﬂammatory immune response.
Pregnant women are among the groups vulnerable to helminth infection.8 During pregnancy,
there is production of pregnancy-related hormones
that modulate immunologic responses in different
stages of pregnancy.9 This interplay was hypothesized to avoid damage to the fetus and to prevent
spontaneous abortions.10,11 Cytokine expression
during chronic helminth infection is similar to
cytokine responses in the third trimester of pregnancy. There is an increased activity of Th2 cells
and increased production of anti-inﬂammatory
cytokines during pregnancy.12 In contrast, the
activities of Th1 cells, inﬂammatory macrophages,
and natural killer cells and production of inﬂammatory cytokines are reduced especially during
the third trimester of pregnancy.10 Therefore, helminth infection during third trimester of pregnancy further favors a shift toward Th2 immune
responses, thus increasing the susceptibility of
pregnant women to infections that require Th1
immune response to control. Therefore, severity
and susceptibility to intracellular pathogens are
increased.13 For example, a report from Uganda
14
found that there was a signiﬁcant association
between increased HIV viral load and infections
with hookworm and Trichuris in HIV-infected
pregnant women. The viral load was found to
reduce in these women after treating with
albendazole.
Pregnant women and children are groups of
people mostly vaccinated because of the high burden of different infections in these groups of people from developing countries. It is therefore
necessary to determine serum levels of representatives of Th1 and Th2 arms of immune response
and IgE in these vulnerable groups. The outcome
of this study will be implicated in the prediction
of vaccine responses in pregnant women and

children. This study was therefore carried out to
determine the pattern of alteration in selected cytokines and IgE in pregnant women and children
with helminth infection.
MATERIALS AND METHODS
Study Participants. The study center, participant

selection, collection of stool specimens and examination for helminthes, and blood sample collection
and storage have earlier been reported.15 Brieﬂy,
245 pregnant women in their third trimester and
349 children were screened for helminth infection.
Seventeen pregnant women, 42 preschool-aged
children, and 60 school-aged children had helminth infection (HI) and they were matched with
21 pregnant women, 42 preschool-aged children,
and 50 school-aged children without helminth
infection (HN) who served as controls.
Informed Consent and Ethical Approval. Ethical
approvals were obtained from the University of Ibadan/University College Hospital Joint Ethics Committee and the Oyo State Ministry of Health before
the commencement of the study. Also, written
informed consent or assent was obtained from
each study participant or their parents.
Laboratory Analysis. Serum levels of TNF-a,
IL-10, IL-8, IL-6, and IgE were determined as
previously carried out4,16 using ELISA from Leinco
Technologies (Fenton, MO), Invitrogen Corporation, (Waltham, MA), Life Technologies,
(Carlsbad, CA), and Assaypro (St. Charles, MO).
Statistical Analysis. The independent Student t test
was used to assess the differences in means of the
variables at P < .05. All results are presented as
mean  standard deviation.
RESULTS

The prevalence and types of helminth infection
among the study participants have earlier been
reported.15
As shown in Table 1, only serum level of IgE
was signiﬁcantly elevated in HI pregnant women
compared with HN pregnant women. Serum levels
of TNF-a, IL-8, and IL-6 were not signiﬁcantly
different in HI pregnant women compared with
HN pregnant women. In HI preschool- and
school-aged children, serum levels of IL-8, IL-6,
and IgE were signiﬁcantly elevated compared with
their corresponding HN groups. However, preschool- and school-aged children with HI had
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Table 1. Serum Levels of Selected Cytokines and IgE in Pregnant Women, Preschool-Aged Children and School Aged Children With
Helminth Infection (HI) and Without Helminth Infection (HN)
TNF-a (pg/mL)

IL-10 (ng/mL)

IL-8 (pg/mL)

IL-6 (pg/mL)

IgE (ng/mL)

Pregnant women
HN (n ¼ 21)

100.00  50.00

ND

22.00  7.10

52.80  39.60

581.52  232.32

HI (n ¼ 17)

100.00  60.00

ND

24.30  3.50

57.80  32.80

799.92  231.84

1.000

NA

.198

.670

.006*

P
Preschool-aged children
HN (n ¼ 10)

49.32  12.42

0.10  0.05

493.30  266.40

8.66  4.01

ND

HI (n ¼ 12)

45.64  13.17

0.13  0.08

966.90  552.80

22.29  17.03

ND

.510

.222

.022*

.018*

NA

P
School-aged children
HN (n ¼ 10)

44.05  11.32

0.23  0.14

562.90  298.40

4.89  2.36

1806.40  222.40

HI (n ¼ 12)

49.70  11.45

0.26  0.20

995.20  334.20

16.56  12.20

3156.20  388.70

.225

.745

.002*

.006*

.000*

P

IgE, immunoglobulin E; IL, interleukin; ND, not determined; NA, not applicable; TNF-a, tumor necrosis factor a.
* Signiﬁcant at P < .05.

similar levels of serum TNF-a and IL-10 when
compared with their corresponding HN groups.
DISCUSSION

Because of poor sanitation and poor personal
hygiene, helminth infections continue to be a major
health challenge in the developing countries, affecting especially schoolchildren and pregnant women.
Reports have found that infection with helminthes
has marked immunomodulatory effects that could
be fatal in vulnerable groups such as children and
pregnant women.3
IL-6 is a multifunctional pleitropic cytokine produced by different cell types. It has both pro- and
anti-inﬂammatory properties depending on the prevailing immune context; thus, it is regarded as a
prominent target for clinical intervention.17 IL-6
is involved in the regulation of immune responses
and inﬂammation and in the activation and differentiation of immune cells such as macrophages
and lymphocytes.18,19 An experimental study
revealed that IL-6 limits the Th2 response, modiﬁes
the Treg-cell phenotype, and promotes host susceptibility to helminth infection.19 Our observed
elevated IL-6 levels in preschool- and school-aged
children support the result of Nagy et al.,20 who
reported elevated IL-6 level in children with Toxocara canis infection. Our observation might be a
reﬂection of the function of IL-6 as an enhancer
of the differentiation of Th2 cells, which are predominantly involved in the control of helminth
infection. However, the insigniﬁcantly elevated level

of IL-6 in the pregnant women with HI contradicts
our observation in children with HI. This observation might indicate that there is lower burden of
helminth antigen in pregnant women that requires
a stronger Th2 cell differentiation compared with
the children. This is in line with our report,15 which
found that the pregnant women were infected with
only Ascaris lumbricoides, whereas the children were
infected with Ascaris lumbricoides, hookworm, Fasciola hepatica, and Trichuris trichiura, with some of
the children even having coinfection with different
species of helminth. Nagy et al.20 reported that
the higher the helminth antigen, the greater the
production of IL-6. Also, it is possible that reproductive hormones during pregnancy might be
responsible for the nonsigniﬁcant difference in
serum levels of cytokines observed in HI pregnant
women compared with HN pregnant women.
IL-8 is a potent proinﬂammatory cytokine that
has chemotactic activity for neutrophils, basophils,
eosinophils, and lymphocytes.21 It is released from
various cell types in response to an inﬂammatory
stimulus. It is an important cytokine in phagocytosis
because it is involved in neutrophil activation.22 The
observed elevated IL-8 levels in preschool- and
school-aged children might be as a result of
increased production of IL-8 from eosinophils.
Cytokines produced by Th2 cells during helminth
infection stimulate eosinophils, which are known
to produce and secrete IL-8.23 However, pregnant
women with HI had insigniﬁcantly elevated level
of IL-8 compared with HN pregnant women.
This observation might support our earlier
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suggestion that the pregnant women with HI might
have lower helminth antigen, thereby culminating
in nonsigniﬁcant production of IL-8 and IL-6.
IL-10 is an anti-inﬂammatory cytokine that regulates the inﬂammatory process. It is produced by
many different myeloid and lymphoid cells. During
infection, more than 1 population of IL-10e
producing cells are induced, resulting in inhibition
of the activities of Th1 cells, natural killer cells,
and macrophages.24 In allergic diseases, IL-10 is a
down-modulatory factor that functions to induce
modiﬁed Th2-cell phenotype.3,25 The observed elevated levels of IL-10 in preschool- and school-aged
children are in line with the reports of Goddey
et al.26 and Sanchez et al.27 This observed elevated
IL-10 might be necessary to dampen excessive
inﬂammation with a view to protecting host tissues.
Experimental studies found that IL-10edeﬁcient
mice with helminth infection had high morbidity
and mortality.28,29 This probably shows that IL10 is important in controlling pathology associated
with helminth infection.5 This IL-10 action, however, could facilitate host tolerance to helminth
infection and cause immune hyporesponsiveness
against chronic helminth infection.24,30 Thus, this
allows the helminth to live for a long time (as
long as 20 y as in the case of Schistosoma spp) if
not treated.
Infection with helminthes has been found to be
the most effective and reliable inducer of IgE
responses. During helminth infection, total serum
IgE levels may rise up to 100-fold.31,32 Our
observed elevated IgE in both children and pregnant women with helminth infection are not surprising. Gebreegziabiher et al.33 and Arinola

et al.16 reported elevated IgE levels in pregnant
women and children with helminth infection. IgE
performs an important role in the control of helminth infection. Because helminths are large parasites that cannot be engulfed by phagocytes, the
prevailing Th2 cytokines milieu will induce the B
cells to switch the immunoglobulin class. The IgE
produced coats the helminth to enable tissue mast
cells and circulating eosinophils to bind via their
IgE receptors leading to cascade of immunologic
events resulting in the extracellular killing of
parasite.34

CONCLUSIONS

The results from this study indicate that inﬂammatory cytokines (IL-8 and IL-6) were signiﬁcantly
raised in helminth-infected children but not in
pregnant women with helminth infection. Therefore, infectious agents that require Th1 immune
responses to control may thrive more in children
infected with helminth compared with pregnant
women with helminth infection. Also, vaccines
that stimulate Th1 immune responses may not be
effective in helminth-infected individuals, especially
children. Insigniﬁcant differences in inﬂammatory
cytokines (IL-6, IL-8, and TNF-a) in helminthinfected pregnant women compared with pregnant
women without helminth infection might result in
normal pregnancy outcomes in helminth-infected
pregnant women. Therefore, altered cytokines and
IgE production in helminth-infected individuals
call for regular deworming program, especially for
pregnant women and children.
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