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Abstract

Background: Geohelminth infections are predominant in Nigeria and communities at greatest risks are those with poor environmental/
sanitary conditions and unhygienic habits. Chemokine ligands (CXCL) a class under chemokine group play important roles in the immune
system by either mediating susceptible or protective immune responses to patasitic infections. Aim: This study was to assess the impact
of Ascaris lumbricoides sole infection and co-infection on some serum chemokines (CXCL5, CXCL9, and CXCL11) in infected Nigerians.
Materials and Methods: A total of 194 individuals attending Agbor general hospital were examined for 4. Jumbricoides and hookworm
infections. Thereafter, sera were obtained from positive volunteers and control group using enzyme-linked immunosorbent assay to examine
the impact of these helminth infections on the serum concentration of some chemokines (CXCL5, CXCL9, and CXCL11). Results: The
mean sera levels of CXCL5 and CXCL9 in infected volunteers were higher than the control subjects. Also, positive correlation was recorded
for CXCIL9 (P > 0.05), while negative responses were seen for CXCL5 and CXCL11 (P > 0.05) in relation to increase in the intensities of
infections. CXCL9 was more expressed in A. fumbricoides + hookworm co-infections than single. Furthermore, the mean concentration
of CXCLS5 was higher in infected females than males (P < 0.05). Conclusion: The proinflammatory responses of CXCL5 and CXCI9
to A. lumbricoides and hookworm infections could be an indication of the meditating roles of these chemokines in the immune system to
cither confer some form of host/parasite immunity or susceptibility.
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Introduction

Geohelminths such as Ascaris [umbricoides and hookworms
causes parasitic diseases among a large percentage of
people in sub-Saharan Africa. The most vulnerable
groups are school-aged children and pregnant women.*?
The disease burden and morbidity of soil transmitted
helminths are influenced by a complexity of immune
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responses partly due to increased number of eosinophil
cell population.P! Eosinophils modulate the immune
system by releasing cytokines and chemokines.™
Chemokines may enhance, suppress, and regulate the
expression of immunity to intravascular and intestinal
parasites. However, varied data on the general role
of eosinophils to helminth infections have been
documented, ! and consequently a likely disparity in
chemokines responses may be observed.

Cytokines and chemokines are key players in the
regulation and polarization of cellular reactivity and
antibody responses to parasitic infections. Generally,
prepatency of helminth infections are associated with
an initial Th1 immune response, while during patency a
Th2-type response prevails,”# and further predominates
with chronic infections.” In areas where polyparasitism is
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highly prevalent, the impact of multiple parasites on host
responses is underestimated.!! For instance, in a study
comparing immunological responses in individuals with
mono- and co- helminth infections, it was noted that the
results were in contrast with studies on animal models,''12
in a way that coinfected individuals had a further down-
modulated Th1 cytokine [interferon-vy (IFN-y)] and CXCL10
with an increase in humoral responses.™ It has also been
suggested that there is an important influence of host sex
on the development of Th2 responses to gastrointestinal
nematodes.™ Thus, this work highlights the role of sex
on chemokines host responses to A. lumbricoides infection.

We had earlier carried out few immunological studies
to assess cytokines host responses to some parasitic
infections in Nigeria.>l However, information on the
role of chemokines in helminth infection is currently
lacking in endemic areas despite its importance in disease
progression. This paper for the first time examines the
impact of A. lumbricoides sole infection and co-infection
with hookworm on some serum chemokines (CXCL5,
CXCL9, and CXCL11) in infected Nigerians.

Materials and Methods

Study area

The study was carried out in Agbor (6°15°9.93”N
6°11’58.79”E) in Delta State, Nigeria. Stool and serum
samples were collected from 194 individuals attending
the Agbor general hospital either for routine check-up or
otherwise. The age of these volunteers ranged between
8 and 50 years. There are some villages around the main
Agbor town, where the Agbor general hospital is located
and so people come from these surrounding communities
to seek medical attention. On the average, the toilet
facilities used by inhabitants are the water systems and
pit toilets. However, some still defecate in bushes and
farms and most children indiscriminately defecate in the
environment. Again, waste management system to a large
extent is poor in Agbor. For instance, in an effort to dispose
of wastes, a good number of people construct pits and bury
these wastes therein; and sometimes there is unchecked
indiscriminate disposal of wastes in surrounding bushes.
The inhabitants also depend on well water, borehole, rain
water, streams, and rivers for their sources of drinking
water. The major preoccupation of the people is farming,
while a few are civil servants and traders.

Ethical consideration

Before the commencement of the screening exercise, we
obtained ethical clearance from the Delta State Ministry
of Health, Asaba. Also, informed consents of individuals
were sought and obtained and then drawn to participate
in the survey. For volunteers between the ages of 8§ and 12
years, parental informed consents were equally obtained.

Parasite investigation

Each subject was given a clean, dry, and well labelled
specimen bottle with which to collect stool samples.
Stool samples were collected from 194 individuals and
immediately processed. Fresh stool samples mixed with
saline were dispersed on slides and examined under
the microscope for parasite detection and identification.
A. lumbricoides and hookworm eggs were quantified
using Kato-Katz technique. The degrees of infections
were measured as number of eggs per gram (epg). The
intensities of infection for A. lumbricoides were estimated as
light (1-4999), moderate (5000-49999), and heavy (=50000);
while for hookworm, they were similarly estimated as
light (1-1999); moderate (2000-3999), and heavy (=4000).0""

Exclusion criteria and chemokines analysis

Weexcluded volunteers with overt diseases like viral hepatitis
B, human immunodeficiency virus, or sickle cell anaemia
using standard procedures. Also, volunteers with other
parasitic infections like malaria were not included for the
chemokines analysis. Sera from the positive volunteers and 20
control subjects drawn from the 194 surveyed volunteers were
analysed using enzyme-linked immunosorbent assay for
CXCL5, CXCL9, and CXCL11 following the manufacturer’s
instruction (Abcam, UK). Results were expressed in pg/mL
on the basis of standard curves.

Statistical analysis

Data obtained were subjected to linear regression,
student’s t-test, and analysis of variance analysis using
InStat statistical package.

Results

A total number of 194 patients were examined and 89
volunteers were infected with A. lumbricoides or/and
hookworm infections [Table 1]. Others were either
completely free of these parasites or were positive with
other infections.

The concentrations of chemokines to A. lumbricoides
infection are shown in Table 2. The levels of CXCL5 and

Table 1: Number of positive volunteers with helminth
infection(s)

Males Females Total
No. with Ascaris lumbricoides as 19 26 45
sole infection
No. with hookworm as sole 1 5 6
infection
No. with Ascaris lumbricoides + 13 25 38
hookworm
Total no. infected B8 56 89
Total no. examined 73 121 194
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Table 2: Comparison of chemokines responses to Ascaris. lumbricoides-infected and noninfected volunteers

Chemokines (pg/mL) (mean values)

CXCL5 CXCL9 CXCL11
infected (n=45) control (1=20) infected control infected control
5301.3+1586.54 2328+1726.75 532.42+106.91 337.75+312.89 350.06+42.08 289+11.32
x*=3796.20 x*=112.20 x*=12.92

%? = chi-square; CXCL (chemokine ligands); pg/mL (picogram per millilitre)

CXCL9 in infected volunteers were higher than their
control subjects at P < 0.05 and P < 0.001, respectively.
However, the levels of CXCL11 for the two groups were
unchanged statistically, an indication of little or no
impact of infection on this particular chemokine.

Table 3 presents the correlation between chemokines
and the intensities of A. lumbricoides infection. The
concentration of CXCL9 in relation to the intensities
of infection was positively correlated though not
statistically significantly (P > 0.05). Conversely, for
CXCL5 and CXCL11, a negative correlation was observed
(P >0.05).

The comparison in the profile of chemokines levels
between single and co-infections is shown in Table 4.
Single infection with A. lumbricoides was higher than
A. lumbricoides + hookworm co-infection for CXCL9
(P <0.05), but no significant change was seen for CXCL5
and CXCL11 (P > 0.05).

Table 5 summarizes the impact of A. lumbricoides
infection on chemokines concentration in relation to sex.
Although there were no significant differences between
sexes for CXCL9 and CXCL11, the mean concentration
of CXCL 5 was higher in females than males (P < 0.05).

Discussion

In an effort to assess the impact of A. lumbricoides infection
on some chemokines, we examined the changes seen in
infected patients against noninfected individuals. It was
demonstrated that serum levels of CXCL5 and CXCL9
among the infected was upregulated. Our observation is
in line with a study that asserts that helminth infection
stimulates increase in chemokine proinflammatory
responses and downplayed Th2 [interleukin (IL)-13]
responses.® A lack of IL-13 promotes chronic intestinal
nematode infection in mice, whereas reconstitution of
IL-13 expels Trichuris muris from their gut."”! Such an
amplified IL-13 production will enhance secretion of
immunoglobin E (IgE)-mediated cellular cytotoxicity
that protects against helminth infections.”!

Human intestinal infections are associated with
characteristic features of Th2 responses and there is

Table 3: Relationship between intensities of Ascaris
Iumbricoides infection and chemokines responses

Chemokines (pg/mL) (mean values)

Intensity CXCL5 CXCL9 CXCL11
Light (n=15) 10523.22+4653.24 320.72+177.83 331.46+£69.33
Moderate (n1=12) 8384.66+2013.13 369.31+319.06 303.61+60.80
Heavy (n=17) 9138.61+£3253.86 602.62+214.64 322.31+49.13
r -0.21 0.32 -0.15

r? = regression coefficient

evidence that strong type 2 responses are correlated
negatively with infection intensity.”"*! Type 2 immune
responses are composed of three major features:
inflammation, wound repair, and most importantly
resistance to helminths. The analysis of chemokines data
inrelation to intensities of infection showed that CXCL11
and CXCL5 were negatively correlated. These results
could possibly produce similar outcomes like in the case
where Th2 responses involved CD4 + Th2 cells, cytokines
interleukins (IL-4, IL-5, IL-9, IL-10, and IL-13) and IgE in
driving the process of recruiting eosinophils, basophils,
and mast cells in order to enhance host defence against
parasitic infections.””! Conversely, CXCL9 was positively
correlated with intensity of A. lumbricoides infection and
heavily infected volunteers were remarkably higher
than other degrees of infection. Since a proinflammatory
response was observed for CXCL9 with the evidence
demonstrated by these authors,”! we suggest, therefore,
that this chemokine could have partly mediated
the process of macrophage inhibition with a direct
chemotactic effect on the human monocytes in a way that
ensured some form of protective immunity to heavily
infected patients.

This study reports that CXCL11 and CXCLS5 profiles
of individuals coinfected with A. lumbricoides +
hookworm showed similar responses with single
infection. However, CXCL9 profile for co-infection was
higher than single infection. This probably emphasises
the important role of CXCL9 in A. lumbricoides +
hookworm co-infection. Obviously, the upregulation
of CXCL9 could be attributed to the presence of
hookworm in this association supporting the findings
of, "1 CXCL9 is a member of the alpha subfamily
of inflammatory chemokine. It is inducible in
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Table 4: Chemokines profiles of Ascaris lumbricoides single infection and co-infection with hookworm

Mean chemokines (pg/mL) (mean values)

CXCL5 CXCL9 CXCL11

single infection (1=45) co-infection (n=38) single infection co-infection single infection  co-infection
9763.43+3887.21 8307.71+4681.43 385.51+243.24 640.51+287.17 322.54+62.89 365+66.14
£70.95 1=2.69 t=1.79
t = t-test
Table 5: Chemokines responses to Ascaris [umbricoides-infected volunteers in relation to sex
Mean chemokines (pg/mL)

CXCL5 CXCL9 CXCL11
Male (n=19) Female (1=26) Male Female Male Female
3839.71+2190.20 7015.20+£2609.25 589.35+201.81 487.31+623.99 359.53+53.27 349.40+46.05
t=2.53 t=1.35 t=0.39

macrophages, hepatocytes, and endothelial cells by
IFN-y which is a Thl immune response. Existing
reports show that helminth infection can ensure
susceptibility to certain pathogens against which
Th1 responses are protective and more resistant to
other pathogens against which Th2 responses are
defensive. Whichever case, the central question
of whether multiple helminth infections drive host
immune responses toward phenotypes different from
those of a single infection remains to be answered.!

Multiple factors including sex could determine the
ability of a host to generate protective type 2 cytokines
in response to helminth infection. For example, some
authors demonstrated that resolution of Trichuris
infection is typically characterized by the production
of type 2 cytokines such as IL-4 and IL-13.*1 Previous
studies with BALB/c mice deficient in IL-4 demonstrated
the ability to mount an effective immune response
against Trichuris due to a compensatory increase in IL-13,
whereas mice lacking IL-13 were rendered susceptible
to chronic infection.!"”! Interestingly, however, this
compensatory mechanism was only present in female
knockout (KO)3 mice of same strain, and not their
male counterparts, suggesting an important influence
of host sex on the development of Th2 responses to
gastrointestinal nematodes.™! In our study therefore,
out of the three chemokines analysed in A. [umbricoides-
infected volunteers, only serum CXCL5 was boosted
in females. This result suggests that CXCL5 could be
mediating a protective response,”*! bias toward the
female sex. The possible explanation for this is quite
unclear and thus further investigation should be carried
out along this line.

In conclusion, we have shown that A. lumbricoides
could impact on the serum levels of CXCL5 and
CXCL9. The implication of this is that these

chemokines may play important roles in the
helminth-disease outcomes. On one hand, CXCL5
and CXCL9 could mediate debilitating effects of
A. lumbricoides infection on its hosts, while on the
other in relation to co-infections, CXCL9 might be
a key player in the process of immune regulation in
expressing either protective or susceptible responses
on parasites or host.
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