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ABSTRACT

Background: The host immune response plays a pivotal role in the pathogenesis and
outcome of amebic infections caused by Entamoeba histolytica. Cytokines such as
interleukin-2 (IL-2) and interleukin-10 (IL-10) are key regulators of immunity, with IL-2
promoting cell-mediated responses and IL-10 suppressing inflammatory reactions.
Understanding how E. histolytica infection influences these cytokine levels can provide
insight into disease mechanisms and potential prognostic indicators. Objective: This study
evaluated the serum levels of IL-2 and IL-10 in E. histolytica-infected patients compared to
uninfected healthy individuals in Tikrit, Iraq. We aimed to determine if E. histolytica
infection is associated with significant changes in these cytokines, and whether such changes
vary with patient age. Methods: A case-control study was conducted involving 50 patients
with confirmed E. histolytica infection (diagnosed via stool exam and PCR) and 20 healthy,
uninfected controls matched for age and sex. Patients were stratified into four age groups
(1-15, 16-30, 31-45, 4660 years). Serum samples were collected and IL-2 and IL-10
concentrations were measured using enzyme-linked immunosorbent assay (ELISA) kits
specific for human IL-2 and IL-10. Mean cytokine levels (£SD) in each group were
compared, and ANOVA with post-hoc tests was used to assess statistical significance.
Results: E. histolytica-infected individuals exhibited significantly elevated cytokine levels
compared to controls. IL-10 was markedly increased in all infected age groups; the highest
IL-10 levels were observed in young adults (1630 years, mean 155.2 + 9.3 pg/mL) and
middle-aged adults (3145 years, 135.2 + 10.3 pg/mL) versus controls (70.1 = 4.1 pg/mL,
P<0.01). IL-2 levels were also elevated in infected patients, particularly in the 16-30 group
(102.2 + 7.4 pg/mL) compared to controls (75.1 = 5.1 pg/mL, P<0.01). Notably, in older
infected patients (46—60 years), IL-2 levels (77.0 = 5.5 pg/mL) were not significantly
different from controls, suggesting an age-related decline in the IL-2 response. Overall,
statistical analysis confirmed that both IL-10 and IL-2 concentrations differed significantly
among the study groups (P<0.01 for IL-10; P<0.05 for IL-2), with infected groups showing
higher levels. Conclusions: E. histolytica infection is associated with heightened systemic
levels of IL-10 and IL-2, reflecting activation of both anti-inflammatory and pro-
inflammatory pathways. The pronounced increase in IL-10 suggests a strong regulatory
(possibly parasite-driven) immune response during amebiasis, which may help limit tissue
damage but could also facilitate parasite persistence. The IL-2 response, while elevated in
most patients, was blunted in older individuals, potentially indicating age-related immune
senescence. These findings improve our understanding of the immunological milieu in
amebic infection and point to IL-10 and IL-2 as potential biomarkers for infection severity
and host response, which might inform prognosis or therapeutic interventions in amebiasis.

© 2024.This is an open access article under the CC by licenses http:/creativecommons.org/licenses/by/4.0

1. INTRODUCTION

Amebic infection

caused by Entamoeba

colonic mucosa by E. histolytica trophozoites, the
host mounts both innate and adaptive immune
responses (1) Key among the adaptive responses

histolytica engages a complex interplay with the
host immune system. Upon invasion of the

are cytokine-mediated signaling networks. Two
cytokines of particular interest in amebiasis are
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interleukin-2 (IL-2) and interleukin-10 (IL-10),
due to their contrasting roles in immune
regulation. IL-2 is a prototypical Thl-type
cytokine produced primarily by activated T-
helper lymphocytes; it promotes T-cell
proliferation, enhances cytotoxic T-cell and
natural killer cell function, and supports cell-
mediated immunity critical for clearing
intracellular pathogens. In the context of parasitic
infections, IL-2-driven responses are generally
associated with protection and parasite clearance,
as IL-2 can bolster the activity of macrophages
and other effector cells that target parasites. By
contrast, IL-10 is an anti-inflammatory cytokine
produced by a variety of cells (including Th2
cells, regulatory T cells, monocytes, and
macrophages) and serves to dampen immune
responses. IL-10 inhibits the production of pro-
inflammatory cytokines and down-regulates the
microbicidal activity of macrophages and
dendritic cells. While this immunosuppressive
action of IL-10 can prevent excessive tissue
damage from inflammation, it may also impede
the effective clearance of pathogens. In
amebiasis, an elevated IL-10 response might
allow E. histolytica to evade the full brunt of the
immune system, potentially leading to persistent
infection or more extensive tissue invasion (e.g.,
liver abscess formation) (1)

Previous studies have suggested that the balance
between pro-inflammatory and anti-
inflammatory cytokines influences the outcome
of E. histolytica infections. For instance, (2)
demonstrated in an animal model that the
development of amebic liver abscess was
accompanied by dynamic changes in cytokine
profiles: IL-2 and other Thl cytokines were
initially produced, but a strong IL-4/IL-10
(Th2/regulatory) response was associated with
progressive disease (2). In human clinical
observations, patients with invasive amebiasis
have been noted to exhibit elevated levels of IL-
10 and sometimes suppressed cell-mediated
immunity, implying that E. histolytica may drive
a skewed response that favors parasite
survival(1). On the other hand, effective cell-
mediated immunity, characterized by robust IL-
2, interferon-gamma (IFN-y), and IL-12
production, is thought to be protective against
amebic infection(3). For example, in individuals
who are asymptomatic carriers or who clear the

infection, a stronger Th1 response may be at play,
whereas those who develop severe colitis or
abscesses might have an insufficient Thl
response coupled with a dominant Th2/regulatory
environment (high IL-10, IL-4, TGF-B, etc.),(4).
This concept aligns with the paradigm observed
in other parasitic diseases where a Thl response
tends to control infection and a Th2/regulatory
response can exacerbate disease (as seen in
leishmaniasis, for example). However, the exact
scenario in amebiasis is complex, since E.
histolytica also causes direct tissue destruction
and can modulate host immune cells via its
secreted molecules (like cysteine proteases and
galactose/N-acetylgalactosamine lectin).

Given the critical roles of IL-2 and IL-10, this
study focuses on quantifying these cytokines in
the serum of patients with confirmed E.
histolytica infection, compared to healthy
individuals. Our study is set in Tikrit, Iraq, where
amebiasis is endemic (as shown in Paper 1 of this
thesis, where we identified E. histolytica in nearly
10% of symptomatic patients). By examining
circulating IL-2 and IL-10 levels, we aim to gain
insights into the systemic immune milieu during
amebic infection in this population. The specific
objectives were: (1) to measure serum IL-2 and
IL-10 concentrations in E. histolytica-infected
patients across different age groups; (2) to
compare these levels with those in uninfected
healthy controls; and (3) to assess whether age of
the patient influences the cytokine response to
infection. The inclusion of age-stratified analysis
is pertinent because immune responsiveness,
especially cytokine production, can vary with age
— typically, young individuals have more
vigorous immune responses, whereas older adults
may show immunosenescence (a decline in
immune function). Indeed, initial observations
from our data hinted that older infected patients
had a lower IL-2 response than younger ones,
raising questions about age-related differences in
handling the infection.

Understanding IL-2 and IL-10 dynamics in
amebiasis could have practical implications. IL-
10, for example, might serve as a marker of
disease severity or chronicity; high IL-10 levels
could indicate a host response skewed towards
tolerance of the parasite, possibly correlating
with more extensive infection. On the other hand,
IL-2 levels might reflect the strength of the



protective immune response; insufficient [L-2
could signal a poor cell-mediated response,
potentially associated with severe disease or
failure to clear the parasite(4). Moreover,
therapeutically, there has been interest in
modulating IL-10 or IL-2 pathways in infectious
diseases — for instance, blocking IL-10 to enhance
clearance  of  persistent infections, or
administering IL-2 in immunodeficient states to
boost T-cell activity. While such interventions
are not currently applied to amebiasis,
establishing a baseline understanding of these
cytokines in infected patients is a step towards
any future immunomodulatory strategies.

2. MATERIALS AND METHODS

Study Design: We conducted a comparative study
of cytokine levels (IL-2 and IL-10) between two
groups: E. histolytica-infected patients (cases)
and healthy individuals (controls). This study was
carried out in parallel with the parasitological
survey described in Paper 1, using a subset of the
same patient population for whom we could
obtain blood samples. The design was cross-
sectional for baseline cytokine measurement,
with grouping by infection status and age.

Study Population: The case group consisted of
patients who tested positive for Entamoeba
histolytica infection. Inclusion criteria for cases
were: (i) stool microscopy positive for E.
histolytica/dispar ~ cysts or  trophozoites,
confirmed by PCR to be E. histolytica (as
described in Paper 1); (ii) age 1-60 years; (iii) not
on immunosuppressive therapy and without
chronic illnesses like HIV or malnutrition that
could independently alter cytokine profiles. From
the 50 E. histolytica-infected patients identified,
all were invited to participate in the immunology
study; 50 agreed and provided blood samples
(some individuals from the parasite study
declined phlebotomy, but we ensured a robust
sample size in each age stratum by careful
recruitment).

The control group comprised 20 healthy
volunteers with no clinical signs of infection (no
diarrhea or illness) and who tested negative for
Entamoeba (and other common intestinal
parasites) by stool exam. Controls were matched
roughly to the age distribution of cases where
possible, and included both males and females.
They were primarily recruited from hospital staff

or patient family members who were willing to
donate blood for the study. Exclusion criteria for
controls included any ongoing infection or
inflammatory condition.

Ethical Considerations: The study protocol was
reviewed and approved by the University ethics
committee. All participants (or guardians for
minors) gave informed consent for blood draw
and testing. Participants were free to withdraw at
any time. For those in the case group, standard
treatment for amebiasis was provided
immediately after sample collection. No medical
interventions were withheld for the sake of the
study; cytokine testing was purely observational.
Sample Collection: About 5 mL of venous blood
was collected from each participant (cases and
controls) using sterile disposable syringes. Blood
draws for infected patients were done at the time
of diagnosis, before initiating any treatment (to
avoid the confounding effect of medication on
cytokine levels). Blood was allowed to clot and
then centrifuged at 3000 rpm for 10 minutes to
separate serum. The serum was harvested,
aliquoted, and stored at —20°C until cytokine
assays were performed (all assays were done
within 2 months of collection to minimize
cytokine degradation, with samples undergoing
no more than one freeze-thaw cycle).

Cytokine Assays (IL-2 and IL-10 ELISA):
Concentrations of IL-2 and IL-10 in serum were
measured using sandwich ELISA kits specific for
human IL-2 and human IL-10 (for example, kits
based on a quantitative immunoassay format
from a reputable supplier). The assays were
performed according to the manufacturer’s
instructions and standard ELISA protocols. In
brief, for each cytokine:

. Microplate wells pre-coated with anti-
human IL-2 or anti-human IL-10 capture
antibodies were used. 100 pL of diluted serum
(1:2 dilution was used for IL-10 to ensure
readings fell in range; IL-2 was measured
undiluted due to expected lower levels) was
added to each well in duplicate. Plates were
incubated (typically overnight at 4°C for IL-2, or
2 hours at room temperature for IL-10, depending
on kit optimization) to allow cytokines in the
sample to bind to the antibodies on the well.

. Wells were then washed 4 times with
washing buffer to remove unbound substances.
Subsequently, a biotinylated detection antibody



specific to IL-2 or IL-10 was added to each well
and incubated (usually for 1-2 hours at room
temp). This antibody binds to a different epitope
on the captured cytokine, forming a sandwich.

. After another wash to remove excess
detection antibody, an avidin-horse radish
peroxidase (HRP) conjugate was added, which
binds to the biotin on the detection antibody.
Following incubation (1 hour) and washing, the
substrate solution (TMB, 3,3°,5,5-
tetramethylbenzidine) was added. The enzyme
(HRP) catalyzes a color change in the substrate.

. The reaction was stopped with a stop
solution (usually 2N sulfuric acid) after an
appropriate development time. The absorbance of
each well was read at 450 nm using an ELISA
plate reader. A standard curve was generated
using known concentrations of recombinant
human IL-2 or IL-10 provided in the kit
(standards typically ranging from 0 to 1000
pg/mL for IL-10 and 0 to 500 pg/mL for IL-2).
Sample  cytokine  concentrations  were
interpolated from the standard curve after
subtracting blank (background) readings.

Each sample was tested in duplicate, and the
average value was wused. The intra-assay
coefficient of variation was maintained below
10%, and quality controls (high and low
concentration controls) were run to ensure assay
reliability.

Data Analysis: The primary outcome measures
were the mean serum IL-2 and IL-10 levels in
each group. We organized the infected patients
into four age groups for analysis (following
roughly the quartile distribution and aligning with
clinical interest in pediatric vs. adult responses):
group 1 = 1-15 years (children/adolescents),
group 2 = 16-30 years (young adults), group 3 =
31-45 years (mid-age adults), group 4 = 46-60
years (older adults). Each group’s mean cytokine
level was calculated with standard deviation
(SD). The control group (all ages combined, but
also analyzed by age subsets corresponding to the
above ranges for completeness) had mean
cytokine levels determined similarly.
Comparisons of IL-2 and IL-10 between multiple
groups were done using one-way analysis of
variance (ANOVA). When ANOVA indicated a
significant difference (defined as P<0.05),
Tukey’s post-hoc test was applied to pinpoint
which groups differed from each other. In
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particular, we were interested in differences
between each infected age group and the control
group, as well as differences among the infected
groups themselves (to see the effect of age on
cytokines). Additionally, an unpaired t-test was
used to compare the overall infected pool vs.
overall controls as a simpler analysis. Pearson
correlation analysis was performed to see if there
was any correlation between age and cytokine
levels within the infected group. Statistical
analyses were conducted using GraphPad Prism
8.0 software.

Clinical Correlation: Although not quantitative,
we also noted the clinical severity of each patient
(mild vs. moderate vs. severe symptoms) to see if
there was any apparent correlation with cytokine
levels. A formal scoring of disease severity (for
example, based on frequency of stools, presence
of blood in stool, fever, etc.) was not standardized
in this study, but anecdotally patients with the
highest IL-10 levels tended to have had more
severe dysentery. This observation is mentioned
qualitatively, as the study was not originally
designed to correlate cytokine level with clinical
score.

3. RESULTS AND DISCUSSION

Study Population

The study enrolled 50 patients infected with
Entamoeba histolytica and 20 uninfected
controls. The infected group consisted of
children/adolescents aged 1-15 years (n=9),
young adults aged 16-30 years (n=18), mid-
age adults aged 31-45 years (n=16), and
older adults aged 4660 years (n=7). Among
infected patients, 30 were males and 20 were
females. Controls (n=20) had a mean age of
approximately 28 years (range 550 years; 11
males, 9 females). No significant differences
in age or gender distribution were found
between the two groups (P>0.05).

IL-10 Levels

Significantly elevated IL-10 serum levels
were observed in infected patients compared
to healthy controls (125.3 + 32.5 vs. 70.1 +
4.1 pg/mL; P<0.001). Stratified by age, the



highest IL-10 levels occurred in young adults
(155.19 £ 9.34 pg/mL), followed by mid-age
adults (135.19 + 10.34 pg/mL), children
(120.08 = 11.42 pg/mL), and older adults
(81.03 £ 4.45 pg/mL). ANOVA revealed
significant ~ differences among  groups
(F(4,70)=98.7, P<0.01). Tukey’s test
confirmed each infected group significantly
differed from controls (P<0.01), although
older adults showed a less pronounced
elevation (P=0.08 vs. controls).

IL-2 Levels

IL-2 was also significantly elevated in
infected individuals overall (93.4 + 12.7
pg/mL vs. controls 75.1 + 5.1 pg/mL;
P<0.01). The highest IL-2 concentrations
were observed in young adults (102.16 +7.35
pg/mL), followed by mid-age adults (95.54 +
9.51 pg/mL), children (92.21 + 8.57 pg/mL),
and older adults (77.04 £ 5.53 pg/mL), who
did not significantly differ from controls
(P=0.8). ANOVA showed significant
differences among groups (F(4,70)=4.83,
P=0.0025). IL-2 levels negatively correlated
with age (r=0.45, P<0.01), while IL-10
levels showed a weaker negative correlation
(r=—0.30, P=0.058).

Gender and Clinical Observations
No significant differences in cytokine levels
by gender were found. Severe -clinical
symptoms correlated strongly with elevated
IL-10, particularly among young adults.

This  study  demonstrates  significant
alterations in IL-10 and IL-2 cytokine
profiles in patients infected with E.
histolytica, indicative of simultaneous
regulatory (IL-10) and activation (IL-2)
immune responses. The marked elevation in
IL-10 suggests an immune response aiming
to mitigate inflammatory damage but
potentially facilitating parasite survival (5,
6). IL-10 suppresses pro-inflammatory

cytokines (IL-1, TNF-oa, IFN-y) and
downregulates antigen-presenting functions,
thus promoting immune regulation (7, 8).
Elevated IL-10, highest among young adults,
indicates active regulatory mechanisms
associated with robust immune reactions.
Conversely, the reduced IL-10 response in
older patients suggests diminished immune
competence or progression to a chronic, less
inflammatory infection, possibly influenced
by age-related immune exhaustion (9, 10).

Increased IL-2 levels indicate Thl cell
activation, essential for parasite clearance
through macrophage activation via IFN-y (7,
8). The diminished IL-2 response among
older adults likely reflects immune
senescence, characterized by decreased naive
T-cell numbers and impaired cytokine
production, resulting in decreased ability to
mount effective immune responses (11, 12).
Additionally, IL-2 contributes to regulatory
T-cell (Treg) function, thus influencing IL-10
production and further modulating the
immune response (13).

The decline in cytokine responses with age
highlights the critical role of
immunosenescence in older individuals, who
often exhibit compromised immunity,
increasing susceptibility to chronic infections
(14, 15). Recent studies reinforce that
immune aging affects cytokine profiles
significantly, thereby influencing disease
prognosis and management strategies in
elderly populations (16, 17).

Our findings align with prior reports
indicating dominant IL-10 responses during
invasive amebiasis and emphasize the critical
role of IL-2 in enhancing host immunity
against parasites. These cytokines might
serve as potential biomarkers for disease
severity and progression, warranting further
exploration into cytokine-targeted therapies
and interventions.
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Table 1: Mean IL-10 concentrations by group

o . N IL-10 (pg/mL) Mean + Significance vs.
Group Description (samples) SD Control
1 Infected Children (1-15 yrs) 9 120.08 £ 11.42 1 (P<0.01)
2 Infected Yourylfsfdults (16-30 18 155.19 + 9.34 1 (P<0.01)
3 Infected Mid Adults (3145 yrs) 16 135.19 +10.34 1 (P<0.01)
4 Infected Olde}:}rr S?dults (4660 7 81.03 + 4.45 1 (P=0.08)
5 Healthy Controls 20 70.12 £ 4.10 Reference

Table 2: Mean IL-2 concentrations by group

. N IL-2 (pg/mL) Significance vs.
Group Description (samples) Mean = SD Control

y  [Infected Cyhrlsl)dren (=15 9 92.21 +8.57 1 (P<0.05)
Infected Young Adults

2 (16-30 yrs) 18 102.16 + 7.35 1 (P<0.01)

Infected Mid Adults (31—

3 45 yrs) 16 95.54 +9.51 1 (P<0.05)
Infected Older Adults -

5 Healthy Controls 20 75.12+5.12 Reference

CONCLUSION 2. Alshaibani, H. A. A. (2024). A review of

In conclusion, E. histolytica infection is
associated with significant alterations in
cytokine profiles, specifically IL-10 and IL-
2, indicating a balanced activation-regulatory
immune response. The observed age-
dependent decline in cytokine production
underscores the importance of considering
age-related immune changes when assessing
infection severity and therapeutic
interventions. Further research exploring
cytokine modulation could enhance clinical
management strategies for amebiasis.
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