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Abstract

Background: Hepatitis B virus (HBV) is a major global health issue associ-
ated with severe liver complications. Outcomes depend on the immune re-
sponse, which can sometimes fail, and are associated with chronic disease. Im-
proved diagnostics and understanding of immune markers are crucial for more
effective management and treatment of HBV infection.

Aims: The study aimed to investigate the association between the HBV viral
load, viral antigens, including Hepatitis B surface antigen (HBsAg), Hepatitis
B core antigen (HBcAg), Hepatitis B enveloped antigen (HBeAg), and pro-
inflammatory cytokines, including Human Interferon y (INF-y), Human Tu-
mour Necrosis Factor o (TNF-a), Soluble Human Leukocyte Antigen class |
(sHLA-A), an antigen-presenting molecule, and Human soluble Cluster of Dif-
ferentiation 8 (sCDS), a soluble T-cell activation marker. This study provides
additional regional information on the associations between virological and
immunological parameters in patients with HBV infection from the Kurdistan
Region of Iraq.

Methodology: The study was a case-control study conducted on 120 individ-
uals in the Kurdistan Region of Iraq, comprising 60 patients with HBV infec-
tion and 60 healthy controls. The investigation included both sexes aged 25 to
74 years, during the period from March to July 2025. RT-PCR was used to
assess viral load, and ELISA was used to evaluate immunological markers.
Results: According to the study findings, Patients with HBV infection exhib-
ited significantly higher immunological markers than healthy controls (p <
0.0001). Significant positive correlations were observed in the study between
viral load and HBeAg (r=0.9051), as well as inflammatory cytokines IFN-y
(r=0.9189), TNF-a (r=0.832), sCD8 (r=0.888), and HLA-A (r=0.801). The ob-
tained results demonstrated significant positive correlations between viral load
and immune activation markers.

Conclusion: Overall, the current study demonstrated significant positive cor-
relations among viral load, viral antigens, and immunological markers in pa-
tients with chronic HBV infection and provides additional evidence of the im-
munological characteristics.
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factors, such as microbial products and therapeutic com-

1. Introduction pounds, can act as immunomodulators of endogenous sig-
nalling pathways [2, 3]. In this way, via these modulatory

A major regulatory mechanism involves the modifica- processes, the immune system regulates the strength, qual-
tion of immune responses by specific biobehavioural medi- ity, duration, and effectiveness of immune responses against
ators, termed immunomodulation [1]. Both endogenous fac- pathogenic agents and some other pathological situations.
tors, such as cytokines and immune cells, and exogenous In infectious diseases, it has been reported that HBV
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represents a major global health problem [4, 5]. HBV infec-
tion has been reported more frequently among individuals
with impaired or dysregulated immune responses. HBV is a
small, enveloped DNA virus of the family Hepadnaviridae
with a 3.2 kb partially double-stranded, circular genome [6].
HBYV consists of an outer envelope matrix with HBsAg and
a more interior nucleocapsid containing the HBcAg. A sec-
ond major HBV-derived viral protein, HBeAg, is associated
with viral replication and the disease phase in HBV infec-
tion; thus, these markers (HBsAg, HBcAg, HBeAg) are
used to diagnose HBV infection [7, 8]. Structural and non-
structural viral components are critical for virus entry, rep-
lication, and interaction with the host immune system.
Background: HBV infection is a worldwide public health
challenge. According to the World Health Organization
(WHO), about 296 million people worldwide were living
with chronic HBV in 2019, and approximately 1.5 million
new infections occurred annually. Chronic HBV infection
is one of the leading global causes of liver cirrhosis and
hepatocellular carcinoma, accounting for more than
800,000 deaths each year [9]. HBV infection is markedly
heterogeneous in its geographical distribution, with the ma-
jority of cases being detected in Asia and Sub-Saharan Af-
rica, followed by the Middle East [10]. HBV transmission
occurs through contact with infectious blood and body flu-
ids, including sexual contact, non-sterile medical proce-
dures, and transfusions. HBV infection is characterised by
a complex interplay between viral replication and local and
systemic innate and adaptive immune responses. Although
cytopathic effects mediated by direct viral lysis underlie tis-
sue injury in many viral infections, liver damage associated
with HBV infection may be primarily immune-mediated
[11]. Cellular immune responses, specifically those of CD8*
T cells, have been reported to be associated with the recog-
nition and destruction of infected hepatocytes. These cells
recognise viral peptides presented on the surface of infected
cells via Major Histocompatibility Complex class I (MHC-
I) molecules, including HLA molecules, and trigger antivi-
ral immune responses [12]. Various immune mediators
have been reported to be associated with different stages of
the immune response in HBV infection. HLA class I mole-
cules, particularly HLA-A, present viral antigenic peptides
at the surface of infected cells and are recognised by CD8*
T lymphocytes to enable recognition of virus-infected cells.
Cytotoxic T-cell responses rely on antigen presentation to
couple viral clearance with T-cell activation. Ultimately, at
least partly through cytotoxic activity and the secretion of
antiviral cytokines, CD8" T lymphocytes exert their antivi-
ral effect [13]. For example, IFN-y and TNF-a are consid-
ered key cytokines in mediating the antiviral immune re-
sponse. [FN-y and TNF-a have been widely associated with
antiviral immune responses and have been reported to cor-
relate with reduced viral replication in experimental and
clinical studies, with the former enhancing antigen presen-
tation and the latter exerting potent pro-inflammatory ef-
fects and inducing killing of infected hepatocytes. In addi-
tion to immune mechanisms, novel diagnostic techniques
for HBV infection also involve molecular diagnostic meth-
ods. Internal quantification of viral DNA by Real-Time Pol-
ymerase Chain Reaction (RT-PCR) is a sensitive and

specific marker of viral load that reflects the extent of infec-
tion in individuals. Viral load measurements are a well-
known surrogate marker, widely used in clinical practice for
chronic viral hepatitis to assess disease progression, evalu-
ate treatment response, and estimate the risk of complica-
tions [14]. Viral load has been associated with variations in
immune responses across multiple studies, suggesting a po-
tential relationship between viral replication and the expres-
sion of immune mediators. Many other prior studies have
investigated immunological biomarkers in patients with
HBYV infection. Differences in CD8" T-cell activity and cy-
tokine production during HBV infection, acute, chronic and
viral clearance have been reported [15]. Thus, these findings
are consistent with previous studies reporting an association
between elevated levels of IFN-y and TNF-o and antiviral
immune responses in patients with HBV infection. Mean-
while, the concurrent release of these proinflammatory cy-
tokines favours viral persistence and chronic disease. Viral
antigen reactivity has been associated with differences in
disease severity and clinical outcomes [16]. Notably, data
regarding the combined analysis of viral load and immune
parameters remain limited in the Kurdistan Region of Iraq.
This study provides additional region-specific information
on the associations between virological and immunological
parameters in patients with HBV infection from the Kurdi-
stan Region of Iraq.

2. Materials and Methods

2.1. Materials and Instruments

The immunological and virological parameters investi-
gated in this study were measured using commercially
available kits and standard laboratory equipment. HBsAg,
HBeAg, HBcAg, sCD8, TNF-a, HLA-A and IFN-y were
quantified using Enzyme-Linked Immunosorbent Assay
(ELISA) kits supplied by SUNLONG (China). All ELISA
assays were performed according to the manufacturer's in-
structions using a Chromate 4300 microplate reader. Viral
nucleic acid extraction was carried out using the
PureLink™ Viral RNA/DNA Mini Kit (Thermo Fisher Sci-
entific, USA). HBV viral load was quantified by RT-PCR
using the Bosphore HBV Quantification Kit (Anatolia Ge-
neworks, Turkey) according to the manufacturer's protocol.

2.2. Study Design and Methods

A case—control study was conducted in 2025 at the Ra-
nia Central Laboratory in Rania, Kurdistan Region, Iraq.
This investigation was systematically designed to evaluate
the associations between molecular diagnostic parameters
and immunological markers in HBV infection. The immu-
nological markers evaluated in this study included the viral
antigens HBsAg, HBeAg, and HBcAg; the pro-inflamma-
tory cytokines IFN-y and TNF-0; HLA-A; and sCDS8. The
molecular evaluation involved DNA extraction and viral
load assessment. This study includes two different groups.
The first group comprised male and female patients who
were diagnosed with HBV infection, and their ages were
between 25 and 74 years. The second group, identified as




CJNST 2026, Vol. 2, Issue 2, pp. 90-101

the control group, comprised 60 individuals without HBV
infection, both male and female, aged 25-55 years. Alt-
hough the groups were selected from similar geographical
and socioeconomic backgrounds, a significant difference in
sex distribution was observed. All participants in the current
study were recruited from neighbouring areas within Sulay-
maniyah governorate. Under controlled and standardised
conditions, samples were collected from each person and
then sectioned into two parts. The first was established to
study immunological markers, and the second to conduct
molecular studies. Sera were obtained by centrifugation and
divided into two tubes. The first tube was used to quantify
viral load by RT-PCR (Anatolia Geneworks). The second
tube was used to detect viral antigens (HBsAg, HBeAg, and
HBcAg). Serum-circulating HBcAg was measured to inves-
tigate its associations with inflammatory cytokines, includ-
ing TNF-a and IFN-y, and with HBeAg and viral DNA rep-
lication. Immunological markers (IFN-y, TNF-a) and solu-
ble HLA-A and sCD8 were measured by sandwich ELISA,
and read on the Chromate 4300 microplate reader. The ab-
sorbance of the viral markers was converted to concentra-
tion using a cut-off, while the absorbance of the immuno-
logical markers was converted to concentration using the
standard curve, as were HLA-A and sCD8 as well. Patients
with HBV were recruited based on a confirmed laboratory
diagnosis of HBV infection obtained at Rania Central La-
boratory through serological and molecular testing.

2.3. Inclusion Criteria

Individuals aged 25—74 years in the HBV group and 25—
55 years in the control group, with confirmed HBV infec-
tion based on serological markers, readiness to participate
in the study, and provision of informed consent.

2.4. Exclusion Criteria

Patients with co-infection with other hepatitis viruses
(e.g., HCV or HDV), those receiving immunosuppressive
therapy, and individuals with chronic infectious diseases or
severe systemic disorders were excluded from the study to
minimize potential confounding factors that could influence
immune responses and biomarker levels.

2.5. [Ethical Considerations

Ethics approval for the study proposal was granted by
the Institutional Review Board (IRB) Ethical Committee of
the University of Raparin, with approval number (1228) and
date (6/11/2024). Reference: 2866/28-5-2023. The IRB
confirms that this study complies with all relevant ethical
guidelines and has identified no legal concerns.

2.6. Statistical Analysis

All statistical analyses were performed in GraphPad
Prism version 8.0.2. Shapiro examined the distribution of
the data using the Shapiro- Wilk normality test. Continuous
variables were assessed for normality using the Shapiro—
Wilk test. Normally distributed variables were expressed as
mean + standard deviation (SD) and compared using the un-
paired Student's t-test. In contrast, non-normally distributed
variables were reported as medians (interquartile ranges)
and compared using the Mann—Whitney U test. The Spear-
man rank correlation coefficient was calculated to assess as-
sociations between HBV viral load levels and immunologi-
cal biomarkers. P-value < 0.05 was considered statistically
significant.

3. Results and Discussion

3.1. Demographic Characteristics

A total of 120 participants were included in this study,
comprising 60 patients with HBV infection and 60 healthy
controls. The mean age of HBV patients was 46.37 + 12.34
years, compared with 34.05 + 7.368 years in the control
group; the difference was statistically significant (p
<0.0001). Regarding biological sex distribution, males
(75%) and females (25%) were present in the patient group,
and males (50%) and females (50%) were present in the
control group, with a statistically significant difference be-
tween the groups (p = 0.0080), as shown in Table 1.

Table 1: Age and sex distribution of HBV patients and healthy

controls.
HBV
Parameter Patients Coiltml P-value
(m=60) @=60
A 46.37 34.05
( eires) + + <0.0001 **x
Y 12.34 7.368
(E/Ie/)li) 45/15 30/30 0.0080 **

3.2. Viral Load Assessment and Cytokine Analysis

Molecular assessment of viral load was performed for
both patient and control groups. HBV DNA was detected
only in infected patients; the median HBV DNA level was
3.535 (IQR 2.374-6.681) logl0 IU/mL, and a significant
difference was observed. The immunological markers were
evaluated: TNF-a (pg/ml) was 83.68 + 6.671 in patients and
40.10+2.373 in controls. [FN-y (pg/ml) was 32.59 + 0.8845
in patients and 15.88 + 0.5377 in controls. The results were
highly significant in patients compared to the controls, as
shown in Table 2. As shown in Figures 1 and 2 (panel A),
this study examines serum levels of viral load, TNF-¢, and
IFN-y in participants with HBV infection compared with
those in the control group.
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Table 2: Immunological and antigen-presenting molecule markers in both groups

Marker HBYV Patients (n = 60) Controls (n = 60) P-value
TNF-o (pg/ml) 83.68 £ 6.671 40.10+£2.373 <0.0001****
IFN-y (pg/ml) 32.59+0.884 15.88 +£0.537 <0.0001****
sCD8 (ng/ml) 11.09 + 0.533 6.221 £0.279 <0.0001****

sHLA-A (ng/ml) 3.217+0.199 1.181 +0.086 <0.0001****

The data are presented as (Mean =+ standard error of the mean (SEM)).
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Figure 1: Comparison of HBV viral load and immune biomarkers according to HBeAg status. Panel A: Comparison of HBV
viral load between HBeAg-positive and HBeAg-negative individuals. Panel B: Serum TNF-a concentrations according to
HBeAg status. Panel C: Serum IFN-y concentrations according to HBeAg status. HBeAg-positive individuals had signifi-

cantly higher viral loads and elevated immune biomarkers than HBeAg-negative individuals, indicating enhanced viral replica-
tion and increased immune activation during active HBV infection. Data are presented as box-and-whisker plots showing me-

dian, interquartile range, and minimum—maximum values. Statistical significance was determined using the Mann—Whitney U

test. ##**P < (.0001.

This study offers a comprehensive assessment of the as-
sociation between HBV replication and host immune re-
sponses measured at both molecular and immunological
levels. However, HBV DNA was detected only in infected
patients and was positively correlated with HBeAg, possi-
bly implying ongoing replication via an increased burden of
infectious virus [17, 18]. Recent clinical data suggest that
viral load should be viewed as a relatively dynamic bi-
omarker, mediated primarily by host and disease determi-
nants, rather than a linear function of age or duration of ex-
posure. Associations with patient characteristics, such as
age, have been reported in some studies. However, the data
remain largely inconclusive and are closely linked to as-
pects of the immunology of infection and viral activity [19,
20]. Patients exhibited significantly higher serum IFN-y
concentrations than healthy controls, indicating an associa-
tion between HBV infection and increased inflammatory
immune activity. The present findings are consistent with
these reported associations but do not permit conclusions
regarding causality or immune regulation. The high IFN-y
levels found in our population are consistent with recent lit-
erature showing that IFN-y production can be upregulated
in individuals with active HBV infection and that IFN-y is
positively correlated with immune-mediated control of

HBV [21]. These findings suggest that elevated IFN-y lev-
els are associated with immune activation in HBV infection;
however, the cross-sectional design does not permit conclu-
sions regarding their role in viral control [22]. On the other
hand, this clear correlation has indicated that the role of
IFN-y in HBV infection is complex and has not been con-
sistently reported across studies. Several studies have indi-
cated that the associations of some cytokines with HBV
DNA were variable or not significant across populations or
disease stages [23, 24]. Another marker was elevated TNF-
o levels compared with controls. There was also a highly
statistically significant difference, which was associated
with higher inflammatory and immune activation markers
in patients with HBV than in healthy controls. [25, 26].
Taken together, these data corroborate our findings and sug-
gest that higher TNF-a concentrations were associated with
HBV infection and may indicate increased inflammatory
activity. However, their biological significance should be
interpreted within the context of the study design.
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3.3. HLA-A and Soluble CD8

Another finding of our research was the determination
of serum levels of sSCD8 (ng/ml) in patients (11.09 £ 0.533);
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the control was 6.221 + 0.279, and HLA-A (ng/ml) was
3.217£0.199 in patients and 1.181 £ 0.086 in controls. The
results were significant in patients compared to the controls,
as shown in Figure 2 (panel B).
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Figure 2: Comparison of inflammatory and cellular immune markers between HBV patients and healthy controls. Panel A:
Serum concentrations of TNF-o and IFN-y in HBV-infected patients and healthy controls. Panel B: Serum concentrations of
sCD8 and HLA-A in HBV-infected patients and healthy controls. HBV patients exhibited significantly elevated levels of all
investigated immunological markers compared with controls, indicating enhanced inflammatory responses, T-cell activation,

and antigen-presentation activity associated with chronic HBV infection. Data are presented as box-and-whisker plots. Statisti-
cal comparisons were performed using the Mann—Whitney U test. ****P < 0.0001.

sCD8 was higher than in the control group, and the dif-
ference between groups was highly significant. Our results
indicate significantly elevated levels, consistent with recent
immunology studies showing that CD8+ T cells are central
to antiviral immunity, particularly in restricting HBV infec-
tion through cytotoxic activity and cytokine release [27,
28]. These findings indicate that higher sCD8 levels were
associated with immune activation markers but not with in-
dicators of viral control. The upregulated expression of
HLA-A observed in the current study was significantly
higher than in the control group, suggesting increased anti-
gen presentation and stimulation of cellular immune re-
sponses in HBV patients [29]. These findings are strongly
consistent with our results, indicating that higher HLA-A
concentrations were associated with HBV infection and
may represent enhanced antigen-presentation activity; how-
ever, the present study cannot determine whether these
changes contribute to effective antiviral immunity [30]. Ge-
netic studies have also demonstrated differential suscepti-
bility to infection, viral clearance, and disease progression
associated with variability in HLA alleles and diversity,
with certain alleles protective and others non-significant
[31]. There was limited information about the immune pro-
files of patients with chronic HBV infection in the

Kurdistan Region of Iraq. Examining cytokines, viral anti-
gens, HLA-A, and soluble CDS in this population will pro-
vide extra regional data. Factors such as genetics, the envi-
ronment, healthcare access, and Viral transmission patterns
were associated with variations in immune responses and
clinical characteristics of HBV infection.

3.4. HBYV Antigen Profiles

The data on HBV viral antigens among the study par-
ticipants are informative. All 60 patients with HBV infec-
tion tested positive for HBsAg, as shown in Figure 3, panel
A. Among HBeAg results, 21 of the 60 patients were posi-
tive, representing about 35%. The remaining 39 patients
were negative for HBeAg, as shown in Figure 3, panel B.
Of the 60 HBV patients, 13 were positive for HBcAg (about
21.67%). At the same time, 47 were negative, as shown in
Figure 3, panel C. Overall, these findings indicate that
HBsAg is universally present among HBV patients. In con-
trast, HBeAg and HBcAg are found only in certain individ-
uals, indicating varying stages of infection and levels of vi-
ral activity.
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Figure 3: Serological distribution of HBV viral antigens in patients. Panel A: HBsAg positivity and negativity among HBV
patients. Panel B: HBeAg positivity and negativity among HBV patients. Panel C: HBcAg positivity and negativity among
HBYV patients. All HBV patients were HBsAg-positive, whereas HBeAg and HBcAg positivity were observed in a subset of
infected individuals. The results demonstrate the serological characteristics and replication-associated antigen profile of HBV
infection.

All patients with HBV infection had positive HBsAg,
which positively correlated with HBV viral load, and a
moderately positive correlation was observed between viral
infection and HBsAg expression [32]. These results are also
consistent with data from the past few years, which show a
moderate correlation between HBsAg and HBV DNA [32,
33]. This finding suggests that HBeAg positivity was asso-
ciated with higher HBV replication markers in the study
population [34]. HBeAg-positive patients in the present
study were more frequently observed to have higher HBV
viral load than HBeAg-negative patients. HBcAg, a core
structural component of the HBV that captures nucleocap-
sids produced in infected hepatocytes, is more strongly as-
sociated with active viral replication than circulating anti-
gens. [35]. This finding is consistent with recent evaluations
showing that HBcAg-related markers, most notably
HBcAg, are strongly associated with serum HBV DNA lev-
els and serve as reliable surrogate markers of infection-wide
replication status and host immune control. Furthermore, re-
cent studies have confirmed the link between HBcAg ex-
pression and immune-mediated hepatitis, cytokine activa-
tion, and T-cell responses in chronic HBV infection in hu-
mans, which is consistent with the observed association be-
tween sCD8 and conventional immunological markers [36].
Still, while there are clearly strong correlations between the
two markers, that correlation is not consistently linear with

respect to viral activity. It has more recently been shown
that HBcAg levels can be detectable during HBV treatment,
while on antiviral therapy or under immune control condi-
tions, and can decline with continued suppression in a set-
ting of low-level replication [37]. This heterogeneity may
be associated with viral genetic variability reported in pa-
tients with chronic HBV infection, host immune pressure
and differences in disease stage. Consequently, although
HBcAg is a predictor of clinical events and a suitable meas-
ure of activity according to the pathophysiological and bio-
logical rationale, its interpretation does not rely solely on
this. Therefore, when combined with HBV DNA quantifi-
cation and immunological markers, it may have greater clin-
ical significance, as they together form a comprehensive
portrait of viral replication dynamics and disease evolution
[38, 39].

3.5. Correlation Analysis

This study assesses the relationship among viral load,
HBsAg, HBcAg, HBeAg, TNF-a, IFN-y, sCDS8, and HLA-
A using Spearman's rank correlation analysis. The strong
correlations identified between the markers suggest interre-
lated pathways of immunomodulation and viral infection, as
shown in Table 3 and Figures 4 and 5.

Table 3: Correlations among viral load and immunological markers in HBV patients

Variable pair rs-value 95 % CI Confidence interval P-value
Viral load vs IFN-y 0.92 0.82t00.97 <0.0001****
Viral load vs TNF-a 0.80 0.68t0 0.88 <0.0001****
Viral load vs sCD8 0.89 0.821t00.93 <0.0001****

Viral load vs sHLA-A 0.83 0.73 t0 0.90 <0.0001****
Viral load vs HBeAg 0.91 0.86t0 0.95 <0.0001****
TNF-a vs IFN-y 0.80 0.68100.87 <0.0001****
sHLA-A vs sCD8 0.76 0.62t0 0.85 <0.0001****

Data distribution was assessed using the Shapiro—Wilk
test prior to statistical analysis. Continuous variables that
were not normally distributed were summarised as median
(interquartile range) and compared using the Mann—

Whitney U test. Correlations were evaluated using
Spearman's rank correlation coefficient. A two-sided p-
value <0.05 was considered statistically significant.
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Figure 4: Correlation analysis between HBV viral load and immunological markers. Scatter plots illustrating Spearman correlation analyses
among virological and immunological parameters in HBV patients. Panel A: Correlation between viral load and IFN-y (r = 0.92, P <0.0001).
Panel B: Correlation between viral load and TNF-a (r = 0.80, P <0.0001). Panel C: Correlation between viral load and sCD8 (r =0.89, P <
0.0001). Panel D: Correlation between viral load and HLA-A (r = 0.83, P < 0.0001). Panel E: Correlation between viral load and HBeAg (r =
0.91, P <0.0001). Panel F: Correlation between sCD8 and HLA-A (r = 0.76, P < 0.0001). Trend lines represent the direction of association.
The strong positive correlations observed between viral load and immunological markers suggest that higher HBV viral loads were associ-
ated with elevated immune-response markers in the study population.




CJNST 2026, Vol. 2, Issue 2, pp. 90-101

Viral load 0.9 0.9

HBsAg-
HBcAgq 0.9

HBeAg- 0.9 0.6

2 B

TNF-a+ 0.8 0.6 0.8 0.8
sCD84 0.9 0.7 0.8 0.8
HLA-A- 0.8 0.7 0.8 0.8

1.0
- 0.8 0.9 0.8
0.7 0.6 0.7 0.7
r 109
0.9 0.8 0.8 0.8
0.8 0.8
- 10.8
0.9 0.8
0.8
- 10.7
0.9 0.8
0.8 0.8 0.8

T T T T T T T
Viral load HBsAg HBcAg HBeAg IFN-y TNF-a¢ sCD8

HLA-A

Figure 5: The Heatmap that presents Spearman correlation coefficients. Heatmap representing the correlation matrix between
HBYV viral load, viral antigens (HBsAg, HBeAg, HBcAg), and immune markers (TNF-o, IFN-y, CD8" T cells, and sHLA-A).
Colour intensity reflects the strength and direction of correlations based on Spearman’s correlation coefficients.

These results demonstrate positive associations among
HBYV viral load, antigen expression, and immune activation
markers in the study population. It has been previously
shown that HBcAg is strongly associated with HBV DNA
and intrahepatic viral activity [40]. On the other hand, the
relatively weak correlation between viral load and HBsAg
corroborates earlier findings that HBsAg is a viral antigen
and that its circulating levels have shown variable associa-
tions with markers of active HBV replication. [41]. A posi-
tive association was observed between HBV viral load and
immune activation markers in the present study, as evi-
denced by significant positive correlations between viral
load and several immunological markers (IFN-y, TNF-q,
sCD8, and HLA-A). Both IFN-y and TNF-q are master reg-
ulators of antiviral immunity and inflammation. Recent
studies have found that these cytokines are markedly upreg-
ulated in patients with HBV infection and correlate with dis-
ease activity and liver inflammation [42, 43]. In addition,
cytokine profiling studies have shown that immune markers
and virological parameters tend to cluster together, reflect-
ing distinct HBV-infected immune states [44]. High corre-
lations with sCD8 and HLA-A also emphasise the contribu-
tion of cytotoxic T-cell activation and MHC class I-medi-
ated antigen presentation to effective antiviral defence [45].
Additionally, recent data revealed the plasticity of these re-
sponses: cytokine levels may not directly correlate with vi-
ral load, and CD8" T cells can become functionally ex-
hausted in the presence of chronic antigen exposure [44,
46]. The observed associations among viral antigens are
consistent with coordinated patterns of viral replication, alt-
hough temporal relationships cannot be established from the

present study and antigen expression. The positive correla-
tion between HBcAg and HBeAg suggests that both anti-
gens are products of active viral transcription. In contrast,
the lower correlation with HBsAg confirms its role as a
product of HBV biology. Recent studies have shown an as-
sociation between HBcAg and viral replication rather than
HBsAg, which is consistent with the pattern observed here
[47]. In contrast, the multinomial distribution of antigen ex-
pression has been observed across clinical stages, especially
in individuals with HBeAg-negative infection and during
therapeutic intervention; antigen production may not equal
actual viral replication [48, 49]. Intracellular levels of IFN-
v and TNF-o. Higher IFN-y and TNF-a concentrations were
observed concurrently with viral antigen positivity and in-
flammatory markers, suggesting an association between vi-
rological and immunological parameters [42, 50]. Finally,
the strong correlations between immune markers and viral
load suggest a close association between virological and im-
munological parameters, involving enhanced coordinated
cytokine signalling, T-cell activation, and probably antigen
presentation. This is consistent with recent mechanistic
studies pointing to the role of MHC class I interactions be-
tween cytokines and CD8" T cells in mediating antiviral im-
munity [51]. However, more recent work also indicates that
this immune activation signals pathology, chronic inflam-
matory responses to the persistent viral infection, rather
than effective viral control, especially for a persistent infec-
tion [29, 52, 53].
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4. Limitations

This study has some limitations that are important to
consider when looking at the findings. First, there is a clear
difference in age and sex between the HBV patients and the
healthy controls, and the study design is cross-sectional.
The HBV patients were older and had a higher proportion
of males than the control group. Given the significant dif-
ferences in age and sex between the study groups, and be-
cause these demographic factors have been reported to be
associated with immune and inflammatory profiles, the ob-
served biomarker differences should be interpreted cau-
tiously. The present cross-sectional study cannot determine
the independent contribution of these demographic varia-
bles to the observed associations. As a result, we should in-
terpret the findings of this study carefully. Future research
should use control groups that match the age and sex of the
HBYV patients, or adjust for these factors using statistical
methods, to reduce confounding and improve the reliability
of the results. Second, we did not check liver function tests
like alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), and bilirubin levels. These tests are key indi-
cators of liver inflammation and disease in chronic HBV in-
fection. Without this information, we could not connect the
immune markers we measured to liver health and function.
Third, we did not categorise patients based on the phase of
their chronic HBV infection, such as immune-tolerant, im-
mune-active, inactive carrier, or HBeAg-positive/-negative
chronic hepatitis. Inmune responses can vary significantly
in these phases. Not having this classification made it harder
to understand the observed biomarker profiles and may have
contributed to differences among patients. Finally, our
study design examined immune marker levels at a single
time point. This means we could not see how these levels
change over time or establish any cause-and-effect relation-
ships between immune markers and disease progression.
Future studies should include repeated measurements, thor-
ough liver function tests, and clear clinical classifications to
confirm and expand on these findings.

s. Conclusion

Our findings demonstrate an association between HBV
viral load and immune markers, including IFN-y, TNF-q,
CD8" T cells, and HLA-A, which have been understudied
in the Kurdistan region of Iraq. The results demonstrated
positive associations between HBV infection and elevated
immune-response markers and the virological parameters
evaluated in the present study. This study expands the avail-
able regional data on the associations between HBV viro-
logical and immunological markers in patients from the
Kurdistan Region of Iraq by integrating medical tests with
immune system analyses, potentially improving patient
care, risk assessment, and outcome prediction. However,
these findings should be interpreted with caution given the
cross-sectional design and demographic differences be-
tween study groups.
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