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Abstract

Background: Immunological dysregulation secondary to the governing chronic
disease burden, repetitive blood transfusions, and ongoing antigenic stimulation
exposes patients with thalassemia to enhanced risk of viral persistence or reactivation.
Soluble cytotoxic T-lymphocyte-associated protein 4 (sSCTLA-4), an important marker
associated with immune-checkpoints and physiologically regulating T-cell responses,
may be may be elevated due to viral persistence or reactivation of virions that are
present as free-floating particles in the serum (also known as viremia) of subjects
infected by the Epstein-Barr virus Objective: The aim of this study was evaluation of
serum soluble CTLA-4 in thalassemia patients positive and negative for EBV-DNA
from Najaf province. Methodology: Cross-sectional study of hundred thalassemia
patients. EBV DNA was detected by PCR, while the level of serum soluble CTLA-4
was assessed. This study segregated patients to be either EBV-DNA positive or
negative. We analyzed the variables such as age distribution, demographics, clinical
features, serum sCTLA-4 levels, logistic regression and correlation, ROC curve.
Results: EBV DNA was detected in 45 % of patients. Among patients, EBV-DNA was
positive in 56.1% of the population aged between 15-30 years, compared with 30.2%
in those aged between 5—15 years. In patients with EBV-DNA, serum soluble CTLA-4
levels were significantly higher than in those without it (56.8 + 14.9 pg/mL vs 34.7 +
11.2 pg/mL; P<0.01). Serum sCTLA-4 levels were positively associated with EBV-

DNA positivity. Results of logistic regression indicated an increased likelihood of
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EBV-DNA testing positive with each 10 pg/mL rise in SCTLA-4. In the ROC study, an
area under the curve (AUC) of 0.86 was performed well as a strong classifier.
Conclusion: Results: The findings showed that EBV-DNA positive was significantly
associated with a high level of serum soluble CTLA-4 in thalassemia patients. Further
studies are warranted to confirm serum sCTLA-4 as potential biomarker of EBV-
induced immune dysregulation disease of thalassemia, together with quantitative
profiling for viral load wusing an appropriate sampling approach and

immunophenotyping.

Keywords: Thalassemia; Epstein—Barr virus; EBV-DNA positivity; soluble CTLA-4;

immune checkpoint; PCR.
Introduction

One of the most common inherited blood disorders in the world is thalassemia, a
hereditary illness that causes the body to produce excessive amounts of hemoglobin.
The most common form is thalassemia major, a severe kind of the disease that requires
transfusions of blood throughout a person's life to control anemia. Over time, the
cumulative effects of these transfusions, chronic inflammation, and iron deposition can
cause organ failure and immune system malfunction [1-3]. The immune system is under
continual stress because of the frequent blood transfusions and the continuing treatment
of iron overload with chelation therapy. Patients with thalassemia are at a higher risk
of infectious problems, including viral reactivations like Epstein-Barr virus (EBV), due
to their dysregulated immune system. The herpesvirus Epstein-Barr virus (EBV) can
enter B cells and remain dormant for the rest of an individual's life; however, it can
reawaken in people with impaired immune systems, like those with thalassemia [4][5].
Thalassemic patients which commonly require splenectomy thus rendering their
cellular immunity suppressed are at an increased risk of EBV infection and reactivation.
EBV reactivation can result in severe consequences like lymphoproliferative diseases
and cancers [6]. Detection of EBV-DNA in blood by polymerase chain reaction (PCR)
implies active viral replication and may reflect a latent or reactivated EBV infection.
The exact mechanisms determining the association between EBV-DNA positivity and

complications of thalassemia-related disease and poor outcome are yet to be clarified

[8].
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Immune checkpoints exert an important control on the ability of tissues to respond
to virus infections such as EBV. One important player in aborting an excessive
immunological response is the cytotoxic T-lymphocyte-associated protein 4 (CTLA-4),
a molecule that has been shown to be essential with regard to immune checkpoint
functionality. A key amplifying component of immune regulatory network is the blood-
circulating soluble version of CTLA-4, referred to here as sCTLA-4. Through its
attachment to CD80/CD86 on antigen-presenting cells, sCTLA-4 blocks the co-
stimulatory signals that typically activate T-cells, hence reducing immunological
responses [10]. While studying viral infections, this immune regulatory role is
especially important because EBV has developed strategies to avoid host immune
surveillance, such as manipulating CTLA-4 and other immune checkpoint pathways

[11][12].

Serum sCTLA-4 levels may be a biomarker for immunological dysregulation in
individuals with chronic viral infections, like EBV-related illnesses. One possible
indicator of EBV-related immunological responses in thalassemia patients is elevated
sCTLA-4 levels, which have been associated with immune suppression, immune
exhaustion, and prolonged antigenic stimulation [13][14]. While the exact mechanism
by which EBV-DNA positivity is linked to serum sCTLA-4 levels remain a mystery,
one possible explanation is that immune dysregulation in thalassemia, which is
worsened by chronic blood transfusions and EBV reactivation, may cause immune
checkpoint activation, leading to elevated sCTLA-4 concentrations. Few studies have
looked at soluble CTLA-4 in thalassemia patients with EBV reactivation, despite the
fact that prior research has examined the link between EBV and immune modulation.
The importance of comprehending this connection cannot be overstated. It has the
potential to shed light on the immunological pathophysiology of thalassemia and
identify therapeutic targets that can improve antiviral immune responses and protect
immunocompromised persons from EBV-related problems.

Patients with thalassemia from Najaf Province, Iraq, will be studied to determine
whether there is a correlation between EBV-DNA positivity and serum soluble CTLA-
4 levels. To be more precise, the study will look at the possibility that elevated
circulating levels of sCTLA-4 are associated with EBV-DNA positive and could be

used as biomarkers for immunological dysregulation in thalassemia caused by EBV.
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2. Methods

2.1 Study Design

The Thalassemia Center in Iraq's Najaf Province was the site of this cross-sectional
research. In this study, we will examine thalassemia patients' Epstein-Barr virus (EBV)
infections and the correlation between CTLA-4 activity and EBV infection. From
January to March of 2026, researchers enrolled one hundred thalassemia patients
ranging in age from five to thirty. The study was approved by the local ethics
committee, and all participants or their legal guardians were asked to provide informed

permission.

2.2 Study Population

The Thalassemia Center in Najaf Province was used to select 100 thalassemia
patients. This study's inclusion criteria were: Thalassemia, both major and minor, has
been diagnosed. Aged five to thirty years old. Continuous monitoring at the
Thalassemia Monitoring Center. The following were not included: Individuals who
have a history of infections with viruses other than EBV 'were excluded. ¢ People

experiencing severe infectious mononucleosis symptoms during the research period.

2.3 Data Collection

This study used structured questionnaires to gather demographic and clinical data,
such as participants' ages, genders, thalassemia types, and medical histories (including
transfusion regimens). Medical records and self-reports of patients were the sources of

the data.

2.2 Sample Collection

In the morning, each participant had five milliliters (mL) of sterile venous blood
drawn. We proceeded to analyze the samples as soon as they were collected: One
component was EDTA-treated whole blood that was subjected to Polymerase Chain
Reaction (PCR) for the purpose of detecting EBV DNA. Until further investigation, the
plasma was frozen at -20°C after being separated from the entire blood. Serum was

utilized for enzyme-linked immunosorbent assay (ELISA) to assess CTLA-4 levels.
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2.3 Detection of EBV Infection

Blood samples were tested for EBV DNA using a commercially available PCR kit
that targets the EBNA-1 gene.

2.4 Measurement of CTLA-4 activity
A human soluble CTLA-4 sandwich enzyme-linked immunosorbent test kit was
used to measure serum CTLA-4 concentration in accordance with the manufacturer's

procedure.

2.5 Statistical Analysis

A study of statistical significance was carried out using SPSS version 27 (IBM
Corp., USA). To summarize demographic characteristics, descriptive statistics were
employed. The data was summarized using descriptive statistics, which include mean,
standard deviation, and percentage. To determine whether there was a correlation
between EBV infection and CTLA-4 levels, chi-square tests were employed. It was

deemed statistically significant if the p-value was less than 0.05.

3. Results

3.1 Study Population Demographics and Clinical Features

This cross-sectional study comprised 100 thalassemia patients in total. In this study,
45 patients (45%) tested positive for EBV DNA based on PCR, while 55 patients (55%
of the total) tested negative. There was no statistically significant difference in the mean
age between the EBV-positive and EBV-negative groups. Similarly, there was no
significant difference between the groups with respect to sex distribution, thalassemia
type, or history of blood transfusion. It is less likely that differences in age, sex,
thalassemia type, or transfusion status accounted for the disparity in serum soluble
CTLA-4 levels because the two groups were otherwise similar in terms of the most

important demographic and clinical variables.
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Table 1. Patients with thalassemia who tested positive for EBV and those who tested JPM.S

negative for the virus: demographic and clinical details

Characteristic EBV-negative, n = | EBV-positive, n = p-value
55 45
Age, years 182+3.9 18.6 +4.1 0.65
Sex, male/female 30/25 23/22 0.75
Thalassemia major 40 (72.7%) 35 (77.8%) 0.52
Thalassemia minor 15 (27.3%) 10 (22.2%) —
Blood transfusion history 53 (96.4%) 44 (97.8%) 0.72

3.2 The presence of EBV DNA Classified by Age

Among patients aged 15-30, 56.1% tested positive for EBV-DNA, compared to
30.2% in the 5-15 age group. 45% of the entire sample was positive for EBV-DNA.
By age group, we found that EBV-DNA positive was higher in patients between the
ages of 15 and 30 than in those between the ages of 5 and 15. In particular, among
patients aged 5—15 years, 13 out of 43 (30.2%) tested positive for EBV-DNA, and
among patients aged 15-30 years, 56.1% tested positive. A higher risk of EBV-DNA
positivity may be associated with older thalassemia patients, as this difference was
found to be statistically significant. The probabilities of EBV-DNA positivity were

around three times greater in the older age group than in the younger group.

Table 2. Age-Related EBV-DNA Positivity

Age group EBYV positivity | EBV-negative | EBV-positive P-value
rate

5-15 years 30.2% 30 13 0.03

15-30 years 56.1% 25 32 —

Older age group and younger age group: OR = 2.95; 95% CI: 1.28—6.81.
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3.3 Concentration of Serum-Soluble CTLA-4 in patients with and without JPM.S

Epstein-Barr virus

Patients who tested positive for EBV had considerably greater concentrations of
serum soluble CTLA-4 than those who tested negative. In patients who tested positive
for EBV, the average serum sCTLA-4 concentration was 56.8 + 14.9 pg/mL, while in
patients who tested negative for EBV, it was 34.7 + 11.2 pg/mL. In patients who tested
positive for EBV, the difference between the two groups was about 22.1 pg/mL, which
is equivalent to an estimated 1.64-fold increase. Increased circulating soluble CTLA-4
in thalassemia patients who test positive for EBV-DNA may indicate improved

immune-checkpoint control or T-cell inhibitory signaling, according to this study.

Table 3. Evaluation of CTLA-4 Concentration in Serum in Patients Who Test Positive

for EBV and Those Who Test Negative

Parameter Effect size / EBV-negative, | EBV-positive, p-value
change n=>55 =45
Serum sCTLA-4, | 1.64-fold increase | 34.7+11.2 56.8+14.9 <0.001
pg/mL
Mean difference 22.1 pg/mL — — <0.001
95% CI of mean — 31.6-37.8 52.3-61.3 —
Median, IQR — 33.9,27.8-41.6 | 55.2,46.1-67.4 <0.001

An independent-samples t-test. For non-normal distributions, the Mann-Whitney U test

was used.
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Serum sCTLA-4 Levels According to EBV Status
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Figure (1): Serum sCTLA-4 Levels According to EBV Status
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3.4 Relationship Between EBV-DNA Positivity and Serum-Soluble CTLA-4

Serum soluble CTLA-4 level was positively correlated with EBV-DNA positivity,
and this correlation was statistically significant. Rather than utilizing conventional
Pearson correlation, the connection was evaluated using point-biserial correlation as
EBV status is a binary variable. Serum sCTLA-4 concentration was positively
correlated with EBV-DNA positivity, according to the study. There was a statistically
significant correlation between serum sCTLA-4 levels and the likelihood of EBV-DNA
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by around 2.15 times for every 10 pg/mL increase in serum sCTLA-4. Additionally,

ROC curve analysis demonstrated that serum sCTLA-4 exhibited strong discriminatory

ability in differentiating between thalassemia patients who tested positive for EBV and

those who tested negativ

.

Table 4. Link Between sCTLA-4 Level in Serum and EBV-DNA Positivity: A

Statistical Analysis
Interpretation p-value Result Variable tested Statistical
analysis
Strong positive association | <0.001 rpb =0.64 EBYV status and. Point-biserial
serum sCTLA-4 correlation
Significant increase in EBV-| <0.001 t=8.47 sCTLA-4 between [Independent t-test
positive patients groups
Higher sCTLA-4 associated | <0.001 |OR =2.15;95% | sCTLA-4 per 10 Logistic
with EBV positivity CI: 1.55-3.08 | pg/mL increase regression
Good discriminatory ability | <0.001 | AUC = 0.86; sCTLA-4 as ROC analysis
95% CI: 0.78— | discriminator of
0.93 EBV-DNA
positivity

Comparison of Serum sCTLA-4 Levels between EBV-Positive and EBV-Negative Patients
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Figure (3): Comparison of Serum sCTLA-4 Levels between EBV-Positive and

EBV-Negative Patients
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Discussion

While 55% of thalassemia patients tested negative for EBV-DNA, 45% tested
positive in this cross-sectional investigation. Crucially, when it came to age, sex
distribution, thalassemia type, and history of blood transfusion, the EBV-positive and
EBV-negative groups were very similar. It is less likely that the observed rise in blood
soluble CTLA-4 among EBV-DNA-positive individuals could be explained simply by
substantial demographic imbalance, which improves the internal interpretation of the
study due to the comparability. Some known biochemical and clinical variables that can
change the host immune surveillance and vulnerability to viral consequences in
transfusion-dependent thalassemia include immunological dysregulation, iron
overload, chronic anemia, recurrent transfusion exposure, oxidative stress, and
transfusion-dependent thalassemia [1,2,15]. It appears that EBV-DNA detection in this
cohort may not be entirely explained by transfusion exposure alone, since there were
no significant differences in the transfusion histories of EBV-positive and EBV-
negative patients. All things considered, the study cohort is clinically susceptible due
to the extremely high transfusion frequency in both groups. This aligns with the
recognized immune disruptions in B-thalassemia, where innate and adaptive immunity
abnormalities can result from the disease or treatment-related factors like frequent
transfusions, excessive iron intake, chelation therapy, chronic inflammation, and
splenectomy [1].

Another aspect of the methodology to think about is the need for meticulous clinical
verification when include individuals with a high transfusion history who are also
identified as having thalassemia mild. Although most cases of thalassemia minor do not
require transfusions, there are a small number that may indicate thalassemia intermedia
or other clinically important phenotypes that do not require transfusions. The scientific
interpretation of EBV-DNA positivity and soluble CTLA-4 increase in this population
would be enhanced if the precise clinical classification could be clarified [15].

Results showing a statistically significant increase in EBV-DNA positivity in
patients aged 15-30 compared to those aged 5—15 imply that older thalassemia patients
may be more likely to have detectable EBV DNA. Because EBV is a widespread
herpesvirus that can reactivate under conditions of immunological dysregulation and
establishes lifelong latency after primary infection, especially in B cells, this age-related

pattern is biologically feasible [3]. Consistent with epidemiological data indicating that
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EBYV exposure rises with age, the present investigation likewise shows an age trend.
For instance, EBV seroprevalence increases gradually from early infancy to late
adolescence, with the highest levels seen in older adolescents, according to population-
based data from the United States of America's children and adolescents [16].
Consequently, an increased risk of occasional viral reactivation, latent EBV carriage,
or cumulative lifetime exposure may account for the higher EBV-DNA positivity in the
group 15-30 years old.

However, the outcome should be formally characterized as EBV-DNA positivity,
not "active EBV infection." PCR confirmation of EBV DNA verifies the presence of
viral genetic material; nevertheless, it may indicate latent infected B cells, low-level
DNAemia, viral reactivation, current infection, or viral reactivation depending on the
kind of sample, copy number, and clinical context. A recent, old, or nonexistent
infection can be distinguished by EBV serology, while in some clinical settings, PCR
is ideal for evaluating viral DNAemia and reactivation [17,18]. The 45% total rate of
EBV-DNA positivity is quite high and could have significant clinical implications in
thalassemia patients, as earlier studies have documented EBV infection in Iraqi
thalassemia cohorts and polytransfused B-thalassemia patients [19,20]. Because EBV
prevalence differs with age, sample type, PCR target, serological approach, ethnicity,
region, immunological status, and whether the study assesses EBV antibodies or EBV
DNA, it is important to exercise caution when directly comparing studies.

Individuals with EBV-DNA positive had approximately 1.64-fold greater serum
soluble CTLA-4 levels compared to individuals with EBV-DNA negative. Since
CTLA-4 i1s a key inhibitory immune-checkpoint molecule that plays a role in
downregulating T-cell activation, this is among the most significant results of the study.
By minimizing overreactions by T cells, CTLA-4 limits co-stimulatory signaling and
CD28-CD80/CD86 interaction on antigen-presenting cells [21]. There is
immunological significance for the soluble version of CTLA-4 as well. By disrupting
the CD28-CD80/CD86 co-stimulatory axis, soluble CTLA-4 can alter effector T-cell
responses and potentially impede immunological suppression [22]. Patients with EBV-
DNA-positive thalassemia may have an improved immunoregulatory state, which could
explain their higher serum sCTLA-4 concentration. This could be due to prolonged
antigenic stimulation, immunological modulation related to EBV, or compensatory

suppression of persistent immune activation.
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Studies in other immunocompromised or EBV-associated contexts provide credence
to this idea. There was a positive correlation between EBV load and CTLA-4
expression on CD3+ lymphocytes, and patients with chronic lymphocytic leukemia
who tested positive for EBV DNA also had higher serum concentrations of CD86 and
CTLA-4, as well as higher expression of these molecules on lymphocyte populations
[23]. Likewise, studies on immunodeficient individuals' immune-checkpoint
dysregulation have shown that EBV reactivation may interact with altered PD-1/PD-
L1, CTLA-4/CD86, and CD200R/CD200 pathways [24]. Since ELISA measures
circulating concentration rather than functional inhibitory activity, the raised sCTLA-4
level should not be referred to as "CTLA-4 activity" in this study. "Serum soluble
CTLA-4 level" or "serum sCTLA-4 concentration" is the more precise scientific
terminology. To establish functional activity, further tests such checkpoint-blockade
trials, cytokine secretion, CD80/CD86 binding assays, or T-cell proliferation would be
necessary.

Higher levels of circulating sSCTLA-4 are strongly linked to EBV-DNA positivity in
this thalassemia cohort, as shown by the strong positive point-biserial correlation
between EBV-DNA status and serum sCTLA-4 concentration. Additionally, logistic
regression showed that the likelihood of EBV-DNA positivity increased by around 2.15
times for every 10 pg/mL increase in sSCTLA-4. This provides more support for the
statistical interpretation, as the link is demonstrated to be dose-related to EBV-DNA
positivity and goes beyond a simple group comparison. It is possible that EBV-driven
immune modulation provides a biological explanation for this connection. Among
EBV's many strategies for evading host immune responses are changes to antiviral T-
cell regulation and manipulation of infected B cells, both of which allow the virus to
persist throughout a person's life [4]. The importance of checkpoint pathways in EBV
immune regulation has been supported by experimental findings that PD-1/CTLA-4
inhibition can improve control of EBV-induced lymphoproliferation in a humanized
mouse model and enhance EBV-specific T-cell responses [25].

With an area under the curve (AUC) of 0.86, serum sCTLA-4 demonstrated strong
discriminatory ability in separating EBV-DNA-positive thalassemia patients from
EBV-DNA-negative patients, according to the ROC analysis. Although AUC does not
indicate clinical diagnostic value on its own, it is typically regarded as good or excellent
discrimination in diagnostic-test interpretation when it falls between 0.8 and 0.9 [26].

Consequently, sCTLA-4 is not a diagnostic test in and of itself, but it may be a
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promising immunological marker linked to EBV-DNA positive. One major drawback JPM.S
is that the study was cross-sectional, so we don't know if more sCTLA-4 means more
EBV persistence/reactivation or if EBV-DNA positivity causes more sCTLA-4 to be
produced. Not included in the reported analysis were EBV viral load, EBV serological
profile, splenectomy status, ferritin level, chelation therapy, inflammatory markers, and
immune-cell phenotyping. To determine if increased sCTLA-4 indicates latent carriage,
active reactivation, or overall immunological exhaustion, future research should
employ quantitative EBV PCR, EBV VCA-IgM, VCA-IgG, EBNA-IgG, EA-IgG, and

cellular immune markers.

Suggested Final Integrated Interpretation

The current findings indicate that EBV-DNA positive is prevalent in this group of
thalassemia patients, with an increased frequency in older patients. There is substantial
evidence from correlation, logistic regression, and ROC analyses that suggests a
possible link between EBV-DNA positivity in thalassemia and improved immune-
checkpoint regulation, as well as from the significantly higher levels of serum soluble
CTLA-4 in these individuals. The results should be seen as a correlation, not a proof of
a causal relationship. The most reliable scientific evidence suggests that thalassemia
patients with elevated serum sCTLA-4 concentrations are more likely to test positive
for EBV-DNA, and that this finding suggests the possibility of an immunological

marker of immune dysregulation associated with EBV.

Conclusions

This cross-sectional investigation found that 45 % of the thalassemia patients in
Najaf Province tested positive for EBV-DNA. Patients with thalassemia, especially
those who have had immunological stress due to chronic disease or a history of many
transfusions, may benefit from EBV-DNA detection as a virological characteristic,
according to this study. Strong associations were observed between EBV-DNA
positivity and age; patients aged 15-30 years had higher rates of positivity than did
those aged 5—15 years. There seem to be increased risks of exposure, persistence or
reactivation of EBV in older thalassemia patients. This could be due to increased

immune senescence with aging.
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This study found that blood soluble CTLA-4 levels were significantly higher in
EBV-DNA positive patients compared to EBV-DNA negative individuals. This
discovery was a key finding. In contrast to EBV-negative patients, who had an average
serum sSCTLA-4 level of 34.7 + 11.2 pg/mL, EBV-positive patients exhibited a level of
56.8 = 14.9 pg/mL. EBV-DNA positive thalassemia patients have better control of
immunological checkpoints. It also found a strong positive correlation between EBV-
DNA positivity and serum soluble CTLA-4 content. The logistic regression analysis
revealed an increase in serum sCTLA-4 and a high chance of EBV-DNA positivity, and
the ROC analysis showed that serum sCTLA-4 can discriminate between EBV-DNA-
positive and -negative patients. The data point up a connection, but they do not
demonstrate causation because it was a cross-sectional study. It is advisable to use
quantitative EBV viral load, EBV serological markers, inflammatory markers and
immune-cell profiling in further studies to clarify whether increased sCTLA-4 points
towards either affording protection from EBV persistence or disease reactivation or

overall immunological dysregulation in thalassemia.

Limitations

1. Since this study is of cross-sectional type, one limitation includes the absence
of a causal relationship between the positive results of EBV-DNA and higher
levels of blood soluble CTLA-4. A longitudinal study is needed to prove
correlations between variables.

2. The viral load may be evaluated by quantifying EBV-DNA in the blood, which
would provide more accurate information regarding EBV replication and
reactivation; however, PCR was only used to determine whether EBV-DNA
was positive in this study.

3. Not including the following serological markers: EBV markers namely VCA-
IgM, VCA-IgG and EBNA-IgG would have been helpful in this study to
differentiate between active infection, latent infection and viral reactivation.

4. Small cohort size—while data can be statistically analyzed, it would not

extrapolate to the wider thalassemia group without a larger cohort.
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Recommendations

1. Future studies need to incorporate a longitudinal design to study thalassemia
patients in order to elucidate the dynamic relationship between EBV-DNA
positive and serum soluble CTLA-4 levels.

2. Quantifying EBV viral load can provide insights into the association of immune
checkpoint modulation in thalassemia with EBV reactivation.

3. Serology of EBV should be integrated into future studies with PCR to further
stratify the status as primary, latent, or reactivation and understand the clinical
significance of EBV-DNA positivity.

4. A larger and more diverse sample would help to obtain more generalizable
findings of the thalassemia population as a whole study by expanding the
studied patient group including individuals from different geographic locations

and ethnic origins.
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