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Female infertility is a complex ailment, and the role of hidden viral infections could be more subtle but pivotal to

achieving pregnancy. Herpes viruses: Herpes Simplex Virus (HSV), Cytomegalovirus (CMV), and Epstein-Barr Virus
(EBV) are involved in the pathogenesis of reproductive failure, underlying the role of chronic inflammation and im-
munomodulation in this context. This study aimed to determine the presence of HSV, CMV, and EBV DNA in infertile
women and evaluate associated serum cytokine levels (IL-6 and IL-10) to explore potential immunological signatures of
viral involvement in infertility. The study was a case-control study that was conducted on 96 infertile and 96 fertile
women. High-sensitivity ELISA was used to measure the levels of IL-6 and IL-10 in serum samples. gPCR was con-
ducted in real time to detect viral DNA among the infertile participants. To determine relationships between viral load
(Ct values), cytokines, infertility type, and age, statistical analysis was conducted with independent t-tests, chi-square
tests, and Spearman correlation. g°PCR showed the presence of CMV in 14.6% of the infertile women, HSV in 11.5%,
and EBV in 8.3%. Women with the virus had small increases in cytokines (mean IL-6: 9.2-10.5 pg/mL; IL-10: 31.3-
33.1 pg/mL) and a higher IL-6/IL-10 ratio (0.29-0.32), especially with EBV. There were significant inverse correlations
between viral load and IL-6 in EBV-positive women (r = —-0.51, P = 0.029). Secondary infertility had lower Ct values
that are indicative of an increased viral activity. There were no considerable relationships with age. The results indicate a
slight yet statistically significant relationship between latent infection with the herpes virus, imbalance of cytokines, and
infertility. The increased IL-6/IL-10 rates and increased viral loads (EBV-positive and secondary infertility cases) sug-
gest that chronic immune activation can be one of the factors in the disturbed reproductive outcomes. Molecular viral
screening and immunological profiling should be integrated to improve the accuracy of the diagnosis of unexplained
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Introduction

Infertility is a complicated clinical and community health issue
with an approximated prevalence of 8-12% in reproductive couples
in every age category around the world. The pathophysiology of in-
fertility in women is complex and consists of anatomical defects, dys-
function of endocrine systems, environmental factors, and immunolo-
gic dysfunctions. The cause is, however, unknown in almost 15-30%
of cases, and the issue of subclinical infection and possible consequ-
ences on reproductive health is gaining growing attention. One such
group of pathogens, which is of interest in this respect, is the Herpes-
viridae viruses, including Herpes Simplex Virus (HSV), Cytomegalo-
virus (CMV), and Epstein-Barr Virus (EBV) (Vander Borght &
Wyns, 2018; Akalewold et al., 2022).

These viruses have the major features of being capable of indu-
cing a permanent latency phase after initial infection, and being reacti-
vated periodically during a period of physiological stress or immuno-
suppression. Although the activation or latent infection by herpes vi-
rus remains clinically silent in immunocompromised individuals, inf-
lammation of the reproductive tract, mechanism of endometria and
other reproductive organs, and abnormal expression of cytokines,
which can potentially affect fertility, have been linked to the activa-
tion or latent infection by herpesvirus (Pan et al., 2023).

In a case study, the reactivation of CMV or HSV in the genital
tract may cause local inflammation and alter the microenvironment of
the endometria, which may affect the implantation. Similarly, EBV
has also been involved in the regulation of immune tolerance
dysregulation by way of viral IL-10 homologs and chronic antigenic
stimulation (Cohen, 2020).

Interleukin-6 (1L-6) and interleukin-10 (IL-10) are now conside-
red significant biomarkers of the association between infection, in-
flammation, and reproductive outcomes. The pleiotropic pro-inflam-
matory cytokine, IL-6, is important in the functioning of the ovaries,
follicle development, and implantation; therefore, high levels of IL-6
have been linked to endometriosis, polycystic ovary syndrome
(PCOS), and cther infertility disorders. On the other hand, IL-10 is an
anti-inflammatory cytokine needed to preserve maternal-fetal immu-
ne tolerance. Imbalances between IL-6 and IL-10 or a high ratio of
IL-6/1L-10 are becoming recognized as markers of immune deregula-
tion in the reproductive tract and would have fertility implications
(Jafrin et al., 2022).

Although biologically latent herpesvirus infection, cytokine im-
balance, and infertility can be related to each other, viral screening or
immunological profiling is seldom part of routine fertility workups.
Several studies performed in the past have examined seroprevalence,
or shedding of the virus in samples of certain population groups, but
only a few have examined the combination of viral DNA and inflam-
matory signs in infertile females. The gap will be bridged and could
offer new information on poorly understood infertility and inform
more specific diagnostic and treatment strategies (Akhigbe et al.,
2022). Despite increasing recognition of the multidimensional relati-
onship between infection, immunity, and fertility, the contribution of
latent herpesvirus infections to female infertility remains underexplo-
red, particularly with respect to their direct molecular detection and
associated cytokine responses. Most previous studies have relied on
serological markers or symptomatic viral reactivation, overlooking
the potential role of subclinical DNAemia and immune dysregulation
in reproductive failure. To address this gap, the present study aims to
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investigate the presence of HSV, CMV, and EBV DNA in the serum
of infertile women and to assess corresponding levels of pro- and anti-
inflammatory cytokines (IL-6 and IL-10). By integrating molecular
and immunological analyses, this research seeks to determine whether
latent viral infections drive a measurable immune imbalance that may
contribute to infertility, particularly in cases with no clear anatomical
or hormonal cause.

Matherials and methods

The study protocol was reviewed and approved by the Institu-
tional Review Board (IRB) of the Faculty of Science in Tunis, Tuni-
sia, and all procedures were conducted following the Declaration of
Helsinki. Written informed consent was obtained from all participants
before their inclusion in the study.

This was a hospital-based case-control study conducted to evalu-
ate the association between latent herpesvirus infections, serum cy-
tokine levels (IL-6 and IL-10), and female infertility. A total of 192
women (96 infertile cases and 96 fertile controls) were recruited from
gynecology and fertility clinics affiliated with tertiary hospitals bet-
ween January to August, 2025. Sample size was calculated to provide
80% power to detect a minimum 15% difference in viral detection
rates between groups at o = 0.05 (Biau et al., 2008). Cases were de-
fined as women aged 19-45 years with primary or secondary infertili-
ty (failure to conceive after >12 months of unprotected intercourse),
confirmed by a gynecologist. Controls were age-matched fertile wo-
men with at least one live birth and no history of infertility. Exclusion
criteria included autoimmune disease, chronic inflammatory disor-
ders, malignancy, recent infection (<3 months), use of steroids / im-
munosuppressants, or refusal to consent.

The participants were subjected to a formal interview and physi-
cal check-up. Demographic and clinical data that were recorded were
age, marital status, residence, reproductive history (gravidity, parity,
miscarriage, infertility duration), and anthropometric measurements.
The body mass index (BMI, kg/m?) was measured using standard
equations and was taken as a possible confounding variable because
of its established association with ovulatory functioning and hormone
balance (Gesink et al., 2010; Rich-Edwards et al., 2002). The gyneco-
logical history was to be made to record the patterns of the menstrual
cycle, dysmenorrhea, and clinical pregnancy diagnoses such as poly-
cystic ovary syndrome (PCOS), endometriosis, or pelvic inflammato-
ry disease (PID). These variables were only provided to do a descrip-
tive analysis and not contrasted between groups.

Five milliliters of venous blood were collected into BD Vacutain-
er® serum separator tubes. After clotting at room temperature (15—
30 min), the samples were centrifuged at 3,000 rpm for 10 minutes.
Serum was aliquoted and stored at —80 °C until analysis to prevent
protein degradation (Rai et al., 2006; Arif et al., 2025).

Of the 96 serum samples collected from infertile women, 3 sam-
ples were excluded due to hemolysis (n = 2) or inadequate DNA
purity (A260/A280 < 1.6; n = 1), resulting in 93 samples suitable for
gPCR testing. Incomplete viral amplification results led to minor
variations in sample size across viral targets (e.g., n =94 for HSV, n =
90 for CMV).

Serum concentrations of IL-6 and IL-10 were quantified using
Human Quantikine® High-Sensitivity ELISA Kits (R&D Systems,
USA) according to manufacturer protocols. All samples were thawed
once and run in duplicate. Optical density was measured at 450 nm
using a BioTek ELx800® microplate reader. Standard curves were fit-
ted using a four-parameter logistic regression model (Rz > 0.98).
The limit of detection was <1 pg/mL, and the inter-/intra-assay coeffi-
cient of variation was <10%. The same assays were performed in
both infertile and fertile women to enable cross-group comparisons.

IL-6 and IL-10 were selected due to their established roles in re-
productive immunology: IL-6 promotes inflammatory signaling and
follicular maturation, while 1L-10 maintains immune tolerance at the
maternal-fetal interface (Caér et al., 2017).

Detection of 1gG and IgM herpesvirus (HSV-1, HSV-2, CMV,
EBV) serum antibodies was done by commercial ELISA kits (Bio-
Rad, Germany). The samples were tested twice; the results were
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evaluated based on the recommendations of the manufacturer cut-off
and reported as positive/negative. Serological assessments were done
to offer a background on the previous exposure to the virus and to
complement molecular results.

The 200-pL serum was subjected to the QlAamp Viral DNA
Mini Kit to obtain the DNA (Qiagen, Germany). The concentration and
purity of DNA were determined by NanoDrop 2000 (A260/A280 =
1.820). Viral DNA was quantified by TagMan® probe-based real-
time polymerase chain reaction (qPCR) using ABI 7500 and Rotor-
Gene Q platforms.

Target genes included UL30 (HSV-1/2), UL54 (CMV), and
EBNA-1 (EBV). UL30 (HSV-1/2), UL54 (CMV), and EBNA-1
(EBV) were considered target genes. Cycling conditions were 95°C
for 10 min, followed by 40 cycles of 95 °C for 15 s and 60 °C for
1 min. Samples were classified as gPCR-positive if the cycle thresh-
old (Ct) was <36. Each run included positive and negative controls.

Data were analyzed using SPSS v29.0 (IBM Corp., USA) and
GraphPad Prism v9.0. Continuous variables were expressed as
mean + SD or median (IQR) based on Shapiro-Wilk normality test-
ing. Group differences were assessed using an independent samples t-
test or Mann-Whitney U test, as appropriate. Categorical variables
were compared using chi-square or Fisher’s exact test. Correlations
between viral load (Ct values) and cytokine levels were evaluated
using Spearman’s rank correlation. Multivariable binary logistic re-
gression was used to adjust for confounders (age, BMI, and infertility
type). Statistical significance was set at P < 0.05 (two-tailed) (Kim
etal.,, 2017; Essa et al., 2024).

Laboratory personnel were blinded to participants’ infertility sta-
tus to minimize bias. No imputation was performed for missing la-
boratory data.

Results

Table 1 shows that the quantitative polymerase chain reaction
(9PCR) was used to detect Herpes Simplex Virus (HSV-1/HSV-2),
Cytomegalovirus (CMV), and Epstein—Barr Virus (EBV) in 96 infer-
tile women. A cycle threshold (Ct) value of less than or equal to 36
was defined as positive with the presence of virus DNA.

The results indicated that HSV was positive in 11 cases (11.5%),
CMV in 14 cases (14.6%), and EBV in eight patients (8.3%). CMV
demonstrated the highest percent positivity and implied the fourth
ranking in prevalence for the study population. The identification of
these viruses suggests that latent or persistent viral infections may
have potential roles in the etiology of infertility through chronic in-
flammatory and immune-mediated pathways.

Table 1

gPCR detection for HSV, CMV, and EBV in infertile women
Virus n Positive (Ct < 36) Positivity, %

HSV (HSV-1/HSV-2) 11 115

CcMV 14 146

EBV 8 8.3

Among women who were qPCR-positive, Table 2 shows that the
viral burden was modest (Ct medians ~30), with HSV at 30.6 (IQR
28.9-33.2), CMV at 29.8 (27.7-33.5), and EBV at 31.2 (28.5-34.1).
Corresponding cytokine profiles showed IL-6 medians from 9.2 to
10.5 pg/mL and IL-10 medians from 31.3 to 33.1 pg/mL, indicating a
consistent but mild inflammatory/immune-regulatory activation across
viruses. EBV-positive cases had the highest central values for both
IL-6 (10.5 pg/mL) and IL-10 (33.1 pg/mL), suggesting a comparati-
vely stronger immunologic response in this subgroup. The IL-6/IL-10
ratio increased stepwise from HSV (0.29) to CMV (0.31) and EBV
(0.32), implying a gradual shift toward a more pro-inflammatory ba-
lance as one moves from HSV to EBV.

Table 3 applied Spearman rank correlation to examine the corre-
lation between the viral load in terms of cycle threshold (Ct) and the
concentration of inflammatory markers (IL-6 and IL-6/IL-10 ratio) in
infertile women with positive results regarding HSV, CMV, or EBV
DNA. The analysis correlation coefficients reflected a negative value
in all viral groups, which proves that low values of Ct (or high con-
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centrations of viral DNA) are correlated with increased amounts of
cytokines, a trend typical of active or stronger viral immune stimulati-
on. Ct and IL-6 were moderately and negatively correlated in the case
of HSV-positive patients (0.45, 0.042) which means that a high viral

load has a positive correlation with the expression of the IL-6. The cor-
relation between Ct and the IL-6/IL-10 ratio (r =-0.39, P = 0.078) was
approaching the significant value meaning that more pro-inflammatory
cytokines are being produced with a greater presence of the virus.

Table 2
Cytokine levels among gPCR-positive infertile women

Virus N Positive  Ct Median (IQR) IL-6 Median (IQR), pg/mL IL-10 Median (IQR), pg/mL IL-6/IL-10 Median (IQR)
HSV (min HSV-1/HSV-2) 11 306 (28.9-33.2) 9.2 (8.1-11.3) 313(27.6-339) 0.29 (0.26-0.34)
CcMV 14 29.8 (27.7-335) 10.1 (85-12.0) 324 (29.2-345) 0.31(0.28-0.36)
EBV 8 312 (285-34.1) 105 (8.4-12.6) 331(30.1-35.2) 0.32 (0.27-0.36)

On the same note, the correlations between Vs were negative, but
not significant in CMV-positive women (IL-6, 0.061, 0.38; IL-6/IL-10,
0.102, 0.33). These findings confirm the assumption that CMV infec-
tion induces moderate cytokine activation, which is related to the
amount of viral DNA, and an individual variation, and it might be lin-
ked to latency or reactivation stages. The EBV-positive ones exhibi-
ted the most most significant association between the Ct vs. IL-6 and
Ctvs. IL-6/1L-10 ratios, with the values of -0.51 (p =0.029) and -0.47
(P =0.051), respectively. These results suggest that the viral DNA le-
vel has a negative relationship with the immune regulatory balance,
which implies that the EBV infection is accompanied by a strong inf-
lammatory response, and the levels of IL-6 are high in comparison to
the level of IL-10.

The interleukin profile of women with positive viral DNA (HSV,
CMV, or EBV) revealed in Table 4 showed different trends of cytoki-
ne stimulation that reflected different levels of the intensity of an im-
mune response. The average levels of IL-6 were 9.2 to 10.5 pg/mL
with the average levels of IL-10 being 31.3 to 33.1 pg/mL in the three
viral groups. These values are a weak but consistent upregulation of

Table 3

both pro-inflammatory and anti-inflammatory cytokines in people who
were infected by the virus. In patients with HSV-positive (HSV-1 /
HSV-2) the mean level of IL-6 was 9.2 + 1.3 pg/mL and IL-10 was
31.3 = 2.8 pg/mL. About 36% of these women had IL-6 above
10 pg/mL and 45% had IL-10 above 33 pg/mL indicating a moderate
activation of the immune system probably associated with subclinical
viral persistence.

In the CMV-positive patients, the mean IL-6 was moderately ele-
vated (10.1 £ 1.8 pg/mL) together with a mean IL-10 of 324 +
2.5 pg/mL. Almost 43% and 57% of CMV-positive women had high
amounts of IL-6 and 1L-10 respectively. This indicates the immunosti-
mulatory effect of CMV which is associated with the stimulation of
chronic, low-grade inflammation and persistent cytokine release espe-
cially in viral latency or reactivation. The EBV-positive group had the
highest cytokine values, being 10.5 + 1.9 pg/mL in IL-6 and 33.1 £
2.1 pg/mL in IL-10 with 50% (IL-6) and 62% (IL-10) subjects having
high cytokine values. The fact that EBV is well documented to medi-
ate B-cell and cytokine pathways is consistent with these results sug-
gesting a strong inflammatory and immunoregulatory response.

Correlation between cycle threshold (Ct) and cytokine markers among qPCR-positive infertile women

Virus p (CtvsIL-6) p-value N p (Ctvs IL-6/1L-10) P-value N
HSV (min HSV-1/HSV-2) —045 0.042 11 -0.39 0.078 11
Cmv —0.38 0.061 14 -033 0.102 14
EBV —0.51 0.029 8 —047 0.051 8
Table 4

Interleukin profiles among virus-positive cases

Virus N Positive Mean IL-6 (pg/ml) +SD  Mean IL-10 (pg/mL) £ SD % with High IL-6 (>10) % with High IL-10 (>33)
HSV (HSV-1/HSV-2) 11 92+13 313+28 36 45
CMV 14 101+18 324+25 43 57
EBV 8 105+19 331+21 50 62

In the study, Spearman correlation analysis was conducted to as-
sess the relationship between cytokine levels (IL-6, IL-10) and select-
ed clinical indicators, specifically age and duration of infertility, in
virus-positive infertile women (Table 5). The findings demonstrated
weak to moderate positive correlations, implying that cytokine increa-
se is likely to correlate with extending periods of infertility and, to a
lesser degree, with growing age. In HSV-positive patients, IL-6 and
age (p =+0.28, P = 0.18) as well as IL-10 and infertility duration (p =
+0.29, P = 0.15) had a weak positive relationship, but neither was sta-
tistically significant. These data are indicative of a small role of cyto-
kines in HSV-induced infertility, which may indicate less systemic
inflammatory reactivity.

The CMV-positive women exhibited a strong correlation bet-
ween IL-6 levels and the duration of infertility (p = +0.45, P = 0.04),

Table 5
Correlation between interleukin levels and clinical features

indicating that a longer infertility duration is associated with increased
IL-6 levels. A significant IL-10 relationship was identified, approa-
ching significance (p = +0.38, P = 0.06), indicating that anti-inflam-
matory mechanisms are concurrently activated with the persistence of
infertility. This is an indicator of a chronic inflammatory, smoldering
state, which could be sustained by latent CMV infection. In women
who are EBV-positive, the same trends were noted, as IL-6 showed a
strong positive correlation with the amount of infertility (p = +0.49,
P =0.03) and IL-10 showed a marginal correlation (p = +0.41, P =
0.07). These findings support the hypothesis that the long-term pre-
sence of the EBV infection can be the cause of chronic activation of
the immune systems, which may worsen infertility due to a long-term
cytokine imbalance.

Variable p(IL-6vs. Age)  p-value p (IL-6 vs. Infertility Duration) p-value p (IL-10 vs. Infertility Duration) p-value
HSV-positive +0.28 0.18 +0.34 0.10 +0.29 0.15
CMV-positive +0.31 0.12 +045 0.04* +0.38 0.06
EBV-positive +0.24 0.22 +0.49 0.03* +041 0.07

The IL-6/IL-10 ratio is a vital measure of the activation or sup-
pression of the pro-inflammatory and anti-inflammatory mechanisms,
respectively. Whereas IL-6 enhances inflammation, IL-10 is an im-

munoregulatory cytokine that neutralizes the overactivity of the im-
mune system. Consequently, an increase in the ratio of IL-6 / IL-10 is
an indicator of a shift towards inflammatory control, which may carry
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negative consequences in terms of reproductive health. As was re-
vealed in the findings of Table 6, the virus-negative group had an
average level of IL-6/IL-10 of 0.27 + 0.05, which indicated a balan-
ced immunological environment characteristic of the normal state of
physiological processes. Conversely, the ratio of HSV-positive wom-
en, who were considered as having a mild inflammatory tilt, increased
progressively within the virus-positive groups, as HSV-positive wo-
men had a mean of 0.29 + 0.06. The CMV-positive group exhibited a
mean ratio of 0.31 + 0.07, which indicates a moderate level of syste-
mic inflammation potentially caused by repeated reactivation of the
virus and ongoing immune signaling. The highest ratio was observed
in the EBV-positive women (0.32 + 0.08), which indicated a high
degree of pro-inflammatory bias. This trend is consistent with the
established ability of EBV to cause chronic immune response by
stimulating B-cells and cytokines.

Table 6
Cytokine ratio (IL-6/1L-10) and immune balance

Table 9
Ct measurements for each virus based on the type
of infertility in cases of infertile women

Virus Infertility type N Ct
HSV primary 58 2044 £8.61
secondary 36 1793+9.25
primary 53 29.08 £4.50
MV secondary 37 28.23+7.00
EBV primary 57 2765+7.15
secondary 36 25.89+7.88

Group Mean + SD Immunological trend
Virus-negative 0.27 £0.05 balanced
HSV-positive 0.29 +£0.06 slight inflammatory tilt
CMV-positive 0.31+0.07 moderate inflammation
EBV-positive 0.32+0.08 strong inflammatory tilt

Table 7 shows that infertile women with measurable viral DNA
(Ct < 36) had the highest means of Ct values obtained with HSV, then
EBV, and CMV (note: lower Ct = higher load of DNA). The HSV
(minimum of HSV-1/HSV-2) was 19.48 + 8.90, EBV was 26.97
7.46, and CMV was 28.74 + 5.65. The relatively reduced mean Ct of
HSV indicates that it becomes activated more frequently when it is
present. The larger SDs, especially of HSV and EBYV, indicate that
there is viral burden heterogeneity among individuals, which is con-
sistent with variability in the dynamics of latency/reactivation.

Table 7
Cycle threshold (Ct) measurements from gPCR tests
for each virus in cases of infertile women

Age-stratified analyses (<30, 3034, >35 years) showed only mo-
dest differences in Table 10. For HSV, mean Ct varied narrowly
(18.34 + 8.66, 20.73 + 9.42, 19.79 £ 8.93 across ascending age
bands), indicating no marked age gradient. CMV Ct remained highly
similar across groups (28.85 + 6.07, 28.21 + 5.78, 28.97 + 5.34). EBV
displayed a weak trend toward lower Ct (higher load) in women
>30 years (<30: 28.30 + 3.52; 30-34: 26.07 + 8.45; >35: 26.34 +
9.21), but variability was large and group means overlapped. Collec-
tively, the age effects appear limited in magnitude relative to the dif-
ferences seen by infertility types.

Table 10
Ct measurements for each virus
categorized by age group among cases of infertile women

Virus N positive Ct
HSV 94 1943 +£8.90
Cmv 90 28.73+5.64
EBV 93 2697 +7.45

Table 8 displayed both the inflammatory (IL-6) and regulatory
(IL-10) cytokines in the virus-positive subgroups. In all three viruses,
mean IL-6 was about 10-11 pg/mL, and mean IL-10 was about
28.73+ 7.51 and 28.70 + 7.49, respectively. The mean IL-6/IL-10
ratio was of the order of 0.41-0.43, with an EBV mean ratio of
0.425 £ 0.272 being slightly higher than the HSV and CMV ones
(0.41), indicating a slightly more pro-inflammatory bias in EBV-
positive women. All in all, these data show the presence of a steady,
but weak, immune response that is accompanied by a viral detection.

Table 8
Cytokine measurements from gPCR analyses
for each virus in cases of infertile women

Virus N IL-6 IL-10 IL-6/IL-10 Ratio
HSV 44 1046%3.72 28.72+751 0.411+0.263
Cmv 43 1060+4.14 28.70+7.56 0.425+0.26
EBV 44 1087+451 2869+7.49 0.424+0.71

The stratification by infertility type provided a consistent result,
as shown in Table 9. The women who had secondary infertility were
more likely to have a lower mean Ct (i.e., a higher viral burden) than
women having primary infertility, with the most significant difference
in the case of HSV and EBV. In the case of HSV, primary vs. sec-
ondary Ct was 20.45 + 8.62 vs. 17.93 + 9.25; in the case of EBV,
27.65 + 7.16 vs. 25.89 £ 7.89. There was less difference between
CMV (primary 29.09 + 4.50 vs. secondary 28.24 + 7.01). These data
are consistent with the hypothesis that previous reproductive events or
pathologies of the pelvis can be related to viral persistence/reactivati-
on and thus have a minor but significant impact on viral DNA load in
women with secondary infertility.
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Virus Age group N Ct
<30 34 18.33+8.65
HSV 30-34 22 20.73+9.41
>35 38 19.78 +8.92
<30 30 28.85+6.07
CMV 30-34 23 2821 +5.77
>35 37 28.96 +£5.33
<30 33 2829+352
EBV 30-34 23 26.07 +8.44
>35 37 26.34+9.21
Discussion

This study has explored the possibility of latent viral infections
and latent cytokine reactions in the cause of female infertility, specifi-
cally HSV, CMV, and EBV. Viral DNA was identified in a propor-
tion of infertile women with CMV (14.6%), HSV (11.5%), and EBV
(8.3%), with the latter being the most common. Those results repre-
sent the immunotropic character of herpesviruses and their widespre-
ad but underreported occurrence in reproductive-aged women. Altho-
ugh CMV was the most common, additional studies indicated that the
best pattern of inflammatory activation was observed in EBV-positive
women, which supports the significance of virus-specific pathogenic
processes.

The cytokine profile of women positive with the virus showed a
non-significant yet steady increment of both IL-6 (mean 9.2-
10.5pg/mL) and IL-10 (mean 31.3-33.1 pg/mL), which was follo-
wed by a gradual increase in the IL-6/IL-10 ratio between HSV (0.29)
and CMV (0.31) and EBV (0.32). Between 36 and 50 percent of the
women who tested positive using viral DNA had an IL-6 reading of
more than 10 pg/mL, and 45.62% of the women had an IL-10 reading
of over 33 pg/mL, which is an indication of biological variability in
cytokine responses despite similar exposure to the virus. The IL-6/IL-
10 ratio, an indicator of inflammatory preeminence, was greatest in
the EBV cadre (0.32 + 0.08), and EBV infection is a more significant
danger of immune-mediated reproductive dysfunction. This is in line
with the fact that EBV has been known to control host immune bal-
ance using viral IL-10 homologues and thus maintain chronic low-
grade inflammation in the tissues that it infects.

The correlation between cytokine imbalance and viral load was
also revealed by the use of the Spearman correlation analysis. There
were significant inverse relationships between Ct values (lower Ct =
higher viral load) and the IL-6 concentrations in EBV-positive wom-
en (r =-0.51, P = 0.029), and a borderline significant correlation bet-
ween Ct and the IL-6/IL-10 ratio in EBV-positive women (P =
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0.051). These associations support the hypothesis that higher viral ac-
tivity contributes to heightened pro-inflammatory cytokine levels, po-
tentially disrupting endometrial receptivity and implantation, a mech-
anism widely described in reproductive immunology literature.

Molecular findings in this cohort show a low Ct value indicates a
high virus DNA load; HSV was observed to have the highest average
level of detection, followed by EBV and CMV. The low Ct and broad
SD of HSV imply that there is a high rate of episodic reactivation and
heterogeneity in viral burden across people. As an illustration, Cher-
pes et al. (88) reported that among women, regular shedding of HSV-
2 can be observed, without any symptoms, with a substantial variation
in viral load between episodes (i.e., different Ct equivalents).

Comparisons between infertility types revealed that secondary in-
fertility cases demonstrated higher viral loads for HSV and EBV, in-
dicated by significantly lower Ct values (e.g., HSV: primary 20.44 vs.
secondary 17.93; EBV: 27.65 vs. 25.89). This suggests that prior re-
productive or pelvic events may influence viral persistence or reacti-
vation. However, further studies with longitudinal designs and detai-
led reproductive histories are needed to explore this association.

The age-stratified analyses failed to provide significant differen-
ces in Ct values or cytokine levels, suggesting the possibility that age
alone might not be a direct determinant of viral burden or immunolo-
gic profile in women of reproductive age. This finding can be related
to previous reports indicating that local mucosal immunity, hormonal
condition, and inflammatory history are also better predictors of viral
latency and host response compared to chronological age.

The merits of this study are that it combines the principles of mo-
lecular detection and immunological profiling, which provides a more
subtle insight into the way that latent viral infections can have an insi-
dious impact on reproductive outcomes. There should be constraints,
however. The limitations of the cross-sectional design are the inability
to draw causal conclusions, the lack of gPCR results in fertile controls
that do not allow comparisons of viral prevalence in infertility and the
general population, and the sample size that restricts subgroup com-
parisons.

All in all, the findings indicate that latent herpesvirus infections,
especially EBV, could play a role in infertility through stimulation of
chronic immune responses and not a cytopathic effect. Viral detection
using qPCR and serum cytokine analysis should therefore potentially
be a useful diagnostic tool for unexplained infertility and secondary
infertility, with future targets of antiviral or immunomodulatory ther-
apy being guided by the combination.

The differences in viral load recorded in this study, particularly in
the HSV-positive cases, are in line with the literature. Strikingly
Cherpes et al. (2003) have shown that HSV-2 shedding may be fre-
quent and asymptomatic, with a significant change in the viral load
between episodes. Equally, Smith et al. (2022) indicated that HSV is
capable of inducing IL-6 secretion by the dendritic and mononuclear
cells, and can be compensated by IL-10 secretion. The assumption
that mucosal tissues can gradually change through repeated reactivati-
ons and consequently result in more viral shedding in time is further
supported by longitudinal surveillance by Aumakhan et al. (2010).
These results aid in the contextualization of increased viral loads and
immune imbalance here and it is more so in the case of women who
are secondary infertile.

The current study had constraints in terms of sample size and the
fact that it did not have parallel serological data where active infecti-
ons and latent infections could have been discriminated. The cross-
sectional design does not allow a causal inference of the relationship
between viral load and cytokine levels and infertility.

Overall, the factors identified in this research indicate that EBV-
positive infertile women have the highest IL-6/IL-10 ratio, which im-
plies that they have a more robust pro-inflammatory immune respon-
se than the HSV and CMV groups. We observed a more evident im-
mune imbalance in women with secondary infertility, who generally
had higher viral loads. Although such trends allow us to believe in a
potential relationship between latent viral activity and inflammation
and reproductive dysfunction, it still needs to be validated by larger,
longitudinal studies that include reproductive history and more de-
tailed immune profiling.

Conclusion

This study highlights the possible role of latent herpesvirus infec-
tions and immune maladjustments in female infertility. Molecular
analyses revealed that measurable amounts of viral DNA were pre-
sent in infertile women, with cytomegalovirus (CMV) having the hig-
hest rate of prevalence, followed by herpes simplex virus (HSV) and
Epstein-Barr virus (EBV). A lowered Ct value, particularly for HSV,
indicates greater viral activity and serves as a sign of repeated reacti-
vation. The viral load was high in women who were secondarily in-
fertile as compared to those who were primarily infertile; this indica-
tes that there exists a correlation of secondarily infertile women with
the previous reproductive or pelvic pathology. The insufficient levels
of interleukin-6 (IL-6) and interleukin-10 (IL-10), along with a higher
IL-6/1L-10 ratio, indicate a mild but chronic imbalance in the inflam-
matory process. These findings suggest that persistent chronic viral
infections and immune stimulation may compromise implantation
and endometrial receptivity. Molecular and immunological scree-
nings would also contribute towards simplifying the accuracy of diag-
nosis and control of treatment and hence provide a platform to pre-
scribe antiviral and immunomodulatory treatment depending on the
causes of the disease.
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