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Abstract

Background: Evidence indicates a potential link between PCOS and low-grade infections. IL-17, also known as IL-17A, is an
essential immunological regulator, especially in disorders such as polycystic ovarian syndrome (PCOS). The human
cytomegalovirus is a B-herpesvirus that causes inflammation and remains dormant in the host for life. The cytomegalovirus has
been central to several PCOS-related concepts. The role of IL-17A in CMV infection remains unknown. Objective: To establish
the correlation between PCOS and CMV, as well as the connection between PCOS and serum levels of IL17A. Methods: A case-
control study included 60 women with PCOS compared to 40 healthy controls. Samples were analyzed regarding CMV via the
real-time PCR technique. Furthermore, the ELISA technique measured serum levels of the IL-17A cytokine. Every sample was
taken between September 2023 and January 2024. Results: Positive results for CMV were seen in 50 (83.3%) of patients with
PCOS compared with 10 (16.7%) who had negative results, while 6 (15.0%) of healthy control subjects had positive results and
34 (85.0%) had negative results; the difference was highly significant. Furthermore, women with polycystic ovary syndrome had
a significantly higher IL-17A serum level when compared to healthy controls. Conclusions: In Iragi women, HCMV Infection in
patients with PCOS can be considered as a risk factor. Moreover, the results show that IL-17A is an excellent prognostic marker
of polycystic ovary syndrome.
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INTRODUCTION syndrome varies between reports, ranging from 6-20%

worldwide [2]. PCOS diagnostic tools include the
Polycystic ovary syndrome (PCOS), commonly Rotterdam criteria, the NIH criteria, and the Androgen
known as Stein-Leventhal syndrome, is the most Excess and Polycystic Ovary Syndrome Society (AE-
common endocrine reproductive disorder. It is PCOS) [3]. The 2003 Rotterdam criteria, which define
characterized by irregular menstruation, the condition as oligomenorrhea, clinical/biochemical
hyperandrogenism,  and polycystic  ovarian hyperandrogenism, and polycystic ovary (PCOM) on
morphology [1]. The prevalence of polycystic ovarian ultrasound [4], are the most commonly used criteria
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for PCOS globally. The pathophysiological
mechanisms of polycystic ovary syndrome are
complex and not entirely comprehended [5]. In the last
few years, further research has concentrated on the
critical function of chronic, low-grade inflammation
in PCOS development [6]. In most Polycystic Ovary
Syndrome patients, an increase in the serum level of
IL-17 was implicated in the etiology of PCOS by
forming an inflammatory response [7,8]. Increased
proinflammatory cytokines such as TNF-a, IL-6, and
IL-17 cause a low-grade inflammation response [9].
Interleukin-17, also known as IL-17A, is a T-cell-
derived inflammatory cytokine that Th17 cells, T
cells, and neutrophils primarily produce. Interleukin-
17 promotes the production of other proinflammatory
cytokines and chemokines that mediate immune
responses [10]. It was observed that IL-17A, a
proinflammatory cytokine, may be linked to infertility
in Polycystic Ovary Syndrome patients [6]. The role
of IL-17A in CMV infection remains unknown.
Cytomegalovirus (CMV) is the prototype member of
Betaherpesvirinae in the subfamily Herpesviridae
[11]. With a genome of over 240 kb, it is thought to be
the biggest herpes virus that infects people. Both the
CDC and the WHO have found that CMV can infect
people of any age [12]. Despite the cellular immune
response evolved by the host against CMV, the virus
avoids the immune attack and stays hidden inside host
cells. As aresult, CMV is never eliminated in infected
individuals, causing  persistent asymptomatic
infections [13]. In an Iragi study, Alabassi et al.
discovered that 16.66% of PCOS patients tested
positive for CMV, and they noted that the chronic
low-grade inflammation linked to CMV may
exacerbate the metabolic and hormonal issues that
may lead to the development of PCOS [14]. This study
aims to examine whether there is a link between CMV
infection and susceptibility to polycystic ovarian
syndrome and to measure the levels of IL-17A in
women with PCOS.

METHODS
Study Design and patient’s selection

A case-control study involved 60 women with PCOS
and 40 healthy controls who attended the Babylon
Teaching Hospital for Maternity and Children, as well
as the Taiba Centre for Infertility and IVF. The
diagnosis was established following the Rotterdam
Diagnostic Criteria. The data collection lasted from
September 2023 to January 2024.

DNA extraction

DNA was extracted from 2.0 ml of blood samples
using Geneaid's gSYAN extraction kit (Frozen
Blood), following the instructions provided by the
manufacturer (Geneaid, Taiwan).

Quantitative real-time PCR analyses

We used a real-time PCR technique to identify the
human cytomegalovirus, utilizing the NCBI-Genbank
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human cytomegalovirus major capsid protein (MCP)
gene sequence (M25411.1) and primer 3 plus, both
provided by Macrogen in Korea. We utilized primer
and probe sets specifically designed for the human
cytomegalovirus, which include the forward primer 5’
TCAAAACCACCGTGACAAGC-3', the reverse
primer 5'-ACAACGTGCTACGAAAGTGC-3', and
the probe (5''FAMG
CTACCTGGTCGACGTGCGTGCTG G-BHQ1/-3").
We carried out the amplification using the
RealMODTM probe 2X qPCR mix. The company
provided instructions for this master mix, which
included a 20 | reaction mixture, 1 | of each primer at
10pmol, 1 | of the probe at 10pmol, 10 | of gPCR
master mix, and 2 | of Next, we insert it into a real-
time PCR thermocycler (BioRad, USA), where the
system adjusts the parameters according to the primer
annealing temperature and the gPCR TagMan Kit
guidelines. The reaction consisted of a 5-minute cycle
at 95 °C, followed by 40 cycles of 20 seconds at 95 °C
and 30 seconds at 60 °C.

Measurement of serum IL-17A

We obtained 3.0 ml of blood from each participant,
kept it in the gel tube, and centrifuged it at 1500 rpm
for 10 minutes. We separated the sera and kept them
in Eppendorf tubes, storing them in a deep freezer at -
20 °C until we used the Sandwich (ELISA) kit to
measure the IL-17A level, following the
manufacturer's instructions (Elabscience, USA).

Ethical consideration

The current study followed the ethical principles
specified in the Declaration of Helsinki. We asked all
enrolled patients for their verbal approval before
sampling specimens, and the Committee on
Publication Ethics at the College of Medicine,
University of Babylon, Iraq, approved this study under
reference No. 3-18/Jun 2023.

Statistical analysis

The SPSS version 26 statistical package and Excel
2010 from Microsoft were used for data analysis. Data
are presented as meantstandard deviation (SD) after
performing the Kolmogorov-Smirnov test for
normality. The difference in means between any two
groups was studied using an independent sample t-
test, provided that the variable was normally
distributed. A one-way (ANOVA) analysis of
variance was used to evaluate the differences between
groups. Two categorical variables were examined for
associations using the Chi-square test. The receiver
operator curve (ROC) was analyzed, along with the
area under the curve (AUC), level of accuracy,
sensitivity, specificity, and significance score (P). The
odds ratio and confidence interval were used to assess
the risk. A p-value less than 0.05 was considered
statistically significant and a very significant level of
0.01 or less.

RESULTS
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Table 1 displays the results of the present study, which
enrolled 100 samples from 60 PCOS patients and 40
healthy women as controls to investigate
cytomegalovirus (CMV) using a real-time PCR
technique. 50 (83.3%) of the PCOS patients had
positive results, compared to 10 (16.7%) who had
negative results, while 6 (15%) of the healthy control
subjects had positive results and 34 (85%) had
negative results.

Table 1: Prevalence Cytomegalovirus (CMV) infection
according to Real Time PCR technique in studied groups
PCOS patients Healthy women

Technique (n=60) (n=40) p
Real Time PCR technique results

Positive 50(83.3) 6(15.0) >0.001

Negative 10(16.7) 34(85.0)

Values were expressed as frequencies and percentages.

The difference was highly significant (p<0.001).
Table 2 demonstrates the results of a comparison of
interleukin-17A serum levels between women with
PCOS and healthy control patients.

Table 2: Interleukin-17A serum level in women with PCOS
and healthy controls
Cases —control comparison
Parameters  PCOS patients Healthy control p
(n=60) (n=34)
IL-17A level (ng/ml)
Mean+SD 324.96+32.81
Range 220.79-445.94

219.44+19.58 <0.001
146.75-272.27

The mean levels of serum IL-17A in women with
polycystic  ovary syndrome (PCOS) were
324.96+32.81 ng/ml, while in healthy control
participants it was 219.44+19.58 ng/ml. This level
was significantly higher in the PCOS group when
compared to the healthy control (p<0.001). The ROC
curve analysis looked at the IL-17A cutoff value and
predicted polycystic ovary syndrome. The results are
shown in Figure 1 and Table 3.
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Figure 1: Receiver Operating Characteristic (ROC)
Analysis of Serum IL-17A.

Table 3: The Sensitivity and specificity of IL-17A level (<
258.62-fold) in PCOS

PCOS patients Healthy control
IL-17A levels (n=60) (n=34)

<258.62 (%) 56 2
>258.62 (%) 4 32
Sensitivity (%) 93.3

Specificity (%) 94.1

PPV (%) 96.6

NPV (%) 88.9

AUC (95% Cl) 0.942 (0.900- 0.985)

AUC: Area under curve, Cl: Confidence interval.
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The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and area
under the curve were 93.3%, 94.1%, 96.6%, 88.9%,
and 0.942 (0.900-0.985), respectively, with the IL-
17A cutoff value being < 258. A comparison of serum
IL-17A levels was conducted between patients with
positive and negative CMV infections, and Table 4
shows the results. The mean serum IL-17A levels in
patients with a positive CMV infection were 335.67+
36.94 ng/ml, while in patients with a negative
infection, the level was 271.44+29.62 ng/ml. The level
was highly significantly higher compared to patients
with positive CMV infection in comparison with
patients with negative CMV infection (p<0.001), 62-
fold.

Table 4: IL-17A serum level in patients with positive CMV
infection and patients with negative CMV infection
Positive CMV Negative CMV

(n=50) (n=10) P
IL-17A level (ng/ml)
Mean+SD 335.67+36.94

Range 234.55-445.94

Parameter

271.44+29.62 <0.001
222.79-370.19

DISCUSSION

The current study elucidates the relationship between
PCOS and cytomegalovirus, as well as the
relationship between PCOS and interleukin-17A
serum levels. Significantly, this study found that
83.3% of patients with PCOS had positive results for
CMV, while only 16.7% had negative results, and
there was a highly significant difference (p<0.001).
Our results were supported by another new study by
Alabassi et al., who studied the CMV latent infection
among PCOS and healthy control subjects and found
approximately 16.7% of PCOS patients were found
positive for CMV infection. The findings revealed that
chronic low-grade inflammation caused by CMV may
contribute in some way to hormonal and metabolic
abnormalities involving the hypothalamus pituitary
adrenal (HPA) axis, our core stress response system,
which contributes to the development of PCOS [14].
These findings suggest that CMV infection impacts a
subset of Iraqi patients with PCOS. Additionally, this
study found that IL-17A levels were elevated in PCOS
patients when compared with healthy controls
(p<0.001). These findings align with many studies that
revealed significantly higher IL-17A levels in PCOS
patients [8,15-17]. Despite this, a study by Zangeneh
et al. revealed that the 1L-17 serum level in women
with PCO was lower than in the control group
(p<0.001) [18]. Elevated IL-17A levels in PCOS
women may indicate an inflammatory response within
the ovaries. This cytokine is a vital component of the
body's immune response, and overproduction of IL-17
may exacerbate inflammatory responses and
contribute to tissue damage [19]. Inflammatory
responses in PCOS, particularly elevated IL-17A, are
associated with complications such as insulin
resistance and metabolic disorders [20]. In addition,
our findings revealed that the levels of IL-17A in the
serum of patients who had a positive CMV infection
were significantly higher than those who did not have
a positive CMV infection (p<0.001). The pathological



Khorsheed et al

or protective roles of interleukin-17 during viral
infections remain contentious [21]. Recent studies
indicate that IL-17 is involved in both the antiviral
immune response and the promotion of virus-
mediated illnesses [22]. A study demonstrated that
mice infected with murine CMV had higher 1L-17
levels compared to controls [23]. Additionally, the
results align with studies that demonstrate elevated
Th17 cell activity during acute rejection following
kidney transplant recipients’' CMV infection, resulting
in increased blood levels of IL-17A production [24].
Also, a study revealed a link between IL-17 and CMV
in chronic heart failure patients [25].

Study limitations

The study does not mention specific limitations;
however, potential limitations could include the
study's limited duration.

Conclusion

This study identified higher IL-17A levels in
individuals with PCOS compared to healthy control
subjects and is thus considered an excellent prognostic
marker of PCOS. Additionally, the study found that a
subset of PCOS patients in Iraqi women have CMV
infection.
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