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Abstract

Objective: To assess the association between CMV viral load, serum CRP levels, and miR-135a-5p expression in women with RPL compared

to healthy pregnant controls.

Methods: A case—control study was conducted involving 60 women with > 3 first-trimester losses and 30 healthy pregnant women. Blood
samples were analyzed for CMV DNA via quantitative polymerase chain reaction (PCR), miR-135a-5p expression via RT-qPCR, and CRP levels

via ELISA. Statistical correlations were evaluated.

Results: CMV DNA was detected in 81.7% of RPL patients vs. 23.3% of controls (P < 0.0001). Mean CMV load, CRP levels, and miR-135a-5p
expression were significantly higher in the RPL group. Strong positive correlation was observed among the three biomarkers (r > 0.6,

P < 0.0001).

Condlusion: Elevated CMV load, CRP levels, and miR-135a-5p expression are significantly associated with RPL. These markers may reflect a
common pathogenic pathway involving infection-induced inflammation and epigenetic regulation.
Keywords: Abortion, habitual, cytomegalovirus, C-reactive protein, microRNAs, polymerase chain reaction

Introduction

Recurrent pregnancy loss (RPL) is traditionally defined as the
occurrence of two or more consecutive miscarriages before the
20th week of gestation, although some clinical guidelines still
refer to the older definition requiring three or more losses.'
RPL affects approximately 1-2% of couples attempting con-
ception and is considered a challenging clinical condition
due to its multifactorial etiology and the emotional burden it
imposes.>” Despite comprehensive clinical, genetic, anatom-
ical, and hormonal evaluations, nearly 40-50% of RPL cases
remain unexplained.*’

Among the potential contributors to unexplained RPL,
infection agent-specific viruses have drawn increasing atten-
tion. Cytomegalovirus (CMV), a member of the Betaherpes-
virinae subfamily, is a ubiquitous virus capable of establishing
lifelong latency after primary infection and reactivating under
immune-compromised conditions, such as pregnancy.® Cyto-
megalovirus seroprevalence exceeds 90% in many low and
middle-income countries, and the virus is a leading cause
of congenital infections worldwide.” Several studies have
suggested an association between CMV reactivation and
adverse pregnancy outcomes, including miscarriage, intrau-
terine growth restriction, and preterm birth, although the pre-
cise mechanisms remain under investigation.*’

Cytomegalovirus targets cells of the placenta, including
cytotrophoblasts and decidual stromal cells, interfering with
trophoblast differentiation, immune tolerance, and spiral
artery remodeling. These disturbances can impair placental
perfusion and fetal development.'”'' Moreover, CMV infection
is known to provoke systemic and local inflammation through
upregulation of cytokines such as IL-6, TNF-a, and interferon,
which may further disrupt maternal-fetal immune balance.'
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A growing body of evidence points to microRNAs
(miRNAs) as key in the regulation of immune tolerance,
implantation, and placental development. These small non-
coding RNAs modulate gene expression post-transcriptionally
and are increasingly recognized for their roles in reproduc-
tive health and disease. One such miRNA, miR-135a-5p, has
been implicated in endometrial receptivity and decidualiza-
tion. Aberrant expression of miR-135a-5p has been observed
in women with unexplained infertility and RPL, suggesting it
may contribute to an altered uterine environment or implan-
tation failure.”™>

Interestingly, CMV infection itself has been shown to
modulate host miRNA expression CMV encodes several
miRNAs that interact with host cell pathways, and the virus
can also influence the transcription of host miRNAs such
as the miR-135 family, linking viral pathogenesis to epige-
netic regulation.'® This interaction may further explain the
virus’s ability to subvert immune surveillance and promote
persistent infection, potentially contributing to pregnancy
complications.

In addition to viral infection and epigenetic factors, sys-
temic inflammation is another hallmark of RPL. C-reactive
protein, an acute-phase protein produced by the liver in
response to pro-inflammatory cytokines, serves as a non-
specific but sensitive biomarker of inflammation. Elevated
maternal CRP levels have been reported in women with early
pregnancy loss, preeclampsia, and other obstetric complica-
tions."” Inflammation-driven disruptions at the maternal-fetal
interface can lead to defective implantation, inadequate vas-
cular remodeling, and pregnancy failure. Given that CMV
infection can stimulate CRP production via cytokine release,
its presence may serve as both a trigger and a biomarker for
inflammatory-mediated RPL."
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Taken together, CMV infection, altered miRNA expres-
sion, and systemic inflammation may represent intercon-
nected pathways contributing to the pathogenesis of RPL.

Therefore, we hypothesize that active CMV infection in
women with recurrent pregnancy loss promotes dysregula-
tion of miR-135a-5p, which in turn contributes to impaired
trophoblast function and inflammatory activation, ultimately
reflected in elevated CRP levels. In this model, CMV acts as an
upstream trigger, altering miRNA-mediated gene regulation at
the maternal-fetal interface, while CRP represents a systemic
downstream marker of the resulting inflammatory response.
By evaluating CMV viral load alongside miR-135a-5p expres-
sion and CRP concentration, this study aims to clarify whether
these biomarkers are mechanistically linked components of a
shared pathological pathway in RPL.

This study aims to investigate the correlation between
CMV viral load, miR-135a-5p expression, and CRP level in
women with a history of RPL, compared to healthy pregnant
controls. Understanding the interaction among viral replica-
tion, inflammatory markers, and epigenetic regulation may
offer new insights into the molecular mechanisms underlying
RPL and guide future diagnostic and therapeutic strategies. To
our knowledge this is the first study of this kind and of this
objectives to be achieved in our region aiming to explore the
relations of MicroRNAs with repeated abortion.

Material and Methods
Study Protocol

This was a case-control study, which was conducted from July
2024 to April 2025 at Erbil Maternity Teaching Hospital in
Erbil city, and the study population included women with a
history of recurrent pregnancy loss (RPL) and healthy preg-
nant women without a history of abortion.

Ethical Considerations

The study received approval from the Ethics Committee
of the College of Medicine at Hawler Medical University and
the Erbil Health Directorate. Written informed consent was
obtained from each participant as well as from their husbands
or relatives to enrollment. Before collecting blood samples,
the procedure was carefully explained to all participants to
ensure full understanding. The women and their relatives were
made aware that opting out of the study would carry no prej-
udice or penalty.

Study Population

The study’s included a total of 90 participants, comprising 60
women with RPL and 30 age-matched healthy pregnant con-
trols. The sample size was determined based on previously
published case—control studies investigating CMV infection
and molecular biomarkers in pregnancy complications. Prior
research assessing CMV viral load and miRNA expression
in reproductive disorders has typically utilized sample sizes
ranging from 40 to 120 participants, which were shown to be
sufficient to detect statistically meaningful differences between
groups with acceptable power (280%) and alpha (0.05)."**
Additionally, given the estimated prevalence of CMV reac-
tivation among women with RPL (approximately 50-80%)
and among healthy pregnant controls (20-30%), a minimum
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case-to-control ratio of 2:1 was considered appropriate to
enhance statistical robustness while maintaining feasibility.
Thus, the chosen cohort size in the present study is methodo-
logically consistent with published research and is sufficient to
detect clinically relevant differences in CMV viral load, miR-
135a-5p expression, and CRP levels between groups. Partici-
pants were selected based on rigorous inclusion and exclusion
criteria. The inclusion criteria for the RPL group were as fol-
lows: women aged 20-40 years with a history of three or more
consecutive spontaneous pregnancy losses before 12 weeks
of gestation. The control group consisted of healthy women
with at least one full-term live birth and no history of partic-
ipants. The exclusion criteria for both groups encompassed a
range of conditions, including chronic systemic disease such
as diabetes mellitus, hypertension, and autoimmune disorder;
known genetic or anatomical abnormalities; recent viral or
bacterial infections; and the use of immunosuppressive or
antiviral medications.

Analytical Methods

Blood samples were collected from all participants under
aseptic conditions for the assessment of cytomegalovirus
(CMV) viral load, miR-135a-5p expression, and CRP levels.
Two blood samples were collected from participants for
analysis: one in EDTA tubes (5 ml) for molecular analysis
and the second in gel clot activator tubes (5 ml) for serum
separation. Blood samples were transported immediately on
ice to the molecular biology laboratory at the Public Health
Laboratory Management. Plasma was separated from blood
in EDTA tubes by centrifugation twice at 3,000 rpm for
15 minutes at 4°, aliquoted, and stored at —80°C for further
analysis. Serum was obtained by centrifuging the gel tubes at
3,000 rpm for 10 minutes at room temperature. The separated
serum was stored at —20°C until analysis.

Viral DNA Extraction

Extraction of viral nucleic acids from blood samples was car-
ried out using the QIAamp DNA Blood Mini Kit (QIAGEN,
Germany; Cat. No. 51104), following the manufacturer’s
instructions. Briefly, a 200 uL blood sample was first mixed
with lysis buffer and proteinase K and incubated at room
temperature for 10 minutes to break down viral particles and
release nucleic acids. Followed by adding ethanol to facilitate
the binding of nucleic acids to the silica membrane within the
spin column. The mixture was then loaded onto the column
and subjected to two wash steps to eliminate proteins and
other impurities. Subsequently purified viral DNA was eluted
in 200 pL elution buffer and stored at —20°C for future use. The
concentration and purity of the extracted DNA were meas-
ured using a Nanodrop 2000 spectrophotometer (Thermo
Fisher Scientific, USA).

Real-Time PCR for CMV DNA Detection

Quantification of CMV DNA was performed using the CMV
RG PCR Kit (QIAGEN, Germany; Cat. No. 4503265) on the
Rotor-Gene Q real-time PCR system, following the manu-
facturer’s instructions. Each PCR reaction included 30 pL of
master mix and 20 pL of extracted DNA, for a total volume
of 50 pL. The kit includes internal control and quantitation
standards for accurate viral load determination. The thermal
cycling conditions and fluorescence detection were performed
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as specified in the kit protocol. Data were analyzed using
Rotor-Gene Q software, and CMV DNA quantification was
based on comparison with provided standards.

MicroRNA Extraction and Quantification

RNA Extraction

Total RNA, including microRNAs (miRNAs), was isolated
from 200 pL of EDTA-treated plasma using the miRNeasy
Serum/plasma Advanced kit (QIAGEN, Germany; Cat. No.
217204), following the manufacturer’s instructions. Initially,
plasma samples were mixed with Buffer RPL and Buffer RPP
to achieve complete lysis and protein precipitation. During the
lysis step, UniSp6 synthetic spike-in RNA (Qiagen) was added
to each sample as an internal control to monitor the efficiency
of RNA extraction and subsequent reverse transcription.
Following centrifugation, the RNA-containing supernatant
was collected, mixed with isopropanol, and applied to a RNeasy
UCP MinElute spin column, and subjected to centrifugation
to allow the binding of RNA to the silica membrane. Following
a series of washes with the supplied buffers, RNA was eluted
in 20 uL of RNase-free water. The extracted RNA was stored at
-80°C until further use. RNA purity and concentration were
assessed using a NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific, USA).

cDNA Synthesis

Complementary DNA (cDNA) was generated from plasma
RNA using the miRCURY LNA RT Kit (QIAGEN, Germany;
Cat. No. 339340) according to the manufacturer’s protocol. In
brief, 4 uL of template RNA was mixed with miRCURY RT
Reaction Buffer and miRCURY RT Enzyme Mix, bringing the
final reaction volume to 10 pL. The reverse transcription was
carried out at 42°C for 60 minutes, followed by an enzyme
inactivation step at 95°C for 5 minutes. The synthesized cDNA
was then diluted appropriately and stored at -20°C until used
for quantitative PCR (qPCR) analysis.

Quantitative Real-Time PCR

Quantitative real-time PCR (qPCR) was conducted using
the miRCURY LNA miRNA Probe PCR Kit (QIAGEN, Ger-
many; Cat. No. 339371) with LNA-enhanced primers specific
for hsa-miR-135a-5p (target) and hsa-miR-191-5p (reference
control), following the manufacturer’s instructions. Reactions
were performed on the Rotor-Gene Q real-time PCR system
(QIAGEN, Germany; Cat. No. R1018175 and R100972) under
these thermal cycling conditions: an initial heat activation
at 95°C for 2 minutes, then 40 cycles of a two-step protocol
consisting of denaturation at 95°C for 5 seconds and com-
bined annealing/extension at 56°C for 30 seconds. The relative
expression of miR-135a-5p was calculated using the 2AAACT
method, normalized to miR-191-5p as the endogenous control.

C-Reactive Protein

C-reactive protein (CRP) levels were measured using a
high-sensitivity ELISA kit (DRG International, Inc., Cat. No.
EIA-3954, USA), following the manufacturer’s instructions.
Serum samples and standards were added to microplate wells
that had been pre-coated with anti-CRP antibodies, followed
by an incubation period to allow binding. After washing to
remove unbound substances, an enzyme-labeled antibody
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was added, followed by a substrate solution. The reaction was
stopped, and absorbance was measured at 450 nm using a
BioTek microplate reader with Gen5 software. The concentra-
tion of CRP was determined by interpolation from a standard
curve generated using known calibrators.

Statistical Analysis

All data were analyzed using IBM SPSS software, version
26.0 (IBM, USA). Prior to applying parametric tests, the dis-
tribution of continuous variables was assessed for normality
using the Shapiro-Wilk test. Variables that met the normality
assumption were analyzed using the Student’s ¢-test for com-
parisons between groups, while non-normally distributed data
were analyzed using the Mann-Whitney U Test Continuous
variables were expressed as mean + standard deviation (SD)
and compared using the student’s ¢-test as appropriate categor-
ical variables was compared using the chi-square test. Pearson
or Spearman correlation coefficients were used to evaluate
association between CMV load, miR-135a-5p expression,
and CRP levels. A P-value <0.05 was considered statistically
significant.

Results
1. Comparison between RPL group and controls (Table 1).

Recurrent pregnancy loss patients showed a highly significant
increase in all three biomarkers compared to healthy controls.
The mean CMYV viral load was markedly elevated in the RPL
group (1009.48 + 857.26) compared with controls (92.22 +
75.8; P < 0.0001). Similarity, miR-135a-5p expression levels
were significantly upregulated in RPL patients (4.08 + 0.84)
versus controls (1.62 + 0.5; P < 0.0001). Serum CRP concen-
tration were also higher in RPL cases (4.8 £ 1.01) compared
with the controls group (1.78 + 0.6; P < 0.0001). These results
demonstrate that women with RPL experience increased viral
activity, altered miRNA expression, and a heightened inflam-
matory state.

2. Comparison within RPL group (CMV-positive vs.
CMV-negative) (Table 2).

Table 1. CMV viral load, miR-135a-5p expression and CRP levels
in RPL patients vs. controls

Marker RPL (n=60) Control (n=30) P-value
CMV viral load 100948 + 857.26  9222+758 <0.0001
miR-135a-5p 4.08 +0.84 1.62+05 <0.0001
(AACt £ SD)

CRP (mg/L + SD) 48+1.01 178106 <0.0001

Table 2. Comparison of biomarkers between CMV-positive and
C(MV-negative women in the RPL group

CMV-positive RPL  C(MV-negative

Marker (n=51) (n=9) P-value
miR-135a-5p 428+0.7 293+0.69 <0.0001
(AACt £ SD)

CRP (mg/L + SD) 497 +0.98 382+05 =0.0011
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Table 3. Correlation among CMV viral load, miR-135a-5p, and
CRP in RPL patients

Variables r P-value
CMV load vs. miR-135a-5p 04336 <0.01
CMV load vs. CRP 0.2331 NS
miR-135a-5p vs. CRP 0.2386 NS

Subgroup analysis patients revealed significant differences
based on CMV infection status. CMV-positive women (n =51)
displayed higher miR-135a-5p expression (4.28 + 0.7) than
CMV-negative women (n = 9; 2.93 + 0.69; P < 0.0001). Addi-
tionally, serum CRP levels were significantly higher among
CMV-positive cases (4.97 + 0.98) compared to CMV-negative
cases (3.82 = 0.5; P = 0.0011). These findings suggest that
active CMV infection in RPL patients intensifies both miRNA
dysregulation and inflammatory response.

3. Correlation analysis (RPL group, n = 60) (Table 3).

The Correlation analysis revealed a significant positive rela-
tionship between CMV viral load and miR-135a-5p expression
(r = 0.4336, P < 0.01), indicating that increased viral replica-
tion is associated with greater miRNA upregulation. In con-
trast, CMV viral load showed only a weak and non-significant
correlation with CRP levels (r = 0.2331). Similarly, the correla-
tion between miR-135a-5p expression and CRP was weak and
statistically non-significant (r = 0.2386). These results suggest
that CMV infection exerts its pathogenic influence in RPL
primarily through modulation of miRNA pathway rather than
systemic inflammatory markers.

Discussion

Recurrent pregnancy loss remains a complex obstetric dis-
order, often multifactorial in origin and incompletely under-
stood. In this study, we demonstrated that women with RPL
had significantly elevated CMV viral load, increased expres-
sion of miR-135a-5p, and higher serum CRP levels compared
with healthy controls. Moreover, CMV-positive RPL patient
exhibited greater miRNA dysregulation and inflammatory
activation than CMV-negative women. Importantly, corre-
lation analysis revealed a moderate, statistically significant
relationship between CMYV viral load and miR-135a-5p, while
correlations with CRP were weak and non-significant.

These finding highlight the potential mechanistic role of
CMYV and epigenetic regulation via microRNAs in the patho-
genesis of RPL.

Role of CMV in RPL

The present data are consistent with studies reporting an asso-
ciation between CMV and miscarriage. Inaam et al. identified
CMV genes UL146 and US28 in women with recurrent mis-
carriage, suggesting viral persistence may contribute to preg-
nancy loss.”!

Similarly, Mocanu et al, reviewed latent CMV infection
and highlighted reports of increased CMV DNA in women
with adverse pregnancy outcomes.” However, some studies
relying on serology rather than viral load have failed to
demonstrate such associations, underscoring methodological
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variability. An Iraqi case-control study using PCR also found
higher IgM and IgG prevalence among miscarriage cases com-
pared with controls, but lacked quantitation of viral burden.*
Our results therefor strengthen the argument by providing
quantitative viral evidence.

MicroRNA Dysregulation

The upregulation of miR-135a-5p in RPL, particularly in
CMV-positive women, align with reports that this microRNA
impairs trophoblast function. Lu et al. demonstrated that,
miR-135a-5p overexpression in trophoblast cells inhibited
proliferation, migration, invasion, and angiogenesis, and was
elevated in villous tissue from spontaneous abortion cases.”
By contrast, Wu et al. reported that miR-135a-5p promoted
trophoblast invasion in preeclampsia models.” This apparent
contradiction highlights the context-dependent role of
miRNAs: while in preeclampsia miR-135a-5p may act as a
compensatory factor, in RPL it appears pathogenic. Global
reviews of miRNA expression in RPL emphasize alterations
in miR-125a, miR-146a, miR-155, and let-7 family,”*** making
our finding on miR-135a-5p relatively novel.

Systemic Inflammation

C-reactive protein levels were significantly elevated in our
RPL patients, supporting the role of systemic inflammation
in reproductive failure. Similar trends have been described
in immunological studies of RPL, which emphasize aber-
rant inflammatory signaling, complement activation, and
cytokines imbalance.” However, the lack of significant cor-
relation between CRP and either CMV load or miR-135a-5p
suggest that systemic inflammation, as captured by CRP, may
not directly mirror local placental or uterine events. Instead,
it likely represents a downstream effect rather than a sensitive
mechanistic biomarker.

Correlation Finding

The moderate positive correlation between CMV load and
miR-135a-5p (r = 0.43, P < 0.01) suggests that viral activity
may party drive miRNA dysregulation. This quantitative link
strengthens the plausibility of a viral-miRNA axis in RPL
pathogenesis. The absence of correlation with CRP highlights
dissociation between systemic and local processes. Similar
patterns, where miRNAs show moderate correlation with
pathogenic triggers but weak links with systemic markers,
have been noted in other reproductive pathologies.” Thus, our
findings support a model in which CMV infection contributes
directly to miRNA deregulation, while systemic inflammation
is a secondary phenomenon.

Conclusion

This study demonstrates that women with recurrent pregnancy
loss exhibit significantly higher CMV viral load, increased
expression of miR-135a-5p, and elevated CRP levels com-
pared to healthy pregnant controls. The positive correlation
identified between CMV activity and miR-135a-5p expression
suggests that viral reactivation may influence epigenetic regu-
lation at the maternal-fetal interface, potentially contributing
to impaired trophoblast function and implantation failure. In
contrast, the weaker association between CMV or miRNA
levels and CRP indicates that systemic inflammation may
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represent a downstream or secondary phenomenon rather
than a primary driver in this pathway.

These findings provide translational relevance, sug-
gesting that miR-135a-5p could serve as a novel biomarker of
CMV-mediated reproductive pathology and may have value
in early risk stratification among women with unexplained
RPL. Furthermore, quantifying CMV viral load in conjunc-
tion with miRNA profiling could improve diagnostic precision
beyond routine serology alone. From a therapeutic standpoint,
strategies aimed at controlling CMV reactivation, along with
emerging miRNA-targeted modulators, may offer new ave-
nues for intervention to restore immune tolerance and pla-
cental function in future pregnancies.

Further large-scale, multicenter, and longitudinal
studies—including placental tissue analysis—are warranted to
validate the CMV-miR-135a-5p axis and to explore its feasi-
bility as a clinical screening tool or therapeutic target in the
management of recurrent pregnancy loss.

Strengths and Limitations

Strengths

To our knowledge, this is the first study to simultaneously
assess CMV viral load, CRP, and miR-135a-5p in RPL using
validated molecular and immunoassay techniques in a well-
matched case-control design to reduce confounding.

Limitation

Single-center study limits generalizability. Lack of follow-up
data on pregnancy outcomes after sampling. The study did

S.QF Abdulla et al.

not assess local immune markers (e.g., decidual NK cells,
cytokines) which may further clarify mechanisms.

Recommendations
Further studies are warranted to:

o Confirm these findings in larger, multicenter cohorts.

o Explore longitudinal trends in CMV, CRP, and miRNAs
across gestation.

o Investigate endometrial or placental tissue expression of
miR-135a-5p and inflammatory markers.
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