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Cytomegalovirus (CMV) is one of the most common congenital infections worldwide and a leading
cause of prenatal neurological disorders, sensorineural hearing loss, and stillbirth. The placental
factors involved in CMV transmission from mother to fetus remain poorly understood. We aimed to
evaluate the histopathological placental findings associated with first-trimester CMV infection in
relation to stillbirth and symptomatic presentation in newborns. This retrospective case-control
study analyzed pregnancies with confirmed first-trimester CMV infection followed at 2 tertiary
referral hospitals between 2012 and 2024. Symptomatic newborns were compared with asymp-
tomatic newborns and stillbirths. Univariate statistical analyses were performed. A total of 40 pla-
centas were included: 23 from asymptomatic newborns, 11 from symptomatic newborns, and 6
from stillbirths. Compared with asymptomatic cases, placentas from symptomatic newborns were
smaller and showed increased chronic plasma cell deciduitis, chronic villitis (without avascular villi,
breakdown villi, necrosis, or hemosiderin deposits), more CMV inclusions in fibroblasts, and higher
rates of positive CMV immunostaining. Stillbirth placentas exhibited more severe chronic villitis
(with avascular villi, breakdown villi, necrosis, and hemosiderin deposits), more extensive inter-
villous fibrin deposition, CMV inclusions in endothelial and trophoblastic cells, and higher fre-
quencies of maternal and fetal vascular malperfusion compared with placentas from symptomatic
newborns. Ultrasound screening did not appear to be a reliable predictor of placental involvement in
first-trimester CMV infection. Greater involvement of the villous and vascular barriers—both direct
and indirect—was associated with more severe fetal outcomes, likely facilitating viral transmission
to the fetus. Adjunctive treatments aimed at reducing villous and vascular damage may help prevent
symptomatic infection and stillbirth in first-trimester CMV cases.

© 2025 United States & Canadian Academy of Pathology. Published by Elsevier Inc. All rights are
reserved, including those for text and data mining, Al training, and similar technologies.

* Corresponding author.

E-mail address: evapenaburgos.ep@gmail.com (E.M. Pena-Burgos).

Introduction

Cytomegalovirus (CMV) is one of the most common congenital
infections worldwide and is associated with sensorineural hearing
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loss, neurological deficits, and retinopathy in newborns."? The
global prevalence of congenital CMV is estimated to be between
0.2% and 2%.>* Approximately 10% to 15% of affected newborns
present with symptoms at birth, and an additional 10% to 15% of
initially asymptomatic infants develop permanent sequelae—such
as intellectual disability or hearing loss—over time."*° First-
trimester infection is linked to a higher risk of symptomatic dis-
ease during pregnancy and after birth.>

CMV is primarily transmitted from mother to fetus through the
placenta, although rare cases of ascending genital tract infection
have been reported.® Reactivation of latent CMV in maternal tis-
sues can also result in fetal infection.® The maternal innate (nat-
ural killer cells and interleukins) and adaptive immune responses
(CD4* and CD8* T cells) play a central role in controlling CMV
infection.” Viral immune evasion mechanisms and the immuno-
pathogenesis of CMV in pregnancy are still being investigated.®
Administration of hyperimmune globulin has been shown to
suppress viral replication and prevent placental dysfunction,®'°
whereas valaciclovir therapy may reduce vertical transmission.>

Prenatal ultrasound findings related to fetal CMV infection are
well documented.>!’"'* Placental involvement can precede fetal
anomalies.” However, ultrasound signs of CMV placental dis-
ease—such as placentomegaly, heterogeneous texture, or calcifi-
cations—are nonspecific and have not been thoroughly
studied.>'>'* Gross and histopathological alterations in CMV-
infected placentas have been reported, potentially interfering
with placental development and function.”””" The specific
placental factors contributing to fetal CMV transmission remain
unclear.® The aim of this study was to analyze placental alterations
associated with symptomatic congenital CMV infection and still-
birth following first-trimester maternal infection.

Materials and Methods

This retrospective case-control study compared symptomatic
newborns (defined as the presence of at least 1 neurological or
nonneurological CMV-related symptom within the first month of
life, including neurodevelopmental delay, microcephaly, retinop-
athy, sensorineural hearing loss, or hepatosplenomegaly/hepati-
tis) with asymptomatic newborns and stillbirths (from 20-36
weeks of gestation) with congenital CMV infection. Only cases
whose placentas were submitted to the Pathology Department
between January 2012 and September 2024 were included.

Routine first-trimester blood screening was performed in all
pregnant women around week 9. Immunoglobulin (Ig) G and IgM
levels were measured. A positive IgM and low IgG avidity (<40%)
indicated a primary CMV infection during pregnancy, whereas a
high IgG avidity (>40%) indicated a nonprimary infection.>%'3
Amniocentesis was recommended in these women; cases
without amniocentesis were excluded. Inclusion criteria were
based on a positive PCR result for CMV in the amniotic fluid. This
was confirmed by a positive CMV PCR in neonatal urine or in
amniotic fluid before delivery. In stillbirths, the infection was
confirmed via positive amniotic fluid PCR. Fetal growth restriction
(FGR), defined as less than 3rd percentile or <10th percentile with
abnormal Doppler findings, was not considered a CMV-related
symptom due to its multifactorial etiology. Elective terminations
of pregnancy and infections diagnosed in the second or third tri-
mesters were excluded.

Patient data were obtained from the Maternal-Fetal Medicine
Units of 2 tertiary referral hospitals, following approval from the
Institutional Research Ethics Committee (PI-5931 2023.793,

approved on November 16, 2023). Informed consent was not
required due to the retrospective observational nature of the
study. All variables and definitions are summarized in the
Supplementary Table S1.

Clinical information was retrieved from medical records,
including maternal age, parity, preexisting maternal conditions,
immunosuppression, gestational age at infection, treatment (CMV
hyperimmune globulin + valaciclovir), gestation type (singleton
or multiple), FGR, premature rupture of membranes (PROMs),
gestational age at delivery, mode of delivery (spontaneous,
instrumental, or cesarean section), birthweight, 5-minute Apgar
score, umbilical cord pH, neonatal symptoms, and symptoms at 6
months (such as mental retardation or hearing loss). In twin
pregnancies, each fetus was analyzed individually. Antiviral
treatment was initiated after maternal serological diagnosis and
continued postamniocentesis until delivery.

Ultrasound evaluations of the fetus and placenta were performed
using the GE Voluson E10 (GE Medical Systems) and Samsung
HERAW 10 systems. Parameters were selected based on previously
published criteria.>'*'® Brain abnormalities—including periven-
tricular calcifications, microcephaly (<2 SDs), periventricular or
subependymal cysts, hemorrhagic areas, agenesis/dysgenesis of the
corpus callosum, cerebellar hypoplasia, and ventriculomegaly (>10
mm)—were assessed. Cardiomegaly, pericardial effusion, hyper-
echogenic bowel, hepatomegaly, hepatic calcifications, and biliary
lithiasis were also evaluated. These findings were grouped, and
placental abnormalities such as placentomegaly, calcifications, and
echogenic heterogeneity were assessed individually.

Gross placental data were obtained from pathology reports
following the Amsterdam consensus and its updates.'*?° Param-
eters included placental weight, maximum diameter, maximum
thickness, abnormal cord insertion (marginal or velamentous),
cord length, thickness, abnormal coiling (hypocoiling <1/10 cm
or hypercoiling >8/10 cm), membrane discoloration (yellow
or green), and hematomas (intraparenchymal, retroplacental, or
subamniotic). Due to differences in gestational age, cord, and
placental measurements were not compared between symptom-
atic newborns and stillbirths.

Histological assessment included hematoxylin and
eosin—stained slides from umbilical cord, membranes, decidua,
cord insertions, and villous parenchyma (2 central and 1 periph-
eral). Tissues were fixed in 10% formalin (24-48 hours), paraffin-
embedded, and sectioned at 5 um. CMV immunohistochemistry
(IHC; clone CCH2 + DDG9, Ready to Use; Agilent-Dako) was
reviewed. Two experienced placental pathologists (E.M.P.B.,
R.M.R.Z.) evaluated all cases blinded to neonatal outcomes, and
diagnoses were determined by consensus. Histopathological di-
agnoses followed the Amsterdam criteria and updates.'*?® His-
tological features were grouped into inflammatory (acute
chorioamnionitis [grade, stage], acute funisitis [grade, stage],
chronic villitis [grade, stage, and cellular type], chronic inter-
villositis, and plasma cell deciduitis), vascular (accelerated villous
maturation, distal villous hypoplasia, avascular villi unrelated to
villitis, stem vessel obliteration, stromal-vascular karyorrhexis,
and fetal thrombotic vasculopathy), and other patterns (edema,
intervillous fibrin not related to villitis, dystrophic calcifications,
and amniotic membrane alterations). Amniotic alterations
included columnar change (>30% of epithelial cells), cell fusion
(pseudostratified epithelium in >30%), and blebbing (cytoplasmic
vacuolation in >30%). CMV inclusions were assessed by hema-
toxylin and eosin and IHC and considered positive if at least 1
infected cell (fibroblast, endothelial cell, trophoblast, or macro-
phage) was identified. Chronic Vvillitis-associated features
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(avascular villi, trophoblastic basement membrane breakdown
>30%, villous necrosis >10%, and hemosiderin-laden macro-
phages) were recorded. Placentas with no macroscopic or micro-
scopic abnormalities and negative CMV IHC were considered
“normal.” Fetal autopsies were performed in all stillbirths, and
CMV inclusions were sought in fetal organs. Viral load in placental
tissue was not routinely assessed.

Quantitative variables were expressed as means + standard
deviation (SD) for normally distributed data or medians and
interquartile ranges for nonnormally distributed data. Qualitative
variables were described as frequencies and percentages. The
Kolmogorov-Smirnov and Shapiro-Wilk tests assessed normality.
Qualitative comparisons were performed using 2 or Fisher exact
tests, and quantitative comparisons used Student t test (parametric)
or Mann-Whitney U test (nonparametric). Associations for quali-
tative variables were expressed as odds ratios (ORs) with 95%
confidence intervals (CIs). A 2-tailed P < .05 was considered sta-
tistically significant. Statistical analysis was conducted using SPSS
software, version 25 (SPSS, Inc).

Results

A total of 133,692 births occurred between January 2012 and
September 2024 in the 2 participating hospitals, with 13,650

placentas (10.21%) submitted to the Pathology Department for
analysis. There were 2678 stillbirths (1.76%), and autopsy studies
(including placental evaluation) were requested in 2366 cases
(88.34%).

We initially reviewed 168 pregnant women with positive first-
trimester anti-CMV IgM and IgG serologies. Amniocentesis was
performed in 145 patients, and 82 were positive for CMV on PCR
testing. Of these, 3 opted for elective legal termination (at 20-21
weeks of gestation), and 39 placentas were not sent for patho-
logical evaluation. Ultimately, 40 patients were included in this
study: 6 had stillbirths, 11 had symptomatic newborns, and 23 had
asymptomatic newborns (Fig. 1). Key findings comparing symp-
tomatic and asymptomatic newborns are summarized in
Tables 1 and 2; comparisons with stillbirths are summarized in
Tables 3 and 4. Statistically significant findings and others not
included in the tables are highlighted below.

The most frequent maternal comorbidities were prepregnancy
hypothyroidism (n = 6), gynecologic disorders (n = 4), and pre-
pregnancy diabetes (n = 2). The most common ultrasound ab-
normalities involved the central nervous system (n = 16), the
heart (n = 3), and the intestine (n = 2) (Fig. 2). Among multiple
pregnancies, 2 were dichorionic diamniotic and 1 was mono-
chorionic diamniotic.

Twenty-nine women (85.3%) received treatment during preg-
nancy—22 (95.7%) in the asymptomatic group and 7 (63.6%) in

Initial anti IgM and 1gG CMV positive result
in the rutine test at 1+
N =168

Amniocentesis

not performed
N=23

N =145

[ Amniocentesis performed at 1 trimester ]

Positive PCR test for CMV
N=82

Negative PCR test for CMV
N=63

Non-analyzed

placentas

Elective legal pregnancy
interruptions N =3

N =39

Analyzed placentas
N =40

Stillbirths
N=6

Newborns placentas
N=34

Symptomatic
newborns
N=11

Non-symptomatic
newborns
N= 23

Figure 1.

Inclusion and exclusion criteria. Number of placentas analyzed. CMV, cytomegalovirus.



Table 1

Description of maternal, obstetric, neonatal and cytomegalovirus infection variables, statistical significance, and factors associated with symptomatic newborns

Variable Total, n = 34 Symptomatic, n = 11 Asymptomatic, n = 23 Significance (P) Odds ratio (OR) 95%Cl
Maternal characteristics
Maternal age (y) 33 (P25 = 32; P75 = 37) 33 (P25 = 31; P75 = 37) 33 (P25 = 32; P75 = 37) 92° - -
Primiparous 9(26.5) 2(182) 7 (30.4) 68> 1.96 0.—11.57
Assisted reproductive technology 4(11.8) 1(9.1) 3(13.0) 1.00° 0.66 0.06—7.25
Maternal disease 18 (52.9) 5(45.5) 13 (56.5) 54" 1.56 0.36—6.61
CMV infection data
Weeks of detection 13 (P25 = 10; P75 = 24) 12 (P25 = 10; P75 = 22) 13 (P25 = 11; P75 = 24) .78% - -
Maternal serology .70° 1.71 0.35-8.23
Primary infection 22 (64.7) 8(72.7) 14 (60.9)
Reactivation 12 (35.3) 3(27.3) 9(39.1)
Treatment administered 29 (85.3) 7 (63.6) 22 (95.7) .02° 0.08 0.01-0.83
Type of treatment 68" 1.60 0.28—8.90
Hyperimmune globulin + Valaciclovir 14 (48.3) 4(57.1) 10 (45.5)
Hyperimmune globulin 15 (51.7) 3(42.9) 12 (414)
Obstetric and fetal characteristics
Pregnancy type (fetus) .05° 0.59 0.43-0.81
Single 27 11 (100) 16 (72.7)
Multiple 6 0(0) 6(27.3)
Premature ruptura of membranes 3(8.8) 0(0) 3(13.0) 530 0.64 0.49-0.83
Fetal growth restriction 6(17.6) 5(45.5) 1(4.3) <.01” 18.33 1.78—45.92
Birth weeks 37 (P25 = 36; P75 = 39) 35 (P25 = 35; P75 = 40) 37 (P25 = 35; P75 = 39) .96° - -
Noneuthocic delivery 12 (37.5) 5 (45.5) 7 (33.3) 50" 1.66 0.37-7.42
Ultrasound findings
Fetal ultrasound alterations 14 (41.2) 9 (81.8) 5(21.7) <.01° 16.20 8.61-23.21
Placental ultrasound alterations
Placentomegaly 4(11.8) 2(18.2) 2(8.7) 420 233 0.28—19.24
Calcifications 0(0) 0(0) 0(0) — — —
Echogenic heterogeneity 0(0) 0(0) 0(0) — —
Neonatal outcomes
Birth weight (grams) 2609.00 (P25 = 2238.75; 2562.03 (P25 = 2142.43; 2747.20 (P25 = 2331.37; 61° - -
P75 = 3112.50) P75 = 3023.02) P75 = 3277.89)
Apgar test (5 min) 9 (P25 =38; P75=9) 9 (P25 =8;P75=9) 9 (P25 =38; P75=9) .53 - -
Umbilical cord pH 7.31 (P25 = 7.21, P75 = 7.35) 7.28 (P25 = 7.19, P75 = 7.32) 7.32 (P25 = 7.23, P75 = 7.35) 46° - -
Neonatal death 1(3.1) 1(9.1) 0(0) 16" 032 0.14-0.78
Long-term outcomes
Long-term sequelae 5(14.7) 5(45.5) 0(0) <.01° 0.20 0.10-0.42

CMV, cytomegalovirus.

Kolmogorov-Smirnov test P results: maternal age: P < 0.01; weeks of CMV infection detection: P = 0.03; birth weeks: P = 0.02; birth weight: P = 0.04, Apgar test: P < 0.01; umbilical cord pH: P < 0.01.
2 Data compared with Mann-Whitney U test.

b Data compared with Fisher exact test.
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Table 2
Description of gross and histological placental variables, statistical significance, and factors associated with symptomatic newborns
Variable Total, n = 34 Symptomatic, n = 11 Asymptomatic, n = 23 Significance (P) Odds ratio (OR) 95%CI
Gross characteristics
Placental weight (grams) 477.79 + 398.91 + 108.76 519.11 + 144.22 .02¢ — -
143.52
<10th percentile 9(26.5) 6 (54.5) 3(13.0) 03" 8.00 1.46-23.67
>90th percentile 4(11.8) 2(18.2) 2(8.7) 58" 2.33 0.28-19.24
Placental size (cm, maximum 17.75 + 4.12 15.54 + 1.91 18.95 + 448 .02¢ - -
diameter)
Placental thickness (cm) 2.57 +0.50 220+ 0.33 2.75 + 047 <.01? - -
Abnormal umbilical cord 3(8.8) 1(9.1) 2(8.7) 97° 1.05 0.08-12.99
insertion (marginal/
velamentous)
Umbilical cord length 29.82 + 14.92 28.40 + 16.86 30.57 + 14.18 .70° - -
Umbilical cord diameter 1.21 + 0.26 1.13 £ 0.21 1.25 + 0.28 237 - -
Abnormal umbilical cord coiling 4(12.1) 1(10.0) 3(13.0) .80° 0.74 0.06-8.13
Membranous alterations 11(33.3) 3(30.0) 8(34.8) .78 0.80 0.16-3.98
Intraparenchymatous infarcts 7 (20.6) 3(27.3) 4(17.4) 50° 1.78 0.32-9.84
Subchorionic hematomas 3(94) 1(9.1) 2(9.5) 96° 0.95 0.07-11.80

Histopathological characteristics
Inflammatory pattern findings

Acute chorioamnionitis 15 (45.5) 5 (45.5) 10 (43.5) 81° 1.20 0.26-5.36

Acute funisitis 6(17.6) 0(0) 6(26.1) .06° 0.60 0.45-0.81

Chronic plasma cell deciduitis 2(6.3) 2(18.2) 0(0) 04" 0.30 0.17-0.51

Chronic villitis 8(25.0) 7 (63.6) 1(4.8) <.01° 35.00 10.3-51.43
Avascular villi 1(3.1) 1(9.1) 0(0) .16° 0.32 0.19-0.53
Villi necrosis 1(3.1) 1(9.1) 0(0) 16" 0.32 0.19-0.53
Villi breakdown 0(0) 0(0) 0(0) — — -
Hemosiderin villi deposition 0(0) 0(0) 0(0) — — -

Chronic villitis grade 2(25.0) 1 (50.0) 1 (50.0) 25 0.50 0.12-1.99
Low grade 1 (50.0) 0(0) 1(100) 1.00" - -

Focal 1(50.0) 1(100) 0(0)

Multifocal 6 (75.0) 6 (100) 0(0)
High grade 4 (66.6) 4 (66.6) 0(0) 1.00° - -

Patchy 2(33.3) 2(33.3) 0(0)

Diffuse

Chronic intervillositis 1(3.1) 1(9.1) 0(0) 16" 0.32 0.19-0.53
Vascular pattern findings

Accelerated villous maturation 4(18.2) 0(0) 4(12.5) 28" 0.64 0.48-0.84

or distal villous hypoplasia
Stromal-vascular karyorrhexis 0(0) 0(0) 0(0) — — -

or avascular villi nonrelated
to villitis

Fetal thrombotic vasculopathy 0(0) 0(0) 0(0) - - -
Other findings
Membranes’ changes
Columnar changes 1(3.1) 1(9.1) 0(0) .16° 0.32 0.19-0.53
Cell fusion 1(3.1) 1(9.1) 0(0) 16" 0.32 0.19-0.53
Blebbing 1(3.1) 1(9.1) 0(0) 16" 0.32 0.19-0.53
Villous edema 2(6.3) 1(9.1) 1(4.8) 52° 244 0.13-43.47
Chorangiosis 3(94) 1(9.1) 2(9.5) .90° 1.16 0.09-14.56
Dystrophic calcifications 23 (69.7) 8(80.0) 15 (65.2) 68" 213 0.36-12.54
Intervillous fibrin deposits 5(15.2) 3(30.0) 2(8.7) 140 4.50 0.61-32.69
Nucleated red blood cells 2(6.3) 0(0) 2(9.5) 1.00" 0.67 0.53-0.86
Viral CMV inclusions 4(11.8) 4(36.4) 0(0) <.01° 0.23 0.12-0.44
Fibroblasts 4(11.8) 4 (36.4) 0(0) <.01° 0.23 0.12-0.44
Macrophages 1(3.1) 1(9.1) 0(0) 16" 0.32 0.19-0.53
Endothelial cells 0(0) 0(0) 0(0) — — -
Trophoblast 0(0) 0(0) 0(0) — — -
Immunohistochemical results
Positive immunostaining for CMV 6(17.6) 6 (54.5) 0(0) <.01° 0.17 0.08-0.39
“Normal” placentas 5(14.7) 0(0) 5(21.7) 150 0.62 0.46-0.82

CMV, cytomegalovirus.
Kolmogorov-Smirnov test P results: placental weight: P = .21; placental size: P = .34; placental thickness: P = .16; umbilical cord length: P = .54; umbilical cord diameter:
P = .35.

2 Data compared with Student t test.

b Data compared with Fisher exact test.
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Table 3
Description of maternal, obstetric, neonatal, and cytomegalovirus infection variables, statistical significance, and factors associated with stillbirths
Variable Total, n =17 Symptomatic, n = 11 Stillbirths, n = 6 Significance (P)  Odds ratio (OR)  95%CI
Maternal characteristics
Maternal age (y) 37 (P25 = 33.5; 33 (P25 = 31; 39.5 (P25 = 37.7; 01° - -
P75 = 39.5) P75 = 37) P75 = 41.2)
Primiparous 5(294) 2(18.2) 3(50.0) 16" 0.22 0.02—-2.03
Assisted reproductive 1(5.9) 1(9.1) 0(0) 1.00° 0.62 0.42-0.91
technology
Maternal disease 9(52.9) 5(45.5) 4 (66.6) 85" 0.83 0.11-6.11
CMV infection data
Weeks of detection 13 (P25 = 10.5; 12 (P25 = 10; 11 (P25 =9.7; 147 - —
P75 = 14.5) P75 = 22) P75 = 12.25)
Maternal serology 62° 1.87 0.15—-23.39
Primary infection 13 (76.5) 8(72.7) 5(83.3)
Reactivation 4(23.5) 3(27.3) 1(16.7)
Treatment administered 9 (52.9) 7 (63.6) 2(33.3) 230 0.28 0.03-2.32
Type of treatment 85° 0.75 0.03—17.50
Hyperimmune 5 (55.6) 4 (57.1) 1(16.7)
globulin +
Valaciclovir
Hyperimmune globulin 4 (44.4) 3(42.9) 1(16.7)
Ultrasound findings
Fetal ultrasound 11 (64.7) 9 (81.8) 2(33.3) .10° 0.11 0.01-1.09
alterations
Placental ultrasound
alterations
Placentomegaly 3(18.8) 2(18.2) 1(16.7) 86" 0.36 0.16—0.86
Calcifications 0(0) 0(0) 0(0) - - -
Echogenic 0(0) 0(0) 0(0) — — -
heterogeneity
Obstetric and fetal characteristics
Premature rupture of 0(0) 0 (0) 0(0) — — -
membranes
Fetal growth restriction 10(17.6) 5 (45.5) 5(83.3) .30° 6.00 0.51-23.75
Birth weeks 36 (P25 =27; P75 =39) 35(P25 =35; P75 =40) 25 (P25 =20; P75=33) <.01° - -

CMV, cytomegalovirus.

Kolmogorov-Smirnov test P results: maternal age: P < .01; weeks of CMV infection detection: P = .03; birth weeks: P = .02.

¢ Data compared with Mann-Whitney U test.
b Data compared with Fisher exact test.

the symptomatic group—with a statistically significant difference
(P =.02; OR, 0.08; 95% CI, 0.01-0.83). FGR developed in 6 cases
(17.6%), 5 of which occurred in symptomatic newborns, with a
significant difference (P < .01; OR, 18.33; 95% CI, 1.78-45.92).
Among symptomatic neonates, sensorineural hearing loss was
observed in 7 cases, neurodevelopmental delay in 6 cases,
microcephaly in 3 cases, retinopathy in 2 cases, and hep-
atosplenomegaly in 2 cases. One neonatal death occurred at 2 days
of life. Symptoms at 6 months were recorded in 6 symptomatic
newborns (P < .01; OR, 0.20; 95% CI, 0.10-0.42), including senso-
rineural deafness and mental retardation (n = 3 each).

Median maternal age in the stillbirth group was 39.5 years (P25 =
37.7; P75 = 41.2), significantly higher than in symptomatic newborns
(P=.01). Median gestational age at delivery was 25 weeks (P25 = 20;
P75 = 33) in the stillbirth group (P < .01 vs symptomatic newborns).

The mean placental weight was 477.79 + 143.52 g, with sig-
nificant differences between groups (P = .02). Hypoplastic pla-
centas (<10th percentile) were more common in the symptomatic
group (P = 0.03; OR, 8.00; 95% CI, 1.46-23.67). Mean placental size
was 17.75 + 4.12 cm (P =.02), and thickness was 2.57 + 0.50 cm (P
< .01). The main histopathological findings in symptomatic new-
borns are shown in Figure 3 and in stillbirths in Figure 4.

Acute funisitis was only seen in the asymptomatic group
(n = 6, grade 1/stage 1) (P = .06). Acute chorioamnionitis was

generally grade 2 or 3, stage 2. Chronic plasma cell deciduitis
was detected only in 2 symptomatic cases (P = .04; OR, 0.30;
95% CI, 0.17-0.51). Chronic lymphoplasmacytic villitis was
found in 25.0% of all placentas and 63.6% of the symptomatic
group (P < .01; OR, 35.00; 95% CI, 10.30-51.43). No differences
were found by grade. Viral inclusions were observed in 4
(11.8%) symptomatic cases, and CMV immunostaining was
positive in 6 (17.6%) (P < .01 for both comparisons). Inclusions
were seen in fibroblasts (n = 4) and macrophages (n = 1). Five
(21.7%) placentas in the asymptomatic group were entirely
normal with negative CMV IHC.

Villitis with avascular villi (P < .01; OR, 7.00; 95% CI, 1.14-18.85),
necrosis (P < .01; OR, 6.78; 95% CI, 1.56-17.65), villous breakdown
(P<.01; OR, 6.78; 95% (I, 0.56-17.65), and hemosiderin deposition
(P = .01; OR, 5.35; 95% (I, 1.32-15.47) were significantly more
common in stillbirths than symptomatic newborns. Regarding
vascular lesions, accelerated villous maturation, distal villous hy-
poplasia, avascular villi (not related to villitis), stromal-vascular
karyorrhexis, and fetal thrombotic vasculopathy were more
prevalent in stillbirths (all P < .02; OR, 0.21; 95% CI, 0.07-0.58).
Intervillous fibrin (P < .01; OR, 6.57; 95% (I, 1.21-17.75), nucleated
red blood cells (P < .01; OR, 0.15; 95% CI, 0.04-0.55), and mem-
brane changes (P = .01; OR, 5.35; 95% (I, 1.32-15.47) were also
more frequent in stillbirths.
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Table 4
Description of gross and histological placental variables, statistical significance, and factors associated with stillbirths
Variable Total, n =17 Symptomatic, n = 11 Stillbirths, n = 6 Significance (P) Odds ratio (OR) 95%CI
Gross characteristics
Abnormal umbilical cord 1(5.9) 1(9.1) 0(0) 44° 0.62 0.42-12.99
insertion (marginal/
velamentous)
Membranous alterations 6(35.3) 3(27.3) 3(50.0) 347 2.66 0.33-21.32
Intraparenchymatous infarcts 5(29.4) 3(27.3) 2(33.3) .86° 133 0.15-11.49
Subchorionic hematomas 1(5.9) 1(9.1) 0(0) 1.00° 0.62 0.42-0.91
Histopathological characteristics
Inflammatory pattern findings
Acute chorioamnionitis 7 (41.2) 5(45.5) 2(33.3) 627 0.60 0.76-4.76
Acute funisitis 0(0) 0(0) 0(0) — — -
Chronic deciduitis 4(23.5) 2(18.2) 2(33.3) .58 2.25 0.22-15.14
Chronic villitis 13 (76.5) 7 (63.6) 6 (100) .09% 1.85 1.12-3.07
Avascular villi 7 (41.2) 1(9.1) 6 (100) <.01? 7.00 1.14-18.85
Villi necrosis 6 (35.3) 1(9.1) 5(83.3) <.01? 6.78 1.56-17.65
Villi breakdown 6 (35.5) 1(9.1) 5(83.3) <.01? 6.78 1.56-17.65
Hemosiderin villi deposition 5(294) 1(9.1) 4 (66.7) .01° 535 1.32-15.47
Chronic villitis grade
Low grade 1(7.7) 1(100.0) 0(0) 1.00° 2.00 1.13-3.52
Focal 0(0) 0(0) 0(0) 1.00? - -
Multifocal 1 (100) 1(100) 0(0)
High grade 12 (92.3) 6 (100) 6 (100)
Patchy 7 (58.3) 4 (66.6) 3(50.0) 1.00* 2.00 0.19-20.61
Diffuse 5(384) 2(33.3) 3(50.0)
Chronic intervillositis 1(5.9) 1(9.1) 0(0) 447 0.62 0.42-0.91
Vascular pattern findings
Accelerated villous 3(16.6) 0(0) 3(50.0) .02° 0.21 0.07-0.58
maturation or distal
villous hypoplasia
Stromal-vascular 3(17.6) 0(0) 3(50.0) .02° 0.21 0.07-0.58
karyorrhexis or
Avascular villi nonrelated
to villitis
Fetal thrombotic 3(17.6) 0(0) 3(50.0) .02¢ 0.21 0.07-0.58
vasculopathy
Other findings
Membranes’ changes
Columnar changes 5(29.4) 1(9.1) 4 (66.7) .01° 5.35 1.32-15.47
Cell fusion 5(29.4) 1(9.1) 4 (66.7) .01* 535 1.32-15.47
Blebbing 5(29.4) 1(9.1) 4 (66.7) .01° 535 1.32-15.47
Villous edema 1(5.9) 1(9.1) 0(0) 44" 0.62 0.42-0.19
Chorangiosis 1(5.9) 1(9.1) 0(0) 447 0.62 0.42-0.19
Dystrophic calcifications 12 (70.6) 8(72.2) 4 (66.7) 79° 0.75 0.08-6.46
Intervillous fibrin deposits 9(52.9) 3(27.3) 6 (100) <.01? 6.57 1.21-17.75
Nucleated red blood cells 4 (23.5) 0(0) 4 (66.7) <.01° 0.15 0.04-0.55
Viral CMV inclusions 10 (58.8) 4(36.4) 6 (100) .03* 2.50 1.17-5.34
Fibroblasts 8 (47.1) 4(36.4) 4 (66.7) .23% 3.50 0.43-28.44
Macrophages 2(11.8) 1(9.1) 1(16.6) .64° 2.00 0.10-39.07
Endothelial cells 4(23.5) 0(0) 4 (66.7) <.01? 0.15 0.04-0.55
Trophoblast 2(11.8) 0(0) 2(33.3) .04° 0.26 0.11-0.61
Immunohistochemical results
Positive immunostaining for 12 (70.6) 6 (54.5) 6 (100) .04° 2.00 1.13-0.39
cMV
CMV, cytomegalovirus.
¢ Data compared with Fisher exact test.
Viral inclusions (P =.03; OR, 2.50; 95% CI, 1.17-5.34) and pos- Discussion

itive immunostaining (P = 0.04; OR, 2.00; 95% (I, 1.13-4.39) were
found in all stillbirth placentas. Inclusions were more frequently
found in endothelial cells (P < .01; OR, 0.15; 95% CI, 0.04-0.55) and
trophoblasts (P = .04; OR, 0.26; 95% CI, 0.11-0.61). All fetal au-
topsies revealed multiorgan CMV inclusions, with no or minimal
tissue autolysis.

In summary, chronic lymphoplasmacytic villitis and chronic
deciduitis were more frequently observed in symptomatic new-
borns than in asymptomatic ones. The presence of chronic lym-
phoplasmacytic villitis associated with avascular villi, villous
breakdown, necrosis, or hemosiderin deposits, as well as chronic
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Figure 2.
Ultrasound findings of placentas and fetuses. (A) 30 Weeks normal placental ultrasound of a symptomatic newborn; (B) 30 weeks normal placental ultrasound of a stillbirth; (C)
20 weeks placentomegaly (arrow) of a symptomatic newborn; (D) periventricular calcifications (arrow); (E) cerebellous hypoplasia; (F) polymicrogyria and anomalous Sylvian

fissure. (D—F) are the same case as placenta (B).
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Figure 3.
Histopathological findings of symptomatic newborn placentas. (A) (H and E, x100), (B, C) (H and E, x200): lymphoplasmacytic villitis without architectural villi distortion; (D, E)
(H and E, x400): CMV viral inclusions in fibroblastic cells; (F) (CMV, x200): CMV-infected positive cell. CMV, cytomegalovirus; H and E, hematoxylin and eosin.
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Histopathological findings of stillbirth placentas and fetuses. (A) (H and E, x400): Membranous changes (blebbing, columnar cells, pseudostratification) (B) (H and E, x40):
Organized trombi in a big chorionic vessel; (C) (H&E, x40), (D) (H&E, x100), (E) (H and E, x200): lymphoplasmacytic villitis with fibrin deposition, dystrophic calcifications, avascular
villi, necrosis and villous breakdown; (F) (H and E, x400): hemosiderin deposition in villous macrophages; (G) (H and E, x400): CMV viral inclusion in endothelial cell with vessel
obliteration; (H) (CMV, x200): CMV-infected positive cells; (I) (H and E, x400): liver CMV viral inclusions. CMV, cytomegalovirus; H and E, hematoxylin and eosin.

deciduitis, intervillous fibrin deposits, nucleated red blood cells,
and maternal and fetal malperfusion patterns, was more
frequently associated with stillbirth.

In this study, 40 placentas from fetuses with congenital CMV
infection were analyzed. To our knowledge, only 1 previously
published study has compared findings in symptomatic and
asymptomatic newborns infected with congenital CMV, including
35 placentas.® Advanced maternal age was present in the stillbirth
cases, a factor generally associated with poorer pregnancy out-
comes®! and possibly contributing to impaired immune response
to CMV. No differences were found in parity, antiretroviral therapy
use, or the presence of previous diseases. A history of previous
pregnancies could be a risk factor because transmission from
young children is a main route of CMV infection.”> The most
frequently observed maternal condition was hypothyroidism,
present in 25% of cases. A potential association between congen-
ital CMV infection and hypothyroidism has been proposed in a few

case reports.’>?> However, hypothyroidism is common in high-
risk pregnancies.

Most of our cases were primary infections, with no
intergroup differences. Placentitis usually follows a primary
infection, although reactivation may also cause significant
placental involvement.”* Some authors have reported higher
rates of symptomatic newborns in nonprimary CMV in-
fections,”® whereas others have not observed differences.®?%
In our series, infection was detected around week 12 in
most cases due to routine first-trimester screening. Although
vertical transmission is less likely during this stage, fetal
involvement tends to be more severe because organogenesis
is ongoing.” No correlation was found between the timing of
detection (within the first trimester) and the occurrence of
symptoms or stillbirth, although all symptomatic cases were
first-trimester infections. Other factors likely play a role in
fetal transmission.®
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Treatment during pregnancy has been associated with fewer
fetal complications and symptoms."'?’ Valaciclovir (2 g every 6
hours) reduces vertical transmission, although its impact on fetal
symptoms is still being studied.! Hyperimmune globulin (200 IU/
kg) may be considered for very recent primary infections to pre-
vent vertical transmission."?® Uenaka et al® did not find histo-
logical differences between treated and untreated women.® In our
study, 9 women received treatment, yet symptomatic newborns
or stillbirths still occurred. New therapeutic approaches involving
natural killer cells and T lymphocytes should be explored. Natural
killer cells play a role in innate immunity, whereas T lymphocytes
mediate adaptive immunity against CMV. CMV immune evasion
mechanisms are still being studied."*’

Ultrasonography and magnetic resonance imaging are the
most common imaging modalities in CMV-infected pregnancies.
At our centers, neurosonography is performed every 3 to 4 weeks,
requiring high-resolution equipment and skilled obstetricians.?’
Magnetic resonance imaging is more sensitive for detecting
third-trimester central nervous system abnormalities,'* identi-
fying up to 6% of anomalies in cases with normal neuro-
sonography.>® Ultrasound-detected fetal abnormalities have been
linked to neonatal symptoms,' as in our study. Placental ultra-
sound abnormalities are found in only 4.3% of congenital CMV
cases.”® In our series, placentomegaly was present in 12.5% of
cases, with no intergroup differences, and we did not observe
calcifications or heterogeneous echogenicity. Therefore, ultra-
sound appears to have limited predictive value for placental
involvement in CMV.

The association between FGR and CMV has been previously
reported.>! In our series, symptomatic newborns had smaller
placentas and higher FGR rates than asymptomatic newborns.
Stillbirths showed even higher FGR rates, although the difference
was not statistically significant, likely due to sample size. FGR may
suggest more severe placental and fetal involvement. Pereira
et al’' found significantly more avascular villi edema, and
inflammation in CMV-infected placentas with FGR. Villitis is the
primary histopathological feature of CMV infection and is
commonly associated with FGR, small or normal-sized placentas,
and a low fetal/placental weight ratio.”” Neonatal weight was
lower in symptomatic newborns, although not significantly. PROM
occurred in 3 asymptomatic cases, and CMV infection is not
typically associated with PROM.>? Most cases were not premature
births. In our center, we did not induce delivery for symptomatic
cases unless necessary, to avoid prematurity-related complica-
tions. CMV has been associated with preterm birth, although
antiviral treatment may reduce this risk.'>>! All symptomatic
cases were singletons. One excluded case involved twins, 1
symptomatic and 1 asymptomatic, but no placenta was available
for analysis. This underscores the importance of standardized
placental examination.>* No significant differences in Apgar scores
or umbilical cord pH were found, possibly due to the small sample
size. Valaciclovir was administered to all newborns, either for 6
weeks or 6 months, based on clinical severity, in accordance with
our institutional protocol. This treatment has been shown to
reduce both neonatal and 6-month symptoms.>* More than half of
the symptomatic newborns in our study did not exhibit symptoms
after 6 months.

The placentas of symptomatic newborns were smaller in size
and weight, consistent with previous studies,®>' likely reflecting
greater CMV-induced dysfunction. Placentomegaly has been
described as an early manifestation of inflammatory response,
possibly followed by vascular and villous damage. La Torre et al’”
found placental enlargement to be more common in primary in-
fections, with some improvement after hyperimmune globulin.

10

We did not observe an increased frequency of infarcts in any
group; when present, they were small, peripheral, and unlikely to
significantly affect function. Infarcts are typically associated with
maternal malperfusion, found in only 4 asymptomatic cases.
Uenaka et al® reported similar findings. Gross abnormalities of the
umbilical cord or membranes were rare (<30%). CMV infection is
associated with acute chorioamnionitis and funisitis.>® In our se-
ries, chorioamnionitis was observed in nearly 50% and funisitis in
about 20% of cases. All funisitis cases occurred in the asymptom-
atic group and were stage 1, grade 1. No statistically significant
differences were found, and Uenaka et al® also reported lower
acute inflammatory lesion rates.

Placental findings vary with gestational age. Chronic villitis is
the most frequent histological lesion in nonpremature CMV-
infected placentas.>”*® Chronic lymphoplasmacytic villitis was
the most common immune response in our series, significantly
more frequent in symptomatic than in asymptomatic cases. When
associated with avascular villi, necrosis, breakdown, and hemo-
siderin deposits, it was significantly more frequent in stillbirth
placentas. This may indicate a higher viral load or stronger
maternal immune response, leading to widespread villous and
vascular injury and ultimately, stillbirth. No differences were
found when stratified by grade, possibly due to sample size.
Chronic villitis impairs maternal-fetal nutrient exchange and has
been linked to adverse neonatal outcomes."*° Chronic plasma cell
deciduitis, usually associated with chronic villitis, was also
significantly more frequent in symptomatic cases. Uenaka et al®
reported the opposite finding. Intervillositis was rare, observed
in only 1 case, likely in association with high-grade villitis.

Among 16,016 placentas analyzed in our department, 329 were
diagnosed with chronic villitis unrelated to CMV. Of these, 29
(8.8%) were attributed to other infections (SARS-CoV-2, toxo-
plasmosis, Zika, and parvovirus B19); the remainder were classi-
fied as villitis of unknown etiology. Only 3 (0.9%) were stillbirths.
In our center, CMV PCR is routinely performed on urine in FGR
cases, and CMV immunostaining is conducted on all histological
villitis cases with negative or unperformed PCR. Potentially
missed cases include FGR-negative pregnancies without CMV
testing and “normal” placentas or FGR cases with false-negative
urine PCR and no pathological placental findings.

Maternal and fetal malperfusion patterns were not observed in
symptomatic or asymptomatic newborns because these are not
typical of viral placental infections.! However, they were present
in half of the stillbirths, suggesting a role for villitis-related
vascular injury. Fetal thrombotic vasculopathy (fetal vascular
malperfusion) has been linked to CMV-related stillbirths,*® and
we observed thrombi in large vessels in all stillbirth placentas. No
differences were found in chorangiosis, fibrin deposits, nucleated
red blood cells, or dystrophic calcifications between symptomatic
and asymptomatic cases. However, stillbirth placentas showed
more fibrin deposits (associated with trophoblast damage®'),
nucleated red blood cells (suggesting fetal hypoxia), and mem-
brane changes (possibly indicating higher amniotic viral load).
Although dystrophic calcifications were common in symptomatic
placentas, they were not detected on ultrasound. These findings
are not CMV specific and may occur in other causes of fetal demise,
although their distribution and patterns often differ. They are
usually present in a diffuse pattern, which was not observed in our
cases. Only 3 of all stillbirths in our centers had villitis unrelated to
CMV.

CMV inclusions and positive immunostaining were signifi-
cantly associated with symptomatic newborns and stillbirths.
Endothelial and trophoblastic inclusions were more frequent in
stillbirths, possibly linked to increased vascular injury. Our
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sampling included 3 slides per placenta, and the presence of CMV
in these may reflect broader infection and higher fetal risk. CMV
detection in the placenta decreases with gestational age,’” and
only approximately 10% of congenital CMV cases show “owl’s eye”
inclusions,*? as observed in our series.

Key strengths include a sizable cohort and expert double re-
view of histopathological data. Limitations include the retro-
spective nature, increased recent referral of placentas due to
improved awareness, and missing data from nonsubmitted pla-
centas. Additionally, we did not compare CMV-related findings
with other stillbirth causes, and umbilical cord length was not
always available.

In conclusion, gross and histological placental abnormalities
are associated with symptomatic congenital CMV and stillbirths.
More extensive villous and vascular damage appears to facilitate
fetal transmission. Treatments targeting placental injury could
help prevent CMV-related neonatal symptoms and mortality.
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