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ABSTRACT

Background: To find out how COVID-19 infection during pregnancy affects the outcome of the pregnancy.

Methods: 166 SARS-CoV-2-positive pregnant women formed the study group. 128 SARS-CoV-2-negative pregnant 
women formed the control group. Anatomopathological study of the placenta was performed in all cases.

Results: Placental insufficiency appeared in 38 patients (25%) of the study group and in 17 patients (13.2%) 
in the control group (p=0.016). Villitis appeared in 50 patients (30.1%) of the study group and in 16 patients 
(12.2%) in the control group (p=0.000). 166 COVID-19 positive patients were further subdivided, into those with 
anatomopatho-logical affection of the placenta, and those without. When gestational age between patients with 
placental insufficiency and those without it are compared, a difference of 4.852 days is obtained (p=0.0393). When 
neonatal weight between patients with pla-cental insufficiency and those without it are compared, a difference of 
406.4 grams is obtained (p=0.0000). When gestational age between patients with villitis and those without it are 
compared, a difference of 3.203 days is found (p=0.0919). When neonatal weight between patients with villitis and 
those without it are compared, a difference of 242.16 grams is obtained (p=0.0018).

Conclusion: COVID-19 infection during pregnancy may produce lower fetal weight and preterm birth.
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INTRODUCTION

Viral infections during pregnancy have long been considered 
low risk. However, the importance of understanding their role 
becomes more relevant as data shows that viral infections, 
especially respiratory viruses, can significantly alter the prognosis 
of both mother and fetus [1]. Pandemics like influenza, Ebola, 
and the recent epidemics of coronaviruses (SARS-CoV, MERS, 
and SARS-CoV-2) demonstrate that pregnant women suffer worse 
consequences (ARDS, maternal death, thromboembolism) than 
the general population and non-pregnant women [2,3]. 

The impact of SARS-CoV-2 infection and its associated disease, 
COVID-19, on fetuses is of particular interest, with limited 
publications on the impact of its infection on pregnancy itself and 
the fetuses [4,5].

It is well-established that adverse pregnancy outcomes are related to 
bacterial infections, such as chorioamnionitis [6]. In contrast, viral 

infections are generally considered benign, with a few exceptions. 
Clinically, pregnant women with a cold or an upper respiratory 
tract viral infection are treated symptomatically, and it is usually 
assumed that there are no harmful effects on pregnancy. However, 
there can be adverse pregnancy effects resulting from these 
infections [7]. Additionally, the sequelae of a viral infection can 
lead to opportunistic infections that can also affect the pregnancy. 
It has been pro-posed that viral infections in pregnant women can 
lead to substantial changes in tropho-blast physiology, which can 
alter the developmental progress of pregnancy, resulting in Preterm 
Birth (PTB) and intrauterine growth restriction [8,9].

What is a viral infection of the placenta? The placenta has the 
ability to modulate the maternal immune system, interact with 
maternal blood vessels, and protect the fetus from additional 
infections. Viral infections modulate the trophoblast’s ability to 
release increased levels of inflammatory mediators such as IL-6, 
G-CSF, and MCP-1 [10]. This new concept establishes that a viral 
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as PI [13].

Chronic villitis is defined as an increase in stromal cellularity in 
terminal villi at the expense of mononuclear inflammatory cells 
(lymphocytes, plasma cells, and histiocytes), without granulomatous 
component or neutrophilic or plasmacytic involvement, in which 
inflammatory cellularity that partially destroys villi extends to the 
intervillous space and adjacent villi [13].

The second part of the study was limited to those patients with 
positive PCR COVID-19 test (166 patients). We aim to compare 
patients with anatomopathological alterations of the placenta with 
those that do not have placental alterations, in spite of a positive 
test. Outcome of the pregnancy, related to gestational length and 
weight of the newborn were compared between the groups to assess 
if the presence of maternal infection on the placenta implies clinical 
effect in the outcome of the pregnancy, namely days of length of the 
pregnancy and weight of newborn.

Statistical analysis 

Mean and standard deviation for numerical variables are presented 
once normality assumptions have been evaluated. Categorical 
variables are presented by absolute and relative frequencies.

To assess differences between the COVID-19 and non-COVID-19 
mothers in terms of gestational age and neonatal birth weight, the 
t-Student test has been employed. To contrast differences between 
the group and the presence of placental abnormalities, the Pearson’s 
X2 test has been used. 

Similarly, t-Student and X2 tests have been used to contrast these 
same variables in terms of the trimesters of pregnancy in which the 
SARS-CoV-2 infection occurred and mothers COVID-19 (-); and 
placental abnormalities with gestational age and neonatal birth 
weight.

The significance level has been set at 0.05. The statistical package 
used was Stata/IC v16 (StataCorp. 2019. Stata Statistical Software: 
Release 16. College Station, TX: StataCorp LLC.).

RESULTS

The study group consists of 166 pregnant women with a positive 
PCR for SARS-CoV-2 at some point during pregnancy who deliver 
at our hospital and for whom we have a placental histopathological 
report. Express permission was obtained from these patients. 
Recruitment started in the third week of March 2020 and ended in 
September of the same year.

The control group comprises 128 pregnant women who had a 
delivery at our hospital during the same period, with a negative 
PCR for SARS-CoV-2 and for whom we have placental pathological 
reports. Patients were included from the third week of March 2020 
to December of the same year (Table 1).

infection in the placenta triggers an exaggerated immune response 
to bacteria due to increased sensitivity to viral infections, resulting 
from changes in the modulatory role of the trophoblast’s immune 
system [11]. Clinical evidence outlining the relationship between 
viral infections and adverse perinatal outcomes emphasizes that, 
although the virus itself may not be harmful, it can put the 
pregnancy at risk of complications like preterm birth.

Histopathological analysis of placental tissue can significantly 
contribute to the study of maternal and fetal health. A variety 
of fetal infections during pregnancy are associated with specific 
placental findings, including lymphoplasmacytic villitis with 
elongated villi and intravillous hemosiderin deposits. While 
there are no specific placental findings associated with the most 
common coronaviruses, Ng et al., reported placental pathology in 
7 women with SARS infection in Hong Kong [12]. Since SARS-
CoV-2 is a virus, it is expected to provoke inflammation. Chronic 
inflammatory pathology, particularly chronic villitis, can be directly 
caused by some viral diseases.

In this paper we present, we analyse how SARS-CoV-2 infection 
affects pregnant women regarding two common obstetric 
syndromes, which are Placental Insufficiency (PI) and Preterm 
Birth (PTB).

The objective is to determine if there is a higher rate of PI and villitis 
in women infected with SARS-CoV-2, (study group) compared to 
uninfected women (control group) and compare gestational age 
and birth weight in the study group (COVID-19 positive) related to 
different placental findings: villitis, PI, and none. The hypothesis 
of the study is: in women infected with the SARS-CoV-2 virus, both 
gestational age (in days) at birth and birth weight (in grams) are 
lower if there is placental compromise.

MATERIALS AND METHODS 

This is a prospective cohort study conducted on pregnant women 
tested for COVID-19 infection during the pregnancy. PCR 
COVID-19 test was performed prospectively along the pregnancy 
in the first, second and third trimester of the pregnancy. The study 
group was formed with patients with a positive PCR for SARS-
CoV-2 test (166 patients) and the control group was formed with 
patients with a negative PCR for SARS-CoV-2 test (128 patients). 
Anatomopathological study of the placentas of both groups 
were compared to detect the presence or absence of pathological 
alterations of the placenta. The risk factor is a positive PCR for 
SARS-CoV-2, and the expected effect is the presence of PI or villitis.

PI is defined as three or more of the following- Decidual 
arteriopathy including atherosis and fibrinoid necrosis, as well 
as mural hypertrophy of arteriolar membranes with syncytial 
nodules, accelerated villous maturation, and intervillosal fibrin 
accumulation, which are findings defined in pathological reports 

Characteristic (SARS-CoV-2) Negative (N=128) Positive (N=166) p

Age (years) 33.9 (5.4) 31.6 (5.6) NS

Weight gain (Kg) 11.2 (9.1-13.2) 10.2 (8.7-11) NS

Parity (median, range) 2 (1-3) 3 (2-4) NS

Table 1: Clinical characteristics of study participants.
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When neonatal weight (in grams) between patients with placental 
insufficiency and those without it are compared, a difference of 
406.4 (95% CI: 245.77-566.981) is obtained (p=0.0000). This 
means that among all COVID-19-positive patients, those who 
develop PI have new-borns whose weight is 406.4 grams less than 
those who do not have it.

When gestational age between patients with villitis and those 
without it are com-pared, a difference of 3.203 days (95% CI: 
-0.527-6.933) is found (p=0.0919). This means that among all 
COVID-19-positive patients, those with villitis give birth 3.2 days 
earlier than those without it.

When neonatal weight between patients with villitis and those 
without it are com-pared, a difference of 242.16 grams (95% CI: 
91.176-393.159) is obtained (p=0.0018). This means that among 
all COVID-19-positive patients, those who develop villitis have 
neonates whose weight is 242.16 grams less than those who do not 
have it (Table 3).

In addition to these findings, approximately 30% of patients 
with threat of premature birth have placental lesions consistent 
with PI, and a similar number show a failure in the physiological 
transformation of the myometrial segment of the spiral arteries, 
which has been defined as PI, as we have seen before.

When the presence of PI between the study group and the control 
group are compared, PI is present in 38 women (24%) in the 
COVID-19 group and 17 (14.2%) in the control group, with a 
p-value of 0.016.

When the presence of villitis between the study group and the 
control group are compared, villitis is present in 50 women (30.1%) 
in the COVID-19 group and 16 (12.6%) in the control group, with 
a p-value of 0.000 (Table 2).

When gestational age between patients with placental insufficiency 
and those without it are compared, a difference of 4.852 days (SD: 
2.1) (95% CI: 0.218-8.552) is obtained (p=0.0393). This means that 
among all COVID-19-positive patients, those with PI give birth 4.4 
days earlier than those without it.

PI normal COVID group Control group Total OR 95% CI p

PI between study group and control group

Normal 116 (75.32%) 111 (86.72%) 227 (80.5%) 0.46752 0.249417-0.876345 0.016

PI 38 (24.68%) 17 (13.28%) 55 (19.5%) - - -

Total 154 (100%) 128 (100%) 282 (100%) - - -

Presence of villitis between the control group and the study group

Normal 116 (69.88%) 111 (87.40%) 227 (77.47%) 0.334414 0.179861-0.621775 0

Villitis 50 (30.12%) 16 (12.60%) 66 (22.53%) - - -

Total 166 (100%) 127 (100%) 293 (100%) - - -

Note: OR: Odds Ratio; 95% CI: 95% Confidence Interval; PI: Placental Insufficiency.

Table 2: Statistical analysis between groups and presence of placental abnormalities.

Group N Mean Std. Err. Std. Dv. 95% CI p

Pregnancy length (days) in COVID-19 positive patients, related to PI

Normal 116 276.5431 0.965941 10.4035 274.6298-278.456 -

PI 38 272.1579 2.215787 13.65903 267.6683-276.6475 -

Combined 154 275.461 0.919017 11.4047 273.6454-277.2766 -

Diff - 4.385209 2.108902 - 0.2186635-8.55174 0.0393

Weight of newborns (grams) in COVID-19 positive patients, related to PI

Normal 116 3359.328 41.37328 445.6039 3277.375-3441.28 -

PI 38 2952.947 64.85655 399.8027 2821.536-3084.359 -

Combined 154 3259.052 37.69294 467.757 3184.586-3333.518 -

Diff - 406.3802 - 81.28834 245.7793-566.9811 0

Pregnancy length (days) in COVID-19 positive patients, related to the presence of villitis

Normal 116 276.5431 0.965941 10.4035 274.6298-278.4564 -

Table 3: Correlation between gestational age and neonatal birth weight with presence of placental abnormalities.
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villi of the placenta. The remodelled spiral arteries in this process 
undergo progressive dilation, increasing blood flow from 100 ml/
min to 500 ml/min in a full-term pregnancy [17].

When physiological changes do not progress adequately, the 
smooth muscle of the arterial medial layer persists, the lumen 
does not expand, and uteroplacental flow is relatively low. This 
incomplete physiological vascular remodelling of spiral arteries un-
doubtedly hinders uteroplacental flow, with abundant evidence 
that endothelial dysfunction is the common final pathway. Spiral 
arteries develop a distinctive lesion, acute atherosis, characterized 
by eosinophilic necrosis and the presence of lipid-laden cells in the 
vascular wall. Vascular lumens narrow or occlude completely [18]. 
Subsequent PI causes a reduction in placental and fetal growth. 
In more advanced cases, accelerated villous maturation occurs. 
Additionally, areas of severe ischemia develop, leading to infarcts, 
which are areas of ischemic necrosis produced by the obstruction of 
blood flow in spiral arteries by thrombi. Acute atherosis is a lesion 
limited to vessels that have not been remodelled in the normal 
adaptation process for implantation, specifically the myometrial 
segments of spiral arteries in the placental bed that have not had 
physiological adaptation [19].

This decreased uteroplacental flow and its effect on the placenta 
can be attributed to pathological abnormalities that occur in the 
spiral arteries at the implantation site. These arteries differ from 
normal ones in two ways- First, the normal adaptive physio-logical 
remodelling of placental vessels is reduced in degree and extent. 
The second wave of intravascular trophoblastic migration does 
not occur. Intramyometrial segments of spiral arteries retain their 
muscular layer and do not dilate. Therefore, normal vascular 
changes during pregnancy are incomplete. Furthermore, spiral 
arteries in women with PI have a characteristic arteriopathy, acute 
atherosis, resulting in thrombosis and infarcts. As a consequence of 
this PI and subsequent placental insufficiency, there is theorizing 
about the possible development of Intrauterine Growth Restriction 
(IUGR). This theoretical problem has already been described 
with other SARS infections. However, there is very little specific 
COVID-19 data on fetal growth following maternal infection 
[20,21].

Although these placental histopathological changes do not occur 
in all patients, suboptimal fetal growth due to PI is plausible 
because maternal COVID-19 infection has been associated with 
PI, including acute and chronic intervillous inflammation, focal 
avascular villi, and thrombosis in large fetal vessels in the chorionic 
plate and stem villi [22]. These lesions could be caused by COVID-

DISCUSSION

When studying our cases, increased rates of inflammatory placental 
response and intervillous thrombosis is found, suggesting a common 
theme of abnormal maternal circulation as an IP consequence. 
These findings provide a possible mechanism for the observed 
epidemiological associations between COVID-19 during pregnancy 
and adverse perinatal outcomes [14,15]. PI has been associated 
with oligohydramnios, fetal growth restriction, preterm birth, and 
fetal death. The most significant pathophysiological phenomenon 
in PI is chronic vasoconstriction of tertiary villi due to inadequate 
trophoblastic invasion by maternal spiral arteries.

In the PCR analysis of our placentas, there were no positives, which 
corroborates the existing evidence that vertical transmission of the 
virus is infrequent and suggests that placental changes, if caused 
by COVID-19, are related to maternal infection and inflammation 
rather than fetal infection. The spectrum of placental abnormalities 
is vast, and many anomalies are commonly seen through pathological 
examination for a variety of indications, which increases the need 
for appropriate controls. Collectively, these findings suggest that 
increased monitoring is necessary for pregnant women infected 
with SARS-CoV-2. Given that placentas of women with SARS-
CoV-2 show reproducible histopathological abnormalities, this 
suggests that women with COVID-19 require closer gestational 
monitoring. Updated recommendations are currently available for 
the obstetric management of SARS-CoV-2 in pregnant women [16].

The potential mechanism to explain these clinical observations 
may be attributed to the virus’s effect on the trophoblast, leading 
to suboptimal trophoblastic invasion. In normal placentation, the 
Intermediate Trophoblast (IT) that infiltrates the decidua and 
myometrium at the implantation site is responsible for physiological 
structural modifications in spiral arteries, essential for increasing 
blood flow to the placenta. In the early weeks of gestation, the 
intermediate trophoblast invades the spiral arteries’ decidual 
segment, replacing the endothelium and the muscular and elastic 
tissue of the arterial’s medial layer.

In normal conditions, maternal endothelium is replaced, and the 
medial layer of the arterial wall is destroyed to achieve marked 
vascular dilation. Between the 14th and 20th week, intravascular 
trophoblast extends from the decidual portion to the myometrial 
portion of the spiral arteries, which are also remodelled. During 
a normal pregnancy, cytotrophoblastic invasion physiologically 
transforms the uterine spiral arteries, turning small, high-resistance 
vessels into large, low-resistance vessels that perfuse the chorionic 

Villitis 50 273.34 1.807379 12.7801 269.7079-276.9721 -

Combined 166 275.5783 0.871614 11.22996 273.8574-277.2993 -

Diff - 3.203103 1.889143 - -7.46036 0.0919

Weight of newborns (grams) in COVID-19 positive patients, related to the presence of villitis

Normal 116 3359.328 41.37328 445.6039 445.6039-3277.375 -

Villits 50 3117.16 66.001 466.6975 2984.526-3249.794 -

Combined 166 3286.386 36.02983 464.2119 3215.247-3357.524 -

Diff - 242.1676 76.46937 - 91.17618-393.159 0.0018

Note: N: Number of Patients; Std. Err.; Standard Error; Std. Dv: Standard Deviation; 95% CI: 95% Confidence Interval; PI: Placental Insufficiency; 
Diff: Difference.
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One strength of our study is the use of a control group. In this 
control group, placentas were only sent for pathological examination 
when there was an obstetric indica-tion, typically pregnancy-related 
diseases or complications during childbirth. Patients who had a 
caesarean delivery were excluded from the analysis to favor group 
homo-geneity. Similarly, patients with twin pregnancies were also 
excluded from the analysis.

When we tried to detect placental alterations based in the trimester 
in which infection was acquired, the resulting subgroups are too 
small to detect differences.

CONCLUSION

Placentas of women infected with SARS-CoV-2 have higher rates 
of placental in-sufficiency and villitis compared to the controls. 
Placental insufficiency is associated with a notable reduction in 
gestational age and neonatal weight. Villitis also correlates with 
decreased neonatal weight, although its impact on gestational age 
is less significant. These findings indicate that COVID-19 infection 
during pregnancy may contribute to adverse outcomes such as 
reduced fetal weight and preterm birth, highlighting the necessity 
for vigilant monitoring and management of these pregnancies.
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