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Abstract
Maternal COVID-19 infection during pregnancy has been associated with a myriad of pathologic placental changes. Clinically, rare 

studies have highlighted intrauterine growth restriction (IUGR), pre-term birth, intrauterine fatal demise and stillbirth in association 
with maternal gestational COVID-19 infection. Third trimester infants should be protected from acquiring COVID-19 infection since 
there is a paucity of the required angiotensin-converting enzyme (ACE) receptors present in the placenta, and earlier maternal ges-
tational infections theoretically pose higher risk. We reviewed the total of 20 placentas from first trimester maternal COVID-positive 
pregnancies and clinical outcomes in the Sligo University Hospital catchment area from 2020-2021 to add to the literature of CO-
VID-19 clinical and pathologic findings. Clinical audit was performed on placentas from maternal COVID-positive pregnancies from 
2020-2021. Anonymised data from patient pathology reports including maternal and gestational age, clinically provided morbidity 
and maternal and neonatal outcome data and placental pathologic findings were reviewed. Haematoxylin and eosin-stained slides 
were available in all cases and reviewed by a consultant pathologist. All variables were compared with known background incidence 
and a cohort of 20 randomly selected non-COVID cases from the same time period. Maternal age ranged from 20-41 years (m = 
31), and gestational age from 25 to 41 weeks (m = 36). All maternal COVID-19 positive results were from first trimester. Placental 
weights ranged from 312 to 897 grams (m = 594). All cases showed increased peri-villous fibrin deposition with 3 showing extensive 
fibrin. Ten cases had infarctions and 2 with extensive infarctions (>15% of placenta). Five cases had increased syncytial knotting. 
Our results support that placental pathology from early maternal gestational COVID-19 infection is associated with maternal pro-
coagulopathic state, not fetal or ‘placental’ infection. 
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Introduction 

Maternal COVID-19 infection during pregnancy has been asso-
ciated with placental pathology including maternal and fetal vas-
cular malperfusion leading to a myriad of pathological placental 
changes [1]. Clinically, rare studies have reported fatal complica-
tions, morbidity and mortality including intrauterine growth re-

striction (IUGR), pre-term birth, intrauterine fatal demise and still-
birth in association with maternal gestational COVID-19 infection 
[2-5]. To be infected, host cells require cell membrane angiotensin 
converting enzyme II (ACE-2) receptors, and facilitation by S pro-
tein priming proteases Type II transmembrane serine protease 
(TMPRSS-2) [1]. Theoretically, third trimester infants should be 
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protected from acquiring COVID-19 infection since there are almost 
undetectable quantities of these receptors and proteases present 
in the pre-term and term placenta [6], and earlier maternal ges-
tational infections theoretically pose higher risk. We reviewed the 
total of 20 placentas from first trimester maternal COVID-positive 
pregnancies, including pathologic findings and clinical outcomes in 
the Sligo University Hospital catchment area, from 2020-2021 to 
add to the literature of gestational COVID-19 infection.

Clinical audit was performed on placentas from maternal COV-
ID-positive pregnancies from 2020-2021. Anonymised data from 
patient pathology reports including maternal and gestational age, 
clinically provided morbidity data, clinically reported maternal and 
neonatal outcome data and placental pathologic findings were re-
viewed. Hematoxylin and eosin-stained slides were available in all 
cases and reviewed by a consultant pathologist. All variables were 
compared with known background incidence and a cohort of 20 
randomly selected non-COVID cases from the same time period. 
Maternal age ranged from 20-41 years (m = 31), and gestational 
age from 25 to 41 weeks (m = 36). All maternal COVID-19 positive 
results were from first trimester. All cases showed increased peri-
villous fibrin deposition with 3 showing extensive fibrin. Ten cases 
had infarctions (5-10% of placenta) and 2 with extensive infarc-
tions (>15%). Five cases had increased syncytial knotting. No post-
partum maternal or neonatal sequelae were reported. There were 
no maternal or neonatal or perinatal deaths.

Materials and Methods 

Clinical audit was performed on placentas from maternal re-
verse transcriptase polymerase chain reaction (RT-PCR) COVID-
positive pregnancies from 2020-2021 in the Sligo University Hos-
pital catchment area. Anonymised data from patient pathology 
reports including maternal and gestational age, clinically provided 
morbidity data, clinically reported maternal and neonatal outcome 
data and gross and histologic placental pathologic findings were re-
viewed. Clinical information was retrieved from the surgical pathol-
ogy accession sheet, pathology report or directly from clinicians. 
Mothers had no known history of maternal vascular disease, dia-
betes, chronic hypertension, thrombophilia, smoking, drug abuse 
or prior history of pregnancy with intrauterine growth restriction. 
Due to the infectious nature of the tissue, fixation for 48 hours was 
performed prior to dissection. Typical sections were fixed in for-
malin, processed into paraffin blocks, and stained with usual hae-
matoxylin and eosin stains. Hematoxylin and eosin-stained slides 
were available in all cases and reviewed by consultant pathologist. 

Testing for COVID-19 was not performed on placental tissue. How-
ever, symptomatic mothers were tested via nasal swab RT-PCR dur-
ing the first trimester and at delivery admission. All variables were 
compared with known background incidence and a cohort of 20 
randomly selected non-COVID cases from the same time period.

Results and Discussion

Maternal age ranged from 20-41 years (m = 31), and gestational 
age from 25 to 41 weeks (m = 36). All maternal COVID-19 positive 
results were from first trimester. Placental weights ranged from 
312 to 897 grams (m = 594). Umbilical cord length ranged from 
24 to 65 cm and number of cord coils from 4 to 22 with 2 cases 
showing hypercoiling and 1 hypocoiling. Acute funisitis was seen 
in 1 case. Two cases had circumvallate fetal membrane insertion, 5 
showed acute chorioamnionitis and 3 cases had meconium stain-
ing. All cases (20/20) showed increased peri-villous fibrin deposi-
tion with 3 showing extensive fibrin (Figure 1). Ten cases had in-
farctions (5-10% of placenta) and 2 showed extensive infarctions 
(>15%; Figure 2). Five cases had increased syncytial knotting (Fig-
ure 3), 4 had chorangiosis and 2 had intervillous thrombi. Two had 
villous dysmaturation and 1 showed haemorrhagic endovasculitis. 
One case clinically reported intrauterine growth restriction (IUGR), 
1 case had pre-term birth and 1 case foetal distress during labour 
resulting in C-section. One case reported maternal gestational hy-
pertension and 1 case had maternal antepartum haemorrhage. No 
post-partum maternal or neonatal sequelae were reported. There 
were no maternal or neonatal or perinatal deaths. All variables 
were compared with known background incidence and a cohort of 
20 randomly selected, non-COVID cases from the same time peri-
od. No differences were found compared with control cases on any 
variables other than peri- villous fibrin deposition, infarctions, and 
syncytial knotting (Table 1).

Figure 1: Extensive increased peri-villous fibrin deposition.
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Figure 2: Extensive infarction (>15% of placental tissue). Figure 3: Increased syncytial knots (Tenney-Parker change).

COVID Status Maternal age, 
mean years

Gestational 
age, mean 

weeks

Placenta 
weight, mean 

grams

Increased
Peri-villous 

fibrin
Infarctions

Increased
Syncytial 

knots

COVID + 31 36 594 20/20 (100%)* 10/20
(50%)** 5/20 (25%)

Controls 33 36.5 481 1/20 (5%) 1/20 (5%) 2/20 (10%)

Table 1: Clinical and pathologic variables in COVID-19 positive and control cases.

*3/20 showed extensive fibrin 

**2/10 showed extensive infarction (>15% of placental parenchyma).

Maternal COVID-19 infection during pregnancy has been associ-
ated with placental pathology including maternal and fetal vascu-
lar malperfusion leading to multiple pathological placental chang-
es [1]. Clinically, rare studies have highlighted intrauterine growth 
restriction (IUGR), pre-term birth, intrauterine foetal demise and 
stillbirth in association with maternal gestational COVID-19 infec-
tion [2-5]. Third trimester infants should be protected from ac-
quiring COVID-19 infection since there is a paucity of the required 
angiotensin-converting enzyme receptors and transmembrane 
serine proteases present in the placenta to facilitate infection [6]. 
Earlier maternal gestational infections theoretically pose higher 
risk due to the large number of these necessary receptors and pro-
teases present early in placental development. We reviewed the 
total of 20 placentas from first trimester maternal COVID-positive 
pregnancies, including gross and histologic pathologic findings and 
clinical outcomes in the Sligo University Hospital catchment area 
from 2020-2021, to add to the literature of gestational COVID-19 
infection. 

Reports on COVID-19 associated illness in general have shown 
that patients who are severally ill, in addition to acute respiratory 
distress syndrome (ARDS), often present with coagulopathy and 
disseminated intravascular coagulation (DIC)-like massive intra-
vascular clot formation and organ dysfunction [7]. Haemorrhagic 
events are less common [7-9]. It was reported that 71% of non-
surviving COVID-19 patients had disseminated intravascular co-
agulation (DIC), while in contrast, only 0.6% of survivors met DIC 
criteria [10]. Several reports show that non-survivors initially have 
higher and increasing D-dimer and fibrinogen degradation product 
(FDP) levels, longer prothrombin time (PT) and activated partial 
thromboplastin time (aPTT) compared with survivors [11,12]. The 
incidence of thrombocytopenia is relatively low in COVID-19 [13]. 
These findings propose that coagulopathy develops in patients 
with COVID-19 becoming more severe in critically ill patients. In 
fact, the frequency of thrombosis and major thromboembolic se-
quelae in COVID-19 ICU patients is reported to be 20 to 30% 26-
28, and as high as nearly 80% [14-16]. COVID-19 directly infects 
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vascular endothelial cells causing cellular damage and apoptosis 
and the antithrombotic activity of the luminal surface is remark-
ably decreased [17]. 

Reports on COVID-19 in pregnancy have described variable 
findings. Most studies of COVID infection of term and pre-term 
third trimester pregnancies report a higher frequency of maternal 
vascular malperfusion [1], which is a recognized pattern of placen-
tal injury related to abnormal uterine perfusion and changes such 
as accelerated villous maturation, increased perivillous and inter-
villous fibrin deposition, decidual vasculopathy, increased syncy-
tial knots, villous infarction, and intervillous thrombosis. Second 
trimester studies have shown increased peri-villous and subcho-
rionic fibrin deposition [14,18]. A similar study to our own of the 
pathology and clinical information on 20 placentas whose mother 
tested positive for COVID-19 reported 10 of the 20 cases showed 
some evidence of fetal vascular malperfusion or fetal vascular 
thrombosis, primarily in the form of the presence of intramural 
fibrin deposition, although some increased peri-villous fibrin was 
also seen [19]. We did not observe intramural fibrin in our sample. 
One manuscript [20]. describes the placentas from three COVID-19 
infected mothers in China. All three placentas were described as 
having increased peri-villous fibrin. Eleshiva., et al. found that 
compared to controls, third trimester placentas were significantly 
more likely to show at least one feature of maternal vascular mal-
perfusion, particularly abnormal or injured maternal vessels, and 
intervillous thrombi [21]. Rates of acute and chronic inflammation 
were not increased, as they have been in other reports [15,22-
24]. Hecht., et al. looked at 19 placentas from peripartum COVID-
19-positive mothers and found no specific gross or histopathologic 
findings that differed from control sample background incidence 
[25]. There were no reports in any of these aforementioned studies 
of maternal or neonatal death, and neonatal or ‘placental infection’ 
appears to be a very rare event. No teratogenic effect of COVID-19 
infection in the neonate has been reported, and maternal infection 
does not equate to placental infection. In the rare event of evidence 
of placental viral infection intrauterine vertical transmission is not 
presupposed [26]. 

In a large review examining over 2500 COVID-19 confirmed 
pregnancies with over 700 deliveries, maternal critical disease re-
quiring mechanical ventilation was just over 3%, with 0.9% mater-
nal deaths, and 22% preterm birth (primarily iatrogenic) and less 

than 1% perinatal death [2]. A large matched case-control study 
of 61 COVID-19 pregnancies reported that adverse outcomes for 
mother and foetus were 3.4 times and 1.7 times higher among se-
verely ill COVID-19 cases than controls [3]. Maternal advanced age, 
obesity, Hispanic or Latino origin, and other medical comorbidi-
ties, however, were major factors. Other reports of foetal death or 
demise associated with third-trimester or pre-term/term mater-
nal COVID-19 infection are very uncommon, including a report on 
the alpha variant being associated with an increased risk of foetal 
death [4] and two cases of intrauterine foetal demise and one case 
of severe foetal distress in the setting of maternal infection with 
Delta-variant [5]. COVID-19 infects target host cells by binding to 
the cell membrane angiotensin converting enzyme II (ACE-2), fa-
cilitated by S protein priming proteases Type II transmembrane 
serine protease (TMPRSS-2). ACE-2, found in heart, lung, kidney, 
vasculature, brain, and placenta, is a membrane-bound enzyme 
that degrades angiotensin I and II which is protective in regulating 
vascular and heart function. Syncytiotrophoblasts and cytotropho-
blasts in chorionic villi, decidual stromal cells, decidual perivascu-
lar cells, and endothelial and vascular smooth muscle cells express 
ACE-2. However, ACE-2 and TMPRSS-2 expression in placenta cor-
relate negatively with gestational age. They are almost undetect-
able in third trimester preterm and term placenta [6]. Therefore, 
later stages of pregnancy should be protected, while first trimester 
pregnancy is theoretically more vulnerable to COVID-19 transpla-
cental transmission, unless other as yet unknown means besides 
ACE-2/TMPRSS-2-facilitated viral entry exist.

Limitations to our study would be that histopathology was re-
viewed by a general pathologist as opposed to a perinatal patholo-
gist. Typically, however, histology of maternal vascular malperfu-
sion is easily recognised in general practice. While our study was 
retrospective, correlation with maternal coagulation studies over 
the course of pregnancy may also have been useful. Additionally, 
control cases for comparison with maternal gestational COVID-
positive cases were not tested in first trimester as mothers were 
asymptomatic, but were tested with negative results on delivery 
admission.

Conclusions

Similar to previous reports, our placentas from maternal COV-
ID-19-positive pregnancies showed evidence of maternal vascular 
malperfusion, particularly in the form of increased peri-villous fi-
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brin deposition and infarctions. Increased syncytial knotting com-
pared to usual background incidence was also seen. In contrast to 
recent reports, no increased inflammation in umbilical cord, mem-
branes or placenta were identified; and there was no increase in 
IUGR, pre-term birth, intrauterine foetal demise or stillbirth. As 
recently proposed, our findings support that placental pathology 
from early maternal gestational COVID-19 infection is associated 
with pro-coagulopathic state and a higher frequency of maternal 
vascular malperfusion, not fetal or ‘placental’ infection. 
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