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Abstract
Background  In recent years, severe acute respiratory syndrome corona virus 2 (SARS-CoV-2) infection has been 
prevalent worldwide. Pregnant women belong to a special group, and it is very important for clinicians to pay 
attention to the impact of SARS-CoV-2 infection on pregnancy outcomes. However, there are limited studies on the 
impact of SARS-CoV-2 infection on pregnancy outcomes during the first trimester.

Objective  To investigate the effect of SARS-CoV-2 infection in the first trimester on pregnancy outcomes.

Methods  Clinical information of pregnant women whose last menstrual period was between October 1, 2022, 
and April 1, 2023, and who were registered in the Obstetrics and Gynecology department of Peking University 
International Hospital, was analyzed. Among them, 498 pregnant women with SARS-CoV-2 infection in the first 
trimester were included in the study group; while a total of 654 pregnant women with no SARS-CoV-2 infection in 
the first trimester were included in the control group. Mann Whitney U test, χ2 test, Fisher’s exact probability method, 
and multivariate logistic regression were used to analyze the impact of SARS-CoV-2 infection on pregnancy outcomes 
during the first trimester.

Results  A total of 30 cases in the study group experienced pregnancy loss before 28 weeks of gestation, and 468 
cases delivered. In the control group, 41 cases experienced pregnancy loss before 28 weeks of gestation, and 613 
cases delivered. The rates of pregnancy loss in the two groups were 6.02% and 6.27%, respectively, with no statistically 
significant difference between the two groups (P > 0.05). There was no statistically significant difference (P > 0.05) in 
the baseline data (delivery age, pre-pregnancy body mass index, gestational age, and parity) between the two groups. 
The rates of neonatal malformation, premature birth, premature rupture of membranes, postpartum hemorrhage, 
cesarean section, small for gestational age infants, low birth weight infants, macrosomia, and neonatal asphyxia were 
compared, with no statistically significant difference between the two groups (P > 0.05). However, the incidence of 
gestational hypertension in the study group was significantly higher than that in the control group (P = 0.012).

Conclusions  In this single center study, we found that SARS-CoV-2 infection in the first trimester may increase the 
risk of gestational hypertension, while the incidences of other adverse pregnant outcomes such as premature birth, 
premature rupture of membranes, cesarean section, postpartum hemorrhage, small for gestational age infants, low 
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Introduction
The COVID-19 caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has caused a global 
health crisis [1, 2]. Currently, there is still controversy 
regarding whether pregnancy increases susceptibility to 
SARS-CoV-2 infection [3, 4], but existing data suggests 
that pregnancy is a risk factor for severe COVID-19 [5, 
6]. Due to the unique physiological adaptation of preg-
nant women’s physiological changes and maternal-fetal 
interactions, the impact of SARS-CoV-2 on maternal 
health and pregnancy outcomes has attracted widespread 
attention. Previous reports were mainly focused on the 
impact of SARS-CoV-2 infection in the acute affection 
period, or mid and late pregnancy, with limited research 
on the relationship between SARS-CoV-2 infection in 
the first trimester and pregnant outcomes. Some studies 
have stratified pregnancy outcomes based on gestational 
age in the context of SARS-CoV-2 infection or have only 
analyzed a few pregnancy outcome indicators such as 
miscarriage [7–10]. We conducted a longitudinal cohort 
study, which analyzed the pregnancy outcomes of preg-
nant women with or without SARS-CoV-2 infection in 
the first trimester, aiming to explore the impact of the 
first trimester SARS-CoV-2 infection on pregnancy out-
comes and provide data support for clinical prevention 
and risk assessment.

Materials and methods
Study design
Clinical information of pregnant women whose last men-
strual period was between October 1, 2022, and April 
1, 2023, and who were registered in the Obstetrics and 
Gynecology department of Peking University Interna-
tional Hospital, was analyzed. Among them, 498 preg-
nant women with SARS-CoV-2 infection in the first 
trimester were included in the study group. A total of 654 
pregnant women with no SARS-CoV-2 infection in the 
first trimester were included in the control group. This 
study was reviewed and approved by the Ethics Commit-
tee of Peking University International Hospital (2023-KY-
0033-01) in accordance with the Declaration of Helsinki, 
with signed consents from all the subjects for usage of 
their data.

Data collection
Demographic and clinical data of the subjects, includ-
ing gestational age, gravidity, parity, pre-pregnancy body 
mass index (BMI), pregnancy loss (embryo arrest, fetal 
malformation, intrauterine fetal death, etc.), delivery 

mode, delivery weeks, neonatal length, neonatal weight, 
total labor duration, neonatal malformation, precipitous 
labor, premature birth, macrosomia, small for gestational 
age infants, low birth weight infants, neonatal asphyxia, 
placental adhesion, premature rupture of membranes, 
postpartum hemorrhage, oligohydramnios, gestational 
hypertension, preeclampsia, et al., were all recorded in 
the study. Women with a positive reverse transcription-
polymerase chain reaction (PCR) for SARS-CoV-2 during 
the 13+ 6 weeks of gestation were classified as infected.

Statistical analysis
SPSS 26.0 statistical software was used for statisti-
cal analysis. Because the gestational age of delivery in 
this study was non-normal distribution data, the results 
were expressed in the median and quartile range and 
Mann Whitney U test was used. The counting data was 
described using percentages. Fisher’s exact probability 
method was used for the comparison of the rate of neo-
natal asphyxia between the two groups, while χ2 test 
was used for the comparison of the other counting data 
between the two groups. Multivariate logistic regression 
analysis was used to evaluate the correlation between the 
SARS-CoV-2 infection and pregnancy outcomes, with 
P < 0.05 indicating statistically significant differences.

Results
The baseline data between the two groups of pregnant 
women
A comparison of baseline data between the two groups 
that delivered was conducted. The differences in ges-
tational age, pre-pregnancy BMI, gravidity and parity 
between the two groups were not statistically significant 
(P > 0.05), as shown in Table 1.

Among the women with SARS-CoV-2 infection in the 
first trimester, 429 cases (429/468, 91.67%) were vac-
cinated against COVID-19. The symptoms of pregnant 
women with COVID-19 were listed Table 2. Their clinical 
manifestations were mild or moderate, and no severe or 
critically ill cases occurred. 185 cases (185/468,39.53%) 
took antipyretic drugs such as acetaminophen orally, and 
the conditions of most people improved after 3 ~ 5 days.

Pregnant loss between the two groups
Among the pregnant women with SARS-CoV-2 infection 
in the early pregnancy, a total of 30 cases experienced 
pregnancy loss before 28 weeks of gestation, with the 
rate 6.02% (30/498). Among them, 22 cases experienced 
embryonic arrest, and copy number variation (CNV) 

birth weight infants, and neonatal asphyxia did not significantly increase compared with women without SARS-CoV-2 
infection in the first trimester.
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genetic testing was done on 9 cases of miscarriage tis-
sue: 3 cases were negative, 2 cases were trisomy 22, 1 case 
was trisomy 18, 1 case was dup (7) (q36.2q36.3) del (14) 
(q31.3q32.3), and 2 cases were of uncertain clinical sig-
nificance. 7 cases experienced induced labor due to fetal 
malformations or chromosome abnormality (2 cases of 
trisomy 21, 1 case of multiple malformations with nega-
tive CNV, 1 case of cleft lip and palate with negative 
CNV, 1 case of 47, XXY, 1 case of achondroplasia with 
FGFR3 mutation, and 1 case of cervical cystic hygroma 
with 45, X), and 1 case experienced intrauterine death 
caused by Listeria infection at 16 weeks of gestation.

Among the pregnant women without SARS-CoV-2 
infection in the early pregnancy, 41 cases experienced 
pregnancy loss before 28 weeks of gestation, with the rate 
6.27% (41/654). Among them, 32 cases had embryonic 
arrest (CNV genetic testing was done on 15 cases of mis-
carriage tissue: negative in 5 cases, trisomy 22 in 2 cases, 
trisomy 16 in 2 cases, trisomy 13 in 1 case, trisomy 18 in 
1 case, trisomy 21 in 2 cases, 45, X in 2 cases). 3 cases 
experienced premature rupture of membranes before 24 

weeks of gestation, inevitably leading to miscarriage. 2 
cases experienced intrauterine fetal death at 16 weeks of 
gestation and 20 weeks of gestation. 4 cases experienced 
induced labor due to fetal malformations or chromosome 
abnormality (1 case of trisomy 21, 1 case of fetal skeletal 
dysplasia, 1 case of trisomy 18, and 1 case of cervical cys-
tic hygroma of 45, X). There was no statistically signifi-
cant difference in the rate of pregnancy loss between the 
two groups (P > 0.05).

The malformations between the two groups
Among pregnant women with SARS-CoV-2 infection 
in the early pregnancy, a total of 23 cases delivered with 
birth defects or malformations, with the rate of 4.62% 
(23/498). Among them, there were 7 cases of cardiac mal-
formations (1 case of right heart dysplasia with ventricu-
lar septal defect; 2 cases of patent ductus arteriosus with 
patent foramen ovale; 2 cases of ventricular septal defect; 
2 cases of patent foramen ovale), 3 cases of finger malfor-
mations (1 case of polydactyly, 1 case of syndactyly, and 1 
case of polydactyly and syndactyly), 7cases of auriculofa-
cial malformations (3 cases of preauricular fistula, 1 case 
of bilateral accessory ear, 1 case of left accessory ear mal-
formation combined with right small ear malformation 
and facial transverse fissure, 1 case of accessory ear com-
bined with right facial cleft, and 1 case of right earlobe 
fissure). There were 6 cases of urinary system malforma-
tions (2 cases of hypospadias, 1 case of horseshoe kidney, 
1 case of duplicate kidney, 1 case of cryptorchidism, and 
1 case of hydronephrosis).

Among pregnant women without SARS-CoV-2 infec-
tion in the early pregnancy, a total of 36 cases developed 
birth defects, with a birth defect rate of 5.50% (36/654). 
Among them, there were 12 cases of cardiac malfor-
mations (3 cases of ventricular septal defect, 3 cases of 
ventricular septal defect combined with patent foramen 
ovale, 4 cases of simple patent foramen ovale, 1 case of 
patent ductus arteriosus combined with patent foramen 
ovale, 1 case of simultaneous ventricular septal defect, 
patent foramen ovale, tricuspid valve insufficiency and 
pulmonary arterial hypertension), 2 cases of respiratory 
malformations ( 1 case of congenital pulmonary seques-
tration, 1 case of pulmonary cystadenoma), 2 cases of fin-
ger malformations (1 case of finger vegetations, 1 case of 
syndactyly), and 15 cases of auriculofacial malformations 
(8 cases of accessory ear, 3 cases of preauricular fistula, 
1 case of right accessory ear combined with preauricular 
fistula, 1 case of left folded ear, 1 case of auricular mal-
formation with external ear canal accessory ear, and 1 
case of right external auricular malformation), 3 cases of 
urinary system malformations (2 cases of hypospadias 
and 1 case of left cryptorchidism), and two other mal-
formations (1 case of cervical hydrocystoma, and 1 case 
of lymphatic malformation). There was no statistically 

Table 1  The baseline data between the two groups of pregnant 
women

The study 
group
n = 468

The control 
group
n = 613

χ2 P

Gestational age (years) n(%) n(%)
  ≥ 18–35 348(74.36) 491(80.10) 5.441 0.066
  ≥ 35–40 102(21.79) 100(16.31)
  ≥ 40 18(3.85) 22(3.59)
Pre-pregnancy BMI (kg/
m2)
  <18.5 44(9.40) 61(9.95) 5.102 0.164
  ≥ 18.5–25 351(75.00) 473(77.16)
  ≥ 25–28 46(9.83) 38(6.20)
  ≥ 28 27(5.77) 41(6.69)
Gravidity
  <3 407(86.97) 523(85.32) 4.620 0.439
  ≥ 3 61(13.03) 90(14.68)
Parity
  <1 354(75.64) 441(71.94) 1.867 0.172
  ≥ 1 114(24.36) 172(28.06)

Table 2  Symptoms in patients with COVID-19
Fever (77%)
Headache (34%)
Sore throat (38%)
Cough (38%)
Fatigue (32%)
Rhinorrhea and/or nasal congestion (32%)
Anosmia or other smell abnormalities (15%)
Myalgias (38%)
Diarrhea (4%)
Nausea/vomiting (4%)
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significant difference in the rate of malformations 
between the two groups P > 0.05).

Pregnancy outcomes between the two groups
Pregnancy outcomes such as delivery mode, total labor 
duration, the rates of precipitate labor, placental adhe-
sions, premature rupture of membranes, postpartum 
hemorrhage, oligohydramnios, gestational hypertension 
and preeclampsia, et al., were compared between the two 
groups. There was no statistically significant difference 
(P > 0.05) between the two groups, except gestational 
hypertension and hypertensive disorders of pregnancy 
(HDP). The rates of gestational hypertension and HDP 
in the study group were statistically higher than those in 
control group (P = 0.012, P = 0.002), as shown in Table 3.

Neonatal outcomes between the two groups of pregnant 
women
The rates of preterm birth, macrosomia, small for ges-
tational age infants, low birth weight infants, neonatal 
asphyxia, and neonatal length and weight were compared 
between the two groups. And there were no statistically 
significant differences (P > 0.05), as shown in Table  4. 
However, among the study group, the rates of adverse 

birth weight were slightly higher (macrosomia: 3.63%, 
low birth weight: 4.06%) compared to the control group 
(macrosomia: 2.94%, low birth weight: 3.92%).

Multivariate logistic regression analysis of pregnancy 
outcomes between the two groups
The results of the multivariate logistic regression analy-
sis showed a significant increase in the risk of gestational 
hypertension (aOR = 3.68, 95%CI: 1.26–10.78) and hyper-
tensive disorders of pregnancy (aOR = 2.96, 95%CI:1.42–
6.18)in the study group, while the other maternal and 
neonatal outcomes were not significantly different 
between the two groups (P > 0.05), after adjusting for 
confounding factors such as age, gestational week, parity, 
and pre-pregnancy BMI, et al., as shown in Table 5.

Discussion
Due to the limited data of viral transmission, preven-
tion and treatment, the clinical management of preg-
nancy complicated with viral infection is challenging. 
COVID-19, as a newly emerged viral infectious disease 
in 2019, has increased clinical concerns about the course 
of SARS-CoV-2 infection in pregnant women, such as 
the safety of medication use, delivery modes, pregnancy 

Table 3  Pregnancy outcomes between the two groups
The study group n = 468 The control group

n = 613
Z/χ2 P

Delivery weeks [M(P25 ~ P75),w] 39(38 ~ 40) 39(38 ~ 40) -0.005 0.996
Delivery mode[n(%)]
  Vaginal delivery 304(64.96) 411(67.05) 1.798 0.407
  Forceps 28(5.98) 26(4.24)
  Cesarean section 136(29.06) 176(28.71)
Total labor duration [M(P25 ~ P75), min] 470(291 ~ 699) 410(292 ~ 655) -1.732 0.083
Precipitate labor [n(%)] 13(2.78) 20(3.26) 0.211 0.646
Placental adhesion [n(%)] 20(4.27) 29(4.73) 0.128 0.720
Premature rupture of membranes [n(%)] 95(20.30) 126(20.55) 0.011 0.918
Postpartum hemorrhage [n(%)] 35(7.48) 42(6.85) 0.158 0.691
Oligohydramnios [n(%)] 13(2.78) 19(3.10) 0.757 0.096
HDP [n(%)] 24(5.13) 11(1.79) 9.415 0.002
Gestational hypertension[n(%)] 13(2.78) 5(0.82) 6.240 0.012
Preeclampsia [n(%)] 11(2.35) 6(0.98) 3.226 0.072
HDP: hypertensive disorders of pregnancy (including gestational hypertension and preeclampsia)

Table 4  Neonatal outcomes between the two groups of pregnant women
The study group n = 468 The control group

n = 613
Z/χ2 P

Preterm birth [ n(%)] 24(5.13) 37(6.04) 0.411 0.522
Macrosomia [n(%)] 17(3.63) 18(2.94) 0.410 0.522
Small for gestational age infants [n(%)] 17(3.63) 24(3.92) 0.058 0.809
Low birth weight infants [n(%)] 19(4.06) 24(3.92) 0.015 0.904
Neonatal asphyxia [n(%)]* 2(0.43) 5(0.82) 0.705 0.350
Neonatal length [M(P25 ~ P75), cm] 50(49 ~ 51) 50(49 ~ 51) -0.883 0.377
Neonatal weight [M(P25 ~ P75), g] 3230(3000 ~ 3500) 3280(2970 ~ 3480) -0.668 0.504
Note: * Fisher’s exact probability test
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outcomes, and the risk of obstetric complications. This 
poses significant challenges to the clinical management 
and guidance of pregnant women [11].

During pregnancy, the maternal immune system 
undergoes complex changes to establish and maintain 
tolerance to the fetus, while still protecting itself from 
pathogenic invasion. The impact of SARS-CoV-2 infec-
tion on the maternal-fetal interface and the fetus is not 
yet clear. A recent review suggests that infection with 
SARS-CoV-2 during pregnancy can activate the mater-
nal-fetal immune interface through vertical transmission, 
potentially leading to short-term and long-term effects 
on fetal development, including the central nervous 
system [12]. However, other studies suggest that SARS-
CoV-2 infection does not compromise the physiological 
function of the maternal-fetal interface immunity [13]. 
So far, there has been no definitive evidence obtained 
regarding the vertical transmission rate of COVID-19 
[14–16]. However, even without direct infection, SARS-
CoV-2 can cause vascular damage leading to ischemic 
placental injury, thereby causing adverse pregnancy out-
comes. Multiple studies have reported that the frequency 
of maternal vascular perfusion abnormalities in the pla-
centa of SARS-CoV-2 infected pregnant women is higher 
[17–20].

In our study, we didn’t find the first trimester SARS-
CoV-2 infection significantly increase the risk of preg-
nancy loss such as embryo arrest. The latest two 
meta-analyses also showed that first and second tri-
mester SARS-CoV-2 infection did not increase the risk 
of miscarriage [10, 21], which was consistent with our 
results. Similarly, our data is also insufficient to indicate 
an increased risk of congenital malformations associ-
ated with SARS-CoV-2 infection during pregnancy. An 
observational cohort study of 92 pregnant women with 

SARS-CoV-2 infection and 292 pregnant women without 
SARS-CoV-2 infection showed that SARS-CoV-2 infec-
tion in the first trimester was not associated with severe 
congenital fetal malformations [22]. However, a study 
indicated that maternal infection with SARS-CoV-2 dur-
ing the 5th and 6th weeks of embryonic development 
may be associated with eye deformities in newborns [23].

Previous studies have shown that SARS-CoV-2 infec-
tion significantly increases the risk of adverse outcomes 
in pregnant and postpartum women. However, due to the 
differences in race, virus strains, infection timing, and 
sample size, the research conclusions are still inconsis-
tent. The meta-analysis of 42 studies including 438,548 
pregnant women by WEI et al. [24] showed that, com-
pared with pregnant women without SARS-CoV-2 infec-
tion, women with SARS-CoV-2 infection had increased 
risk of preeclampsia, preterm labor and stillbirth. Also, 
compared with those with mild COVID-19, the inci-
dences of pre-eclampsia, preterm labor, gestational 
diabetes mellitus and low birth weight of newborns in 
women with severe COVID-19 increased. A study by 
METZ et al. [25] showed that compared with asymp-
tomatic COVID-19 pregnant women, pregnant women 
with severe COVID-19 had significantly increased risk of 
cesarean section, gestational hypertension, and prema-
ture birth, while pregnant women with mild to moderate 
COVID-19 had no increased adverse perinatal outcomes. 
Another study showed that pregnant women with severe 
SARS-CoV-2 infection had a significantly increased risk 
of premature birth and preeclampsia [26]. A study from 
Estonia showed that positive SARS-CoV-2 testing during 
pregnancy was associated with higher rates of stillbirth 
and neonatal mortality, but not with the occurrence of 
preeclampsia, cesarean section, or premature birth [27]. 
This suggests that the impact of SARS-CoV-2 infection 
on pregnancy outcomes may be related to the severity of 
COVID-19 symptoms or disease course.

In our study, all cases were mild and moderate COVID-
19 cases, with no severe or critically ill cases, and we 
found that there was no significant correlation between 
the first trimester SARS-CoV-2 infection and the rates of 
cesarean section, precipitate labor, placental adhesions, 
premature rupture of membranes, postpartum hemor-
rhage, oligohydramnios, premature birth, et al., which 
was consistent with most research results. But there 
was still controversy over the impact of the first trimes-
ter SARS-CoV-2 infection on preterm birth. A cohort 
study found that SARS-CoV-2 infection in early, mid, 
or late pregnancy increased the risk of preterm birth 
(p < 0.05), and this effect was obvious among pregnant 
women infected with SARS-CoV-2 in early and mid-
pregnancy [28]. Another cohort study included 402 preg-
nant women with SARS-CoV-2 infection in the early and 
middle stages of pregnancy and 11,705 pregnant women 

Table 5  Multivariate logistic regression analysis of pregnancy 
outcomes between the two groups

aOR, (95%CI) P value
Gestational hypertension 3.68(1.26–10.78) 0.017
Preeclampsia 2.35(0.86–6.44) 0.096
HDP 2.96(1.42–6.18) 0.004
Premature rupture of membranes 0.98(0.72–1.32) 0.873
Oligohydramnios 0.91(0.44–1.88) 0.803
Postpartum hemorrhage 1.06(0.66–1.69) 0.822
Placental adhesion 0.92(0.51–1.67) 0.784
Cesarean section 1.00(0.75–1.32) 0.981
Precipitate labor 0.99(0.48–2.08) 0.985
Preterm birth 0.86(0.51–1.47) 0.579
Neonatal asphyxia 0.55(0.10–2.93) 0.482
Small for gestational age infants 0.90(0.48–1.71) 0.754
Low birth weight infants 1.08(0.58–2.01) 0.813
Macrosomia 1.24(0.62–2.48) 0.540
HDP: hypertensive disorders of pregnancy (including gestational hypertension 
and preeclampsia)
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without SARS-CoV-2 infection, and found that the rate of 
preterm birth less than 37 weeks of gestation increased, 
while that of less than 34 weeks didn’t show signifi-
cantly different [29]. However, TRILLA et al. [30]found 
that SARS-CoV-2 infection in the first trimester did not 
increase the incidence of premature birth. Our study also 
suggested that SARS-CoV-2 infection in the first trimes-
ter does not increase the incidence of premature birth. 
However, due to different races, differences in the types 
of virus strains, and different infected stages, further pro-
spective exploration with multiple populations and large 
sample is still needed in the future.

In addition, in our study, after adjusting for confound-
ing factors such as age, gravidity, parity, and pre-preg-
nancy BMI, multivariate logistic regression analysis 
found that the incidence of gestational hypertension in 
pregnant women with SARS-CoV-2 infection in the first 
trimester was significantly higher than that in pregnant 
women without SARS-CoV-2 infection, although there 
was no statistically significant difference in the incidence 
of preeclampsia between the two groups. A meta-analysis 
found pregnant women with SARS-CoV-2 related symp-
toms had a significantly higher incidence of preeclampsia 
than asymptomatic women [31], although this study did 
not conduct stratified analysis based on gestational age 
at the time of SARS-CoV-2 infection. A study was con-
ducted to analyze the correlation between SARS-CoV-2 
infection during pregnancy and HDP, with stratification 
based on the gestational week and severity of SARS-
CoV-2 infection. The study indicated that compared with 
infection in the later stages of pregnancy, early preg-
nancy infection with SARS-CoV-2 may increase the risk 
of HDP [32]. A retrospective cohort study found that 
the incidence of HDP increased during the COVID-19 
pandemic, regardless of COVID-19 infection status, and 
that the increase was higher among White individuals 
compared to African Americans [33]. Papageorghiou 
et al. [34] found that COVID-19 during pregnancy was 
strongly associated with preeclampsia, especially among 
nulliparous women. This association was independent of 
any risk factors and preexisting conditions.

The mechanism by which this occurs is still unclear. 
Several mechanisms could explain how SARS-CoV-2 
infection during pregnancy might be involved in the 
pathogenesis of preeclampsia. Firstly, cellular entry of 
SARS-CoV-2 is facilitated by binding of viral spike pro-
teins to Angiotensin Converting Enzyme 2 (ACE2) recep-
tors on host membranes [35]. The ACE2 receptor is an 
important component of the Renin-Angiotensin System 
(RAS) which converts angiotensin II (Ang II) into angio-
tensin 1 to 7. The binding of SARS-CoV-2 to ACE2 recep-
tors causes down-regulation of the RAS, increased Ang II 
and decreased levels of the vasodilatory angiotensin 1–7. 
The RAS significantly modulates uteroplacental blood 

flow through the balance of its vasoconstrictive and vaso-
dilatory pathways [36], which may contribute to the etio-
pathogenesis of HDP. SARS-CoV-2 infection could lead 
to reduced expression of ACE2, resulting in downregula-
tion of the AT2R and PlGF and upregulation of the AT1R, 
AT1-AA, and sFlt-1 arms of the RAS cascade [37, 38]. 
Also, potential SARS-CoV-2 interactions with placen-
tal proteins such as Milk Fat MFGE8, PLAT, and PAR2, 
which may play key roles in trophoblast invasion, migra-
tion, proliferation, and differentiation processes [39]. 
Secondly, SARS-CoV-2 infection also causes endothelial 
damage in various organs directly or indirectly through 
the host’s inflammatory responses [40] and placental fac-
tors causing systemic maternal endothelial dysfunction 
are believed to play a significant role in the pathogenesis 
of preeclampsia [41]. Beys-da-Silva et al. [42] found that 
SARS-CoV-2 infection upregulates sFlt-1 and endoglin, 
vasoconstrictive peptides, nitric oxide modulators, and 
prothrombotic-related molecules. Thirdly, the funda-
mental model of the pathophysiology of preeclampsia is 
that early poor placental perfusion leads to the release of 
anti-angiogenic and inflammatory mediators, which in 
turn cause endothelial dysfunction [3, 43]. In preeclamp-
sia, the failure of physiological remodeling of the decid-
ual vessels can also lead to reduced placental perfusion 
[41]. Multiple studies have reported that the frequency 
of maternal vascular perfusion abnormalities in the pla-
centa of SARS-CoV-2 infected pregnant women is higher 
[17–20]. Radan et al. [44] found that the incidence of low 
placental weight increased among those infected with 
the novel coronavirus during pregnancy. A retrospec-
tive cohort study further identified chronic villitis as the 
most distinctive histopathological manifestation associ-
ated with maternal SARS-CoV-2 infection. This placental 
inflammation pattern involves damage to vasculosyncy-
tial membranes within chorionic villi, critical structures 
responsible for gas exchange and nutrient transfer. The 
observed pathological changes suggest potential mecha-
nisms of placental impairment even in cases where verti-
cal transmission to the fetus does not occur [45]. This can 
also explain the correlation to a certain extent. However, 
there were also different research conclusions. TRILLA 
et al. [30] found that the presence of SARS-CoV-2 infec-
tion in first trimester did not increase the incidence of 
preeclampsia. HUGHES et al. [29] also found that there 
was no significant difference in the incidence of gesta-
tional hypertension or severe preeclampsia among preg-
nant women infected with SARS-CoV-2 in the early and 
mid-pregnancy compared with SARS-CoV-2 negative 
individuals. The inconsistent results may be related to 
factors such as racial differences in the study population, 
different virus subtypes, different infection phases, and 
lack of stratified analysis.
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In this study, we didn’t find obvious correlations 
between the first trimester SARS-CoV-2 infection and 
adverse neonatal outcomes such as neonatal asphyxia, 
abnormal neonatal length and weight, et al. We couldn’t 
get the long-term childhood outcome data, given the rel-
atively recent onset of the pandemic in China. Numerous 
studies have investigated the short-term and long-term 
effects of maternal SARS-CoV-2 infection on all aspects 
of offspring, but definitive conclusions remain elusive. 
The neurological effect of SARS-CoV-2 infection has 
been a key focus of recent research. A small case-control 
study by Aldrete Cortez et al. found that maternal SARS-
CoV-2 infection in the third trimester was associated 
with lower early motor repertoire performance in infants 
aged 3 to 5 months [46]. A cohort study revealed that in 
utero exposure to severe maternal SARS-CoV-2 infection 
could significantly delay neurodevelopment at 12 months 
of age, potentially mediated by DNA methylation at birth 
[47]. A narrative review incorporating 10 studies and 
a meta-analysis of 3 studies revealed that while infants 
exposed to SARS-CoV-2 in utero did not show an overall 
increased risk of developmental delays up to 17 months 
of age compared to unexposed counterparts, they exhib-
ited significantly lower scores in specific domains, such 
as fine motor skills and problem-solving abilities, when 
compared with either unexposed infants or pre-pan-
demic cohorts [48]. However, findings across studies have 
been heterogeneous. One study reported no significant 
differences in communication, gross motor, fine motor, 
problem-solving, or personal-social skills at 6 months of 
age between exposed and unexposed infants [49]. Simi-
larly, prenatal SARS-CoV-2 infection was not associated 
with neurodevelopmental differences at 12 months of 
age in other studies [50, 51]. Additionally, a cohort study 
found no significant differences in neurodevelopmental 
screening outcomes through 24 months postpartum [52].

Some scholars have conducted studies regarding audi-
tory and ophthalmological impacts in children, but defin-
itive conclusions remain elusive. A study demonstrated 
that the majority of pediatric cases exhibited normal 
audiological outcomes [53], while Celik et al. found that 
the infants exposed to SARS-CoV-2 in utero had dys-
function of the medial olivocochlear efferent system [54]. 
One study [53] found that approximately 15% of children 
had retinal abnormalities, such as bilateral choroidal per-
fusion abnormalities, capillary occlusion, and bilateral 
vascular tortuosity, while another study found that there 
was no increased risk of ocular abnormalities in neonates 
born to mothers with COVID-19 [55]. However, the 
above two studies lacked a control group [55].

Several limitations should be acknowledged in our 
study. Firstly, this is a single center study, with par-
ticipants relatively from Beijing and its surrounding 
areas, which may limit the extrapolation of our results. 

Multi-center studies with larger sample sizes are needed 
to validate and expand upon these results. Secondly, 
some pregnant women who were infected with SARS-
CoV-2 during the first trimester terminated their preg-
nancies artificially, resulting in missing data of pregnancy 
outcomes for these participants. Unfortunately, this study 
was based on the Obstetrics data extracted from the hos-
pital’s electronic information system, so data on artificial 
termination of pregnancy were not available. Therefore, 
our conclusions should be interpreted with caution and 
limited to the population of women who continued their 
pregnancies. Thirdly, the research subjects included in 
this study were pregnant women who were registered in 
our hospital after intrauterine live fetuses, so the inci-
dence of embryo arrest was lower than the actual situa-
tion, and the results were slightly biased.

Future research may include the following aspects. 
Firstly, prospective, large-scale and multicenter studies 
with long-term follow-up are needed to better under-
stand the maternal and fetal outcomes following SARS-
CoV-2 infection during pregnancy. Additionally, efforts 
should focus on analyzing the mechanisms by which 
maternal infection results in adverse outcomes and 
affects offspring health, specifically examining placental 
function, placental blood perfusion, and fetal epigenetics, 
using mechanistic models. Investigating how these fac-
tors impact fetal development and contribute to long-
term health outcomes will be essential for identifying key 
pathways and potential targets for intervention.

Conclusion
In this single center study, we found that SARS-CoV-2 
infection in the first trimester may increase the risk of 
gestational hypertension, while the incidences of other 
adverse pregnant outcomes such as premature birth, pre-
mature rupture of membranes, cesarean section, post-
partum hemorrhage, small for gestational age infants, 
low birth weight infants, and neonatal asphyxia did not 
significantly increase compared with women without 
SARS-CoV-2 infection in the first trimester. This conclu-
sion needs further validation through prospective, large 
sample, and multi-center studies.
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