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Abstract
Background  To assess pregnancy outcomes in women with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) reinfection.

Methods  This was a retrospective cohort study that included pregnant women who contracted coronavirus disease 
2019 (COVID-19) once or twice during pregnancy and who gave birth between 1 October 2022 and 15 August 2023 
in Shanghai First Maternity and Infant Hospital (Shanghai, China). We collected their clinical data and compared the 
frequency of adverse pregnancy outcomes between the reinfection group and the primary infection group, such as 
preterm birth, fetal growth restriction (FGR), hypertensive disorders of pregnancy (HDP), common pregnancy-related 
conditions, birth weight, and neonatal unit admission.

Results  We observed a 7.7% reinfection rate among the 1,405 women who contracted COVID-19 during pregnancy. 
There were no significant differences in the frequency of preterm birth, FGR, HDP, other common pregnancy-related 
conditions, birth weight, or rate of neonatal unit admission between the reinfection and single infection groups. All 
our participants were unvaccinated, and all had mild symptoms.

Conclusion  Our study showed no significant association between SARS-CoV-2 reinfection and adverse pregnancy 
outcomes.
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Background
Since the onset of the coronavirus disease 2019 (COVID-
19) pandemic, many studies have evaluated the associa-
tion between COVID-19 in pregnancy and maternal and 
fetal outcomes [1–3]. Compared to the general popula-
tion, pregnant women are more susceptible to COVID-
19, more likely to develop severe illness and sequelae, 
and at a higher risk of dying or requiring admission to 
an intensive care unit [4]. An international registry study 
demonstrated an increase in adverse maternal and neo-
natal outcomes in women who contracted COVID-19 
during pregnancy [5]. Another national study demon-
strated that pregnant women infected with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) expe-
rienced higher rates of fetal death, preterm birth, pre-
eclampsia, emergency caesarean delivery, and prolonged 
maternal and neonatal hospital stays after birth than 
those not infected with SARS-CoV-2 [6]. Several stud-
ies have associated the gestational age at time of SARS-
CoV-2, SARS-CoV-2 variant, vaccination status, and herd 
immunity, with pregnancy outcomes [7–9].

On 25 August 2020, the first case of reinfection by a 
phylogenetically distinct variant of SARS-CoV-2 was 
reported in the medical literature [10]. Reinfection was 
defined as the appearance of new symptoms suggestive 
of COVID-19 upon medical evaluation and confirmed by 
a positive reverse transcription-polymerase chain reac-
tion (RT-PCR) test for SARS-CoV-2, occurring > 90 days 
after a previous RT-PCR-confirmed infection [11]. How-
ever, as persistent shedding of viral RNA from the pri-
mary infection can also cause repeated positive RT-PCR 
tests, confirmed cases of SARS-CoV-2 reinfection remain 
relatively rare. It is recommended that genetic testing is 
performed, and its results should be evaluated alongside 
cycle threshold (Ct) values and clinical status to confirm 
reinfection [12]. A study in Qatar compared two groups 
of unvaccinated people: almost 6000 who had contracted 
the disease once and 1300 who had been reinfected. 
The results of the study showed that the odds of devel-
oping a severe, critical, or fatal disease after reinfection 
were almost 90% lower in those reinfected than in those 
with primary infection [13]. Another study reported 
that reinfection further increases risks of death, hospi-
talization, and sequelae in multiple organ systems in the 
acute and post-acute phases [14]. However, the clinical 
consequences of reinfection during pregnancy remain 
unknown. This study, therefore, aimed to investigate the 
effects of maternal SARS-CoV-2 reinfection during preg-
nancy on maternal and fetal outcomes.

Methods
This single-center, retrospective study was conducted 
at Shanghai First Maternity and Infant Hospital (Shang-
hai, China) between 1 October 2022 and 15 August 

2023. A total of 108 pregnant women who gave birth at 
our hospital and had SARS-CoV-2 infections twice were 
included in the study. COVID-19 cases were confirmed 
with RT-PCR or antigen testing following product guid-
ance specific for each test and platform. SARS-CoV-2 
RT-PCR result was considered positive with an ampli-
fication Ct ≤ 38. Reinfection was determined in accor-
dance with the “90-day” guidance from the Centers for 
Disease Control and Prevention (CDC). Patients with 
only one positive SARS-CoV-2 test result during preg-
nancy and no previous infection who gave birth within 
the same time period at the same hospital were included 
in the comparison group. These patients were classified 
into three groups according to which trimester the infec-
tion occurred in: <14 weeks of gestation (first trimester), 
14–28 weeks of gestation (second trimester), and > 28 
weeks of gestation (third trimester). The SARS-CoV-2 
variant was not determined in our hospital due to a lack 
of equipment and technology.

The timing, symptoms, vaccination status, and test 
results of COVID-19 were reported by participants dur-
ing the postpartum examination or via phone calls. 
According to the criteria described by Wu et al., [15] 
pregnant women in our study all had mild COVID-19 
symptoms. The medical records of the patients were 
reviewed, and data on maternal demographic and obstet-
ric characteristics and maternal and fetal outcomes were 
collected and analyzed. Deliveries that occurred at < 20 
weeks of gestation were excluded. None of the patients 
included in our study were vaccinated against COVID-
19 at the time of infection. All procedures were approved 
by the Ethics Committee of Shanghai First Maternity 
and Infant Hospital (No. KS23312). The requirement for 
informed consent for data collection was waived because 
of the retrospective nature of the study.

Stillbirth was defined as pregnancy loss at ≥ 20 weeks 
of gestation. Fetal growth percentiles were calculated 
with gestational age and weight based on World Health 
Organisation fetal growth charts [16]. Fetal growth 
restriction (FGR) was diagnosed in babies in the bottom 
10th percentile at birth. Preterm birth was defined as 
birth before gestational week 37, as determined from the 
medical records. Hypertensive disorders of pregnancy 
(HDP) were diagnosed in accordance with the guidelines 
of the International Society for the Study of Hyperten-
sion in Pregnancy [17].

The primary outcomes assessed included preterm 
birth, FGR, HDP, common pregnancy-related conditions, 
birth weight, and neonatal unit admission. Secondary 
outcomes were the duration and symptoms of COVID-19 
during pregnancy.

It was reported previously that the odds ratio (OR) of 
preterm birth in women with SARS-COV-2 infection is 
approximately 2.0. The preterm rate in pregnant women 
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with SARS-COV-2 infection is approximately 17% [18]. 
With a level of statistical significance of 0.05 and a power 
of 0.8, it was estimated that a sample size of 102 women 
with reinfection was needed in the case group. We 
enrolled 108 pregnant women with SARS-CoV-2 rein-
fection, and the control group consisted of 1297 women 
with SARS-CoV-2 primary infection (single infection) 
based on a 1:12 case-to-control ratio.

Statistical analysis
Data analysis was performed using SPSS software version 
23.0 (IBM Corp., Armonk, NY, USA). Data are presented 
as mean ± standard deviation, or number and frequency. 
Continuous variables were compared using analysis of 
variance. Fisher’s exact test or chi-squared test was used 
to compare categorical variables. Differences were con-
sidered significant when the p-value was < 0.05.

Results
Between 1 October 2022 and 15 August 2023, 2,335 preg-
nant women gave birth at Shanghai Maternal and Infant 
Hospital, with 1405 of them identified as having had a 
SARS-CoV-2 infection during pregnancy. We identified 
108 pregnant women with positive RT-PCR or antigen 
tests ≥ 90 days after an initial positive test accompanied 
by compatible symptoms and known exposure to the 
virus. The remaining 1297 patients had a single positive 

test: first trimester, n = 290; second trimester, n = 456; 
third trimester, n = 551 (Fig.  1: The flow chart of study). 
Pregnant women with a positive SARS-CoV-2 test within 
90 days of an initial positive test were deemed as having 
an uncertain status and excluded from the study.

The reinfection rate during the study period was 7.7% 
(108/1405), with an average 150-day interval (90–224 
days) between positive tests. Reinfections occurred 3–7 
months after the resolution of the first infection. The 
characteristics of the study participants are reported 
in Table  1. Among the women who were reinfected, 23 
were diagnosed with COVID-19 in the first and second 
trimesters, 61 were diagnosed in the first and third tri-
mesters, and 24 were diagnosed in the second and third 
trimesters.

There were no statistically significant differences in 
age, body mass index (BMI), or primiparity frequency 
between the reinfection and single infection groups 
(Table  1), but the median BMI (22) in the reinfection 
group was slightly higher than those in the other groups. 
No cases of preexisting diabetes or hypertension were 
observed in the reinfection group. Thyroid disease was 
the most frequently observed comorbidity across the 
groups. The reinfection and single infection groups had 
comparable rates of assisted reproductive technology 
(ART) conception, multiple pregnancies, previous pre-
term birth, and previous caesarean delivery.

Fig. 1  The flow chart of study
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Reported symptoms of COVID-19 included fever, 
cough, stuffy/running nose, sore throat, fatigue, head-
ache, nausea and vomiting, myalgia, liver dysfunction, 
heart palpitations, and loss of taste or smell (Table  2). 
Pregnant women reinfected with SARS-CoV-2 pre-
sented with milder symptoms compared to women 
experiencing an initial infection. There were significant 
differences in the rates of fever between the two groups, 
with fever being more common in the first infection 
group (P < 0.001). Individuals who experienced reinfec-
tion recovered from the second infection more quickly 
(4.14 ± 0.17 days) than those who experienced a single 
infection (7.26 ± 0.07 days; p < 0.001). A total of 27 women 
were diagnosed with reinfection based on the antigen 
test, while 81 women were diagnosed with reinfection 
with a positive RT-PCR. In the control group,146 women 

were diagnosed with the antigen test and 1151 women 
with RT-PCR.

After adjusting for age, BMI, ART conception, mul-
tiple pregnancies, nullipara, and chronic hypertension 
in the reinfection and control groups, our study revealed 
that SARS-CoV-2 reinfection was not related to preterm 
delivery, HDP, or FGR (Table 3). In the refection and con-
trol groups, the preterm birth rates were 3.7% and 5.2% 
(P = 0.66, adjusted RR [aRR] = 1.29, 95% confidence inter-
val [CI] = 0.40–4.13), the incidence rates of HDP were 
6.5% and 7.4% (P = 0.58, aRR 1.24, 95% CI = 0.58–2.67), 
and the FGR rates were 1.9% and 2.0% (P = 0.88, aRR 
1.13, 95% CI = 0.25-5.00), respectively. There were no sig-
nificant differences between the reinfection and single 
infection groups in the frequencies of gestational diabe-
tes (GDM), intrahepatic cholestasis of pregnancy (ICP), 
liquor volume abnormality, placenta previa, postpartum 
hemorrhage, deep vein thrombosis (DVT), or pulmo-
nary embolism (PE). A comparison of perinatal outcomes 
between the groups yielded no significant differences in 
birth weight, stillbirth rate, or neonatal unit admission 
rate.

Discussion
Reinfection is difficult to confirm because RT-PCR tests 
can remain positive for weeks following the resolution 
of clinical symptoms [19]. Therefore, the current gold 
standard method of identifying reinfection is the detec-
tion of a distinct virus by genome sequencing. However, 
the availability of routine sequencing capabilities at our 
hospital is limited. Recently, the CDC released guidance 
to support public health laboratories in the diagnosis of 
SARS-CoV-2 reinfection [20]. Specifically, the criteria 
for reinfection include a positive RT-PCR test > 90 days 
after the initial test (with a Ct of 33) or a positive RT-PCR 
test > 45 days after the initial test (with a Ct of 33) accom-
panied by compatible symptoms or known exposure to 
the virus. In our study, SARS-CoV-2 reinfection was con-
firmed by a positive nasopharyngeal RT-PCR (with a Ct 
of 38) or antigen test performed ≥ 90 days after a previous 
positive test. All participants had symptoms of COVID-
19 and had been in close contact with a person with 
COVID-19 or in a high-risk setting. The fluorescence 
immunochromatographic SARS-CoV-2 antigen test 
(Shenzhen Bioeasy Biotechnology Co., Ltd., Shenzhen, 
China) has a sensitivity of 93.9% (95% CI, 86.5–97.4%), 
specificity of 100% (95% CI, 92.1–100%), diagnostic accu-
racy of 96.1%, and kappa coefficient of 0.9 [21].

PCR and antigen tests are both approved by the Food 
and Drug Administration to diagnose SARS-CoV-2 infec-
tion [22]. Although both are highly specific, RT-PCR is 
typically more sensitive, and antigen tests may be more 
likely to give false-positive results. However, among 
persons with a moderate-to-high pretest probability of 

Table 1  Demographics and comorbidities of women included 
in study

Trimester became COVID-19 posi-
tive in primary infection group 
n = 1297

COVID-19 
reinfection

P

first 
trimester

second 
trimester

third 
trimester

n = 290 n = 456 n = 551 n = 108
Age(y) 31.8 ± 4.01 31.7 ± 3.91 31.9 ± 3.80 31.8 ± 3.74 0.973
BMI(kg/
m2)

21.9 ± 3.28 21.6 ± 3.03 21.3 ± 3.03 22.0 ± 3.05 0.062

Primipar-
ity

222(76.6%) 340(74.6%) 407(73.9%) 80(74.1%) 0.851

ART con-
ception

31(10.7%) 34(7.5%) 21(3.8%) 7(6.5%) 0.967

Previous 
preterm 
birth

3(1.0%) 4(0.9%) 2(0.4%) 0

Multiple 
preg-
nancy

3(1.0%) 4(0.9%) 2(0.4%) 3(2.8%) 0.057

Previous 
hyper-
tensive 
disorder 
of preg-
nancy

0 2(0.4%) 0 0

Previous 
cesarean 
delivery

24(8.3%) 42(9.2%) 43(7.8%) 14(13.0%) 0.102

Preges-
tational 
diabetes 
mellitus

1(0.3%) 2(0.4%) 2(0.4%) 0

Chronic 
hyper-
tension

3((1.0%) 3(0.7%) 6(1.1%) 0

Thyroid 
disease

19(6.6%) 29(6.4%) 36(6.5%) 7(6.5%) 0.984

ART: assisted reproductive technology
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infection, which includes symptomatic persons who have 
had close contact with a person with COVID-19, a posi-
tive antigen test confirms SARS-CoV-2 infection. Many 
study participants had positive antigen tests and symp-
toms within 2–3 weeks of the lifting of strict COVID-
19 control measures in Shanghai in late 2022; therefore, 
the probability of false-positive results was low. Antigen 
testing may also yield false-negative results, which could 
be diminished by repeated antigen testing. During the 
outbreak in Shanghai, more than two antigen tests were 
performed on each individual, thereby reducing the false-
negative rate.

All participants of our study were unvaccinated. In 
pregnant women, older age, obesity, multiple preg-
nancy, and comorbidities such as GDM and HDP have 
been associated with a higher risk of COVID-19 [18]. 
Our study did not find an association between these risk 
factors and reinfection, possibly because of the limited 
number of reinfection cases. The Omicron variant of the 
SARS-CoV-2 virus can escape immunity acquired from a 
prior infection, thereby increasing the risk of reinfection 
[23]. Other reinfection risk factors include female sex, 
older age, underlying comorbidities, lack of vaccination, 
and working in healthcare [24–26].

The 7.7% reinfection rate in the present study was con-
sistent with recent studies from various countries that 
have reported reinfection rates ranging from 5 to 15% 
[11, 27]. The reported variation may be related to differ-
ences in demographic and economic factors, sanitation, 
public awareness of COVID-19 prevention measures, 
health policies, and vaccination coverage [11, 27, 28].

All pregnant women in the present study had mild 
COVID-19 symptoms; reinfections were milder and of 
shorter duration than single infections. Consistent with 

this, a previous study has shown that reinfections have 
a lower risk of symptomatic infection and severe ill-
ness than primary infections [29]. One large study sug-
gested that intensive care unit admission was 76% lower 
after reinfection than after primary infection [24]. A 
possible cause of milder symptoms in reinfection could 
be the difference in the variant of infection. Frank P et 
al. found that disease severities associated with Alpha, 
Gamma, and Delta variants are comparable, while Omi-
cron infections are significantly less severe [30]. A recent 
study provides evidence that disease severity is reduced 
in pregnant women infected by newer variants such as 
the Omicron strain compared to women infected with 
wildtype SARS-CoV-2 at the beginning of the pandemic 
[31]. After the adjustment of COVID-19 epidemic pol-
icy, mainland China experienced two consecutive waves 
of Omicron variants within a 7-month period, 90% of 
individuals were infected with Omicron BA.5* variants 
and 28.26% experienced infection with XBB.1* variants. 
Compared to BA.5* infections, the XBB.1* infections had 
significantly milder clinical symptoms, lower viral loads, 
and shorter durations of virus positivity [32].

SARS-CoV-2 enters pulmonary epithelial cells with 
the spike-like protein on its surface by binding to angio-
tensin-converting enzyme 2 (ACE2) [33]. The increased 
ACE2 expression in placental tissue is responsible for 
placental infection with SARS-CoV-2 and subsequent 
placental dysfunction, leading to adverse pregnancy out-
comes [34]. A previous study correlated placental lesions 
in pregnant women with COVID-19 with pregnancy out-
comes [35]. Ana Medel-Martinez et al. suggested that the 
frequency of SARS-CoV-2-positive placental tests may 
differ based on SARS-CoV-2 variants [36]. However, a 
prospective case-control study found that SARS-CoV-2 

Table 2  Symptom and distribution of SARS-CoV-2 tests in COVID-19 infection women
Symptom Reinfection(n = 108) Primary infection(n = 1297) OR CI95% P

N % N %
Fever 53 49.1 1118 86.2 6.48 4.31–9.76 0
Cough 43 39.8 526 40.6 1.03 0.69–1.54 0.88
Stuffy running nose 25 23.1 247 19 0.78 0.49–1.25 0.3
Myalgia 20 18.5 325 25.1 1.47 0.89–2.43 0.13
Sore throat 27 25 229 17.7 0.64 0.41–1.42 0.06
Nause/vomiting 7 6.5 63 4.9 0.74 0.33–1.65 0.46
Loss of taste or smell 9 8.3 83 6.4 0.75 0.37–1.54 0.44
Headache 16 14.8 214 16.5 1.14 0.66–1.97 0.65
Fatigue 16 14.8 188 14.5 0.98 0.56–1.69 0.93
Heart palpitation 1 0.9 12 0.9 1 0.13–7.76 1
liver dysfunction 0 23

mean SD mean SD df F value P
Infection duration 4.14 0.17 7.26 0.07 1 177.99 0
Distribution of SARS-CoV-2 tests Antigen test 27/216 12.5 146/1297 11.3 1.13 0.73–1.75 0.6

RT-PCR test 189/216 87.5 1151/1297 88.7
df: degree of freedom
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infection during the third trimester did not influence 
placental histological findings [37]. Glynn et al. provided 
evidence that histologic lesions in the placenta may dif-
fer based on the timing of SARS-CoV-2 infection during 
pregnancy [38]. Since both SARS-CoV-2 variants and the 
timing of SARS-CoV-2 infection during pregnancy may 
influence the placenta, whether the times of SARS-CoV-2 
infections has an effect on the placenta requires further 
study.

This study is the first to report the frequency of adverse 
obstetric outcomes in women with confirmed SARS-
CoV-2 reinfection during pregnancy and compare them 
with those in women with a single SARS-CoV-2 infec-
tion. This was a single-center study, the main limitation 
of which is its retrospective design. However, because of 
the rapid onset of the pandemic and the short duration of 
the study, this may have decreased recall bias. Addition-
ally, a few women were identified as having SARS-CoV-2 
reinfection by repeated positive antigen tests without RT-
PCR confirmation. Moreover, the viral variant was not 
determined in our study; therefore, the influence of viral 
variants on our conclusion cannot be ruled out. Further-
more, we could not address the influence of vaccination 
and severe symptoms of COVID-19 on the pregnancy 
outcome because all our participants were unvaccinated, 
and all had mild symptoms. Meanwhile, it is possible that 
our study was underpowered due to the small number 
of patients. Further large-scale prospective studies are 
needed to corroborate our findings. Finally, the control 
group in our study comprised women with first SARS-
CoV-2 infection. The lack of healthy pregnant women 
controls limited our conclusion.

Conclusion
From the end of 2022, when the strict COVID-19 control 
measures in China were lifted, we observed a reinfec-
tion rate of 7.7% during pregnancy among women at our 
hospital. Reinfection resulted in milder symptoms com-
pared to single infections, especially in terms of fever. 
This study found no evidence that SARS-CoV-2 reinfec-
tion with mild symptoms increases the risk of adverse 
obstetric outcomes compared with initial SARS-CoV-2 
infections.
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