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Abstract

Background Pregnancy is a critical time for women, making them more susceptible to infectious diseases like
COVID-19. This study aims to determine the immunogenicity of COVID-19 in pregnant women who have been
infected compared to those who have received the inactive COVID-19 vaccine.

Materials and methods In this retrospective cohort study, pregnant women who received the inactivated COVID-
19 vaccine (Sinopharm) and those with a history of COVID-19 infection during pregnancy were studied. Participants
who had experienced stillbirth, received different COVID-19 vaccines, or had intrauterine fetal death were excluded
from the study. Overall, the study included 140 participants. The participants were divided into two groups of 70
participants - pregnant women who received the Sinopharm vaccine and pregnant women who had COVID-19
infection during pregnancy. Before delivery, blood samples were collected from all mothers to evaluate the maternal
immunoglobulin G (IgG) level. Blood samples were also taken from the baby’s umbilical cord during delivery to
measure the newborn’s IgG level. Additionally, blood samples were collected from babies whose mothers showed
signs of acute infection to measure their IgM levels and evaluate vertical transmission.

Findings The study found a significant relationship between the mean level of maternal IgG and umbilical cord IgG
within the groups (P<0.001). The highest levels of maternal IgG (2.50+2.17) and umbilical cord IgG (2.43 +2.09) were
observed in pregnant women with a previous COVID-19 infection and no history of vaccination (P<0.001). Only one
baby was born with a positive IgM, and this baby was born to a mother who showed signs of COVID-19 infection in
the last five days of pregnancy. The mother was 28 years old, with a BMI of 33; it was her first pregnancy, and she gave
birth to a male newborn at term.

Conclusion Administering an inactivated vaccine during pregnancy can generate immunity in both the mother and
the child. However, the vaccine’s immunity level may not be as potent as that conferred by COVID-19 infection during
pregnancy. Nonetheless, the risk of vertical transmission of COVID-19 is considered minimal and can be classified as
negligible.
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Introduction

The coronavirus disease 2019 (COVID-19) outbreak
began in Wuhan, Hubei Province, China, in December
2019 and rapidly spread worldwide. This disease was
caused by a novel coronavirus known as acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) [1]. The SARS-
CoV-2 virus is transmitted through airborne particles
and can be disseminated from one individual to another
via contaminated secretions, including respiratory drop-
lets and saliva. This transmission occurs during sneez-
ing, coughing, speaking, or singing. Upon infiltrating
the human body, the virus infiltrates the cells by binding
to the angiotensin-converting enzyme type 2 receptor
(ACE2) [2, 3]. This receptor is present in various parts of
the body, including type II alveolar epithelial cells, vascu-
lar endothelial cells, and enterocytes of the small intes-
tine, making them vulnerable to SARS-CoV-2 infection.
The preferred method to detect this virus is real-time
reverse transcription polymerase chain reaction (RT-
PCR). Additionally, antibody-based techniques are used
as complementary tools [1].

Universal vaccination is an important strategy to pre-
vent the rapid spread of the pandemic. Due to the high
transmission, infection, and mortality rates caused by
COVID-19, scientists and pharmaceutical companies
around the world developed various types of vaccines in
a relatively short period [1, 4].

Two main categories of COVID-19 vaccines were
used in this pandemic. The first category, genetic vac-
cines, includes mRNA, adenoviral vectors (viral vectors),
and DNA vaccines. The second category is classified as
inactivated vaccines. These vaccines contain killed virus
particles, such as protein S and adjuvants that mimic
SARS-CoV-2 to trigger an immune response [5]. Inacti-
vated vaccines possess a set of highly desirable features.
Firstly, they are based on well-established platforms
with a long history of use. Additionally, they can rap-
idly deploy and produce antibodies with minimal com-
plications. Finally, they can be mass-produced to create
large quantities of antibodies [6]. One of the vaccines in
this category is the Sinopharm vaccine or BBIBP-CorV,
a complete virus vaccine inactivated with aluminum
hydroxide. This vaccine was widely distributed globally,
with over 400 million doses administered. The SARS-
CoV-2 BIBP viral strain used for vaccine production was
isolated from clinical samples in China in January 2020.
The strain was then inoculated into Vero cells derived
from whole African green monkeys [7].

Pregnant women, in general, are more susceptible to
pathogenic factors and infections. Recent studies have

shown that contracting COVID-19 during pregnancy can
result in severe illness and threaten the fetus’s health [8,
9]. Reported complications include an increased chance
of preterm birth, stillbirth, preeclampsia, intrauterine
growth restriction (IUGR), and growth defects in new-
borns [9-11].

The severity of COVID-19 is primarily influenced by
the virus’s ability to access host cells by binding to the
ACE2 receptor. The placenta expresses high levels of the
ACE2 receptor during pregnancy. This high expression
of the ACE2 receptor on the placenta, combined with
ACE2’s important role in regulating maternal hemo-
dynamic adaptations through its effect on the renin-
angiotensin system (RAS), is presumed to explain why
pregnant women are more susceptible to COVID-19
infection and experience severe symptoms [12, 13].

Vertical transmission is the transfer of an infectious
pathogen from the mother to the fetus during pregnancy
or to the newborn after birth through the placenta, body
fluid contact during childbirth, or breastfeeding [14].
While some studies have indicated limited evidence of
vertical transmission, with rates ranging from 1 to 3%
or higher, it is challenging to pinpoint the exact route
of infection in cases of postpartum neonatal COVID-19
infections. This is due to limitations in data accuracy and
the potential for false positive and false negative results
in these studies. It remains uncertain whether SARS-
CoV-2 was transmitted vertically or during/after delivery
[15-20].

Some studies have assessed the immune response of
mRNA-based COVID-19 vaccines in pregnant women.
The findings indicate that the vaccine-induced immune
response in pregnant and lactating women was similar to
that of non-pregnant women. Furthermore, the immune
response elicited by mRNA vaccines during pregnancy
was notably more significant than the response to a
COVID-19 infection during pregnancy [21-23].

Few studies have evaluated the immunogenicity of vac-
cination with inactivated vaccines in pregnant women.
This study investigates the levels of humoral immune
response produced by COVID-19 vaccination and infec-
tion in pregnant participants measured by anti-S IgG
and the likelihood of vertical transmission of COVID-19
measured by newborn’s anti-S IgM.

Materials and methods

This retrospective cohort study included all pregnant
women who received the inactivated COVID-19 vaccine
(BBIBP-CorV, Sinopharm, Beijing, China) or had a his-
tory of COVID-19 infection without getting vaccinated
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during their pregnancy. The study was conducted on
pregnant women referred to the Besat Hospital in Sanan-
daj, Iran, for giving birth from January 2021 to June 2022.
women who had a history of vaccination with other types
of COVID-19 vaccines, stillbirths, and intrauterine fetal
deaths (IUFD) were excluded from the study. The partici-
pants were divided into two groups: the first group con-
sisted of pregnant women who received the Sinopharm
vaccine (vaccinated), and the second group included
pregnant women infected with COVID-19 during preg-
nancy and who did not receive the COVID-19 vaccine
(infected). Initially, the researchers recorded the preg-
nancy information, such as age, body mass index (BMI),
and number of pregnancies. For the vaccinated group,
the gestational age at the time of COVID-19 vaccina-
tion and vaccination-related data were extracted from
the vaccine card or the national vaccination registration
system. All participants received two vaccine doses for
complete vaccination, given at three to four-week inter-
vals [24]. The study considered the trimester for com-
plete vaccination. To determine whether the mother had
contracted COVID-19 during pregnancy, the researchers
analyzed the relevant documents, including the positive
results of the COVID-19 RT-PCR test. All the collected
information was recorded in a questionnaire designed
by the researchers. The questionnaire was submitted to
the gynecology department of the University of Medical
Sciences of Sanandaj and was approved prior to the start
of the study. Furthermore, the researcher completed the
questionnaire for each participant.

The study procedure was first presented to the ethical
committee of Sanandaj University of Medical Sciences,
and it was approved, and the ethical code was obtained.
In accordance with the ethical committee’s regulations,
the participants were fully informed about the study pro-
cedures, and their consent was obtained before blood
samples were taken. The blood samples were collected
separately from routine testing for the study. Before deliv-
ery, a maternal blood sample was taken to check each
participant’s immunoglobulin G (IgG) levels and com-
pare the immune response after vaccination and COVID-
19 infection in both groups at the time of delivery. Blood
samples were also taken from newborns of mothers with
acute COVID-19 to measure IgM and check the possi-
bility of vertical transmission. Acute infection was con-
firmed when fever, myalgia, cough, shortness of breath,
sore throat, lymphopenia, and thrombocytopenia were
present, and PCR tests from the oropharynx and naso-
pharynx were positive for COVID-19 [25]. In addition,
blood samples from the baby’s umbilical cord were taken
during delivery to measure IgG and check the transfer
of antibodies from the mother to the fetus during preg-
nancy. After being collected, the blood sample was cen-
trifuged at room temperature for 10 min. The resulting
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serum was then transferred separately into cryogenic
vials and stored at minus 80 degrees Celsius. ELISA kits
manufactured by Pishtaz Teb Zaman Diagnostics in Teh-
ran, Iran, were used to measure the levels of immuno-
globulins. The Stat Fax 2100 microplate reader, made by
Awareness Technology, Inc. in Palm City, FL, was utilized
to obtain an interpretation of the test results, which were
recorded in the questionnaire. Based on the manufac-
turer’s guidelines, antibody levels above 0.9 AI (Antibody
index) were considered positive, and at or below 0.9 Al
were considered negative.

The collected data was coded and entered into SPSS
version 24 software for statistical analysis. We used the
chi-square and Fisher’s exact tests for qualitative analysis
purposes. We employed logistic regression to compare
the average antibody titer in two groups and to examine
their relationship with variables and groups. We used an
independent t-test or its parametric equivalent (Mann-
Whitney U) to compare the two groups. The significance
level was set at p<0.05. The study and research method
underwent an ethics review by the Sanandaj University
of Medical Sciences ethics committee and was assigned a
code of ethics IR_.MUK.REC.1401.053.

Results

A total of 140 pregnant women participated in the study
and were divided into two groups of 70 participants each.
The mean age of the participants was 30.8916.22 years,
ranging from 18 to 48 years. The participants’ average
body mass index (BMI) was 27.80%5.08, ranging from
19.3 to 51.2. Most participants (37.1%) were in their sec-
ond pregnancy (Gravid 2). 85.7% of mothers gave birth at
full term. Out of all the women, 55% gave birth to male
babies. 92.85% of participants in the vaccinated group
received their second dose during their third trimester.
Table 1 presents the frequency distribution of the vari-
ables across the studied groups.

The t-test showed a significant difference between the
mean maternal and umbilical cord IgG levels in both
groups. The mean maternal IgG levels were 1.55+1.23 in
vaccinated participants and 2.50+2.17 in infected partic-
ipants (P<0.001). The mean levels of umbilical IgG were
1.424+1.33 in vaccinated participants and 2.43+2.09 in
infected participants (P<0.001). The infected group had
a higher level of IgG than the vaccinated group (Fig. 1).

While both groups showed a significant difference in
maternal IgG levels (P<0.001), the results for umbili-
cal cord IgG levels were insignificant in both groups
(P=0.33). The infected group had a higher percentage
of people with positive maternal and umbilical cord IgG
(72.9% and 70%). Only one baby was born with COVID-
19 infection from a mother with an acute COVID-19
infection. Among the 21 participants with acute COVID-
19 infection, none of the umbilical cord IgG tests were
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Table 1 Frequency distribution of variables in the studied groups
Variables Groups P-value
Vaccinated Infected
Age 30.60+6.19 31.1746.28 0.58
Body Mass Index 27.53+5.06 28074513 0.53
Hospitalization during CCOVID-19 infection Yes 35 (50%) 0 (0%) <0.001
No 35 (50%) 70 (100%)
Type of delivery Term 62 (86.6%) 58 (82.9%) 0.33
Pre-term 8 (11.4%) 12(17.1%)
Newborn gender Girl 33 (47.1%) 30 (42.9%) 0.61
Boy 37 (52.9%) 40 (57.1%)
Gravida 1 17 (24.3%) 23 (32.9%) 0.58
2 30 (42.9%) 22 (31.4%)
3 15 (21.4%) 12 (17.1%)
4 6 (8.6%) 9 (12.9%)
5 1(1.4%) 2 (2.9%)
6 1(1.4%) 2 (2.9%)
1g: Immunoglobulin
5 P<0.001 P<0.001
4.5 T — T—
4
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Fig. 1 Comparison of mean maternal and umbilical cord IgG in two groups of infected and vaccinated pregnant women. Ig: Immunoglobulin

positive, and only 2 had positive maternal IgG. Table 2
shows the results of the antibody tests for each group.

The logistic regression analysis investigated the rela-
tionship between variables and study groups with mater-
nal and umbilical cord IgG levels. The analysis showed
a significant relationship between the study groups
with maternal IgG (OR=3.507 with 95% CI=1.422-8-
653, P=0.006) and umbilical cord IgG (OR=3.509, 95%
CI=1.390-855, P=0.008).

The relationship between variables and maternal and
umbilical cord IgG in vaccinated pregnant women was

assessed using the Chi-square test, and no significant
relationship was observed (Table 3). However, it was
found that most mothers with positive maternal IgG were
in their third trimester of pregnancy, had a BMI of 25 to
30, delivered at term, and had male newborns (P<0.05).
Analyzing the relationship between variables and the
newborn’s IgM levels using the Chi-square test indicated
no significant relationship was found. However, one new-
born with positive IgM (1.02 AI) was born to a mother
who showed signs of COVID-19 infection five days
before delivery. The mother was pregnant for the first
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Table 2 Correlation of antibodies with the studied groups
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Antibodies Groups P-value
Vaccinated Infected (Acute/Non-acute)
Maternal IgG Positive 29 (41.4%) 2 (2.9%)/49 (70%) <0.001
Negative 4 (58.6%) 19 (27.19%)/ 0 (0%)
Umbilical cord IgG Positive 32 (45.7%) 0 (0%)/49 (70%) 033
Negative 8 (54.3%) 21 (30%)/0 (0%)
Newborn IgM Positive 0 1 (4.8%)/0 (0%) 061
Negative 0 20 (95.2%)/0 (0%)
Ig: Immunoglobulin
Table 3 Comparing the relationship between variables and maternal and umbilical cord IgG
Variables Umbilical cord IgG P-value Maternal IgG P-value
Positive Negative Positive Negative
Trimester of vaccination First 1 (100%) 0 (0%) 0.25 1 (100%) 0 (0%) 0.39
Second 3 (75%) 1 (25%) (25%) 3 (75%)
Third 28 (43.1%) 37 (56.9%) 7 (41.5%) 38 (58.5%)
Body Mass Index Less than 25 1(51.2%) 0 (48.8%) 034 ( .2%) 20 (48.8%) 0.31
25to0 30 32 (56.1%) 5 (43.9%) 1 (54.4%) 26 (45.6%)
More than 30 28 (66.7%) 4 (33.3%) 8 (66.7%) 14 (3.33%)
Type of delivery Term 73 (60.8%) 47 (39.2%) 0.08 (58 3%) 50 (41.7%) 048
Pre-term 8 (40%) 2 (60%) 10 (50%) 10 (50%)
Newborn gender Girl 37 (58.7%) 6 (41.3%) 0.85 36 (57.1%) 27 (42.9%) 1.00
Boy 44 (57.1%) 3(42.9%) 44 (57.1%) 33 (42.9%)

1g: Immunoglobulin

Table 4 Comparing the relationship between variables and

newborn IgM
Variables Newborn IgM P-value
Positive  Negative
Body Mass Index Less than 25 0 (0%) 2 (%100) 0.62
25to0 30 0 (0%) 8 (100%)
More than 30 1 (9.1%) 10 (90.9%)
Type of delivery Term 1(6.7%) 14(933%) 0.51
Pre-term 0 (0%) 6 (100%)
Newborn gender  Girl 0 (0%) 7 (100%) 0.46
Boy 1(7.1%) 13 (92.9%)
Maternal age 30 and less 1(16.7%)  5(83.3%) 0.1
More than 30 0 (0%) 15 (100%)
Gravida 1 1(143%) 6 (85.7%) 0.55
2 0 (0%) 5 (100%)
3 0 (0%) 4 (100%)
More than 3 0 (0%) 5 (1009%)

1g: Immunoglobulin

time, had a BMI of 33, was 28 years old, and gave birth
to a male child at full term (P>0.05). The relationship
between the variables and the newborn’s IgM is shown in
Table 4.

Discussion

During pregnancy, high levels of estrogen and proges-
terone can cause congestion, edema, increased mucus
secretion, and fragility in the upper respiratory system.
Additionally, as the baby grows, the respiratory surface

in the lower respiratory system can be reduced. As a
result, pregnant Women are more susceptible to respira-
tory infectious diseases than the general population [18,
26]. Also, During pregnancy, an increase in diaphragm
surface area and edema of the mucous membrane of the
respiratory tract lead to intolerance to hypoxia [27].

During the SARS-CoV-1 and Middle East Respira-
tory Syndrome (MERS) pandemics, which have the
same origin as SARS-CoV-2, there were no confirmed
cases of vertical transmission [28]. However, the highly
contagious nature of COVID-19 raised concerns about
possible vertical transmission [29]. In a retrospective
cohort study by Dimitri et al., the vertical transmission
of COVID-19 infection was investigated. Out of 101
babies born to mothers with COVID-19, no cases of ver-
tical transmission were reported [16]. In our study, only
1 out of 21 babies born to mothers in the acute phase of
COVID-19 had a positive IgM (1.02 Al).

Previous research studies have demonstrated the
safety of mRNA-based vaccines, including BNT162b2
from Pfizer-BioNTech, mRNA-1273 from Moderna, and
AZD1222 (ChAdOx1 nCoV-19), during all trimesters of
pregnancy [30, 31]. The research findings indicate that
pregnant women who receive the Pfizer-BioNTech vac-
cine, BNT162b2, develop a robust immune response.
Moreover, the vaccine produces high levels of SARS-
CoV-2 protein-specific antibodies in the umbilical cord
blood [32]. In a retrospective cohort study conducted in
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Israel to investigate the effectiveness of the COVID-19
vaccine in pregnant people, 9060 pregnant women were
examined. The Pfizer-BioNTech mRNA vaccine sig-
nificantly reduces COVID-19 infection risk in pregnant
women [33]. In another cohort study conducted by Gray
et al. with a similar aim, it was also seen that mRNA-
based vaccines induced significant humoral immunity
and antibody levels in pregnant and lactating women,
similar to non-pregnant women. It was also seen that
the immunogenicity caused by vaccination was signifi-
cantly higher than the immune response and antibody
levels generated following the COVID-19 infection [21].
The same findings were seen in other studies on COVID-
19 mRNA vaccines [21, 30-32]. Our findings showed
that the humoral immune response to the inactivated
COVID-19 vaccine was weaker than that of infected
pregnant women. This suggests that mRNA-based vac-
cines may be more effective for pregnant women.

The Sinopharm vaccine, despite generating a higher
level of humoral immune response compared to the
unvaccinated population [34], produced lower antibody
levels compared to mRNA vaccines in studies that com-
pared the Sinopharm vaccine, mRNA vaccines, and par-
ticipants who had recovered from COVID-19 infection.
However, the antibody levels were similar to those found
in previously infected participants [35].

In Iran, the Sinopharm vaccine was deemed safe for
administration in pregnant women. As previous studies
indicate better efficacy of COVID-19 vaccination dur-
ing the third trimester of pregnancy, most of the partici-
pants in this study (92.85%) received their second dose
of the Sinopharm vaccine during this stage [36]. Despite
being of high importance in countries like Iran, where
only inactivated vaccines such as the Sinopharm vaccine
were used for pregnant women during the COVID-19
pandemic, there have been limited studies on the effec-
tiveness of these vaccines in pregnant women and their
babies. In a retrospective study by Jeewandara et al., the
humoral immune response to the Sinopharm vaccine in
94 pregnant women was studied. The results revealed no
complications for the mother and the newborns, includ-
ing abortion, thrombotic complications, high blood pres-
sure, newborn mortality, preterm birth, or fetal anomaly.
It was also seen that antibody levels in women with a
history of COVID-19 infection were higher than those
who received vaccination [37]. In our study, similar to
the study of Jeewandara et al.,, all vaccinated mothers
had received the Sinopharm vaccine, and the antibody
levels obtained in infected mothers were higher than in
vaccinated mothers. Our results contradict the findings
in the non-pregnant population, which indicated similar
immunogenicity between Sinopharm and prior COVID-
19 infection [35].
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According to research on non-pregnant participants,
it has been observed that IgG levels increase seven days
after the onset of acute COVID-19 symptoms [38]. Our
research evaluated maternal and umbilical cord humoral
antibody levels in 21 participants with acute COVID-
19 infection. The results revealed that umbilical cord
IgG levels in these participants were negative, while two
mothers had positive IgG. Our findings align with the ref-
erenced study. However, the negative umbilical cord IgG
levels suggest that if a mother gives birth while having
acute COVID-19 infection seven days prior to delivery,
there is a reduced likelihood of passing immunity from
mother to fetus. Therefore, it may be suitable to vaccinate
these newborns during their early months of life.

One limitation of this study is that a higher number of
pregnant women received the vaccine in the third tri-
mester, which prevented determining the effectiveness of
the vaccination for those vaccinated in other trimesters.
Another limitation is that the study did not consider the
time of COVID-19 infection during pregnancy in non-
acutely infected participants, which could be an essential
factor in determining the level of immunity in mothers
and their babies. Also, it would be beneficial to compare
the results with those of a non-pregnant population as a
control group.

For future studies, it is advisable to conduct a larger sta-
tistical population study on the immunogenicity of inac-
tive vaccines during pregnancy. It is also recommended
to compare the results of pregnant women with the con-
trol population of non-pregnant participants.

Conclusion

The inactivated vaccine administered during pregnancy
can provide immunity to both the mother and the fetus.
However, COVID-19 infection induces higher immu-
nogenicity compared to inactivated vaccines. In case a
woman has a COVID-19 infection within a week of deliv-
ery, the chances of the baby receiving congenital immu-
nity may decrease. It’s important to note that vertical
transmission of COVID-19 from mother to child is rare.
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COVID-19 Coronavirus disease of 2019

BMI Body mass index
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