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Abstract
Symptomatic coronavirus disease (COVID-19) during pregnancy represent a high-risk situation for 

maternal complications, including respiratory distress, pneumonia and even death. Pregnancy represents a 
unique adaptative immunological and hormonal state at the inflammatory response. At this time, global 
immunization is a promising way to stop this pandemic. Since early December 2020, more than 150 vaccine 
candidates in various stages of development and research are communicated. In Romania, there are four 
vaccines authorized by the European Medicines Agency (EMA): Pfizer–BioNTech, Moderna, Oxford–
AstraZeneca and Johnson & Johnson. However, many people are reluctant to take the COVID-19 vaccine, 
including false beliefs about this use during pregnancy. Herein, we present the current state of knowledge 
about immunity and COVID-19 vaccines during pregnancy based on reported cases from medical literature. 
Most of them are reported from healthcare pregnant women in COVID-19 facilities or in women in the first 
trimester of pregnancy who did not know they were pregnant at the time of vaccination. The Eudravigilance 
from European Medicines Agency (EMA) constantly monitors any side effects after a vaccine. COVID-19 
vaccination during pregnancy is proving to be as safe and effective as in the general population. Because 
COVID-19 vaccines have been observed in association with a higher rate of miscarriage in early pregnancy, 
it should be used with caution in the first trimester. Vaccination before planning a pregnancy in order to 
gain immunity at the time of conception is recommended.

Keywords: COVID-19 vaccines, pregnancy, mRNA vaccines

Article History:
Received: 23 May 2021   
Accepted: 31 May 2021 

INTRODUCTION 

Symptomatic coronavirus disease (COVID-19) dur-
ing pregnancy represent a high-risk situation for mater-
nal complications, including respiratory distress, pneu-
monia, risk of cesarean section, intubation and even 
death. Vaccines should end the pandemics and prevent 
the occurrence of a new one. COVID-19 vaccines are 
available, and their safety was proved by clinical trials 

since (1,2). Vaccination has suggested high efficacy for 
preventing severe COVID-19 disease in the general 
population. Because pregnant women were not includ-
ed in clinical trials of COVID-19 vaccines, many ques-
tions about safety for mother and fetus remain to be 
answered. 

By early April 2021, more than 160 million people 
worldwide were infected or reinfected with SARS-CoV-2, 
and 2 million severe COVID-19 and 3.3 million death 
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globally were reported (3). Severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2 virus) was  the 
leading cause of the aggravation of comorbidities and 
death (4). 

Herein, we present the current state of knowledge 
about immunity and COVID-19 vaccines during preg-
nancy based on reported cases from medical literature. 
Most of them are reported from healthcare pregnant 
women in COVID-19 facilities or in women in the first 
trimester of pregnancy who did not know they were 
pregnant at the time of vaccination.

PREGNANCY AND COVID-19 
In a systematic review of 2,567 pregnancies from 17 

studies published since May 7th 2020, Khalil et al. have 
calculated that one in five infected pregnant women 
will experience no symptoms, but symptomatic pa-
tients are at high risk of morbidity and mortality. 73.9% 
were diagnosed in the third trimester. Fever was found-
ed in 63,3 % of cases, cough in 71.4% dyspnoea in 
34.4% and ~ 15-20% presented non-specific complaints 
of myalgia, fatigue, headache or anosmia. Lymphope-
nia and raised inflammatory markers of C-reactive pro-
tein or procalcitonin were diagnosed in 34.2% of cases. 
Few women had evidence of co-infection. Forty-three 
maternal deaths were reported from the 2,567 report-
ed cases, and 7% of cases were admitted in intensive 
care units and 3,4% with mechanical ventilation. Pre-
term birth, primarily iatrogenic, due to the worsening 
mother evolution was founded, in around one-fifth of 
cases, with half of the births by caesarean section. Per-
inatal deaths occurred in less than 1%, twelve stillbirths 
and four neonatal deaths were registered. The rate of 
neonatal SARS-CoV-2 positivity was ~1-2% (5). 

A multicentric multinational prospective ran-
domised study from Villar et al. (The INTERCOVID Mul-
tinational Cohort Study) of 706 pregnant women with 
COVID-19 diagnosis has reported, with almost 93 % 
laboratory/radiological confirmation. 44.0% of women 
with RT PCR positive test were asymptomatic. Almost 
half of women in the group with COVID-19 diagnosis 
had overweight early in pregnancy compared with 
40.2% of the group without COVID-19 diagnosis. Wom-
en with a COVID-19 diagnosis had higher rates of preg-
nancy-induced hypertension (RR, 1.46; 95% CI, 1.05-
2.02), preeclampsia/eclampsia (RR, 1.76; 95% CI, 
1.27-2.43), and infections requiring antibiotics 
(RR, 3.38; 95% CI, 1.63-7.01). Also, an association with 
a greater risk of admission to ICU/high-dependency 
unit (RR, 5.04; 95% CI, 3.13-8.10) and referral to a high-
er level of care (RR, 6.07; 95% CI, 1.23-30.01) was re-
ported in the group of women with COVID -19 diagno-
sis. Among all ICU admissions, women with COVID-19 
diagnosis stayed 3.73 (95% CI, 2.37-5.86) days longer 

than women without COVID-19 diagnosis Eleven wom-
en (1.6%) with COVID-19 diagnosis died (maternal mor-
tality ratio, 159/10 000 births) from severe preeclamp-
sia, respiratory failure and pulmonary embolism. More, 
two women developed fever, cough, and breathless-
ness within seven days of an uneventful delivery and 
died shortly after, despite ICU care. One in seven pre-
term birth, primarily iatrogenic, due to the worsening 
mother evolution due to comorbidities and SARS-CoV-2 
infection was founded. The increase in prematurity is 
explained by the fact that women with COVID-19 diag-
nosis delivered earlier, mostly by cesarean section than 
those without COVID-19 diagnosis, after approximately 
30 weeks’ gestation (6). 

MATERNAL ADAPTABILITY, IMMUNITY AND 
TOLERANCE TO THE ALLOGENIC FETUS 

Pregnancy represents a unique adaptative immuno-
logical and hormonal state when the adaptive/inflam-
matory immunity is reduced (7-9).

Pregnant women represent a high-risk population 
for infectious and respiratory diseases due to a shift 
from cellular to humoral immunity (10). Physiological 
respiratory changes during pregnancy, such as reduced 
functional residual respiratory volumes, diaphragm el-
evation, hyperventilation, lead to increased suscepti-
bility to viral infections and severe pneumonia (11).

The maternal immune system has to tolerate the 
semiallogeneic fetus with paternal antigens. Mater-
nofetal immune tolerance is essential to maintain preg-
nancy and to fight any external environmental viral 
threats. HLA expression pattern which include HLA-E, 
-F, -G, and -C is essential in maternal tolerance to the
semiallogeneic fetus and fetal development. Different
immunological mechanisms combined with different
ratios among various populations of immune cells in
the maternal-fetal interface may occur to modulate
pregnancy-related pathologies, including gestational
diabetes, preeclampsia, and metabolic syndrome
(8,9,12). Maternal immunological states adapt with the
growth and development of semiallogenic fetus at a
different phase of development: from a pro-inflamma-
tory state in the first trimester to an anti-inflammatory
state in the second and third trimester of pregnancy
(13). Based on the knowledge that pregnant women in
their first and third trimester are at the pro-inflamma-
tory state, the cytokine-storm induced by SARS-CoV-2
may induce a more severe inflammatory state in these
women (13).

The increase in pro-inflammatory cytokines at the 
beginning of the cytokine storm leads to viral sepsis 
(14). 

An inflammatory response may induce lung injury. 
Moreover, some studies have shown that a neutrophil 
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increase and a lymphocyte drop appear to be related 
to disease severity and even death, suggesting that 
lymphopenia may play a significant role in the patho-
genesis of severity of COVID-19. 

Pregnant women require frequent visits to the gen-
eral practitioner and the maternity for prenatal care 
visits, ultrasound or laboratory tests. Many infected 
asymptomatic women have children who go to kinder-
garten and nursery, so there is a high risk of spreading 
the virus. Moreover, healthcare and frontline pregnant 
women are at higher risk for SARS-CoV-2 infections.

COVID-19 VACCINATION DURING 
PREGNANCY 

Given all of the above, it seems common sense that 
pregnant women must be vaccinated as a high-risk 
population for the occurrence of complicated forms of 
COVID-19.

Since the COVID -19 vaccination introduction, tak-
ing into account more benefits than risks, the Romani-
an Society of Obstetrics and Gynecology (SOGR), ac-
cording to the model of many authorized authority 
(Centers for Disease Control and Prevention – CDC,  
American College of Obstetricians and Gynecologists, 
American Academy of Pediatrics etc.) have issued guid-
ance indicating that Covid-19 vaccines should not be 
withheld from pregnant persons. SOGR have argued 
during seminars and webinars about the safety and ef-
ficacies, and formulate recommendations on maternal 
vaccination against COVID-19 (15-18). 

Despite controversies regarding fetal effects and 
the enrolment in trials vaccines of pregnant women, 
since 2013, the National Institutes of Health’s National 
Institute of Allergy and Infectious Diseases organized a 
series of conferences and established an expert panel 
that developed guidelines and provide general princi-
ples to guide clinical investigators on the assessment of 
the safety of vaccines in clinical trials in pregnant pop-
ulation persons (19). 

SARS-CoV-2 contains four structural proteins, in-
cluding spike (S), envelope (E), membrane (M), and nu-
cleocapsid (N). Different cell surface receptors recog-
nize S proteins and ACE2 receptor bind with the viral S 
protein and dictate viral particle enter the host. As of 
January 2020, the complete genome sequence analysis 
of SARS-CoV-2 was published (20). The genome of 
SARS-CoV-2 is comprised of a single-stranded posi-
tive-sense RNA (21). SARS-CoV-2 have the largest RNA 
viral genome, ranging from 26 to 32 kb in length DNA 
vaccines anti SARS-CoV-2 have been developed ex-
pressing S, M, and N proteins, protective humoral and 
cellular immune responses in mice, macaques, and 
camels (22).

As of April 2021, the global COVID-19 vaccine re-
search and development landscape include 115 vac-

cine candidates in various authorization, development 
and research (23). They are based on different technol-
ogy: nucleic acid (DNA and RNA), virus-like particle, 
peptide, viral vector (replicating and non-replicating), 
recombinant protein, live attenuated virus and inacti-
vated virus approaches. Fourteen vaccines are author-
ized by at least one national regulatory authority for 
public use: two RNA vaccines (Pfizer-BioNTech and 
Moderna), five conventional inactivated vaccines 
(BBIBP-CorV, CoronaVac, Covaxin, WIBP-CorV and  
CoviVac), five viral vector vaccines (Sputnik Light,  
Sputnik V, Oxford–AstraZeneca, Convidecia, and  
Johnson & Johnson), and two protein S subunit vac-
cines (EpiVacCorona and RBD-Dimer). Thirty-five trials 
about COVID-19 and vaccines were found on the EU 
Clinical Trials Register (24). 

U.S. Food and Drug Administration (FDA) and the 
European Medicines Agency (EMA) have been submit-
ted an Emergency Use Authorization (EUA) for the two 
mRNA-based vaccines. 

In Romania, there are four vaccines authorized by 
the EMA: Pfizer-BioNTech, Moderna, Oxford-Astra-
Zeneca and Johnson & Johnson. Pfizer-BioNTech vac-
cine needs to be kept minus 70 degrees Celsius, and 
Moderna needs to be frozen at minus 20 Celsius for up 
to 30 days before administration. 

Moderna’s vaccine is administered as two 100 mi-
crogram doses given 28 days apart. Pfizer’s vaccine is 
administered as two 30-microgram doses given 21 days 
apart. Oxford-AstraZeneca vaccine is administered as 
two separate doses of 0.5 ml given 4 and 12 weeks (28 
to 84 days) after the first dose. Johnson & Johnson vac-
cine is administered in a single dose of 0.5 ml. 

Because pregnant women were not included in clin-
ical trials of COVID-19 vaccines, available data are re-
ported primarily on healthcare pregnant women from 
COVID-19 facilities or in women who did not know they 
were pregnant at the time of vaccination because the 
pregnancy status was not checked before. 

Significant animal phase 1 and 2 studies on  
COVID-19 vaccination showed no adverse effects on fe-
tal or embryonic development or interference in fe-
male reproduction capacity (25). 

A very large report about mRNA COVID-19 vaccine 
safety on the outcomes of 827 pregnancy registered in 
the v-safe pregnancy registry, and the Vaccine Adverse 
Event Reporting System (VAERS) has reported 86.1% 
live birth, 0.1% stillbirth and 12.6% spontaneous abor-
tion. Receipt of the first dose of vaccine (Moderna or 
Pfizer-BioNTech) was reported by 2.3% participants 
during the periconception period, by 28.6% in the first 
trimester of pregnancy, by 43.3% in the second trimes-
ter, and by 25.7% in the third trimester. 91.9% partici-
pants received a vaccine in the first trimester, and 
99.2% received a vaccine in the second trimester. The 
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majority of abortion occurred in the first trimester of 
pregnancy, before 13 weeks of pregnancy, but cannot 
demonstrate a relationship between vaccination and 
miscarriage. 86.1% of patients gave birth. Newborn an-
tibodies to SARS-CoV-2 was detected in cord blood af-
ter third-trimester maternal vaccination. This may sug-
gest that transplacental transfer of IgG SARS-CoV-2 
antibodies after maternal Covid-19 vaccination occur 
in the third trimester of pregnancy. Maternal vaccina-
tion near term might provide some level of protection 
to the neonate (26).

Despite a small number of cases, other reports have 
to outline newborn antibodies to SARS-CoV-2 detected 
in cord blood after the first vaccine dose received in the 
third trimester, begging the question on antibody 
transfer and the level of possible neonatal protection 
relative to the mother’s timing of vaccination. 

An analysis about general consideration for coun-
selling pregnant women has shown that the reported 
side-effects after mRNA vaccines were similar to side 
effects in the general population: muscle pain, fever, 
fatigue, headache, chills. Fever (38°C or higher) oc-
curred in 3.7% of participants with a positive pregnan-
cy test at the time of vaccination after dose 1 and 
15.8% after dose 2 of the Pfizer–BioNTech mRNA. An-
tipiretics are authorized during pregnancy. Fever dur-
ing pregnancy may be associated with maternal (infec-
tions), obstetrical (miscarriage, premature birth) and/

or fetal (fetal demise, birth defects) adverse outcomes 
(27). Given the vaccine reactogenicity, including im-
mune fever (38°C or higher), vaccination in the first tri-
mester could increase the risk of the neural tube and 
other congenital defects (28). The risk of complications 
to the pregnant person based on maternal comorbidi-
ties need to be considered: such as diabetes, obesity, 
hypertension or heart disease, which could cause an 
increased risk for severe COVID-19 complications (29). 

The AstraZeneca vaccine was associated with a high 
risk of thromboses after few reported cases of this se-
vere complication and death. Pregnant women have a 
higher risk of thrombosis and thromboembolism. So it 
is advisable to use mRNA vaccines during pregnancy. 

CONCLUSIONS
Pregnant women are recommended to get a  

COVID-19 vaccination using mRNA vaccines (BioNTech/
Pfizer and Moderna vaccines). COVID-19 vaccination 
during pregnancy is considered to be safe and effec-
tive. But many questions remain for future research. 
Two of the important ones are the optimal time to get 
vaccinated - in the third-trimester maybe or secondly, 
about infants immunity for SARS-CoV-2 infection. Due 
to the high rate of early abortion reported in the  
SARS-CoV-2 population, prepregnancy vaccination may 
be useful. 
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