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Impact of SARS-CoV-2 infection and 
vaccination on cesarean section outcomes: 
a retrospective analysis
Ali Selcuk Yeniocak, Can Tercan, Emrah Dagdeviren, Onur Arabaci, Emine Elif Genc Arabaci

From the Department of Obstetrics and Gynecology, T.C. Sağlık Bakanlığı Başakşehir Çam ve Sakura Şehir Hastanesi, Basaksehir, Istanbul, 
Turkey

BACKGROUND: Pregnant individuals have faced unique challenges 
during the COVID-19 pandemic, necessitating a closer examination of 
maternal and fetal health outcomes.
OBJECTIVES: Investigate the morbidity and mortality associated 
with SARS-CoV-2 infection among pregnant individuals, considering 
vaccination status and variant strains.
DESIGN: Retrospective cohort 
SETTING: Tertiary state hospital
PATIENTS AND METHODS: Patients who underwent cesarean 
sections were categorized into three periods: pre-vaccination (before 
31 August 2021), early post-vaccination (from September 2021), and 
late post-vaccination (aligned with 70% immunization coverage by 2 
September 2021). Data collected included demographic information 
(age, gravidity, parity count, gestational age, newborn APGAR scores), 
cesarean section indications, chronic diseases, vaccination status, 
vaccine type and doses, SARS-CoV-2 variant status, ICU admission, and 
mortality due to COVID-19. 
MAIN OUTCOME MEASURES: ICU admission and mortality rates, fo-
cusing on the impact of SARS-CoV-2 infection and vaccination status. 
SAMPLE SIZE: 297 COVID PCR-positive symptomatic patients who 
underwent cesarean sections. 
RESULTS: In the pre-vaccination group, there were 13 mortalities 
(8.1%) compared to 9 (6.6%) post-vaccination (P=.610). Maternal ARDS 
was seen in 46.2% of pre-vaccination mortalities versus 11.1% post-
vaccination (P=.045). COVID-19 delta variant patients had higher ICU 
admission (80%) and mortality rates (40%). Rates of COVID-19 PCR-
positive cesarean sections, ICU admissions, and mortality declined 
significantly in early (P=.021, P=.004, P=.009), respectively and late 
post-vaccination periods (P<.001, P<.001, P=.0019), respectively. 
Vaccinated patients had no ICU admissions or mortality. 
CONCLUSIONS: Vaccination against COVID-19 is crucial for pregnant 
individuals as it significantly reduces the risk of severe illness. While 
vaccines offer substantial protection, the pandemic’s acute phase 
might be waning, yet COVID-19 remains a global threat, particularly in 
regions with limited vaccine access. Continued vigilance and proactive 
measures are essential to mitigate ongoing risks and the emergence of 
new variant strains. 
LIMITATIONS: Retrospective observational design and the single-cen-
ter setting, which may affect the generalizability of the findings. 
CONFLICT OF INTEREST: None.
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The novel coronavirus, the Delta variant (B.1.617.2) 
of COVID 19. or the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), emerged 

in Wuhan, Hubei Province, China, in December 
2019, marked the onset of a transformative global 
health crisis. Originating in a bustling metropolis, this 
previously unknown virus rapidly traversed borders 
and continents, igniting a pandemic of unprecedented 
scale and complexity. The ensuing COVID-19 pandemic 
reshaped societies, economies, and global governance 
structures.

SARS-CoV-2, a member of the Coronaviridae 
family, is characterized by its enveloped, single-
stranded RNA genome and distinctive spike proteins 
facilitating viral entry into host cells.1 Its remarkable 
transmissibility, driven by factors such as asymptomatic 
spread, prolonged viral shedding, and intimate human-
to-human contact, posed formidable challenges to 
containment efforts.2 Despite unprecedented public 
health interventions and a multifaceted approach to 
disease control, the virus continued its relentless march, 
exacting a profound toll on public health.

Epidemiologically, COVID-19 unfolded in dynamic 
phases, spanning continents with variable intensity 
and impact. From its origins in Wuhan, the virus swiftly 
disseminated globally, assuming pandemic proportions 
within months. The World Health Organization’s 
(WHO’s) declaration of a Public Health Emergency of 
International Concern (PHEIC) on 30 January 2020 and 
a pandemic on 11 March 2020 underscored the gravity 
of the situation, catalyzing a collective global response 
to curb transmission and mitigate morbidity and 
mortality.3,4 Yet, the pandemic’s trajectory was marked 
by regional outbreaks, fluctuating incidence rates, 
and the emergence of viral variants with divergent 
transmissibility and antigenic properties, challenging 
the efficacy of containment strategies and vaccine 
development efforts.5

The virological landscape of SARS-CoV-2 further 
compounded the challenges posed by the pandemic, 
with the virus demonstrating a remarkable capacity for 
genetic evolution. The emergence of variants of con-
cern (VOCs), characterized by mutations in the spike 
protein, raised concerns regarding altered transmissi-
bility, immune evasion, and potential impacts on diag-
nostic testing and vaccine efficacy.5,6 Genomic surveil-
lance efforts underscored the need for agile and adap-
tive strategies to combat emerging threats.

The historical context of pandemics provides 
poignant parallels to the COVID-19 crisis, underscoring 
the enduring threat posed by infectious diseases and 
the critical importance of preparedness, resilience, and 

global cooperation. From the devastating influenza 
pandemic of 1918 to more recent outbreaks of Ebola, 
Zika, and H1N1 influenza, humanity has grappled with 
recurrent reminders of its vulnerability to microbial 
threats.7 However, the unprecedented scale and 
societal impact of the COVID-19 pandemic serve as 
a stark reminder of the evolving nature of infectious 
disease threats in an interconnected world.

In response to the COVID-19 pandemic, public 
health authorities deployed a multifaceted arsenal of 
preventive measures and interventions aimed at in-
terrupting viral transmission, safeguarding vulnerable 
populations, and mitigating the burden on healthcare 
systems. Non-pharmaceutical interventions such as 
physical distancing, mask-wearing, and hand hygiene, 
alongside targeted quarantine measures and travel 
restrictions, formed the cornerstone of containment 
strategies.8-10 The rapid development and deployment 
of COVID-19 vaccines represented a watershed mo-
ment in pandemic response, offering a beacon of hope 
amidst uncertainty and despair.11-15

Pregnant individuals emerged as a particularly vul-
nerable subset of the population amidst the COVID-19 
pandemic, grappling with unique challenges and un-
certainties regarding maternal and fetal health. The 
physiological changes inherent to pregnancy, coupled 
with the need to balance optimal obstetric care with 
infection control measures, underscored the complexity 
of managing COVID-19 in this population. Prenatal care 
disruptions, obstetric complications, vertical transmis-
sion risks, and implications for perinatal outcomes high-
lighted the need for tailored approaches to antenatal 
care, delivery planning, and postpartum support.16

 This retrospective cohort study aim of this study was 
to investigate the impact of COVID-19 infection on ce-
sarean section outcomes among pregnant individuals. 
Clinical data, including vaccination status and variant 
strains, and maternal and neonatal outcomes are col-
lected. Our primary objective was to retrospectively 
examine the maternal and fetal morbidity and mortal-
ity associated with COVID-19-positive cases identified 
via polymerase-chain reaction (PCR) testing undergoing 
cesarean sections. Additionally, we endeavor to explore 
the influence of vaccination status and variant strains on 
clinical outcomes within this cohort.

PATIENTS AND METHODS

Study design
This retrospective cohort study investigates the impact 
of COVID-19 infection on cesarean section outcomes 
among pregnant individuals. Demographic data, 
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including age, gravidity, parity count, gestational age, 
1st and 5th-minute APGAR scores of the newborn, 
indications for cesarean section, presence of additional 
chronic diseases, vaccination status, type of vaccine 
received, repetition doses, if applicable, variant status 
of SARS-CoV-2, need for intensive care unit (ICU) 
admission, and mortality due to SARS-CoV-2, were 
collected (Table 1). Patients operated on before 31 
August 2021, are categorized as the ‘pre-vaccination 
period,’ and patients operated on September 2021 
are categorized as the ‘early post-vaccination period,’ 

marking the beginning of nationwide vaccination 
of pregnant individuals on 1 September 2021.17 
Additionally, the ‘late post-vaccination period’ 
specifically refers to the timeframe aligned with 
70% of the median immunization coverage range 
nationwide at 2 September 2021, using as a reference 
for assessing herd immunity, recognizing that profound 
indirect protection can only be achieved in populations 
with more than 70% vaccine coverage.18,19 Further 
detailed investigation of pre-vaccination and total 
post-vaccination periods mortality outcomes (Table 2), 

Table 1. Demographic data of COVID-19 PCR-positive patients before 31 August 2021, and after 1 September 2021 
setting the beginning of nationwide vaccination of pregnant patients.

Demographic data 
Pre-vaccination period

(before 31 August 2021) 
n=160

Post-vaccination period
(after 1 September 2021) 

n=137
P value

Age 30.58 (5.66) 29.0 (5.52) .016

Gravidity 2.0 (2.0-4.0) 2.0 (2.0-3.0) .350

Parity 1.0 (1.0-2.0) 1.0 (0.25-2.0) .270

Gestational week 36.10  (3.74) 36.39 (3.40) .435

APGAR 1’ score 8.0 (7.0-8.0) 8.0 (7.0-8.0) .599

APGAR 5’ score 9.0 (8.0-9.0) 9.0 (8.0-9.0) .248

Indication placental anomaly 1 (0.6) 5 (3.6) .098

Indication presentation 
anomaly/CPD 32 (20.0) 16 (11.7) .052

Indication fetal distress 28 (17.5) 23 (16.8) .871

Indication maternal ARDS 17 (10.6) 20 (14.6) .301

Indication previous uterine 
surgery 82 (51.2) 73 (53.3) .726

Additional chronic disease 
malignancy 2 (1.3) 0 .501

Additional chronic thyroid 
disease 7 (4.4) 13 (9.5) .080

Additional chronic diabetes 10 (6.3) 9 (6.6) .911

Additional chronic respiratory 
disorder 3 (1.9) 5 (3.6) .478

Additional chronic hypertensive 
disorder 5 (3.1) 2 (1.5) .458

Vaccinated patient 0 (0.0) 12 (8.8) <.001

Variant 3 (1.9) 4 (2.9) .707

ICU administration 35 (21.9) 26 (19.0) .538

Mortality 13 (8.1) 9 (6.6) .610

Results are presented as mean (SD) for normally distributed data, median (25-75 percentile) for non-normally distributed data. Number (percentage) for 
categorical variables. To compare independent categorical variables. The chi-square test was applied. CPD: cephalo-pelvic disproportion; ARDS: acute 
respiratory distress syndrome.



original articleIMPACT OF SARS-COV-2 ON C-SECTION OUTCOMES

ANN SAUDI MED 2024 SEPTEMBER-OCTOBER WWW.ANNSAUDIMED.NET 309

detected SARS-CoV-2 variant outcomes, and detailed 
demographic data and clinical outcomes of detected 
COVID-19 PCR-positive vaccinated patients (Table 
3) were conducted. Additionally, the monthly total 
numbers of new COVID-19 PCR-positive cesarean 
sections performed, ICU admissions after COVID-19 
cesareans, mortality numbers, and total number of 
cesarean sections performed in our hospital during the 
study period are presented in Figure 1. Comparison of 
cesarean section rates among COVID-19 PCR-positive 
cases and the total number of COVID-19 PCR-positive 
and negative cesarean sections performed across three 
periods: pre-vaccination, early post-vaccination, and 
late post-vaccination are presented in Table 4.

Table 2. Mortality data of COVID-19 PCR positive patients before 31 August 2021 and after 1 September 2021 setting 
the beginning of nationwide vaccination of pregnant patients.

Mortality
Pre-vaccination period

(before 31 August 2021) 
n=13

Post-vaccination period
(after 1 September 2021)

n=9
P value

Age 33.23 (5.08) 29 (6.02) .090

Gravidity 2.0 (1.0-2.0) 1.0 (0.0-2.5) .149

Parity 1 (0.25-3.0) 1.0 (0.25-2.0) .334

Gestational week 31.92 (3.73) 32.33 (3.7) .788

APGAR 1’ score 6.0 (1.0-7.5) 7.0 (3.0-8.0) .154

APGAR 5’ score 8.0 (5.5-8.0) 9.0 (6.0-9.0) .169

Indication placental anomaly 0 0 >.99

Indication presentation anomaly/
CPD 1 (7.7) 0 .405

Indication fetal distress 5 (38.5) 1 (11.1) .166

Indication maternal ARDS 6 (46.2) 1 (11.1) .045

Indication previous uterine surgery 1 (11.1) 0 .405

Additional chronic disease 
malignancy 0 0 >.99

Additional chronic thyroid disease 2 (15.4) 0 .228

Additional chronic diabetes 1 (7.7) 3 (33.3) .134

Additional chronic respiratory 
disorder 0 0 >.99

Additional chronic hypertensive 
disorder 1 (7.7) 0 .405

Vaccinated patient 0 0 >.99

Variant 2 (Delta variant) (15.4) 0 .228

ICU administration 13 (100) 9 (100) >.99

Results are presented as mean (SD) for normally distributed data, median (25-75 percentile) for non-normally distributed data. Number (percentage) for 
categorical variables.  To compare independent categorical variables. The chi-square test was applied. CPD: cephalo-pelvic disproportion; ARDS: acute 
respiratory distress syndrome.

Setting
The study design received approval from the hospital’s 
ethics committee on December 22, 2022, and was de-
signed in line with the principles of the Declaration of 
Helsinki. The research was carried out at a tertiary re-
ferral state hospital, encompassing data from the first 
COVID-19 PCR-positive cesarean section performed in 
October 2020 to the latest cesarean section conducted 
in July 2022. Data retrieval and clinical follow-up re-
cords were conducted from the hospital’s digital archive 
and supplemented by public health surveillance data.

Participants
A total of 297 individuals who underwent cesarean 



original article IMPACT OF SARS-COV-2 ON C-SECTION OUTCOMES

ANN SAUDI MED 2024 SEPTEMBER-OCTOBER WWW.ANNSAUDIMED.NET310

Table 3. Variant and vaccinated patient data of COVID-19 PCR positive cesarean section patients.

Variants Delta (n=5) Omicron (n=1) English (n=1)

Age 32.4  (5.22) 39 37

Gravidity 3.0 (1.5-5.0) 4 3

Parity 2.0 (0.5-4.0) 3 2

Gestational week 34.8 (4.71) 37 35

APGAR 1’ score 8.0 (2.5-8.0) 8 7

APGAR 5’ score 9.0 (6.5-9.0) 9 8

Indication placental anomaly 0 0 0 

Indication presentation anomaly/
CPD 0 0  0 

Indication fetal distress 1 0 0 

Indication maternal ARDS 2 1 0 

Indication previous uterine surgery 2 0 1 

Additional chronic disease 
malignancy 0 0 0 

Additional chronic thyroid disease 0 0 0 

Additional chronic diabetes 0 0 0 

Additional chronic respiratory 
disorder 0 0 0 

Additional chronic hypertensive 
disorder 0 0 0 

Vaccinated patient 0 0 0 

ICU administration 4 (80) 1 (100) 0

Mortality 2 (40) 0 0

section at our hospital were included in the study 
cohort. Following our clinical protocol during 
pandemics, instead of routine screening of all patients 
upon admission, individuals displaying symptoms of 
COVID-19 infection or who had recent close contact 
with confirmed cases, or lived with a quarantined 
individual, underwent nasopharyngeal swab rapid 
antigen PCR testing for SARS-CoV-2 and variant status. 
Thus, inclusion criteria encompassed individuals with 
positive COVID-19 PCR testing results. Exclusion 
criteria included those with negative PCR testing but 
positive findings on chest computed tomography (CT). 

The management of pregnant women with symp-
tomatic respiratory infections due to COVID-19 was 
carried out through a multidisciplinary approach. 
Hospital admission criteria included moderate to se-
vere disease, mild disease with comorbidities, and 
obstetric risks. Uncomplicated COVID-19 cases were 
monitored without antiviral treatment, while antiviral 

therapy was considered for more severe cases based 
on the risk-benefit ratio. Radiological imaging was per-
formed with abdominal shielding if respiratory distress 
was present. Antibiotics were given for suspected bac-
terial pneumonia, and empirical treatment for influen-
za was administered if needed. Fetal lung maturation 
was induced with betamethasone or dexamethasone 
between 24-34 weeks. High-dose steroids were tran-
sitioned to prednisolone or hydrocortisone after lung 
maturation. Magnesium sulfate for neonatal neuropro-
tection was decided in consultation with a perinatolo-
gist. Anti-cytokine therapy was used for macrophage 
activation syndrome in life-threatening cases, and a 
multidisciplinary approach was adopted for ARDS. 
Delivery timing was determined based on obstetric in-
dications, disease severity, maternal condition, comor-
bidities, gestational age, and fetal well-being. Cesarean 
delivery was performed for rapid clinical deterioration, 
acute organ failure, septic shock, mechanical ventila-
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Table 3. Variant and vaccinated patient data of COVID-19 PCR positive cesarean section patients.

Variants Delta (n=5) Omicron (n=1) English (n=1)

Age 32.4  (5.22) 39 37

Gravidity 3.0 (1.5-5.0) 4 3

Parity 2.0 (0.5-4.0) 3 2

Gestational week 34.8 (4.71) 37 35

APGAR 1’ score 8.0 (2.5-8.0) 8 7

APGAR 5’ score 9.0 (6.5-9.0) 9 8

Indication placental anomaly 0 0 0 

Indication presentation anomaly/
CPD 0 0  0 

Indication fetal distress 1 0 0 

Indication maternal ARDS 2 1 0 

Indication previous uterine surgery 2 0 1 

Additional chronic disease 
malignancy 0 0 0 

Additional chronic thyroid disease 0 0 0 

Additional chronic diabetes 0 0 0 

Additional chronic respiratory 
disorder 0 0 0 

Additional chronic hypertensive 
disorder 0 0 0 

Vaccinated patient 0 0 0 

ICU administration 4 (80) 1 (100) 0

Mortality 2 (40) 0 0

tion difficulties, and fetal distress. Postpartum analgesia 
was provided with acetaminophen, and venous throm-
boembolism prophylaxis was administered with low 
molecular weight heparin. Depending on the maternal 
clinical condition, continuous or frequent electronic fe-
tal monitoring and biophysical profile assessments, in-
cluding ultrasonography and/or Doppler studies, were 
conducted to monitor fetal well-being in cases of ma-
ternal desaturation or assessed fetal intrapartum com-
promise risk factors.20

Variables
Key variables examined in the study included maternal 
and gestational age, vaccination and variant strains, 
indications for surgery, maternal complications (acute 
respiratory distress syndrome [ARDS], mortality), 

Vaccinated patients Biontech (1 dose) 
(n=1)

Biontech (2 doses) 
(n=7)

Biontech (3 doses) 
(n=1)

Sinovac (2 doses) 
(n=3)

Age 40 30.8 (5.27) 29 31.6 (5.03)

Gravidity 3 2.0 (2.0-3.0) 1 2.0 (2.0-2.0)

Parity 2 1.0 (1.0-2.0) 0 1.0 (1.0-1.0)

Gestational week 32 37.5 (1.68) 27 37.0 (1.0)

APGAR 1’ score 6 7.0 (7.0-8.0) 4 8.0 (8.0-9.0)

APGAR 5’ score 8 9.0 (8.0-9.0) 7 9.0 (9.0-9.0)

Indication placental anomaly 0 0 1 0

Indication presentation anomaly/
CPD 0 2 0 0

Indication fetal distress 0 0 0 0

Indication maternal ARDS 0 0 0 0

Indication previous uterine surgery 1 5 0 3

Additional chronic disease 
malignancy 0 0 0 0

Additional chronic thyroid disease 0 1 0 0

Additional chronic diabetes 0 0 0 0

Additional chronic respiratory 
disorder 0 2 0 0

Additional chronic hypertensive 
disorder 0 0 0 0

Variant 0 0 0 0

ICU administration 0 0 0 0

Mortality 0 0 0 0

Results were presented as mean (SD) for normally distributed data, median (25-75 percentile) was used for non-normally distributed data, and number (percentage) for categorical 
variables. To compare independent categorical variables, the chi-square test was applied, and the results were reported as numbers and percentages. CPD: Cephalo-pelvic disproportion; 
ARDS: acute respiratory distress syndrome; ICU: Intensive care unit

Table 3 (cont.) Variant and vaccinated patient data of COVID-19 PCR-positive cesarean section patients.

neonatal outcomes (APGAR scores, fetal distress), ICU 
admission, and the overall monthly number of cesarean 
sections performed during the study period. These 
variables were analyzed to determine the mortality 
rate of SARS-CoV-2 before 31 August 2021, and after 1 
September 2021, marking the beginning of nationwide 
vaccination of pregnant individuals. Additionally, the 
late post-vaccination period specifically refers to the 
timeframe aligned with 70% of the median immunization 
coverage range nationwide at 2 September 2021.17,18 

Data sources/measurement
Data were extracted from electronic medical records, 
encompassing demographic information, clinical his-
tory, and outcomes. COVID-19 vaccination status and 
variant strains were documented based on patient re-
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Figure 1. COVID-19 PCR-positive cesarean sections and subsets (see color coding). Blue: COVID-19 (total number); 
Orange: ICU admissions; Yellow: total cesarean patients (boxed); Grey: COVID-19 mortality.

cords and supplemented by public health surveillance 
data. Maternal and neonatal outcomes were catego-
rized based on clinical management protocols estab-
lished during the pandemic, with periodic updates in 
response to evolving evidence and guidelines.20

Bias
Potential sources of bias in this retrospective study in-
clude the reliance on hospital records and public health 
data, which may be subject to documentation errors. 
Efforts to mitigate potential sources of bias included 
excluding individuals with negative PCR testing but 
positive findings on chest CT scans to ensure a more 
objective cohort.

Study size
The study included PCR-positive COVID-19 cesarean 
sections conducted within the study period, spanning 
from the beginning of the pandemic. Given the 
observational nature of the study, a power calculation 
was not conducted.

Statistical methods
The normality of distributions was assessed employing 

the Kolmogorov-Smirnov test. In cases where normal 
distribution was not evident within two independent 
groups, the Mann-Whitney U test was utilized. 
Conversely, if normal distribution was observed within 
the two groups, the t-test was employed. Results were 
presented as mean (SD) for normally distributed data and 
median (25-75 percentile) for non-normally distributed 
data. For comparing independent categorical variables, 
the chi-square test was applied, with results reported as 
numbers and percentages. The z-test was employed to 
compare means or proportions between groups and to 
test hypotheses about population parameters.

All statistical analyses were conducted using IBM 
SPSS 26.0 for statistical analysis, with P values <.05 
considered statistically significant.

RESULTS

Participants
The demographic characteristics of the study population 
are detailed in Table 1. Prior to 31 August 2021, 160 
patients (53.9%) were included in the analysis, whereas 
from 1 September 2021, the number decreased to 137 
(46.1%). Gravidity, parity number, mean gestational age 
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Table 4. Presentation of the monthly total numbers of new COVID-19 PCR positive patients, ICU admissions, mortality numbers, total 
number of COVID-19 PCR-positive and negative cesarean sections performed in our hospital, and comparison of cesarean section rates 
among COVID-19 PCR-positive cases and the total number of COVID-19 PCR-positive and negative cesarean sections performed across 
three periods: pre-vaccination, early post-vaccination, and late post-vaccination, analyzed using a one-proportion z-test.

Group Month/Year COVID-19 
cesarian (n)

COVID-19 ICU 
admission (n)

COVID-19 
mortality (n) Total cesarian (n)

Pre-vaccination period October 2020 13 0 0 323

November 2020 31 3 1 364

December 2020 14 1 0 209

January 2021 4 1 0 343

February 2021 1 0 0 357

March 2021 5 0 0 483

April 2021 22 4 1 483

May 2021 22 7 0 565

June 2021 9 4 2 574

July 2021 6 4 3 602

August 2021 33 11 6 653

Early post-vaccination 
period September 2021 31 12 5 641

Late post-vaccination 
period October 2021 33 8 3 598

November 2021 19 3 0 627

December 2021 10 2 1 639

January 2022 30 1 0 645

February 2022 9 0 0 598

March 2022 4 0 0 601

April 2022 0 0 0 555

May 2022 0 0 0 636

June 2022 0 0 0 663

July 2022 1 0 0 700

Pre-vaccination period Proportion 95% CI P value

Early post-vaccination 
period

COVID-19 PCR positive 
cesarian section 0.0484 0.0318-0.0650 .021

ICU admission 0.0187 0.0082-0.0292 .004

Fatality rate 0.0026 0.0010-0.0146 .009

Late post-vaccination 
period

COVID-19 PCR positive 
cesarian section 0.0169 0.0137-0.0201 <.001

ICU admission 0.0022 0.0010-0.0034 <.001

Fatality rate 0.0006 0.0000-0.0012 .0019

(Rates in Pre-vaccination period; COVID-19 PCR positive cesarian section: 0.0323, ICU administration: 0.0071, Mortality: 0.0026). ICU: Intensive care unit; CI: Confidence interval.

Note: One proportion z-test was employed to compare means or proportions between groups and to test hypotheses about population parameters P values. 
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at presentation, indications for surgery, or presence 
of additional chronic diseases showed no statistically 
significant differences between the pre-vaccination and 
post-vaccination periods. Concerning maternal and 
fetal complications; for neonatal outcomes, 28 patients 
(17.5%) in the pre-vaccination period experienced 
fetal distress necessesited cesarean section, compared 
to 23 patients (16.8%) in the post-vaccination period 
(P=.871). Additionally, mean APGAR scores at 1 
minute (P=.599) and 5 minutes (P=.248) after birth did 
not exhibit any significant variation between the two 
periods. Regarding maternal outcomes, 17 patients 
(10.6%) in the pre-vaccination period and 20 patients 
(14.6%) in the post-vaccination period experienced 
ARDS necessitating cesarean section (P=.301). Similarly, 
there were no discernible differences in ICU admissions 
(P=.538) or mortality rates (P=.610) between the two 
periods.

Mortality data of COVID-19 PCR-positive 
patients
Table 2 offers insights into the mortality outcomes 
of COVID-19 PCR-positive patients undergoing 
cesarean sections during pre-vaccination and post-
vaccination periods. In the pre-vaccination group, a 
total of 13 mortalities (8.1%) were observed, compared 
to 9 mortalities (6.6%) in the post-vaccination group 
(P=.610). Although, there was no significant difference 
in the mean age of patients, gravidity, parity numbers, 
or the presence of additional chronic diseases 
between the two cohorts, notabibly differences in 
maternal complications were observed. Maternal 
ARDS was noted in 46.2% (n=6) of mortalities in the 
pre-vaccination group compared to 11.1% (n=1) in 
the post-vaccination group (P=.045). Among the 
entire mortality cohort of COVID-19 PCR-positive 
patients, 2 Delta variants (15.4%) were observed in 
the pre-vaccination group. None of the mortalities 
were vaccinated, and all deaths occurred during ICU 
admission after the cesarean section operation.

Variant and vaccinated patient data of 
COVID-19 PCR-positive patients
Table 3 presents variant data, vaccinated patients 
data of COVID-19 PCR-positive patients undergoing 
cesarean sections. The Delta variant was the most 
prevalent, accounting for 5 cases, followed by the 
Omicron and English variants with 1 case each. 
Patients infected with the Delta variant exhibited a 
higher incidence of ICU admission of 4 patients (80%) 
and mortality of 2 patients (40%) compared to those 
infected with other variants. Additionally, 2 Delta PCR-

positive patients (40%) experienced severe maternal 
complications such as ARDS. The single patient with 
the Omicron variant also required ICU admission but 
had no mortality, indicating that Omicron can still lead 
to severe outcomes. Conversely, the patient with the 
English variant did not require ICU admission and 
had no mortality, observed less severe outcomes 
compared to Delta and Omicron. Notably, among the 
12 vaccinated patients, none required ICU admission 
or experienced mortality, regardless of the type of 
vaccine or doses administered. Among vaccinated 
patients, 11 patients (91.6%) were fully vaccinated, 
having received two or more doses.18

Comparison of outcomes in pre-vaccination and 
post-vaccination groups
Figure 1 illustrates the monthly occurrence of new 
COVID-19 PCR-positive cesarean sections, along with 
data on ICU admissions and mortality among COVID-19 
PCR-positive cesarean section patients. It also includes 
the total number of COVID-19 PCR-positive and nega-
tive cesarean sections performed in our hospital.

Comparison of rates among new COVID-19 PCR-
positive cesarean sections, ICU admissions, mortality 
numbers, and the total number of COVID-19 PCR-
positive and negative cesarean sections performed 
across pre-vaccination, early post-vaccination, and 
late post-vaccination periods using a one proportion 
z-test. During the early post-vaccination period, there 
was a significant decline in the rates of COVID-19 
PCR-positive cesarean sections (P=.021), ICU admis-
sions (P=.004), and fatality (P=.009) compared to the 
pre-vaccination period. Moreover, in the late post-vac-
cination period, there were further statistically signifi-
cant reductions in the rates of COVID-19 PCR-positive 
cesarean sections (P<.001), ICU admissions (P<.001), 
and fatality (P=.0019) compared to the pre-vaccination 
period (Table 4).

DISCUSSION
The COVID-19 pandemic continues to pose significant 
challenges worldwide, with the cumulative total number 
of cases surpassing 775 million as reported by the 
WHO. Among pregnant individuals, the seroprevalence 
of SARS-CoV-2 in reached up to 21.4% during the first 
wave of the pandemics.21 The recent surge, exemplified 
by 242 845 new cases reported in April 2024 alone, 
underscores the ongoing threat posed by the virus 
despite vaccination efforts. Since the initiation of 
global COVID-19 vaccination campaigns on 22 July 
2020, a remarkable 13.59 billion doses have been 
administered, signifying substantial progress in vaccine 
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distribution.22 As of 26 November 2023, approximately 
67% of the global population had completed their 
primary vaccination series, with 32% having received 
at least one booster dose. Notably, significant strides 
have been made in our country, administering over 
152 million vaccine doses, with 85.70% of individuals 
aged 18 and above having received at least two 
doses.23 However, the discussion must acknowledge 
the existence of regional disparities in vaccination 
coverage rates, as evidenced by variations nationwide.18 
Contrasts between regions, such as the West Marmara 
and Southeast, highlight the complex interplay of 
socio-demographic factors, healthcare infrastructure, 
and vaccine accessibility, emphasizing the need for 
targeted intervention strategies.

COVID-19 vaccines employ diverse platforms, 
each with unique mechanisms and efficacy profiles. 
Vaccines like Pfizer-BioNTech and Moderna use mRNA 
technology to encode the SARS-CoV-2 spike protein, 
prompting host cells to produce it. This triggers im-
mune responses, generating neutralizing antibod-
ies and activating T cells, akin to natural infection.24 
Pfizer-BioNTech and Moderna vaccines have received 
emergency use authorization (EUA) and have demon-
strated high efficacy rates in clinical trials, exceeding 
94% efficacy in preventing symptomatic COVID-19.25,26 

Real-world data further support their effectiveness in 
reducing severe disease, hospitalization, and mortality. 
Pfizer-BioNTech and Moderna vaccines had effective-
ness in 91.2% and 98.1%, respectively.27 Protein subunit 
vaccines, like Novavax, employ purified SARS-CoV-2 
spike protein fragments to activate the immune system. 
Novavax, with its Matrix-M adjuvant, has received EUA 
and demonstrated efficacy in trials. Real-world data af-
firm its ability to prevent COVID-19 infections and se-
vere outcomes.24-28 Inactivated virus vaccines, such as 
Sinovac’s CoronaVac and Sinopharm’s BBIBP-CorV, use 
chemically inactivated SARS-CoV-2 viruses to trigger an 
immune response. While clinical trial efficacy rates var-
ied, real-world data from Chile, Brazil, Indonesia, and 
Turkey confirm their effectiveness in reducing severe ill-
ness, hospitalization, and mortality.29 These diverse vac-
cine platforms offer flexibility in addressing the global 
demand for COVID-19 vaccines and contribute to the 
collective effort to control the pandemic.

Extensive genomic sequencing of the virus since its 
identification in late 2019 has unveiled the emergence 
of several variants, some classified as VOCs due to 
their heightened transmissibility, potential for immune 
evasion, or increased severity of illness.5,6 Mutations in 
the spike (S) protein, vital for viral entry into human cells, 
especially in the receptor-binding domain, have led to 

the emergence of these variants. Notable VOCs include 
Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), and Delta 
(B.1.617.2), known for heightened transmissibility. Of 
particular concern is the Delta variant, with enhanced 
infectivity and potential immune evasion. Recently, 
the Omicron variant (B.1.1.529) has emerged, highly 
transmissible and immune-evading, emphasizing the 
need for robust surveillance and containment efforts 
to curb its global impact.30-33 These variants pose 
challenges due to increased transmissibility, potential 
immune evasion, and severity of illness, highlighting the 
need for robust surveillance and containment measures. 
Adjustments to vaccination strategies and ongoing 
research efforts are essential to effectively control the 
spread of the virus in the face of evolving variants.

Future directions and recommendations
It is crucial to highlight the significance of COVID-19 
vaccination for pregnant individuals within the broader 
context of global vaccination efforts. Pregnant 
individuals face heightened risks associated with 
COVID-19 infection, including severe illness and 
pregnancy complications. The risk of maternal mortality 
can be as much as thirty times higher compared to the 
general population, with increased rates of cesarean 
delivery, neonatal care unit admissions and stillbirth 
rates particularly in low- and middle-income countries, 
highlighting the critical need for access to high-quality 
maternity care. These adverse outcomes underscore the 
importance of vaccination in this population.34-37

In line with updated recommendation on 5 December 
2023 from WHO, priority groups for COVID-19 
vaccination include pregnant individuals, along 
with older adults, immunocompromised individuals, 
healthcare workers, and children above six months 
of age.38 These priority groups are recommended to 
receive both primary vaccination series and booster 
doses, with intervals between doses as per guidelines.

In line with CDC recommendations on 12 September 
2023, COVID-19 vaccination during pregnancy is strongly 
advised due to the heightened risk of severe illness from 
COVID-19 in pregnant individuals. Additionally, recent 
WHO guidance on 13 December 2023 underscores the 
broad cross-reactive neutralizing antibody responses 
elicited by monovalent XBB.1.5 COVID-19 vaccines 
against circulating variants, emphasizing the importance 
of vaccination in protecting against evolving strains 
of the virus. Furthermore, CDC recommendations for 
updated COVID-19 vaccines highlight the critical role 
of vaccination in mitigating the potentially serious 
outcomes of COVID-19 illness during pregnancy.38-41 

In a study of 196 470 pregnancies in Sweden and 
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Norway, where 48% of pregnant women had been 
vaccinated, there was no increase in the odds of 
adverse neonatal outcomes.42 However, further studies 
are crucial to evaluate the effects of newly developed 
COVID-19 vaccines developed on various platforms 
on SARS-CoV-2 variants and VOCs, particularly in 
community-based populations that include pregnant 
individuals. 

In conclusion, in light of the evolving epidemiology 
of COVID-19 and the emergence of new variants, on-
going surveillance efforts are crucial to inform future 
vaccination strategies and effectively control the pan-
demic. Research endeavors aimed at understanding the 
immune response to variant strains and advancing the 
development of next-generation vaccines play a pivotal 
role in mitigating the enduring impact of SARS-CoV-2 
infection. Additionally, integrating COVID-19 vacci-
nation with existing influenza vaccination programs, 
including extension to pregnant individuals, holds 
promise in maximizing vaccine coverage and providing 
comprehensive protection, particularly among vulner-
able populations like older adults.43 While significant 
immunity to SARS-CoV-2 suggests the conclusion of 

the pandemic’s acute phase, COVID-19 persists as 
a global threat and endemic, particularly in regions 
with inadequate vaccine coverage and public health 
systems. Outbreaks persist, and the threat of variant 
strains remains a concern.

Limitations
Our study provides valuable insights, and enriches the 
existing literature, while also serving as a contempo-
rary resource for clinicians by integrating recent data to 
support informed decision-making and management 
of pregnant patients, its reliance on retrospective data 
from a single hospital may limit its broader applicability 
to populations with diverse healthcare settings and de-
mographics. Despite a significant sample size, a larger 
and more varied sample could enhance the robustness 
and statistical power of our findings. Efforts to gather 
data from electronic medical records and public health 
surveillance were made, yet data accuracy and com-
pleteness may still be subject to limitations. One nota-
ble example is the unavailability of patients’ Robson-10 
values, which could have been useful to objectively as-
sess the characteristics of the cesarean cases.
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