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Objective
This study systematically analyzed coronavirus disease 2019 (COVID-19) and vaccination details during pregnancy by
using the national health insurance claims data.

Methods

Population-based retrospective cohort data of 12,399,065 women aged 15-49 years were obtained from the Korea
National Health Insurance Service claims database between 2019 and 2021. Univariate analysis was performed to
compare the obstetric outcomes of pregnant women (ICD-10 000-094) and their newborns (ICD-10 P00-P96) with and
without COVID-19. Univariate analysis was also performed to compare the age and obstetric outcomes of pregnant
women receiving different types of vaccines.

Results

The percentage of pregnant women with COVID-19 during pregnancy was 0.11%. Some obstetric outcomes of pregnant
women with COVID-19, including the rates of preterm birth or cesarean delivery, were significantly better than those
of pregnant women without COVID-19. The rate of miscarriage was higher in pregnant women with COVID-19 than
without COVID-19. However, the outcomes of newborns of women with and without COVID-19 were not significantly
different. Regarding vaccination type, obstetric outcomes of pregnant women appeared to be worse with the viral
vector vaccine than with the mRNA vaccine.

Conclusion

To the best of our knowledge, this is the first study to systematically analyze COVID-19 and vaccination details during
pregnancy using the national health insurance claims data in Korea. The obstetric outcomes in pregnant women with
and without COVID-19 and their newborns were similar.
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Introduction

Coronavirus disease 2019 (COVID-19) is a respiratory disease
that originated in Wuhan, China in 2019 [1]. COVID-19 is
caused by the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), with common symptoms including fever,
fatigue, dry cough, anorexia, myalgia, dyspnea, and sputum
production [2,3]. Pneumonia is one of the most common
outcomes in pregnant women with COVID-19 and is associ-
ated with increased morbidity and mortality [4]. During preg-
nancy, it can cause severe maternal complications, including
respiratory failure, and is associated with an increased risk
of low birth weight and preterm birth of newborns born to
women with COVID-19 [5]. Pregnancy-induced physiologi-
cal changes, such as hormonal changes and elevation of the
diaphragm from the pregnant uterus, affect pulmonary func-
tion, resulting in poor ability to cope with respiratory diseases
during pregnancy [5].

Based on the most recent systematic review and meta-
analysis on neonatal outcomes, COVID-19 in pregnant wom-
en can have adverse effects on newborns, such as preterm
birth, shortness of breath, and neonatal death [6].

Several studies have described the prognosis of pregnant
women with COVID-19 and their newborns; however, it is
unclear whether COVID-19 increases the rate of adverse
obstetric outcomes in pregnant women and their newborns,
and data since the first case report in 2020 [7] .

Medical organizations, including the Center of Disease
Control and the American College of Obstetricians and Gy-
necologists, recommend COVID-19 vaccination for pregnant
women [8,9]. In South Korea, the types of COVID-19 vac-
cines are RNA vaccines, including Moderna and Pfizer, and
viral vector vaccines, including Janssen and AstraZeneca. Ac-
cording to the Korea Disease Control and Prevention Agency,
the Pfizer vaccine is recommended for all Koreans from age
5, including pregnant women. The Moderna vaccine is rec-
ommended for all Koreans from age 30, the AstraZeneca
vaccine from age 50, and the Janssen vaccine from age 18,
which is contraindicated in mRNA vaccines. Concerns regard-
ing COVID-19 vaccination are increasing, as limited data are
available on its efficacy and safety; these concerns are partic-
ularly salient for pregnant women. In this study, we analyzed
the vaccination status of pregnant women in South Korea
and compared the prognoses of pregnant women after vac-
cination based on different types of COVID-19 vaccines. This
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study aimed to provide important information for the clinical
management of pregnant women and their newborns.

Materials and methods

1. Participants

The data in this study were calculated based on the cohort
data of 12,399,065 women of childbearing age (aged 15-49
years in 2019-2021) estimated by the Korean National Health
Insurance Service. These data include information on the
disease and prognosis of pregnant women and newborns
based on COVID-19 and pregnancy. They also include reports
on the vaccination status of women under the Korean Na-
tional Health Insurance Service care (mostly Koreans), which
started in 2021, as well as their obstetric prognosis after vac-
cination. The details include the following: (1) prognosis of
women, diseases corresponding to codes 000-094 defined
by ICD-10, including cesarean section, which belongs to
the category “Pregnancy, childbirth, and the puerperium,”
and severe disease, which corresponds to the V code of the
category “External cause of morbidity.” The prognoses of
pregnant women with COVID-19 and those without infec-
tion have been previously described; (2) the prognosis of
newborns, diseases corresponding to codes PO0-P96, which
belong to the category “certain conditions originating in the
perinatal period” and neonatal intensive care unit (NICU)
information. The prognosis of newborns born to pregnant
women with COVID-19 and those born to pregnant women
without COVID-19 are described; (3) number of vaccinations
performed, description based on the type of vaccine, preg-
nancy, and age. For pregnant women who were vaccinated
during pregnancy, the types of vaccine used, the number of
gestational weeks at the time of vaccination, and obstetric
outcomes based on the type of vaccine were analyzed.

2. Study participants

First, non-pregnant (n=1,138,784) and pregnant (n=660,281)
women were compared to determine whether COVID-19
has specific effects during pregnancy. Pregnant women were
divided into two groups: pregnant women with and with-
out COVID-19. They were compared to determine whether
the two groups had different prognoses. In addition, the
newborns of these women were compared to determine
the effect of COVID-19 on their prognosis. Finally, pregnant
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women who were vaccinated during pregnancy were ana-
lyzed based on vaccine type, number of gestational weeks
at the time of vaccination, and obstetric outcomes after vac-
cination.

3. Statistical analysis

We performed a chi-squared test to compare the distribu-
tions of the two groups. However, Fisher's exact test was
performed for cases in which more than 20% of cells had an
expected frequency of <5, since applying the approximation
method in these cases was considered inadequate (and the
chi-squared test relies on approximation) [10].

Results

Among 12,399,065 women, 59,899 (0.48%) were diag-
nosed with COVID-19 and 660,281 (5.32%) were pregnant
between November 2019 and July 2021 (Fig. 1). Among the
women who were pregnant during the study period, 2,576
were diagnosed with COVID-19, corresponding to 0.02% of
the total included women and 0.39% of pregnant women.
Among them, 705 women were diagnosed with COVID-19
during pregnancy, corresponding to 0.11% of women who
were pregnant during the study period. Conversely, 0.89%

of the women who experienced pregnancy during the study
period were infected in the period before pregnancy. In this
study, all women infected during the non-pregnancy period
were excluded because we could not confirm the direct rela-
tionship between pregnancy and COVID-19. Table 1 shows
the percentages of pregnant and non-pregnant women
with COVID-19 during the study period. There were 57,323
women (0.49%) with COVID-19 in the non-pregnant group
and 705 women (0.11%) in the pregnant group. In a statisti-

Table 1. Description of women based on pregnancy and CO-
VID-19 status

Total women (n=12,397,194%)

Pregnancy, yes

COVID-19, yes 705 (0.11%)

COVID-19, no 657,705 (99.89%)
Total 658,410 (5.31% of total women)
Pregnancy, no

COVID-19, yes 57,323 (0.49%)

COVID-19, no 11,681,461 (99.51%)
Total 11,738,784 (94.68% of total women)

COVID-19, coronavirus disease 2019.

?Among the 12,399,065 participants, 1,871 pregnant women were
excluded because they were infected during the non-pregnancy
period.

Elligible women
between November 2019
and July 2021 (n=12,399,065)

v

Women in pregnancy

v

Non-pregnant women

(n=660,281)

Excluded
¢ \Women experienced pregnancy and  __|

infected with COVID-19 (n=2,576)
e Pregnant women infected during
nonpregnancy (n=1,871)

(n=11,738,784)

Women infected with
COVID-19 (n=57,323)

Women infected with COVID-19
during pregnancy VS,

Women not infected during
pregnancy
(n=657,705)

Women with severe
COVID-19 (n=5,730)

(n=705)
I

Women with severe COVID-19
(n=55)

Fig. 1. Flowchart of inclusion of women based on pregnancy and COVID-19 status. COVID-19, coronavirus disease 2019.

www.ogscience.org

489



Obstetrics & Gynecology Science
Vol. 65, No. 6, 2022

cal test comparing the rates of COVID-19 in the two groups,
the P-value was below 2.2e-16, indicating that the incidence
of COVID-19 was lower in pregnant women than in non-
pregnant women.

Table 2-1 shows the count, rate, and statistical test results
for diseases in pregnant women with and without COVID-19.
There was a significant difference between the two groups in
the rates of obstetric complications, including diabetes dur-
ing pregnancy, premature rupture of membranes, suspected

cephalopelvic disproportion, postpartum hemorrhage, in-
fection, and venous complications during pregnancy and
puerperium (002, 012, 022, 023, 024, 032, 033, 036,
042, 047, 060, 063, 065, 066, 067, 070, 071, 072, 075,
080, 081, 082, 083, 086, 087, 090, 091, 092, and 094).
The rates of these complications were significantly higher in
pregnant women without COVID-19 than in those with CO-
VID-19. Table 2-2 shows two prognoses related to childbirth
observed in this study among the diseases listed in Table 2-1.

Table 2-1. Description of 000-94 codes based on COVID-19 in pregnant women

Pregnant women without Pregnant women with

Variable Diagnosis COVID-19 (n=657,705) COVID-19 (n=705)  '-value
000 Ectopic pregnancy 4,350 (0.66) 5(0.71) >0.9999
001 Hydatidiform mole 879 (0.13) 0(0.00) >0.9999
002 Other abnormal products of conception 60,754 (9.24) 94 (13.33) 0.0002?
003 Spontaneous abortion 10,838 (1.65) 7(2.41) 0.1490
004 Complications following (induced) termination of 754 (0.11) 1(0.14) 0.5548
pregnancy
005 Other abortion 1,093 (0.17) 0(0.00) 0.6365
006 Unspecified abortion 1,813 (0.28) 3(0.43) 0.4508
007 Failed attempted termination of pregnancy 29 (0.00) 0 (0.00) >0.9999
008 Complications following ectopic and molar pregnancy 4,902 (0.75) 3(0.43) 0.5052
010 Pre-existing hypertension complicating pregnancy, 2,946 (0.45) 3(0.43) >0.9999
childbirth and the puerperium
011 Pre-existing hypertensive disorder with superimposed 770(0.12) 1(0.14) 0.5624
proteinuria
012 Gestational (pregnancy-induced) edema and 143,983 (21.89) 91(12.91) <0.0001?
proteinuria without hypertension
013 Gestational (pregnancy-induced) hypertension without 17,210 (2.62) 13(1.84) 0.2433
significant proteinuria
014 Gestational (pregnancy-induced) hypertension with 9,064 (1.38) 8(1.13) 0.6948
significant proteinuria
015 Eclampsia 233(0.04) 0(0.00) >0.9999
016 Unspecified maternal hypertension 6,381 (1.05) 9(1.28) 0.6777
020 Hemorrhage in early pregnancy 184,568 (28.06) 206 (29.22) 0.5211
021 Excessive vomiting in pregnancy 128,205 (19.49) 144 (20.43) 0.5638
022 Venous complications in pregnancy 138,062 (20.99) 100 (14.18) <0.0001?
023 Infection of genitourinary tract in pregnancy 153,156 (23.29) 114 (16.17) <0.0001?
024 Diabetes mellitus in pregnancy 231,823 (35.25) 184 (26.1) <0.0001?
025 Malnutrition in pregnancy 442 (0.07) 1(0.14) 0.3780
026 Maternal care for other conditions predominantly 33,796 (5.14) 27 (3.83) 0.1368
related to pregnancy
028 Abnormal findings on antenatal screening of mother 17,564 (2.67) 12 (1.70) 0.1396
029 Complications of anesthesia during pregnancy 92 (0.01) (0.00) >0.9999
490 www.ogscience.org
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Table 2-1. Description of 000-94 codes based on COVID-19 in pregnant women (Continued)

Pregnant women without Pregnant women with

ML LLECLLE COVID-19 (n=657,705) COVID-19 (n=705)  F-value

030 Multiple gestation 23,485 (3.57) 31(4.4) 0.2800

031 Complications specific to multiple gestation 1,587 (0.24) 1(0.14) >0.9999

032 Maternal care for known or suspected malpresentation 39,625 (6.02) 29 (4.11) 0.0401°
of fetus

033 Maternal care for known or suspected disproportion 71,341 (10.85) 28(3.97) <0.0001?

034 Maternal care for known or suspected abnormality of 126,536 (19.24) 119 (16.88) 0.1234
pelvic organs

035 Maternal care for known or suspected fetal 17,257 (2.62) 13(1.84) 0.2392
abnormality and damage

036 Maternal care for other known or suspected fetal 41,246 (6.27) 30 (4.26) 0.03327
problems

030 Multiple gestation 23,485 (3.57) 31(4.4) 0.2800

031 Complications specific to multiple gestation 1,587 (0.24) 1(0.14) >0.9999

032 Maternal care for known or suspected malpresentation 39,625 (6.02) 29 (4.11) 0.0401°
of fetus

033 Maternal care for known or suspected disproportion 71,341 (10.85) 28(3.97) <0.0001?

034 Maternal care for known or suspected abnormality of 126,536 (19.24) 119 (16.88) 0.1234
pelvic organs

035 Maternal care for known or suspected fetal 17,257 (2.62) 13 (1.84) 0.2392
abnormality and damage

036 Maternal care for other known or suspected fetal 41,246 (6.27) 30 (4.26) 0.03327
problems

040 Polyhydramnios 5,338 (0.81) 4(0.57) 0.6717

041 Other disorders of amniotic fluid and membranes 28,652 (4.36) 23 (3.26) 0.1835

042 Premature rupture of membranes 101,828 (15.48) 67 (9.5) 0.0000”

043 Placental disorders 3,597 (0.55) 1(0.14) 0.1974

044 Placenta previa 19,580 (2.98) 20(2.84) 0.9140

045 Premature separation of placenta (abruptio 2,393 (0.36) 3(0.43) 0.7466
placentae)

046 Antepartum hemorrhage, NEC 18,190 (2.77) 12(1.7) 0.1082

047 False labor 73,269 (11.14) 45 (6.38) 0.0001?

048 Prolonged pregnancy 3,062 (0.47) 1(0.14) 0.3936

060 Preterm delivery 140,953 (21.43) 124 (17.59) 0.0147%

061 Failed induction of labor 18,538 (2.82) 13(1.84) 0.1473

062 Abnormalities of forces of labor 11,982 (1.82) 8(1.13) 0.2215

063 Long labor 17,483 (2.66) 6 (0.85) 0.00427

064 Obstructed labor due to malposition and 3,686 (0.56) 1(0.14) 0.1993
malpresentation of fetus

065 Obstructed labor due to maternal pelvic abnormality 36,981 (5.62) 15(2.13) 0.0001?

066 Other obstructed labor 12,729 (1.94) 4(0.57) 0.0038?

067 Labor and delivery complicated by intrapartum 4,923 (0.75) 0(0.00) 0.0128?
hemorrhage, NEC

068 Labor and delivery complicated by fetal stress (distress) 23,397 (3.56) 16 (2.27) 0.0812
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out COVID-19 (P=0.0024 and <2.2e-16 in preterm birth and
cesarean section, respectively).
Table 2-3 shows the proportion of severe diseases based on

Statistical tests showed that the number of preterm births
and cesarean sections in pregnant women with COVID-19
was significantly lower than that in pregnant women with-

Table 2-1. Description of 000-94 codes based on COVID-19 in pregnant women (Continued)

Pregnant women without Pregnant women with

LLclC Diagnosis COVID-19 (n=657,705) COVID-19 (n=705)  '-value
069 Labor and delivery complicated by umbilical cord 3,336 (0.51) 4(0.57) 0.7862
complications
070 Perineal laceration during delivery 42,428 (6.45) 15(2.13) <0.0001?
071 Other obstetric trauma 11,043 (1.68) 3(0.43) 0.0048”
072 Postpartum hemorrhage 62,532 (9.51) 23 (3.26) <0.0001?
073 Retained placenta and membranes, without 2,076 (0.32) 1(0.14) 0.7320
hemorrhage
074 Complications of anesthesia during labor and delivery 361 (0.05) 0(0.00) >0.9999
075 Other complications of labor and delivery, NEC 3,852 (0.59) 0(0.00) 0.0408”
080 Single spontaneous delivery 146,224 (22.23) 72 (10.21) <0.0001?
081 Single delivery by forceps and vacuum extractor 21,636 (3.29) 8(1.13) 0.00197
082 Single delivery by cesarean section 222,780 (33.87) 157 (22.27) <0.0001?
083 Other assisted single delivery 32,734 (4.98) 18 (2.55) 0.0041?
084 Multiple delivery 7,494 (1.14) 4(0.57) 0.2092
085 Puerperal sepsis 595 (0.09) 1(0.14) 0.4721
086 Other puerperal infections 65,996 (10.03) 19(.7) 0.0000”
087 Venous complications during puerperium 61,483 (9.35) 36 (5.11) 0.0001?
088 Obstetric embolism 132 (0.02) 0(0.00) >0.9999
089 Complications of anesthesia during the puerperium 559 (0.08) 0(0.00) >0.9999
090 Complications of the puerperium, NEC 29,280 (4.45) 10(1.42) 0.0001?
091 Infections of the breast associated with childbirth 17,045 (2.59) 5(0.71) 0.0025?
092 Other disorders of the breast and lactation associated 8,306 (1.26) 0(0.00) 0.0003?
with childbirth
094 Sequelae of complication of pregnancy, childbirth and 237,195 (36.06) 218(30.92) 0.00517

the puerperium

Values are presented as number (%).

COVID-19, coronavirus disease 2019; NEC, necrotizing enterocolitis.
9P<0.05, statistically significant.

Table 2-2. Comparison of preterm birth and cesarean section among pregnant women with and without COVID-19

Pregnant women without Pregnant women with

el COVID-19 (n=657,705) COVID-19 (n=705) RIS
Preterm birth 98,227 (14.93) 76 (10.78) 0.0024°
Cesarean section 232,849 (35.40) 133(18.87) <0.0001?

Values are presented as number (%).
COVID-19, coronavirus disease 2019.
7P<0.05, statistically significant.
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Table 2-3. Description of women with severe COVID-19
Total women (n=12,397,194%)

Pregnancy, yes

Severe COVID-19, yes 55 (7.80)

Severe COVID-19, no 650 (92.20)
Pregnancy, no

Severe COVID-19, yes 5,730 (10.00)

Severe COVID-19, no

Values are presented as number (%).

COVID-19, coronavirus disease 2019.

“Among the 12,399,065 participants, 1,871 pregnant women were
excluded because they were infected during the non-pregnancy
period.

51,593 (90.00)

pregnancy and COVID-19 status. Among the 705 infected
pregnant women, 55 (7.8%) experienced severe disease,
and among 57,323 infected non-pregnant women, 5,730
(10.0%) experienced severe disease (P=0.0615).

Table 3-1 shows the count, rate, and statistical test results
for diseases in newborns born to pregnant women with
and without COVID-19. Regarding PO0-P96, significantly
higher rates of POO (newborns affected by maternal condi-
tions that may be unrelated to the current pregnancy), P03
(newborns affected by other complications of labor and de-
livery), and P12 (birth injury to the scalp) were found in the
infected pregnant women group (P<0.0001, P<0.0001, and
P=0.0412, respectively). In addition, Table 3-2 shows the in-

Table 3-1. Description of P00-96 codes based on COVID-19 in pregnant women

Pregnant women without Pregnant women with

il Diagnosis COVID-19 (n=336,114) COVID-19 (n=139)  '-value
P00 Fetus and newborn affected by maternal conditions 9,852 (2.93) 22 (15.83) <0.0001?
that may be unrelated to present pregnancy
PO1 Fetus and newborn affected by maternal complications 9,859 (2.93) 4 (2.88) 0.9999
of pregnancy
P02 Fetus and newborn affected by maternal complications 2,549 (0.76) 0(0.00) 0.6312
of placenta, cord and membranes
P03 Fetus and newborn affected by other complications of 7,296 (2.17) 10(7.19) <0.0001?
labor and delivery
P04 Fetus and newborn affected by noxious influences 1,530 (0.46) 0(0.00) >0.9999
transmitted via the placenta or breast milk
P05 Slow fetal growth and fetal malnutrition 3,392 (1.01) 3(2.16) 0.1666
P07 Disorders related to short gestation and low birth 21,796 (6.48) 14 (10.07) 0.1224
weight, NEC
P08 Disorders related to long gestation and high birth 4,429 (1.32) 1(0.72) >0.9999
weight
P10 Intracranial laceration and hemorrhage due to birth 101 (0.03) 0(0.00) >0.9999
injury
P11 Other birth injuries to central nervous system 30(0.01) 0(0.00) >0.9999
P12 Birth injury to scalp 3,114 (0.93) 4(2.88) 0.0412°
P13 Birth injury to skeleton 3,405 (1.01) 1(0.72) >0.9999
P14 Birth injury to peripheral nervous system 50 (0.01) 0(0.00) >0.9999
P15 Other birth injuries 90 (0.03) 0(0.00) >0.9999
P20 Intrauterine hypoxia 980 (0.29) 1(0.72) 0.3338
P21 Birth asphyxia 653 (0.19) 0(0.00) >0.9999
P22 Respiratory distress of newborn 27,571 (8.2) 17(12.23) 0.1152
P23 Congenital pneumonia 1,193 (0.35) 0(0.00) >0.9999
P24 Neonatal aspiration syndromes 12,067 (3.59) 5(3.6) >0.9999
P25 Interstitial emphysema and related conditions 715(0.21) 0(0.00) >0.9999
originating in the perinatal period
www.ogscience.org 493
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Table 3-1. Description of P00-96 codes based on COVID-19 in pregnant women (Continued)

Pregnant women without Pregnant women with

Variable Diagnosis COVID-19 (n=336,114)  COVID-19 (n=139) ' value

P26 Pulmonary hemorrhage originating in the perinatal 88(0.03) 0(0.00) >0.9999
period

P27 Chronic respiratory disease originating in the perinatal 654 (0.19) 0(0.00) >0.9999
period

P28 Other respiratory conditions originating in the perinatal 8,980 (2.67) 4(2.88) 0.7899
period

P29 Cardiovascular disorders originating in the perinatal 1,992 (0.59) 0 (0.00) >0.9999
period

P35 Congenital viral diseases 710(0.21) 0(0.00) >0.9999

P36 Bacterial sepsis of newborn 4,657 (1.39) 2 (1.44) 0.7192

P37 Other congenital infectious and parasitic diseases 235(0.07) 0(0.00) >0.9999

P38 Omphalitis of newborn with or without mild 29,331 (8.73) 16 (11.51) 0.3113
hemorrhage

P39 Other infections specific to the perinatal period 25,291 (7.52) 15(10.79) 0.1940

P50 Fetal blood loss 67 (0.02) 0 (0.00) >0.9999

P51 Umbilical hemorrhage of newborn 1,475 (0.44) 1(0.72) 0.4575

P52 Intracranial nontraumatic hemorrhage of fetus and 1,559 (0.46) 1(0.72) 0.4761
newborn

P53 Hemorrhagic disease of fetus and newborn 1,016 (0.30) 0(0.00) >0.9999

P54 Other neonatal hemorrhages 1,025 (0.30) 2 (1.44) 0.0680

P55 Hemolytic disease of fetus and newborn 1,132 (0.34) 0(0.00) >0.9999

P56 Hydrops fetalis due to hemolytic disease 5(0.00) 0(0.00) >0.9999

P57 Kernicterus 58 (0.02) 0(0.00) >0.9999

P58 Neonatal jaundice due to other excessive hemolysis 1,128 (0.34) 2 (1.44) 0.0801

P59 Neonatal jaundice from other and unspecified causes 133,504 (39.72) 57 (41.01) 0.8232

P60 Disseminated intravascular coagulation of fetus and 308 (0.09) 0 (0.00) >0.9999
newborn

P61 Other perinatal hematological disorders 2,425 (0.72) 1(0.72) >0.9999

P70 Transitory disorders of carbohydrate metabolism 25,904 (7.71) 9(6.47) 0.6999
specific to fetus and newborn

P71 Transitory neonatal disorders of calcium and 3,990 (1.19) 1(0.72) >0.9999
magnesium metabolism

P72 Other transitory neonatal endocrine disorders 6,748 (2.01) 6 (4.32) 0.1015

P74 Other transitory neonatal electrolyte and metabolic 3,552 (1.06) (2.16) 0.1828
disturbances

P75 Meconium ileus 3(0.00) 0 (0.00) >0.9999

P76 Other intestinal obstruction of newborn 256 (0.08) 0(0.00) >0.9999

P77 Necrotizing enterocolitis of fetus and newborn 437 (0.13) 0 (0.00) >0.9999

P78 Other perinatal digestive system disorders 3,891 (1.16) 2 (1.44) 0.6773

P8O Hypothermia of newborn 154 (0.05) 0 (0.00) >0.9999

P81 Other disturbances of temperature regulation of 1,661 (0.49) 2 (1.44) 0.1512
newborn
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Table 3-1. Description of P00-96 codes based on COVID-19 in pregnant women (Continued)

Pregnant women without Pregnant women with

ML LLECLLE COVID-19 (n=336,114) COVID-19 (n=139)  F-value

P83 Other conditions of integument specific to fetus and 12,061 (3.59) 3(2.16) 0.4948
newborn

P90 Convulsions of newborn 659 (0.20) 0(0.00) >0.9999

P91 Other disturbances of cerebral status of newborn 1,130 (0.34) 0(0.00) >0.9999

P92 Feeding problems of newborn 13,302 (3.96) 4(2.88) 0.6651

P93 Reactions and intoxications due to drugs administered 1(0.00) 0(0.00) >0.9999
to fetus and newborn

P94 Disorders of muscle tone of newborn 117 (0.03) 0 (0.00) >0.9999

P95 Fetal death of unspecified cause 0(0.00) 0(0.00) >0.9999

P96 Other conditions originating in the perinatal period 5,060 (1.51) 2 (1.44) >0.9999

Values are presented as number (%).
COVID-19, coronavirus disease 2019; NEC, necrotizing enterocolitis.
?P<0.05, statistically significant.

Table 3-2. Comparison of preterm birth and cesarean section among pregnant women with and without COVID-19

Pregnant women without

Pregnant women with

il COVID-19 (n=336,114) COVID-19 (n=139) e
Low birth weight
1,000-1,249 g 114(0.03) 0(0.00) >0.9999
1,250-1,499 g 403 (0.12) 0(0.00) >0.9999
1,500-1,749 g 993 (0.30) 0(0.00) >0.9999
1,750-1,999 g 2,173 (0.65) 1(0.72) 0.5942
2,000-2,499 g 8,420 (2.51) 6(4.32) 0.2737
Etc. 112 (0.03) 0(0.00) >0.9999
Unknown weight 1,513 (0.45) 0 (0.00) >0.9999
Total 13,728 (4.08) 7 (5.04) 0.7245
Macrosomia 4,429 (1.32) 1(0.72) >0.9999
NICU 25,971 (7.73) 26(18.71) <0.0001?

Values are presented as number (%).
COVID-19, coronavirus disease 2019; NICU, neonatal intensive care unit.
?P<0.05, statistically significant.

formation on birth weight and NICU admission of newborns
based on the maternal status of COVID-19. Newborns born
to mothers with COVID-19 were admitted to the NICU at an
increased rate of 10.98%. However, there were no signifi-
cant differences in the proportions of low birth weight and
macrosomia between the two groups.

Based on Tables 4-1, 4-2, 264,927 women (2.14%) of the
total number of Korean women of childbearing age were
vaccinated. In this group, 13,240 women were vaccinated
during pregnancy, accounting for 5% of the vaccinations,
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and 10,429 pregnant women (78.77%) were vaccinated
before 28 weeks of pregnancy. The proportion of pregnant
women for each vaccine type was 4.26% for Moderna,
5.59% for Janssen, 7.20% for AstraZeneca, and 4.94% for
Pfizer. As shown in Table 5, obstetric complications based on
ICD-10 codes of women who received the Moderna or Pfizer
vaccine were lower than those of women who received the
Janssen or AstraZeneca vaccine. In particular, Janssen had a
corresponding rate of 3.19% in 000-008 (pregnancy with
abortive outcome), and AstraZeneca had corresponding
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Table 4-1. Type of vaccine, pregnancy, and count in childbearing age (n=264,927)

Moderna Janssen AstraZeneca Pfizer
Vaccination during pregnancy
No 34,504 7,418 14,634 195,131
Yes 1,734 439 1,135 10,132
Table 4-2. Vaccination status based on gestational weeks
Moderna Janssen AstraZeneca Pfizer
Gestational weeks
<28 1,188 (77.44) 358 (81.55) 919 (80.97) 7,964 (78.60)
29-32 206 (13.43) 54 (12.30) 39(12.25) 1,460 (14.41)
33-36 138 (9.00) 26 (5.92) 73 (6.43) 686 (6.77)
>37 2(0.13) 1(0.23) 4(0.35) 22 (0.22)
Values are presented as number (%).
Table 5. Obstetric outcomes of pregnant women after vaccination
. Proportion by vaccine (%)
Disease
Moderna Janssen AstraZeneca Pfizer Total
000-008 0.00 3.19 493 0.26 0.73
010-016 0.00 0.00 0.09 0.00 0.01
020-029 0.00 0.68 3.08 0.14 0.39
030-048 0.00 0.46 0.62 0.04 0.10
060-075 0.00 0.00 0.35 0.01 0.04
080-084 0.00 0.23 0.18 0.00 0.02
085-092 0.00 0.00 0.35 0.01 0.04
094-099 0.00 0.00 0.44 0.01 0.05
Cesarean section 0.00 0.00 0.00 0.00 0.00
Preterm birth 0.00 0.00 0.18 0.00 0.02

000-008, pregnancy with abortive outcome; 010-016, edema, proteinuria, and hypertensive disorders in pregnancy, childbirth, and puerpe-
rium; 020-029, other maternal disorders predominantly related to pregnancy; 030-048, maternal care related to the fetus and amniotic cav-

ity and possible delivery problems; 060-075, complications of labor

and delivery; 080-084, encounter for delivery; 085-092, complications

predominantly related to puerperium; 094-099, other obstetric conditions, not elsewhere classified.

rates of 4.93% and 3.08% in 0O00-008 and 020-029 (other
maternal disorders predominantly related to pregnancy),
respectively. Moderna and Pfizer vaccines were associated
with <1% of all diseases. In particular, the AstraZeneca vac-
cine was associated with a higher rate of obstetric complica-
tions; however, this may be due to the higher average age of
women who received the AstraZeneca vaccine.
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Discussion

1. Study findings

Among the pregnant women, 0.11% were diagnosed with
COVID-19 during pregnancy. Remarkably, the rate of vari-
ous obstetric complications, including preterm birth and
requirement for cesarean section, was significantly lower
in pregnant women with COVID-19 than in those without
COVID-19. Only the miscarriage (002) rate increased in preg-
nant women with COVID-19 compared to those without
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COVID-19. Pregnant women with and without COVID-19
presented with approximately the same proportion of severe
disease. COVID-19 also had no significant effect on fetal
prognosis in almost all cases; however, newborns born to
women with COVID-19 were significantly more vulnerable to
birth injury to the scalp. In addition, newborns born to wom-
en with COVID-19 were more likely to be sent to the NICU.
Vaccines were frequently administered within 28 weeks of
pregnancy, and AstraZeneca and Janssen vaccines were asso-
ciated with worse obstetric outcomes than mRNA vaccines,
such as Pfizer and Moderna.

2. Study contribution

In this study, COVID-19 did not have a fatal effect on preg-
nant women and fetuses; however, COVID-19 was associ-
ated with an increased rate of miscarriage in early pregnancy.
Remarkably, the results showed that pregnancy complica-
tions decreased in mothers diagnosed with COVID-19 during
pregnancy. The lower complication rates and relatively good
obstetric outcomes of COVID-19 during pregnancy indicate
that acquiring this infection during pregnancy may not result
in adverse outcomes, or that both pregnant women infected
with COVID-19 and the medical staff were already aware of
the potential implications of this infection. The most com-
mon SARS-CoV-2 variants in South Korea during the study
period were B.1.1.7 (alpha) and B.1.620, which were dif-
ferent from other variants that were prevalent worldwide at
that time (https://covariants.org/per-country). Different distri-
butions of viral variants may be associated with good obstet-
ric outcomes. Pregnant women with COVID-19 had a lower
rate of preterm births and cesarean sections than those with-
out COVID-19, and the rate of severe disease did not differ
significantly between these groups. These results are not
consistent with those of the United States Centers for Dis-
ease Control and Prevention COVID-19 surveillance system,
in which pregnant women with COVID-19 were more likely
to experience preterm birth or other adverse birth outcomes
than those without COVID-19 [11,12]. Further studies are
needed to clarify these conflicting results.

The phenomenon of lower preterm birth and cesarean
section in pregnant women with COVID-19 require careful
assessment. Several studies have reported a higher rate of
preterm birth and cesarean section in pregnant women with
COVID-19; however, some results are contradictory [13-20].
In addition, the most frequent causes of early emergency
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cesarean sections were reported to be fetal distress and
worsening respiratory symptoms in pregnant women with
COVID-19 [20]. There are several reasons that may contrib-
ute to the fact that pregnant women with COVID-19 had a
low rate of preterm birth and cesarean section in our study
compared to the results of several other studies.

First, this study used extensive and relatively updated data
from November 2019 to July 2021. In a previous study,
authors hypothesized that the rate of cesarean section de-
creased as experience in managing pregnant women with
COVID-19 increased, since vaginal delivery does not appear
to be associated with worse results in pregnant women or
their newborns than cesarean section. Therefore, it seems
appropriate that in our study, which included recent data,
there was a lower rate of preterm birth and cesarean section
associated with COVID-19.

Another reason that our results differ from those of some
previous reports is that preterm birth or cesarean section
may have been underreported among pregnant women with
COVID-19, and it may be because many pregnant women
with COVID-19 did not present to medical facilities out of
fear. Strong support from medical facilities and staff is vital
for pregnant women with COVID-19. Another explanation
may be the changes in clinical practice due to the pandemic,
which may have lowered the incidence of cesarean section
or preterm birth among pregnant women with COVID-19
[21]. Although many complex factors must be considered
regarding delivery timing and mode, infected women may
have had reduced in-person appointments with obstetricians
and, therefore, may not have undergone some interventions,
such as labor induction.

Another explanation for the lower preterm birth rate in
pregnant women with COVID-19 is modified behavior, such
as wearing masks, washing hands, reduced physical exercise,
reduced work-related stress, and earlier conservative treat-
ment followed by quarantine, which results in a lower rate
of infection from any source that may lead to preterm birth.
This phenomenon was demonstrated in China and the UK
before and after the pandemic, in which the preterm birth
rate was lower after the pandemic [22,23].

Finally, another explanation is that pregnant women and
fetuses receive special protection based on Korea's COVID-19
response guidelines in circumstances where the infection
itself does not seriously affect obstetric outcomes. South
Korea used the “Three T Strategy,” which stands for testing,
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tracing, and treatment, enabling early detection and treat-
ment of COVID-19 [24]. This strategy has ultimately led to
low morbidity and mortality in the general population and
maternity care regarding COVID-19, predominantly delta
type, before December 2021, when the omicron type was
not prevalent. During this period, pregnant women with
COVID-19 or symptoms should notify infection specialists,
obstetricians, and pediatricians before and during delivery,
followed by quarantine to prevent the spread of infection
to other people, and at the same time, doctors should im-
mediately prepare appropriate plans based on the clinical
conditions of pregnant women with COVID-19. Recently,
in South Korea, the predominant type of COVID-19 has
changed to omicron, which is a milder type with lower mor-
tality, but spreads more easily. The fourth outbreak started in
December 2021 and peaked in March 2022. The pandemic
response strategy 3T against delta type has transformed into
a new strategy because this milder omicron type causes more
flu-like symptoms with lower fatality. To date, the fatality rate
is approximately 0.13-0.15% and even lower in pregnant
women. With the surge of COVID-19 in March 2022, the
rate of infection has decreased and South Korea is about to
reach the endemic stage.

The Korean government adopted a universal health cov-
erage model during the COVID-19 pandemic in which all
expenses related to COVID-19 are covered by the govern-
ment, starting from 1st patient with COVID-19 in January
2020, which guided accessibility to medical care [25]. Due
to the facilitated accessibility to health services, when preg-
nant women are diagnosed with COVID-19, they receive
medical care before their symptoms worsen and the disease
progresses. Indeed, in our study, there was no significant dif-
ference between the two groups regarding the proportion
of severe diseases, unlike previous studies that described
pregnant women with severe COVID-19 and adverse preg-
nancy outcomes, including intensive care unit admission [26].
In addition, in Korea, newborns born to pregnant women
with COVID-19 or pregnant women presenting with COVID-
19-related symptoms are quarantined in a negative-pressure
bed in the NICU, regardless of whether intensive care is
needed. Therefore, the NICU admission rate of newborns
born to women with COVID-19 was significantly higher
than that of newborns born to women without COVID-19.
Therefore, with appropriate management, COVID-19 ap-
pears to have little effect on pregnant women and their
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fetuses. However, the rates of P3 (fetuses and newborns af-
fected by other complications of labor and delivery) and P12
(birth injury to scalp) were significantly higher in fetuses of
pregnant women with COVID-19 than in those of pregnant
women without the infection. This prognosis is possibly due
to the fact that more time is needed to prepare for delivery
in pregnant women with COVID-19, and operative delivery
is more likely to be adopted to shorten delivery time to avoid
the spread of virus. Further studies are required to improve
our understanding of these results. There is much evidence
in the literature that vaginal delivery can be a risk factor for
birth injury to the scalp, while cesarean delivery can be a
protective factor [27,28]. Based on the data, we considered
whether high birth injury to the scalp (P12 code) in neonates
born to pregnant women with COVID-19 is related to the
fact that this group had a low cesarean section rate, that is,
a high vaginal delivery rate. The delivery mode appears to
have a greater impact on perinatal outcomes than COVID-19
status.

Based on the results of the analysis of adverse reactions
after vaccination released by the Korea Central Disease Con-
trol Headquarters, the rates of adverse reactions associated
with the AstraZeneca and Janssen vaccines were 26.3%
and 24.5%, respectively, which were higher than those of
the Moderna and Pfizer vaccines (10.6% and 13.7%, re-
spectively). The prognosis of pregnant women who received
the AstraZeneca and Janssen vaccines was worse than that
of pregnant women who received the Moderna and Pfizer
vaccines because of the nature of the former two vaccines,
which causes many abnormal symptoms, such as muscle
ache, fever, fatigue, headache, Guillain Barre syndrome, and
thrombocytopenia. In practice, mRNA vaccines such as Mod-
erna and Pfizer have been reported to be safe for pregnant
women and their fetuses [29]. A recent clinical study demon-
strated no increased risk of preterm birth and no “small for
gestational age” status after COVID-19 vaccination during
pregnancy [30]. Therefore, at present, pregnant women are
recommended to be vaccinated with mRNA products as-
sociated with fewer abnormal symptoms; however, further
research is needed to clarify these results.

3. Study limitations

This study had several limitations. (1) All patients diagnosed
with COVID-19 during the study period, in which infection
did not occur during pregnancy, were excluded. Patients were
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also excluded if information regarding the timing of CO-
VID-19 onset and pregnancy was unavailable. (2) Since this
study was analyzed based on the National Health Insurance
Claims database of South Korea, detailed medical informa-
tion was not available from this database. For instance, if we
had been able to examine the diagnostic codes, medications,
and treatment data of 26 newborns who were hospitalized
in the NICU after being born to mothers with COVID-19,
it would have been clear whether these newborns needed
intensive care. Due to data limitations, further analysis was
difficult. Meanwhile, there was a higher rate of obstetric
complications and a lower rate of spontaneous, operative,
and other assisted single deliveries in our study population.
Nevertheless, because the retrieved data were random, we
did not choose certain preferable patients. (3) Owing to the
known side effects of vaccines [31] and the country’s vac-
cination policy, the vaccination age range is not uniform for
each vaccine. For example, the Janssen vaccine has only been
administered to individuals over 30 years of age. It is already
known that childbirth at an older age is highly risky and as-
sociated with a poor prognosis compared to childbirth at a
younger age, and it includes risks such as preterm birth and
Down syndrome. Therefore, age should be considered as an
important factor in this study. However, we were provided
with limited information regarding age; therefore, were not
able to analyze age. (4) In this study, it was necessary to
count each ICD-10 code, that is, 206 for 020 and 144 for
021 in the infected pregnant women group. However, sev-
eral ICD-10 codes often correspond to the same disease. For
example, to determine whether hypertension in pregnancy
is applicable, we must also consider O10-16. However, we
were provided with a count for each ICD-10 code, except
for a few cases. Furthermore, because there may be overlap-
ping targets between codes, we cannot arbitrarily combine
them. And (5) in South Korea, all four types of vaccines were
permitted between February and May 2021, and it has been
recommended since October 8, 2021 that pregnant women
should undergo vaccination. Considering the study period
(November 2019 to July 2021), vaccination in most pregnant
women is likely to have been voluntary without awareness of
pregnancy status. The vaccinated subjects may have received
only the first dose or both the first and second doses; how-
ever, in this study, these two cases could not be distinguished
due to data limitations.

To the best of our knowledge, this is the first study to
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describe a detailed relationship between COVID-19 and ob-
stetric outcomes in pregnant women and neonates based on
the population data of Korean women. We found that the
rates of preterm birth and cesarean section were significantly
lower in women with COVID-19 than in women without
infection. In addition, the rates of low birth weight, macroso-
mia, and NICU admission were comparable between infants
born with and without maternal COVID-19 infection. How-
ever, since our study had several limitations, additional stud-
ies are needed to increase our understanding of the results.
It is necessary to continuously monitor pregnant women
and newborns who are vulnerable to COVID-19 through
the establishment and periodic analysis of cohorts, includ-
ing maternal factors related to the prognosis of pregnant
women and newborns. We also found that an mRNA-based
vaccine was less likely to be associated with adverse obstetric
outcomes in pregnant women. The data we provide in this
study may be useful in guiding the obstetric care of pregnant
women during the COVID-19 pandemic.
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