S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



International Journal of Infectious Diseases 117 (2022) 195-200

International Journal of Infectious Diseases

Contents lists available at ScienceDirect

INTERNATIONAL
SOCIETY
FOR INFECTIOUS

DISEASES
journal homepage: www.elsevier.com/locate/ijid
Characteristics and Outcomes of COVID-19 in Reproductive-Aged n
Pregnant and Nonpregnant Women in Osaka, Japan

Ling Zha®* Tomotaka Sobue?, Atsushi HirayamaP, Taro Takeuchi? Kenta Tanaka?,
Yusuke Katayama®¢, Sho Komukai¢, Takeshi Shimazu®, Tetsuhisa Kitamura?, on behalf of
the COVID-19 Epidemiology Research Group of Osaka University

A Environmental Medicine and Population Sciences, Department of Social Medicine, Graduate School of Medicine, Osaka University, Suita, Japan
b public Health, Department of Social Medicine, Graduate School of Medicine, Osaka University, Suita, Japan

¢ Traumatology and Acute Critical Medicine, Department of Acute Critical Medicine, Graduate School of Medicine, Osaka University, Suita, Japan
d Biomedical Statistics, Department of Integrated Medicine, Graduate School of Medicine, Osaka University, Suita, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 6 October 2021
Revised 20 January 2022
Accepted 26 January 2022

Objective: To describe the clinical characteristics and outcomes of reproductive-aged female patients with
coronavirus disease 2019 (COVID-19).
Methods: We conducted a retrospective study of female patients aged 10-49 years, diagnosed with
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COVID-19 in Osaka, Japan, between January and November 2020. We assessed their epidemiological and
clinical characteristics according to their pregnancy status.

Results: A total of 4,156 patients were enrolled, of whom 29 (0.7%) were pregnant. Most patients ex-
hibited mild symptoms, and 10.8% of the cases were asymptomatic. No moderate or severe cases were
observed in pregnant women, whereas only 0.1% of the nonpregnant women had severe disease at diag-
nosis. No clusters were observed in the pregnant patients; however, most acquired the infection from a
family member. Of the 29 pregnant women, 22 (75.9%) were hospitalized; whereas among the nonpreg-
nant women, 579 (14.0%) were hospitalized (p < 0.001). No patients were admitted to the intensive care

unit, and there were no deaths among women aged 10-49 years.
Conclusions: Pregnant women accounted for 0.7% of the total cases of COVID-19 among women aged
10-49 years. Pregnant women were more likely to be hospitalized but generally had mild disease.

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), was first re-
ported in Wuhan, China (Li et al., 2020, Zhou et al., 2020), and
rapidly spread worldwide, imposing a major burden on healthcare
systems globally. Pregnant women are considered to be at a higher
risk of severe morbidity and mortality from other respiratory in-
fections, such as influenza or SARS (Allotey et al., 2020, Blitz et al.,
2020, Vintzileos et al., 2020, Xu et al., 2020), than nonpregnant

Abbreviations: COVID-19, coronavirus disease 2019; ICU, intensive care unit;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

* Corresponding author at: Environmental Medicine and Population Sciences, De-
partment of Social Medicine, Graduate School of Medicine, Osaka University, 2-2
Yamadaoka, Suita, Osaka 565-0871, Japan.

E-mail address: sarin@envi.med.osaka-u.ac.jp (L. Zha).

https://doi.org/10.1016/j.ijid.2022.01.054

women. COVID-19 has caused serious concerns about its potential
to cause adverse events and poor outcomes in pregnant women.
A high incidence of obstetric complications has been reported
in pregnant women infected with COVID-19 (Sahin et al., 2021).
Preterm delivery is the most common obstetric complication, fol-
lowed by miscarriage. While the effect of COVID-19 on miscarriage
has not been confirmed, the majority of previous studies have re-
ported an increased rate of preterm delivery (Chmielewska et al.,
2021, Dey et al., 2021, Sahin et al., 2021).

Concerning the immunology of SARS-CoV-2 infection in preg-
nant women, investigations have shown an increase in anti-SARS-
CoV-2 IgM and IgG antibodies in infected pregnant women. The el-
evation in IgM and IgG antibodies in pregnant SARS-CoV-2-infected
patients may be owing to an aggressive immunological response,
including cytokine storm (Chaubey et al., 2021, Dong et al., 2020,
Iyer et al., 2020). The cytokine storm is a burst of inflamma-
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tory cytokine molecules that causes the human body to attack its
own cells and tissues, leading to a variety of adverse health prob-
lems (Dhama et al., 2020, Fenizia et al., 2020, Narang et al., 2020,
Soy et al.,, 2020). SARS-CoV-2 infection led to an increase in COVID-
19 disease severity from mild to severe in pregnant women and
intermittent death, depending on the extent of cellular and tissue
damage caused by the cytokine storm (Chaubey et al., 2021). Con-
sidering the particulars of immune status and physiological fea-
tures in pregnant women, there is a need to investigate the dif-
ferences in the clinical characteristics and severity of COVID-19 be-
tween pregnant and nonpregnant women and the potential impact
of SARS-CoV-2 infection on the clinical outcomes of the fetus and
neonate.

SARS-CoV-2 infection has been reported to be more severe
in pregnant women than in nonpregnant women (Villar et al.,
2021). Studies conducted in the United States and France have
shown that pregnancy is a risk factor for severe disease and that
COVID-19 during pregnancy may increase the risk of preterm birth,
but the mortality rate among pregnant women is similar to that
of nonpregnant women of the same age (Ellington et al., 2020,
Kayem et al., 2020). In contrast, some studies from China showed
that the clinical manifestations and characteristics of COVID-19 in
pregnant women were similar to those of nonpregnant women
(Cheng et al., 2020, Wei et al., 2020, Xu et al., 2020, Yu et al., 2020).
In spite of the growing number of studies on pregnant women
with COVID-19 worldwide, it is still unclear whether the disease
severity and death rate in reproductive-aged women with SARS-
CoV-2 infection vary according to pregnancy status (Godoi et al.,
2021).

In Japan, the first laboratory-confirmed COVID-19 case was de-
tected on January 16, 2020. Subsequently, the first laboratory-
confirmed COVID-19 case in Osaka Prefecture was detected on Jan-
uary 29, 2020. As of September 30, 2021, a total of 1,696,936 pa-
tients with laboratory-confirmed COVID-19 were identified nation-
wide and a total of 199,553 patients were identified in Osaka Pre-
fecture (Ministry of Health, 2021a). However, few studies have de-
scribed how the COVID-19 pandemic affected reproductive-aged
women in Japan, specifically comparing pregnant and nonpregnant
women (Katayama et al., 2021, Tanaka et al., 2021, Zha et al., 2021).
To address this knowledge gap, we conducted a retrospective ob-
servational study of reproductive-aged pregnant and nonpregnant
women with COVID-19 in Osaka, Japan.

Methods
Study design and setting

We conducted a retrospective observational study on COVID-19
among reproductive-aged women in the Osaka Prefecture, Japan,
between January 2020 and November 2020. The details of the
data collection are described elsewhere (Hirayama et al., 2021,
Zha et al., 2021). In accordance with the Infectious Diseases Con-
trol Law, the Osaka Prefecture Government conducted an active
epidemiological investigation to collect epidemiological data on
patients with COVID-19 using a uniform data-collection system
(Government, 2020b, Ministry of Health, 2021b). Among patients
with COVID-19 who were registered in the system by the end of
November 2020 and whose follow-up was completed, we focused
on women of reproductive age who were pregnant or not. There-
fore, not all the cases in November 2020 were included.

Information on patients with COVID-19 was collected, including
sex, age group, city of residence, presence of comorbidities, dis-
ease severity at diagnosis, date of symptom onset, surge, cluster,
close contacts, hospital admission, date of hospital admission, date
of discharge, status at discharge (alive or death), date of death, and
treatment (including oxygen therapy, mechanical ventilation, renal
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replacement therapy, intensive care unit [ICU] admission, and ex-
tracorporeal membrane oxygenation). Age was classified in 10-year
intervals as the Osaka Prefecture Government withheld precise
age information in order to protect the privacy of patients with
COVID-19. Accordingly, we designated reproductive-aged women as
those aged 10-49 years old in this study. The period until June 13,
2020 was considered to be the first surge, followed by the sec-
ond surge between June 14 and October 9, 2020, and the third
surge thereafter (Government, 2020a). A cluster was defined as a
group of five or more individuals who tested positive for SARS-
CoV-2 and had an epidemiological relationship to the index pa-
tient (Diseases, 2021). The local public health centers defined close
contacts as those who examined, nursed, or cared for the patient
without protective equipment; lived with or had prolonged contact
with the patient; had contact with the patient without protection
for longer than 15 minutes at a distance of less than 1 meter; or
was directly exposed to contaminated materials (Diseases, 2021).
Disease severity at diagnosis were categorized as mild, moderate,
or severe (Ministry of Health, 2021b). The date of symptom on-
set was defined as the date on which the first symptoms were
reported (Takeuchi et al., 2020a, Takeuchi et al., 2020b). In cases
where the date of symptom onset was unknown, we used the date
of medical treatment, hospital admission, or any change in symp-
toms, whichever occurred first.

This study was approved by the Osaka University Hospital Ethi-
cal Review Committee (reference no. 20397). The informed consent
requirement was waived.

Statistical analysis

Categorical variables were reported as frequencies and propor-
tions, and continuous variables were reported as the median and
interquartile range (IQR). Pearson chi-square test was used to com-
pare categorical variables, and the Wilcoxon rank-sum test was
used to compare continuous variables between pregnant and non-
pregnant women. All tests were two-tailed, and statistical signifi-
cance was defined as a P value of < 0.05. Statistical analyses were
performed using Stata version 16 (StataCorp. 2015, College Station,
TX, USA).

Results
Eligible patients

Of the 14,864 patients with COVID-19, 4156 (28.0%) were
reproductive-aged female patients, of whom 29 (0.7%) were preg-
nant and 4127 (99.3%) were nonpregnant (Figure 1).

Patient epidemiological characteristics

Table 1 shows the baseline epidemiological characteristics of
the reproductive-aged female patients with COVID-19. Approx-
imately half of the nonpregnant women (47.7%) and pregnant
women (48.3%) were aged 20-29 years old. The age distribution
differed significantly according to pregnancy status (p = 0.035).
The prevalence of comorbidities was similar among pregnant and
nonpregnant women (6.9% and 8.7%, respectively). The most com-
mon disease severity at the time of diagnosis was mild (3564
cases, 85.8%), followed by asymptomatic (448 cases, 10.8%). No
moderate or severe cases were observed in the pregnant women,
whereas 0.1% of nonpregnant patients had severe disease at the
time of diagnosis. No clusters were seen among pregnant women,
while 4.2% of nonpregnant women were part of a cluster. More
than half of the pregnant women were considered close contacts
(17 cases, 58.6%), compared with approximately one-third in the
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Study population
(N=14,864; men: 8,207 women: 6,657)

Diagnosed after death

- Specimen collection before death (n=9)
- Specimen collection after death (n=9)

Eligible patients
(N=14,846)
Men
(n=8,196)
‘Women
(N=6,650)

0-9 or >=50 years old

(n=2,492)

10-49 years old
(N=4,158)

Missing information on pregnancy

(n=2)

Eligible for final analysis
(N=4,156)

'

Pregnant
(n=29)

Figure 1. Patient flowchart

'

Not pregnant
(n=4,127)

Legend: Of the 14,864 patients with COVID-19, 4156 (28.0%) were reproductive-aged female patients, of whom 29 (0.7%) were pregnant and 4127 (99.3%) were nonpregnant.
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Figure 2. Distribution of gestational weeks among pregnant women with COVID-19
Legend: Figure 2 shows the distribution of gestational weeks among pregnant
women with COVID-19. The number of pregnant patients were evenly distributed
in the first, second, and third trimesters of gestation. The median gestation was 19
weeks among those with a known gestation.

nonpregnant group (1344 cases, 32.6%; p = 0.003). Of the 29 preg-
nant women, 22 (75.9%) were hospitalized; whereas among the
nonpregnant women, 579 (14.0%) were hospitalized (p < 0.001).

Figure 2 shows the distribution of gestational weeks among
pregnant women with COVID-19. The number of pregnant patients
were evenly distributed in the first, second, and third trimesters of
gestation. The median gestation was 19 weeks among those with a
known gestation.

Clinical features

Table 2 shows the clinical characteristics of the hospitalized
reproductive-aged female patients. The median number of days
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from onset to hospitalization was 6 days (IQR: 4-9 days) in total.
The median length of hospital stay was 9 days (IQR: 7-14 days) in
total. The time from onset to hospitalization and the length of hos-
pital stay did not differ significantly according to pregnancy status.
One patient received oxygen therapy, but none received mechani-
cal ventilation, renal replacement therapy, or extracorporeal mem-
brane oxygenation, and there were no ICU admissions or deaths
in pregnant women. No severe diseases or deaths were observed
despite pregnancy status.

Discussion

This is a population-based retrospective study to report the
characteristics and outcomes of COVID-19 among reproductive-
aged female patients in Osaka Prefecture, Japan. The proportion
of pregnant women with COVID-19 was < 1%. Most reproductive-
aged female patients exhibited mild symptoms, and the proportion
of asymptomatic patients was approximately one-tenth of the total
patients. No moderate or severe cases were observed in pregnant
women, while only 0.1% of severe cases were seen in nonpregnant
women at diagnosis. No clusters were observed in pregnant pa-
tients; however, most of them acquired infection from a family
member. Although approximately three-quarters of the pregnant
women were hospitalized, only a few of the patients were hospi-
talized in the nonpregnant group. Moreover, no ICU admissions or
deaths were observed in reproductive-aged female patients. This
study provides information on the actual situation of SARS-CoV-2
infection among reproductive-aged female patients. This informa-
tion could be used to help prevent its transmission.

The majority of pregnant women in this study were 30-39
years old, which is reflective of the average age of pregnant women
in Japan (over 30 years old) (Statistics Bureau, 2019). Regarding
the transmission route, there were no clusters among pregnant
women with COVID-19. This may be because pregnant women
generally follow the government recommendations to stay alert
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Table 1
Epidemiological characteristics of reproductive-aged pregnant and nonpregnant women in Osaka Prefecture, Japan
Total Pregnant Not pregnant P-
Factor N (%) N (%) N (%) value*
No. of patients 4,156 (100.0) 29 (100.0) 4,127 (100.0)
Age 0.035
10-19 years old 399 (9.6) 1 (3.4) 398 (9.6)
20-29 years old 1,982 (47.7) 14 (48.3) 1968 (47.7)
30-39 years old 923 (22.2) 12 (41.4) 911 (22.1)
40-49 years old 852 (20.5) 2 (6.9) 850 (20.6)
Geographic area 0.061
Osaka City 2,375 (57.1) 10 (34.5) 2365 (57.3)
Other areas in Osaka Prefecture 1,709 (41.1) 19 (65.5) 1690 (40.9)
Outside Osaka Prefecture 65 (1.6) 0 (0.0) 65 (1.6)
Unknown 7 (0.2) 0 (0.0) 7 (0.2)
Comorbidities 0.738
No 3,797 (91.4) 27 (93.1) 3770 (91.3)
Yes 359 (8.6) 2 (6.9) 357 (8.7)
Disease severity at diagnosis 0.899
Asymptomatic 448 (10.8) 3 (10.3) 445 (10.8)
Mild 3,564 (85.8) 26 (89.7) 3538 (85.7)
Moderate 3 (0.1) 0 (0.0) 3 (0.1)
Severe 3 (0.1) 0 (0.0) 3 (0.1)
Unknown 138 (3.3) 0 (0.0) 138 (3.3)
Surge 0.001
First (~ Jun. 13) 465 (11.2) 9 (31.0) 456 (11.0)
Second (Jun. 14 ~ Oct. 9) 2,629 (63.3) 18 (62.1) 2611 (63.3)
Third (Oct. 10 ~) 1,062 (25.6) 2 (6.9) 1060 (25.7)
Cluster 0.938
No 3,983 (95.8) 29 (100.0) 3954 (95.8)
Medical institution 77 (1.9) 0 (0.0) 77 (1.9)
University 9 (0.2) 0 (0.0) 9 (0.2)
School 7 (0.2) 0 (0.0) 7 (0.2)
Child facility 10 (0.2) 0 (0.0) 10 (0.2)
Other clusters 70 (1.7) 0 (0.0) 70 (1.7)
Close contact 0.003
No 2,795 (67.3) 12 (41.4) 2783 (67.4)
Yes 1,361 (32.7) 17 58.6) 1344 (32.6)
Hospitalization <0.001
No 3,497 (84.1) 7 (24.1) 3490 (84.6)
Yes 601 (14.5) 22 (75.9) 579 (14.0)
Unknown 58 (1.4) 0 0.0) 58 (1.4)
* Groups compared using Pearson chi-square test.
Table 2
Clinical characteristics of hospitalized reproductive-aged pregnant and nonpregnant women in Osaka Prefecture, Japan
Factor Total Pregnant Not pregnant P-value
No. of hospitalized patients 601 22 579
Days to hospitalization, median (IQR)* 6 (4, 9) 5 (3,8) 6 (4, 9) 0.130*
Length of hospital stay, median (IQR)* 9 (7, 14) 9 (7, 13) 9 (7, 14) 0.845*
Oxygen therapy, n (%) 23 (3.8) 1 (4.6) 22 (3.8) 0.858"
Mechanical ventilator, n (%)$ 3 (0.5) 0 (0.0) 3 (0.5) NA
Intensive care unit, n (%) 3 (0.5) 0 (0.0) 3 (0.5) NA
Renal replacement therapy, n (%) 0 (0.0) 0 (0.0) 0 (0.0) NA
Extracorporeal membrane oxygenation, n (%) 0 (0.0) 0 (0.0) 0 (0.0) NA
Death, n (%) 0 (0.0) 0 (0.0) 0 (0.0) NA

Abbreviations: IQR, interquartile range; NA, not available.
* Groups compared using Wilcoxon rank-sum test.
T Groups compared using Pearson chi-square test.

¥ Number of individuals with missing data on the following variables: days to hospitalization n = 3; length of hospital stay n = 13.

§ Mechanical ventilator including noninvasive positive pressure ventilation.

and safe and avoid going out unnecessarily during the COVID-19
pandemic in Japan. Conversely, the proportion of pregnant patients
who acquired the infection from a close contact was approximately
1.5 times higher than that in nonpregnant women. As pregnant
women are more likely to stay at home, the most likely source
of infection among pregnant women is a family member. There-
fore, to protect pregnant women from infection, in addition to self-
prevention, measures should also be taken to prevent infection in
their families.

The high proportion of hospitalization in pregnant patients in-
dicates that, considering the specific situation in pregnant women,
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most pregnant patients were admitted to the hospital for obser-
vation in Osaka, Japan. In this study, none of pregnant women
with COVID-19 required intensive care admission or ventilatory
support. Previous studies on hospitalized pregnant women with
COVID-19 have shown that the proportion of cases requiring me-
chanical ventilator or ICU care was 1.5% to 7.6% (Elshafeey et al.,
2020, Salem et al., 2021). Furthermore, no deaths were observed
among the reproductive-aged female patients in this study. This re-
sult is similar to that in studies from China, which reported death
rates of 0-1.5% in pregnant women with COVID-19 (Cheng et al.,
2020, Wei et al., 2020, Xu et al.,, 2020, Yu et al., 2020). Further
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observational studies are required to determine whether there are
regional differences in the severity of COVID-19 and mortality rates
among pregnant women with COVID-19. Understanding of the ef-
fect of SARS-CoV-2 infection, particularly its effect on pregnant
women and neonates, is still insufficient. Further research is re-
quired to provide an evidence-based foundation for the medical
management of pregnant patients with COVID-19.

Currently, the COVID-19 vaccination is being administered glob-
ally. As research institutes and pharmaceutical companies around
the world are still conducting clinical trials on drugs that are ex-
pected to treat the SARS-CoV-2 infection, vaccination is a proven
method of controlling the COVID-19 pandemic. Pregnant women
were initially excluded from active vaccination because the safety
of the vaccine had not been established. However, many pregnant
women have been vaccinated in other countries, and the severity
and frequency of adverse reactions are comparable with those seen
by nonpregnant women, with no fatal adverse events reported in
either the fetus or mother (Goncu Ayhan et al, 2021; Sukarno
et al., 2022). In Japan, the three societies, including the Japan So-
ciety of Obstetrics and Gynecology, Japan Association of Obstetri-
cians and Gynecologists, and Japan Society for Infectious Diseases
in Obstetrics and Gynecology, issued a “Notice on COVID-19 Vac-
cination” for pregnant and nursing women, declaring that preg-
nant women are encouraged to have the vaccine, as are their hus-
bands or partners (Gynecology, 2021). In the United States, the
American College of Obstetricians and Gynecologists (ACOG) and
the Society for Maternal-Fetal Medicine (SMFM) have issued com-
ments strongly recommending that all pregnant women be vacci-
nated against COVID-19, both at term and after delivery, to avoid
the risk of infection, severe illness, and death (SMFM, 2021). Given
the scarcity of available drugs for pregnant women infected with
COVID-19, strict and active infection prevention, including vaccina-
tion, is essential.

This study has some limitations. First, the dataset does not
include information on delivery and fetal outcomes in pregnant
women with COVID-19. Second, because this study analyzed epi-
demiological data collected by public health centers in accordance
with the Infectious Diseases Control Law, specific information on
comorbidities and medications was not available. Third, the data
provided by Osaka Prefecture did not include all cases. In this con-
text, the number of cases, treatment, and other information avail-
able on the Osaka Prefecture website are different from ours. De-
spite these limitations, this study provides important basic epi-
demiological information on COVID-19 among women of reproduc-
tive age in Osaka Prefecture.

Conclusions

We reveal the characteristics and outcomes of reproductive-
aged female patients with COVID-19 using a comprehensive reg-
istry encompassing the whole Osaka Prefecture in Japan. Pregnant
women accounted for 0.7% of the total cases of COVID-19 among
women of reproductive age, and there were no deaths observed in
pregnant or nonpregnant women. This study provides a baseline
for long-term monitoring of COVID-19 among women of reproduc-
tive age in Osaka Prefecture.
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