
Acc
ep

ted
 M

an
us

cri
pt

 

© The Author(s) 2022. Published by Oxford University Press for the Infectious Diseases Society of 
America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com. 

Clinical characteristics and outcomes of COVID-19 in pregnant women: a propensity 

score matched analysis of the data from the COVID-19 Registry Japan 

 

Kensuke Shoji, MD, PhD
1,*

; Shinya Tsuzuki, MD, MSc
2
; Takayuki Akiyama, PhD

2
; Nobuaki 

Matsunaga, MD, PhD
2
; Yusuke Asai, PhD

2
; Setsuko Suzuki, RN, MPH

3
; Noriko Iwamoto, 

MD
3
; Takanori Funaki, MD

1
; Masaki Yamada, MD

1,4
; Nobuaki Ozawa, MD, PhD

5
; Koushi 

Yamaguchi, MD, PhD
5
; Isao Miyairi, MD, PhD

1,6
;
 
Norio Ohmagari, MD, PhD

2,3
 
 

 

1
Division of Infectious Diseases, Department of Medical Subspecialties, National Center for 

Child Health and Development, Tokyo, Japan 

2
AMR Clinical Reference Center, National Center for Global Health and Medicine, Tokyo, 

Japan 

3
Department of Infectious Diseases, Disease Control and Prevention Center, National Center 

for Global Health and Medicine, Tokyo, Japan 

4
Department for Advanced Medicine for Viral Infections, National Center for Child Health 

and Development, Setagaya-ku, Tokyo, Japan 

5
Center for Maternal-Fetal, Neonatal and Reproductive Medicine, National Center for Child 

Health and Development, Tokyo, Japan 

6
Department of Pediatrics, Hamamatsu University School of Medicine, Hamamatsu, 

Shizuoka, Japan 

 



Acc
ep

ted
 M

an
us

cri
pt

 

2 
 

*Corresponding Author 

Kensuke Shoji, MD, PhD 

Division of Infectious Diseases, Department of Medical Subspecialties 

National Center for Child Health and Development 

2-10-1 Okura, Setagaya-ku, Tokyo 157-8535, Japan 

E-mail shoji-k@ncchd.go.jp 

 

 

Summary:  

Propensity score matched analysis showed that pregnancy could be a risk factor for 

moderate-to-severe COVID-19 in Japan. In addition to presence of comorbidities, later 

gestational age may be associated with severity of COVID-19 in pregnant women. 
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Abstract 

Background: Several studies have investigated whether pregnancy is a risk factor for 

developing severe COVID-19; however, the results remain controversial. In addition, the 

information regarding risk factors for developing severe COVID-19 in pregnant women is 

limited. 

Methods: A retrospective cohort study analyzing the data from the nationwide COVID-19 

registry in Japan was conducted. Propensity score matched analysis was performed to 

compare COVID-19 severity between pregnant and nonpregnant women. Multivariate 

analysis was also conducted to evaluate risk factors for developing moderate-to-severe 

COVID-19 in pregnant women. 

Results: During the study period, 254 pregnant and 3752 nonpregnant women of 

reproductive age were identified. After propensity score matching, 187 pregnant women and 

935 nonpregnant women were selected. A composite outcome of moderate-to-severe 

COVID-19 was more frequently observed in pregnant women than that of nonpregnant 

women (n=18, 9.6% vs. n=46, 4.9%; P=0.0155). In multivariate analysis, the presence of 

underlying diseases and being in the second-to-third trimester of pregnancy were recognized 

as risk factors for moderate-to-severe COVID-19 in pregnant women (odds ratio [95% 

confidence interval]: 5.295 [1.21-23.069] and 3.871 [1.201-12.477], respectively). 

Conclusions: Pregnancy could be a risk factor for moderate-to-severe COVID-19 for women 

in Japan. In addition to the presence of comorbidities, advanced pregnancy stages may 

contribute to greater risks for developing moderate-to-severe COVID-19 in pregnant women. 
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Introduction 

Since December 2019, coronavirus disease 2019 (COVID-19) has circulated worldwide. As 

of September 2021, over 230 million COVID-19 cases and 4.5 million deaths were reported 

globally [1]. To date, many risk factors for severe illness, including increasing age, smoking, 

obesity, and other comorbidities, have been reported [2-6]. There have been several reports 

that investigated whether pregnancy is a risk factor for severe COVID-19. Easter et al. 

reported that intensive care unit (ICU) and hospital stay length, need for mechanical 

ventilation, and the frequency of acute organ injury were similar between pregnant and 

nonpregnant women, and all pregnant women survived [7]. 

In contrast, other publications, including systematic reviews, report that pregnant women 

tended to develop more severe COVID-19 than nonpregnant, age-matched women of 

reproductive age [8-11]. Because the clinical, epidemiological characteristics, and outcomes 

of COVID-19 appear to vary by ethnicity, other population characteristics, and regions, likely 

impacting the analysis of pregnant women [12, 13], the investigation in a specific population, 

such as Japanese in this case, might be important. In addition, the clinical information 

regarding the risk factors for developing severe COVID-19 in pregnant women is still 

limited. 

In Japan, a nationwide COVID-19 registry named COVID-19 Registry Japan (COVIREGI-

JP) has been in operation to collect the information of hospitalized COVID-19 patients [2]. 

This registry includes information regarding pregnant and nonpregnant women with COVID-

19. Therefore, the primary aim of this study is to investigate whether pregnancy could be a 

risk factor for moderate-to-severe COVID-19 by comparing pregnant and nonpregnant 

women in Japan. The secondary aim is to explore risk factors for developing moderate-to-

severe COVID-19 in pregnant women. 
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Patients and methods 

Study design and setting 

This study was a retrospective cohort study that analyzed the data from COVIREGI-JP, the 

largest, ongoing prospective inpatient COVID-19 registry data in Japan. The details of 

COVIREGI-JP have been reported previously [2]. In brief, this is a nationwide COVID-19 

registry in which hospitalized patients with SARS-CoV-2 proven by positive nucleic 

amplification or antigen tests were enrolled. 

Pregnant women with COVID-19 who registered in the COVIREGI-JP were included in the 

study. Nonpregnant female COVID-19 patients at the ages of 15 to 44 years were selected as 

a control group. 

Outcomes 

For the primary aim to compare the severity of pregnant and nonpregnant women with 

COVID-19, two composite outcomes were defined. Death, need for mechanical ventilation, 

extracorporeal membrane oxygenation (ECMO), or ICU admission was set as the composite 

outcome for severe COVID-19. In addition, (1) the requirement of non-invasive oxygen 

supports, including nasal cannula, face mask, reservoir mask, high-flow oxygen device, 

biphasic positive airway pressure (BiPAP), and continuous positive airway pressure (CPAP) 

and (2) clinical condition at the time of admission, as follows, respiratory rate ≥ 24/min, 

oxygen saturation ≤ 94% on ambient air, or need of supplemental oxygen administration were 

added for composite outcome of moderate-to-severe COVID-19 according to the definition of 

the previous study [2]. Symptoms not fulfilling either criteria of severe or moderate-to-severe 

COVID-19 were all defined as mild. 
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Similarly, for the secondary aim to explore the risk factors for developing moderate-to-severe 

COVID-19 amongst pregnant women, the composite outcome of moderate-to-severe 

COVID-19 was used. 

 

Statistical analysis 

Categorical and continuous variables were described as number and percent and median and 

interquartile range, respectively. Fisher’s exact test for categorical variables and the Mann-

Whitney U test for continuous variables were used for univariate analysis. To compare the 

composite outcomes between pregnant and nonpregnant women, we analyzed two groups by 

using Fisher’s exact test with propensity score matching. Propensity scores were calculated 

by logistic regression analysis using known risk factors for severe COVID-19, including age, 

underlying diseases (cardiovascular diseases, respiratory diseases, diabetes mellitus, 

hypertension, hyperlipidemia, obesity, severe renal diseases or dialysis, immunosuppressive 

condition), and days from symptom onset to admission as covariates. One pregnant woman to 

five nonpregnant women (1:5) propensity score matching was performed using the nearest 

neighbor matching with a caliper width of 0.2 without replacement. The standardized 

difference was used to measure covariate balance, and a standardized mean difference above 

10% was interpreted as a meaningful imbalance. In addition, a comparison of patients’ 

backgrounds between moderate-to-severe and mild COVID-19 in pregnant women was 

conducted by multivariate logistic regression analysis to explore the risk of developing 

moderate-to-severe COVID-19 in pregnant women. A two-sided P value of < 0.05 was 

considered statistically significant. All statistical analysis was performed by R statistical 

software version 4.0.5. 
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Ethics consideration 

The National Center for Global Health and Medicine (NCGM) and the National Center for 

Child Health and Development (NCCHD) ethics committees approved the study (NCGM-G-

003494-0 and NCCHD-2020-364), respectively. 

 

Results 

Description of the entire cohort 

A total of 37,138 hospitalized COVID-19 patients were registered in the COVIREGI-JP from 

January 2020 to April 2021. Among them, 254 pregnant and 3752 nonpregnant women of 

reproductive age were identified (Figure 1). The characteristics of pregnant and nonpregnant 

women in the entire cohort are shown in Table 1. Among pregnant women, the median 

(interquartile range [IQR]) age was 30.5 (26.0-35.0) years. Median gestational age was 22.0 

(13.0-31.0) weeks, and 66 (26.0%) were in the first trimester, 98 (38.6%) were in the second 

trimester, and 87 (34.3%) were in the third trimester. In the entire cohort, 14.9% of patients 

had underlying diseases, and there were fewer patients with underlying disease in the 

pregnant women group than in nonpregnant women: 7.9% vs. 15.3% (P=0.001). Regarding 

COVID-19 exposure prior to admission, apparent close contact history was more common in 

pregnant women than in nonpregnant women (64.6% vs. 56.8%, P=0.018). The most 

common COVID-19 exposure in pregnant women occurred through their family, followed by 

their workplace. In contrast, presence of three Cs (close contact in a closed, crowded 

environment) was less common in pregnant women. 

Clinical interventions, complications, and outcomes for pregnant and nonpregnant patients 

are shown in Supplemental Table 1. Rates of non-invasive oxygen support (5.1% vs. 4.3%, 
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P=0.523), invasive mechanical ventilation, or extracorporeal membrane oxygenation 

(ECMO) (1.2% vs. 0.3%, P=0.076) were not statistically different. For pharmacotherapy, the 

frequency of using remdesivir and systemic steroids was similar; however, anticoagulant was 

more frequently used in the pregnant women group (9.8% vs. 2.6%, P<0.001) and favipiravir 

was less frequently used in the pregnant women group (1.2% vs. 9.7%, P<0.001). In the 

pregnant women group, one patient died. 

 

Propensity score matched cohort 

The basic characteristics of pregnant and nonpregnant women after propensity score 

matching are shown in Supplemental Table 2. After propensity score matching, 187 

pregnant women and 935 nonpregnant women were selected. Patients’ backgrounds, 

including age, underlying diseases, and days from symptom onset to admission, were 

acceptably similar between pregnant and nonpregnant women groups. 

Only one case among pregnant women, and four cases among non-pregnant women were 

categorized as severe COVID-19, making it difficult to validly compare the rates. Therefore, 

we compared only composite outcome for moderate-to-severe COVID-19. In this analysis, 

the composite outcome with moderate-to-severe COVID-19 was more frequently observed in 

pregnant women than in nonpregnant women (n=18, 9.6% vs. n=46, 4.9%; P=0.0155). 

 

Differences between moderate-to-severe and mild COVID-19 in pregnant women 

Several potential risk factors for severe COVID-19 in pregnant women were assessed by 

comparing moderate-to-severe to mild COVID-19 pregnant patients (Table 2). Median 

gestational age was higher in the moderate-to-severe symptom group than in the mild 
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symptom group (29.0 vs. 20.5 weeks). More pregnant women were in their second-to-third 

trimesters in the moderate-to-severe symptom group (P=0.006). In addition, the proportion of 

patients with any underlying disease was higher in the moderate-to-severe symptom group 

than in the mild group (16.7% vs. 4.9%, P=0.028). In multivariate analysis, the presence of 

underlying diseases and being in the second-to-third trimester of pregnancy were recognized 

as risk factors for moderate-to-severe COVID-19 in pregnant women (odds ratio [95% 

confidence interval]: 5.295 [1.21-23.069] and 3.871 [1.201-12.477], respectively) (Table 3). 

 

Discussion 

This study revealed the potential risk for developing moderate-to-severe COVID-19 in 

pregnant women compared to female patients of reproductive age in Japan. It is also 

suggested that advanced gestational stage including the second-to-third trimester may be 

associated with moderate-to-severe COVID-19 in pregnant women. 

The risk of developing severe COVID-19 during pregnancy has been evaluated in various 

regions and countries, with conflicting results. Several case-control and retrospective cohort 

studies performed in the United States [8] and Mexico [9] revealed that pregnancy could be a 

risk factor for developing a severe form of COVID-19. In addition, some systematic reviews 

and meta-analyses have shown similar results [10, 11]. On the other hand, some systematic 

reviews showed no difference in the outcomes of pregnant women compared to nonpregnant 

women [14, 15]. Our results support previous reports that pregnant women could be at a 

higher risk of severe COVID-19. Although the reasons for these conflicting results are still 

unclear, in addition to differences in ethnicity and health care systems, the timing of each 

study and differences in the prevalent strains at the research site may have had an impact on 

the results. Furthermore, the definition of severe COVID-19 in pregnant women in each study 
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may also affect the result. In our study, only composite outcome with moderate-to-severe 

COVID-19 could be evaluated and showed statistical differences. Several definitions of 

COVID-19 severity are used in various studies. For example, Oakes et al. used Novel 

Coronavirus Pneumonia Emergency Response Epidemiology Team (NCPERET) and the 

World Health Organization Ordinal Scale for Clinical Improvement (WHOOSCI) criteria for 

the definition of severe COVID-19 in pregnant women in their study. These criteria are non-

admission–based clinical criteria [8]. In contrast, Martinez-Portilla et al. used death, 

pneumonia, intubation, and ICU admission as their outcome to assess severe COVID-19 [9]. 

Establishing a standardized (widely accepted) definition of severe, moderate, and mild 

COVID-19 in pregnant women may be necessary to generalize the risk factors for pregnant 

women across the studies. 

In addition, pregnancy in the second-to-third trimesters and any underlying diseases were 

more commonly seen in moderate-to-severe COVID-19 patients than in mild disease patients. 

Allotey et al. showed that higher maternal age, high body mass index, and several underlying 

conditions were associated with severe COVID-19, whereas the gestational age at the onset 

of disease was not [10]. In their systematic review, Lassi et al. showed that pregnant women 

with obesity, smoking history, diabetes, and pre-eclampsia were at a higher risk for severe 

COVID-19. However, the majority of pregnant women included in this review were in their 

third trimester. Thus, the association between COVID-19 severity and the stage of pregnancy 

was not fully evaluated [16]. Our study suggests that being in the second-to-third trimester 

could be a risk factor for developing moderate-to-severe COVID-19 in pregnant women. This 

phenomenon has been observed in influenza infection [17]. It is theoretically understandable 

because numerous physiological changes during pregnancy, such as increased body fluid in 

the third space and compromised immune system due to the need for immune tolerance for 

the fetus, develop as a pregnancy advances [18]. 
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Treatment strategies for COVID-19 in pregnant women have not yet been established as there 

is limited information on remdesivir [19], antibody cocktail [20], and other therapeutic agents 

for COVID-19 in pregnant women. If pregnancy itself is a risk factor for moderate-to-severe 

COVID-19, pregnant women may benefit from proactive treatment, and our results may be 

important in considering which specific therapeutic agents should be used for pregnant 

patients. For example, antibody cocktail is currently used only for pregnant women in the 

third trimester with COVID-19 in Japan. However, our results may indicate that patients in 

their second trimester could benefit from the early administration of antibody cocktail 

treatment to prevent the development of moderate-to-severe COVID-19. 

Because COVID-19 in pregnant women could be severe and occasionally life-threatening, 

prevention is also essential. A previous study conducted in the early phase of the COVID-19 

pandemic in Japan revealed that approximately 60% of the hospitalized patients with 

COVID-19 had close contact with COVID-19 cases prior to hospitalization [2]. The detailed 

sources of infection for pregnant women who contract COVID-19 are not known. In the 

current study, the exposure from family members with COVID-19 was more frequently seen 

in pregnant women than that in nonpregnant women. In addition, the presence of the three Cs 

(close contact in a closed crowded space) was lower in pregnant women than that in 

nonpregnant women. This indicated that pregnant women refrain from going out or adhere 

more strictly to self-hygiene behaviors outside, although avoiding household transmission 

may be more difficult. Therefore, family members of pregnant women should be compliant 

with COVID-19 preventive measures, including vaccination, wearing masks, avoiding 

crowds and poorly ventilated spaces, and keeping physical distancing as much as possible 

[21]. As the efficacy of the SARS-CoV-2 vaccine has become more evident, it is crucial for 

pregnant women to receive the SARS-CoV-2 vaccine to prevent themselves from contracting 

COVID-19. Fortunately, there has been no significant safety concern regarding COVID-19 
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vaccines in pregnant women as of today [22, 23], and vaccines have been widely distributed 

worldwide [24]. Importantly, however, this study was conducted before the SARS-CoV-2 

vaccine was widely distributed in Japan, and we could not assess the vaccine efficacy among 

pregnant women. 

This study has several limitations. First, although COVIREGI-JP is the largest COVID-19 

registry in Japan, it does not contain information on perinatal outcomes. Therefore, we could 

only evaluate the outcomes of pregnant women, but not the fetus or newborns. Second, we 

could not access the information regarding the SARS-CoV-2 variant strains; therefore, we 

were unable to evaluate the effect of variant strain on the maternal outcome. During the study 

period between January 2020 to April 2021, the alpha variant of concern (VOC) had been 

circulating as the major VOC in Japan. The alpha VOC had increased from December 2020 

and it was the predominant strain until July 2021 [25]. Afterwards, the delta VOC had 

become predominant. The coverage of our data was until April 2021, and therefore, the effect 

of the delta VOC was negligible. Third, the association between underlying diseases and 

worse outcomes within pregnant women appears to be driven by diabetes mellitus; however, 

it was not possible to assess the effect of diabetes mellitus directly because of the small 

patient number. Further analysis using a population sample with more diabetic patients is 

needed to clarify this issue. Fourth, the current study included only hospitalized patients, and 

therefore, our results would not necessarily apply to the outpatient setting. Lastly, we were 

unable to assess the relationship between severe COVID-19 and pregnancy because of the 

small number of patients with severe COVID-19.  

In conclusion, pregnancy could be a risk factor for moderate-to-severe COVID-19 amongst 

women of reproductive age in Japan, and the risk may be greater during the second-to-third 

trimester of pregnancy. However, our assessment was limited by the lack of severe cases and 

a further large-scale study is required to investigate perinatal outcomes in this population.  



Acc
ep

ted
 M

an
us

cri
pt

 

15 
 

NOTES 

Funding: This work was supported by the Ministry of Health, Labour and Welfare (MHLW) 

“Research on Emerging and Re-emerging Infectious Diseases and Immunization” Program 

Grant Number 19HA1003.” 

Conflicts of Interest: All authors declare that they do not have any potential, perceived, or 

real conflicts of interest. IM reports grants or contracts from Ministry of Health Labour and 

Welfare, Japan Agency for Medical Research and Development, and National Center for 

Child Health and Development outside of the submitted work; consulting fees from Sanofi 

and Jansen Pharm; and payment or honoraria for lectures, presentations, speakers bureous, 

manuscript writing or educational events from Takeda Pharm, Shionogi Pharm, Astrazeneca, 

Miyarisan Pharm, Abbvie, and Biomeliuex. KS reports grants or contracts from Ministry of 

Health Labour and Welfare, National Center for Child Health and Development, Japan 

Research Foundation for Clinical Pharmacology outside of the submitted work and payment 

or honoraria for lectures, presentations, speakers bureaus, manuscript writing or educational 

events from Simitomo Dainippon Pharma, Mitsubishi Tanabe Pharma, BioMérieux Japan 

Ltd., Astellas, Gilead, and Abbie GK. 

  



Acc
ep

ted
 M

an
us

cri
pt

 

16 
 

References 

1. World Health Organization. Weekly epidemiological update on COVID-19. 

https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-

19---28-september-2021 

2. Matsunaga N, Hayakawa K, Terada M, et al. Clinical epidemiology of hospitalized 

patients with COVID-19 in Japan: Report of the COVID-19 REGISTRY JAPAN. 

Clinical infectious diseases : an official publication of the Infectious Diseases Society 

of America 2020. 

3. Lowe KE, Zein J, Hatipoglu U, Attaway A. Association of Smoking and Cumulative 

Pack-Year Exposure With COVID-19 Outcomes in the Cleveland Clinic COVID-19 

Registry. JAMA Intern Med 2021; 181(5): 709-11. 

4. Lighter J, Phillips M, Hochman S, et al. Obesity in Patients Younger Than 60 Years Is 

a Risk Factor for COVID-19 Hospital Admission. Clinical infectious diseases : an 

official publication of the Infectious Diseases Society of America 2020; 71(15): 896-

7. 

5. Dai M, Liu D, Liu M, et al. Patients with Cancer Appear More Vulnerable to SARS-

CoV-2: A Multicenter Study during the COVID-19 Outbreak. Cancer Discov 2020; 

10(6): 783-91. 

6. Petrilli CM, Jones SA, Yang J, et al. Factors associated with hospital admission and 

critical illness among 5279 people with coronavirus disease 2019 in New York City: 

prospective cohort study. BMJ (Clinical research ed) 2020; 369: m1966. 

7. Easter SR, Gupta S, Brenner SK, Leaf DE. Outcomes of Critically Ill Pregnant 

Women with COVID-19 in the United States. American journal of respiratory and 

critical care medicine 2021; 203(1): 122-5. 

8. Oakes MC, Kernberg AS, Carter EB, et al. Pregnancy as a risk factor for severe 



Acc
ep

ted
 M

an
us

cri
pt

 

17 
 

coronavirus disease 2019 using standardized clinical criteria. Am J Obstet Gynecol 

MFM 2021; 3(3): 100319. 

9. Martinez-Portilla RJ, Sotiriadis A, Chatzakis C, et al. Pregnant women with SARS-

CoV-2 infection are at higher risk of death and pneumonia: propensity score matched 

analysis of a nationwide prospective cohort (COV19Mx). Ultrasound Obstet Gynecol 

2021; 57(2): 224-31. 

10. Allotey J, Stallings E, Bonet M, et al. Clinical manifestations, risk factors, and 

maternal and perinatal outcomes of coronavirus disease 2019 in pregnancy: living 

systematic review and meta-analysis. BMJ (Clinical research ed) 2020; 370: m3320. 

11. DeBolt CA, Bianco A, Limaye MA, et al. Pregnant women with severe or critical 

coronavirus disease 2019 have increased composite morbidity compared with 

nonpregnant matched controls. Am J Obstet Gynecol 2020. 

12. Kabarriti R, Brodin NP, Maron MI, et al. Association of Race and Ethnicity With 

Comorbidities and Survival Among Patients With COVID-19 at an Urban Medical 

Center in New York. JAMA Netw Open 2020; 3(9): e2019795. 

13. Gold JAW, Rossen LM, Ahmad FB, et al. Race, Ethnicity, and Age Trends in Persons 

Who Died from COVID-19 - United States, May-August 2020. MMWR Morbidity 

and mortality weekly report 2020; 69(42): 1517-21. 

14. Elshafeey F, Magdi R, Hindi N, et al. A systematic scoping review of COVID-19 

during pregnancy and childbirth. Int J Gynaecol Obstet 2020; 150(1): 47-52. 

15. Matar R, Alrahmani L, Monzer N, et al. Clinical Presentation and Outcomes of 

Pregnant Women With Coronavirus Disease 2019: A Systematic Review and Meta-

analysis. Clinical infectious diseases : an official publication of the Infectious 

Diseases Society of America 2021; 72(3): 521-33. 

16. Lassi ZS, Ana A, Das JK, et al. A systematic review and meta-analysis of data on 



Acc
ep

ted
 M

an
us

cri
pt

 

18 
 

pregnant women with confirmed COVID-19: Clinical presentation, and pregnancy 

and perinatal outcomes based on COVID-19 severity. J Glob Health 2021; 11: 05018. 

17.   Dawood FS, Garg S, Fink RV, et al. Epidemiology and Clinical Outcomes of 

Hospitalizations for Acute Respiratory or Febrile I llness and Laboratory-Confirmed 

Influenza Among Pregnant Women During Six Influenza Seasons, 2010-2016. J Infect 

Dis. 2020;221(10):1703-1712.  

18. Sanghavi M, Rutherford JD. Cardiovascular physiology of pregnancy. Circulation 

2014; 130(12): 1003-8. 

19. VEKLURY
®
 (remdesivir). Full prescribing information. 

https://www.gilead.com/-/media/files/pdfs/medicines/covid-19/veklury/veklury_ 

pi.pdf 

20. FACT SHEET FOR HEALTH CARE PROVIDERS EMERGENCY USE 

AUTHORIZATION (EUA) OF REGEN-COVTM (casirivimab and 

imdevimab).  

https://www.regeneron.com/downloads/treatment-covid19-eua-fact-sheet-for-hcp.pdf 

21. Center for Disease Control and Prevention. COVID-19. How to Protect Yourself & 

Others.  

https://wwwcdcgov/coronavirus/2019-ncov/prevent-getting-sick/preventionhtml. 

22. Ciapponi A, Bardach A, Mazzoni A, et al. Safety of components and platforms of 

COVID-19 vaccines considered for use in pregnancy: A rapid review. Vaccine 2021. 

23. Shimabukuro TT, Kim SY, Myers TR, et al. Preliminary Findings of mRNA Covid-19 

Vaccine Safety in Pregnant Persons. N Engl J Med 2021; 384(24): 2273-82. 

24. Center for Disease Control and Prevention. COVID-19 Vaccines While Pregnant or 

Breastfeeding.  

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/ 



Acc
ep

ted
 M

an
us

cri
pt

 

19 
 

pregnancy.html  

25.   National Institute of Infectious Diseases. 

20211118_genome_weekly_lineagejapan.  

https://www.mhlw.go.jp/stf/covid-19/kokunainohasseijoukyou.html#h2_1 [accessed 

21 December 2021] 

 

 

 



Acc
ep

ted
 M

an
us

cri
pt

 

20 
 

Table 1. Patient background (entire cohort) 

Variables, number (%) or median [IQR] Subcategories Total Pregnant 

women 

Non-pregnant 

women 
P† 

Case number  4006 254 3752 NA 

Age, years, median [IQR]  29.0 [24.0-37.0] 30.5 [26.0-35.0] 29.0 [23.0-37.0] 0.121 

Age category 15 to < 35 years 

35 to < 45 years 

2744 (68.5) 

1262 (31.5) 

189 (74.4) 

65 (25.6) 

2555 (68.1) 

1197 (31.9) 

0.036 

Body weight, kg, median [IQR]  53.8 [48.6-60.7] 57.0 [51.1-63.0] 53.0 [48.0-60.0] < 0.001 

Ethnicity Japanese 

Non-Japanese Asian 

Others 
Unknown 

3574 (89.2) 

260 (6.5) 

96 (2.4) 
76 (1.9) 

219 (86.2) 

26 (10.2) 

5 (2.0) 
4 (1.6) 

3355 (89.4) 

234 (6.2) 

91 (2.4) 
72 (1.9) 

0.116 

Smoking history Currently smoking 

Past smoking 

Never 
Unknown 

644 (16.1) 

304 (7.6) 

2533 (63.2) 
525 (13.1) 

13 (5.1) 

31 (12.2) 

159 (62.6) 
51 (20.1) 

631 (16.8) 

273 (7.3) 

2374 (63.3) 
474 (12.6) 

< 0.001 

Gestational age category 

 1
st
 trimester (0 to < 14 weeks) 

 2
nd

 trimester (14 to < 28 weeks) 

 3
rd

 trimester (≥ 28 weeks) 

 Unknown 

 NA  

66 (26.0) 
98 (38.6) 

87 (34.3) 

3 (1.2) 

NA NA 

Underlying diseases 

 

 Any 
Bronchial asthma 

Obesity 

Diabetes mellitus 
Hypertension 

Hyperlipidemia 

Solid tumor 
Collagen disease 

Mild liver disease 

Others 

595 (14.9) 
263 (6.6) 

144 (3.6) 

80 (2.0) 
59 (1.5) 

42 (1.0) 

36 (0.9) 
24 (0.6) 

19 (0.5) 

72 (1.8) 

20 (7.9) 
10 (3.9) 

3 (1.2) 

4 (1.6) 
2 (0.8) 

0 (0.0) 

0 (0.0) 
1 (0.4) 

0 (0.0) 

1 (0.4) 

575 (15.3) 
253 (6.7) 

141 (3.8) 

76 (2.0) 
57 (1.5) 

42 (1.1) 

36 (1.0) 
23 (0.6) 

19 (0.5) 

71 (1.9) 

0.001 
0.088 

0.034 

0.817 
0.585 

0.11 

0.168 
1 

0.629 

0.088 

Immunosuppressive condition  50 (1.2) 0 (0.0) 50 (1.3) 0.073 
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Exposure within 14 days prior to admission Close contact with 

COVID-19 cases* 

   Family 

   Educational facility 
   Healthcare facility 

   Nonfamily roommates 

   Workplace 
   Others 

2297 (57.3) 

 

844 (21.1) 

66 (1.6) 
296 (7.4) 

101 (2.5) 

697 (17.4) 
445 (11.1) 

164 (64.6) 

 

100 (39.4) 

3 (1.2) 
6 (2.4) 

7 (2.8) 

32 (12.6) 
20 (7.9) 

2133 (56.8) 

 

744 (19.8) 

63 (1.7) 
290 (7.7) 

94 (2.5) 

665 (17.7) 
425 (11.3) 

0.018 

 

< 0.001 

0.798 
0.001 

0.835 

0.04 
0.098 

Presence of “three Cs” (close contact in a 

closed crowded space) 

 801 (20.5) 21 (8.3) 780 (21.4) < 0.001 

Days of hospitalization from symptom onset, 

median [IQR] 

 4.0 [2.0-7.0] 4.0 [2.0-6.0] 4.0 [2.0-7.0] 0.604 

IQR, interquartile range; NA, not applicable. *Duplication is allowed.  

†For categorical and continuous variables, Fisher’s exact test and Mann-Whitney U test were used, respectively.  
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Table 2. Comparison between moderate-to-severe and mild COVID-19 in pregnant women 

Variables Case 

number 

Subcategories Moderate-to-severe symptoms Mild symptoms P* 

Case number 254  30 224  

Age, years, median [IQR] 254  32 [27-34] 30 [26-35] 0.602 

Age category, number (%) 254 15 to < 35 years 

35 to < 45 years 

23 (76.7) 

7 (23.3) 

166 (74.1) 

58 (25.9) 

1.0 

Smoking history 203 Currently smoking 
Past smoking 

Never 

Unknown 

1 (3.3) 
6 (20.0) 

17 (56.7) 

6 (20.0) 

12 (5.4) 
25 (11.2) 

142 (63.4) 

45 (20.1) 

0.553 

Gestational age, weeks, median 

[IQR] 

251  29 [24-34] 20.5 [12-30]  

Gestational age category 

 1
st
 trimester (0 to < 14 weeks) 

 2
nd

 trimester (14 to < 28 weeks) 

 3
rd

 trimester (≥ 28 weeks) 

251   

2 (6.9) 
10 (34.5) 

17 (58.6) 

 

64 (28.8) 
88 (39.6) 

70 (31.5) 

0.006 

Underlying diseases*, number 

(%) 

254 Any 
Bronchial asthma 

Obesity 

Diabetes mellitus 

Leukemia 
Collagen disease 

5 (16.7) 
2 (6.7) 

0 (0.0) 

3 (10.0) 

1 (3.3) 
0 (0.0) 

11 (4.9) 
8 (3.6) 

3 (1.3) 

1 (0.4) 

1 (0.4) 
1 (0.4) 

0.028 
0.335 

1.0 

0.005 

0.223 
1.0 

*Results of Fisher’s exact test for categorical variables and Kruskal-Wallis test (Mann-Whitney U test) for continuous variables.  

IQR, interquartile range 
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Table 3. Results of multivariate logistic regression analysis including the trimester of pregnancy, age, and comorbidities 

(pregnant women only) 

 

Variable Odds ratio 95% confidence interval P 

Second-to-third trimester of pregnancy 5.295 1.215-23.069 0.026 

Age 1.014 0.945-1.087 0.705 

Any comorbidity 3.871 1.201-12.477 0.023 
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Figure Legends 

Figure 1. Patient selection flow diagram.  

 


