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Abstract

Aim: To make effective use of the limited available hospital space during the Coronavirus disease 2019
(COVID-19) pandemic, we conducted this study to investigate the laboratory indices that identify pregnant
women with SARS-CoV2 infection who require medical intervention.
Methods: We carried out a retrospective analysis of pregnant women positive for COVID-19 who were
admitted to Hokkaido University Hospital from September 2020 to June 2021. Medical interventions
included oxygen supplementation, systemic corticosteroids, or supplemental liquids to treat infection-related
symptoms.
Results: Forty-two infected pregnant patients were admitted to the hospital, half of whom required medical
intervention (n = 21). Fever, C-reactive protein (CRP), and platelet count are all associated with need for medi-
cal intervention. Of the 32 patients with a fever of ≥37.5�C on days 0–3 after onset of syndromes, 22 (69%) con-
tinued to have a fever on days 4–6, of which 19 (86.4%) required medical intervention. CRP level on days 4–6
predicted the presence or absence of medical intervention (area under the receiver operating characteristic
curve = 0.913), with a sensitivity of 81% and specificity of 100% at a CRP cutoff of 1.28 mg/dL.
Conclusions: The need for medical intervention in pregnant patients can be predicted with high accuracy
using a CRP cutoff of 1.28 mg/dL on days 4–6 after onset of syndromes. The presence of fever also may be
an easy marker for selecting subjects who need or will need therapeutic intervention. These could be an
effective triage method to determine appropriate indications for the hospitalization of pregnant women in
future outbreaks.
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Background

Since the first case of COVID-19 infection in Sapporo
City in February 2020, there were four outbreak
spikes. Each spike was traced to a large social event

such as the Sapporo Snow Festival in 2020 or a long
national holiday. At each spike, there was a subse-
quent declaration of a state of emergency by the gov-
ernment to attempt to limit further spread of the
infection.1 Furthermore, due to the long national
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holiday at the beginning of May in 2021, with an
increase in the more contagious N501Y mutant,2 we
experienced the largest outbreak (the fourth spike)
from the middle of May through the middle of June.3

Many patients were required to stay home or in
accommodation facilities, even in a state of hypox-
emia, due to the lack of available hospital wards.
The Sapporo City administration made adjustments

to the guidelines of medical facilities; admission of
patients with COVID-19 should be based on severity
and state of infection. After the initial phase of the
third spike, infected individuals, including pregnant
women, whose general condition was considered
good, were not admitted to the hospital due to the lack
of available space. The fourth wave was more serious,
in this critical situation in Sapporo City, Hokkaido Uni-
versity Hospital admitted all pregnant women positive
for SARS-CoV2 starting in May. Additionally, deliver-
ies for women without SARS-CoV2 infection were hal-
ted in Hokkaido University Hospital.
The number of infected pregnant women decreased

at the time this manuscript was written (end of June,
2021), probably due to the effect of government
restrictions on the movement of people outside their
homes. However, another larger spike may occur in
the near future, leading to a decrease in free hospital
beds. In preparation for this eventuality, we sought to
identify factors that would aid the triage of pregnant
women positive for SARS-CoV2 who require thera-
peutic intervention and admission to the hospital. In
this study, we first retrospectively reviewed the
records of pregnant women positive for SARS-CoV2
who were admitted to Hokkaido University Hospital
to identify the background and clinical characteristics
of these patients. We then investigated laboratory
indices that could be useful for selecting subjects who
require or will require admittance to the hospital to
receive therapeutic intervention.

Methods
Patients

This was a single-center, retrospective observational
study approved by the Hokkaido University Hospital
Division of Clinical Research Administration
(No. #020–0107). The study included pregnant women
diagnosed with COVID-19 in the third spike of infec-
tions peaked in January 2021 and in the fourth spike
peaked in early June 2021 who were admitted to the
Hokkaido University Hospital. A definitive diagnosis

of COVID-19 was defined as a positive nasal swab or
saliva specimen by polymerase chain reaction analy-
sis. The treatment strategy followed the official
Japanese guidelines of the Ministry of Health, Labor,
and Welfare.4 Demographic characteristics (age and
sex) and clinical data (referral source, symptoms, days
from onset, comorbidities, and laboratory findings)
were collected from medical records by the
investigators.

Therapeutic intervention for subjects

We defined “therapeutic intervention” as the
following:

(1) Oxygen supplementation
(2) (1) + Systemic corticosteroids
(3) (2) + Supplemental liquids due to infection-
related symptoms such as high fever and low
appetite.

These three conditions were assigned as the pri-
mary outcomes of this study. Each treatment decision
was finalized after discussions with a respiratory phy-
sician for oxygen supplementation and with three
obstetricians for supplemental liquids. Regardless of
severity, intravenous or subcutaneous heparin was
administered to all subjects (10 000 IU/day). None of
the subjects were vaccinated against COVID-19.

Biochemical procedures

Blood samples were sent to the hospital’s clinical lab-
oratory immediately after collection and were assayed
within 2 h of collection after storage at room tempera-
ture. The C-reactive protein (CRP) and D-dimer levels
were measured by latex immunoturbidimetry assay
(Iatro-CRP-EX, LSI Medience, Tokyo, Japan; Riasauto-
Ddimer-Neo, Sysmex, Kobe, Japan). Lactate dehydro-
genase (LDH) was measured by International Federa-
tion of Clinical Chemistry method (Serotec LD-IF,
SEROTEC, Sapporo, Japan).

Statistical analysis

All categorical variables were compared for their
association with the study outcomes using Fisher’s
exact test, and continuous variables were compared
using a t-test or Mann–Whitney U test as appropriate.
Continuous data are expressed as the mean (range) or
median (range). Individual risk factors were assessed
for their prediction of therapeutic intervention by esti-
mating the area under the curve (AUC) of receiver
operating characteristic curves. Risk factors for which
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the AUC was >0.8 were reviewed to derive their clini-
cal relevance for inclusion in the prediction model.
Categorical data are expressed as proportions. JMP
(SAS Institute Inc., Cary, NC, USA) and Prism 8 (Gra-
phPad Software, San Diego, CA, USA) were used for
statistical analyses.

Results
Characteristics and clinical information

At Hokkaido University Hospital, five pregnant
patients infected with COVID-19 were admitted dur-
ing the third wave and 37 during the fourth wave
(Table 1, Figure 1). There were no differences in age,
body mass index, or days from onset to hospital
admission between the groups that required and did
not require medical intervention. The number of
weeks of pregnancy tended to be higher in the group
that required medical intervention (p = 0.078), but
there was no difference in obstetric complications

between the groups. Of the 21 patients receiving med-
ical intervention, 20 (95%) received supplemental
fluids, 13 (62%) received oxygen, 10 (48%) received
systemic corticosteroids, and 3 (14%) underwent
cesarean section. Symptoms included fever (≥37.5�C)
in 33 patients (79%), which was significantly more fre-
quent in the medical intervention group. Nineteen
(86%) of the 22 patients who had a fever from days
0 to 3 and continued to have a fever from days 4 to
6 required medical intervention.

Laboratory findings

White blood cells, fraction of neutrophils, fraction of
lymphocytes, platelets, LDH, D-dimer, CRP,
neutrophil-to-lymphocyte ratio (NLR), and platelet-to-
lymphocyte ratio (PLR)5 on days 4–6 and from day
7 onward are shown in Table 2. In the group requir-
ing medical intervention, white blood cells and plate-
lets were lower and LDH and CRP were higher in the
both periods. The NLR and PLR were higher in the

TABLE 1 Characteristics and clinical information of pregnant women infected with COVID-19

Total With intervention Without intervention p-Value

Number 42 21 21
Age (years) 31 (20–44) 31 (20–44) 31 (20–38) 0.6684
Gestational weeks at onset 25.6 (4.29–35.6) 26.7 (8.57–35.6) 23.6 (4.29–35.6) 0.0781
BMI (kg/m2) 21.6 (15.8–35.0) 22.6 (18.0–35.0) 21.2 (15.8–33.7) 0.3924
Days of admission from onset 5 (�2–9) 5 (�2–8) 5 (2–9) 0.8685
Comorbidities

Asthma 2 (4.76%) 2 (9.52%) 0 (0%) 0.1473
Thyroid disease 3 (7.14%) 1 (4.76%) 2 (9.52%) 0.5491
Others 4 (9.52%) 2 (9.52%) 2 (9.52%) 1.0000

Symptoms
Fever (≥37.5�C) 33 (78.6%) 21 (100%) 12 (57.1%) 0.0007
Cough 27 (64.3%) 16 (76.2%) 11 (52.4%) 0.1074
Nasal congestion 17 (40.5%) 7 (33.3%) 10 (47.6%) 0.3456
Sore throat 15 (35.7%) 5 (23.8%) 10 (47.6%) 0.1074
Dyspnea 21 (50.0%) 15 (71.4%) 6 (28.6%) 0.0055
Anosmia or ageusia 10 (23.8%) 3 (14.3%) 7 (33.3%) 0.1473
No symptoms 2 (4.76%) 0 (0%) 2 (9.52%) 0.1473

Obstetrical complications
HDP 0 (0%) 0 (0%) 0 (0%)
TPD 7 (16.7%) 4 (19.1%) 3 (14.3%) 0.6784
Oligohydramnios 6 (14.3%) 3 (14.3%) 3 (14.3%) 1.0000
Fetal disorder 2 (4.76%) 2 (9.52%) 0 (0%) 0.1473

Medical intervention
Oxygen 13 (31.0%) 13 (61.9%) 0 (0%) <0.0001
Intravenous hydration 20 (47.6%) 20 (95.2%) 0 (0%) <0.0001
Steroid 10 (23.8%) 10 (47.6%) 0 (0%) 0.0003
Cesarean section 3 (7.14%) 3 (14.3%) 0 (0%) 0.0723

Note: Data were shown in the median (range) or the number of patients (%), and the bolded data had a p-value <0.05 by Mann–Whitney
U test or Pearson’s chi-square test, respectively. and Abbreviations: BMI, body mass index; HDP, hypertensive disorder of pregnancy;
TPD, threatened premature delivery.
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group that required medical intervention only from
day 7 onward.

Prediction of medical intervention based on
laboratory measurements

The AUCs for the receiver operating characteristic
curve for predicting the presence or absence of medi-
cal intervention for nine blood variables, divided by
the number of days since the onset, are shown in
Table 3. CRP on days 4–6 best predicted the presence
of medical intervention (AUC = 0.913), with a sensi-
tivity of 81% and specificity of 100% using a CRP

cutoff of 1.28 mg/dL. Platelet counts on days 4–6 also
predicted the presence or absence of medical interven-
tion relatively well (AUC = 0.856), with a sensitivity
of 75% and a specificity of 87% using a platelet count
cutoff of 16.3 � 104/μL.

Relationship between CRP, gestational age, and
medical intervention in the third and fourth
waves

In the third wave, five patients were admitted to the
hospital, but there was no clear relationship between
CRP and gestational age or the presence or absence of

FIGURE 1 Relationship
between the presence of
fever and need for medi-
cal intervention. Fever
was defined as 37.5�C or
higher. Nineteen (86%) of
the 22 patients who had a
fever from days 0 to 3 con-
tinued to have a fever on
days 4–6 and required
medical intervention

TABLE 2 Blood parameters of pregnant women with COVID-19 associated with days from onset

Intervention Days from onset (4≤, ≤6) Days from onset (7≤)

Number of patients With n = 16 n = 20
Without n = 15 n = 21

Median (range) p-Value Median (range) p-Value
WBC (cells/μL) With 4650 (3400–7700) 0.0397 5000 (3500–7700) 0.0158

Without 5800 (3200–9100) 7000 (2400–9700)
Neutrophile (%) With 77.9 (67.7–87.0) 0.1284 79.7 (61.6–87.0) 0.0062

Without 74.9 (45.6–85.5) 69.0 (49.4–78.4)
Lymphocyte (%) With 16.6 (8.50–27.8) 0.4335 15.1 (9.00–34.5) 0.0060

Without 16.9 (8.00–45.1) 23.2 (14.8–44.6)
Platelet (�104/μL) With 15.6 (11.6–20.8) 0.0008 16.8 (10.7–28.7) 0.0057

Without 19.8 (15.3–27.1) 20.2 (11.0–31.5)
LDH (IU/L) With 181 (125–391) 0.0177 198 (139–641) 0.0013

Without 148 (119–206) 156 (136–227)
D-dimer (μg/mL) With 1.85 (0.36–4.86) 0.0187 1.65 (0.70–8.95) 0.2404

Without 1.19 (0.53–4.00) 1.42 (0.38–3.42)
CRP (mg/dL) With 2.63 (0.30–8.40) <0.0001 3.58 (0.07–9.16) <0.0001

Without 0.51 (0.02–1.11) 0.51 (0.02–2.57)
NLR With 4.81 (2.44–10.13) 0.3814 5.42 (1.79–8.78) 0.0057

Without 4.43 (1.01–10.69) 2.97 (1.11–5.26)
PLR With 2.26 (1.09–5.15) 0.3569 1.97 (1.00–3.43) 0.0079

Without 1.83 (0.90–4.12) 1.35 (0.59–2.42)

Note: Data were shown in the median (range), and the bolded data had a p-value <0.05 by Mann–Whitney U test. and Abbreviations:
CRP, C-reactive protein; LDH, lactate dehydrogenase; Lymphocyte, lymphocyte fraction; Neutrophile, neutrophile fraction; NLR,
neutrophil-to-lymphocyte ratio; Platelet, platelet count; PLR, platelet-to-lymphocyte ratio; WBC, white blood cell count.
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medical intervention (Figure 2). In the fourth wave,
37 patients were admitted; in this group, the later the
gestational age and the higher the CRP, the poorer
the oxygenation and the higher the frequency of med-
ical intervention. Pregnant women in fourth wave
whose saturation of peripheral oxygen (SpO2) was
less than 93% were at more than 25 gestational weeks.

Transmission of infection in the third and fourth
waves

In the third wave, no familial transmission was
observed, but in the fourth wave, 57% of the cases
were familial. In the fourth wave, five (14%) infections
were observed in healthcare workers.

Discussion

This study identified early clinical factors that predict
disease progression in pregnant subjects infected with
SARS-CoV2 who required admission to the hospital
for therapeutic intervention. To date, several labora-
tory findings have been reported as being associated
with worse outcomes in nonpregnant subjects infected
with SARS-CoV2.5–7 However, to the best of our
knowledge, this is the first report showing laboratory
measurements associated with the need for therapeu-
tic intervention in pregnant women.

Among the laboratory indices measured, high CRP
level and low platelet number were significant factors
associated with the need for medical intervention
(Tables 2 and 3). This is consistent with previous
reports in the general population.6,7 In particular,

CRP level days 4–6 after onset had a high sensitivity
and specificity for the selection of subjects who
needed treatment intervention. Based on gestational
age and blood test results, a triage flow for pregnant
women during the large outbreaks may be generated
if designated wards are not sufficient to admit all
infected pregnant women.
In the pregnant women of this study, age was not

associated with need for medical intervention
(Table 1). This is likely because subjects in the repro-
ductive age range are not old, and the small age range
of the women in this study (20–44 years old) did not
influence the outcome. On the other hand, regardless
of the age of onset of COVID-19 infection, gestational
week was associated with medical intervention,
which is consistent with previous report showing that
SARS-CoV2 severity increases with late pregnancy in
Japan.8 This pattern of more heavily pregnant women
being more severely affected has also been observed
in women infected with other respiratory viruses.9,10

Accordingly, the gestational week, but not the age of
onset of infection, could be among the significant risk
factors for severe COVID-19 in pregnant women.
Regarding the symptoms experienced by pregnant
women with COVID-19, those with a fever of 37.5�C
or higher on both days 0–3 and days 4–6 often
required medical intervention (Figure 1). The presence
of fever may be an easy marker for selecting subjects
who need or will need therapeutic intervention.
In this analysis, we considered three therapeutic

interventions. We understand that the meaning of
medical intervention, oxygen supplementation or sys-
temic corticosteroids or supplemental liquids due to
infection-related symptoms, might include a different
aspect of the disease conditions; namely, oxygen sup-
plementation and systemic corticosteroids means the
severity of pneumonia, but supplemental liquids
means worsening of general condition. Regarding the
necessity for hospital admission and therapeutic inter-
vention, each intervention has a significant impact on
the management of pregnant women with COVID-19.
In contrast to low familial infection rate early in

2020,11 as shown in Figure 3, 57% of the patients in
the fourth wave were infected by family members. It
has been reported that almost all SARS-CoV2 infec-
tions in the fourth spike were caused by the N501Y
mutant, which is more contagious than the previous
serotype.2 The effects of viral mutations also made the
difference that CRP did not predict medical interven-
tion in the third wave but could predict it in the
fourth wave (Figure 2). Viral mutations may also

TABLE 3 Area under the curve of receiver operating
characteristic curves of blood variables for the predic-
tion of medical intervention

Days from onset 4≤, ≤6 (n = 31) 7≤ (n = 41)

WBC (cells/μL) 0.719 0.721
Neutrophile (%) 0.672 0.754
Lymphocyte (%) 0.590 0.756
Platelet (�104/μL) 0.856 0.754
LDH (IU/L) 0.752 0.794
D-dimer (μg/mL) 0.750 0.608
CRP (mg/dL) 0.913 0.873
NLR 0.600 0.757
PLR 0.605 0.747

Note: The bold data had AUC more than 0.8. and Abbrevia-
tions: AUC, area under the curve; CRP, C-reactive protein;
LDH, lactate dehydrogenase; Lymphocyte, lymphocyte frac-
tion; Neutrophile, neutrophile fraction; NLR, neutrophil-to-
lymphocyte ratio; Platelet, platelet count; PLR, platelet-to-
lymphocyte ratio; WBC, white blood cell count.
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affect the effectiveness of the triage method, but it
worked well in fifth wave in Sapporo, Hokkaido (data
were not shown in this article). Therefore, our study
might help medical professionals prioritize pregnant
women who should be hospitalized if there are fur-
ther waves of infections, although the cut-off levels
may not always be the same.
This study has several limitations. First, this is a ret-

rospective study at a single center. Second, the num-
ber of participants in this study was small, although
nearly all of the pregnant women positive for SARS-
CoV2 who were diagnosed in Sapporo City during

the third and fourth spikes were analyzed. Third, con-
founding factors that may affect the COVID-19 sever-
ity and related mortality, such as smoking or
comorbidities, were not obtained for all subjects.

In conclusion, this study summarizes the clinical
characteristics of pregnant women positive for SARS-
CoV2 who were admitted to our hospital. Subjects
with a fever of 37.5�C or higher on both days 0–3 and
days 4–6 often required medical intervention. Serum
CRP value on days 4–6 cut off of 1.28 mg/dL is a
valuable parameter for the decision of hospital admis-
sion. The results of this study provide a guide for the

FIGURE 2 Relationship between C-reactive protein, gestational age, and the need for medical intervention.
(a) Relationship between C-reactive protein, gestational age, and saturation of peripheral oxygen in the third and fourth
spikes. (b) Relationship between C-reactive protein and the need for medical intervention in the third and fourth spikes
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management of infected pregnant women during
future outbreaks of SARS-CoV2 and could potentially
be used to inform decisions on the triage and hospi-
talization of these women.
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