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Objective: The COVID-19 lockdown extended premature rupture of membranes
(PROM) expectant time among nulliparas and increased the risk of term neonatal
complications. This study investigated the impact of term nulliparas with PROM delays
at home on neonatal outcomes during the COVID-19 lockdown period, considering the
clinical diagnostic application of maternal C-reactive protein (CRP).

Methods: This study collected 505 term nulliparous women who underwent PROM at
home from five provinces in a non-designated hospital of China in 2020. We analyzed
PROM maternal information at home and neonatal complications in the COVID-19
regional lockdown and compared related information in the national lockdown. Poisson
regression models estimated the correlation of PROM management at home, maternal
CRP, and neonatal morbidity. We constructed two diagnostic models: the CRP univariate
model, and an assessed cut-off value of CRP in the combined model (CRP with PROM
waiting time at home).

Results: In the regional lockdown, PROM latency at home and the severity of neonatal
complications were extended and increased lower than in the nationwide lockdown, but
term neonatal morbidity was not reduced in the COVID-19 localized lockdown. Prolonged
waiting time at home (>8.17 h) was associated with increasing maternal CRP values and
neonatal morbidity (adjusted risk ratio 2.53, 95% Cl, 1.43 to 4.50, p for trend <0.001) in
the regional lockdown period. In the combined model, CRP >7 mg/L with PROM latency
>8.17 h at home showed higher diagnostic sensitivity and AUC than only CRP for initial
assessing the risk of adverse neonatal complications in COVID-19 regional lockdowns
(AUC, 0.714 vs. 0.534; sensitivity, 0.631 vs. 0.156).
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Conclusion: The impact of the acute COVID-19 national blockade on the PROM
newborns’ health could continue to the COVID-19 easing period. Maternal CRP
reference interval (>7 mg/L) would effectively assess the risk of term neonatal morbidity
when nulliparas underwent prolonged PROM expectant at home (>8.17 h) during the

second COVID-19 lockdown.

Keywords: COVID-19, premature rupture of membranes, neonatology, expectant treatment, neonatal intensive

care unit

INTRODUCTION

More than 207 million COVID-19 confirmed cases had been
reported globally, with ~4.4 million deaths as of August 16,
2021, by WHO official declaration (1). After the first wave of
the COVID-19 pandemic with national lockdown (January 2020-
May 2020) in China, other small waves of infection happened
irregularly in Beijing, Hebei, Liaoning, Guangdong, Xinjiang,
and Changchun provinces with regional lockdown (June 2020-
December 2020). The case fatality rate (CFR) was 15% during
the early COVID-19 pandemic in Wuhan and subsequently
decreased to 1.4% (2, 3). To overcome the severe shortage
of available medical resources, the government constructed or
retrofitted several facilities, including Fangcang shelter hospitals
and non-designated hospitals (4, 5). Due to the nationwide
blockade, travel and movement restrictions will inevitably affect
the number of medical visits for clinical populations with regular
follow-ups. In low- and middle-income countries (LMICs),
where remote consultations are less feasible, nulliparas who lack
birth experience might miss antenatal care during a certain
pregnancy period (6-8).

After the national blockade was lifted, small-scale outbreaks
and large-scale population movements led to the repeated
quarantine of pregnant women. Regional quarantine reduced
pregnant women’s requirement for antenatal care and increased
worry about their infants’ and own well-being. During the
delayed phase of the COVID-19 pandemic, term nulliparas were
more likely to be managed at home and had a longer duration
of membrane rupture before hospitalization than multiparas.
England Collaborative Group indicated that 36 to 45% of
nulliparous women were required to transfer to the hospital
due to secondary obstetric complications, compared with 9 to
13% of multiparous women during the COVID-19 pandemic
(9). The Guttmacher Institute estimates that even a moderate
decrease of 10% in pregnancy-related and neonatal health care
coverage could result in an additional 28,000 maternal deaths and
1,68,000 neonatal deaths globally (10). However, no finding is
investigating changes in term neonatal outcomes in subsequent
COVID-19 remission periods.

Premature rupture of membranes (PROM) complicates ~5-
10% of all pregnancies, 60% of which occur at term (11-
13). The risks of PROM and fetal distress among pregnant
women during the COVID-19 pandemic were higher than
those who gave birth before the pandemic (14). Fetal infection
risk increases proportionally with the time between membrane
rupture and delivery (15, 16). Admissions of term neonates to the
neonatal intensive care unit (NICU) and unexpected postnatal

complications have been proposed as neonatal-focused quality
metrics (17). However, for the remission period of the epidemic,
there is no relevant study to report the association between
adverse nulliparas PROM at home and term newborn morbidity.
The effectiveness and quick diagnostic indicators are essential
for estimating the risk of PROM neonatal complications during
the COVID-19 pandemic. One study discovered the maternal
serum CRP level (>8 mg/L) obtained up to 72 h before delivery
is an independent predictor of funisitis and early-onset neonatal
sepsis in women with preterm labor or preterm PROM (18). CRP
in cord blood level differs between term labor and preterm PROM
(19). However, there were no reports on differences in the CRP
reference intervals for predicting outcomes in term neonates with
PROM from preterm neonates. Maternal CRP upper reference
limits have been variably implemented between 5 and 10 mg/L
in China, the UK, the USA, and Australia (20). There is a lack
of evidence to the association between PROM latency (between
membrane rupture and delivery) at home, maternal CRP results,
and term neonatal morbidity. In this study, we would present
adverse expectant duration of PROM at home combined with
diagnostic maternal CRP reference interval as valuable indicators
to guide nulliparous women with PROM at home to reduce
neonatal morbidity during the COVID-19 pandemic effectively.

METHODS
COVID-19 Setting

In this study, Shenzhen, one of the cities with the largest
floating population in China, was selected to analyze pregnancy-
related health care in a large-scale non-designated hospital.
In total, 1,250 PROM subjects were from 5 provinces,
including Guangdong, Hunan, Hubei, Jiangxi, and Hebei. When
the country was under acute national COVID-19 blockade,
there were no or a few movements between Shenzhen and
other provinces. After the nationwide lockdown was lifted, a
proportion of women from other areas returned to Shenzhen.
All nulliparas were admitted without fever (maternal body
temperature < 37.3°C). Nucleic acid test within 48 h was negative
from January 30, 2020, in national lockdown. They had not been
vaccinated before pregnancy.

Study Design and Participant

Inclusion/Exclusion

This retrospective cohort study set the acute COVID-19 period
with national lockdown from January 1, 2020 to May 31, 2020.
The remission period with regional lockdown was from June 1,
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FIGURE 1 | Study flow chart.
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deformity
(n=13)

2020 to December 31, 2020. The onset of continuous vaginal
fluid or discontinuous vaginal fluid >3 times at home among
nulliparas without regular uterine contraction was diagnosed and
confirmed PROM by pH test of vaginal fluid or ferning tests in
hospital (21). The start time of PROM expectant management
was recorded by obstetricians based on the admission inquiry
(continuous vaginal fluid or discontinuous vaginal fluid >3 times
at home). The pregnant women’s delivery time is accurately
recorded in the electronic nursing records of the delivery
room. The discharge summary described the mother and
child’s discharge details. Postnatal neonatology consultation and
newborns’ hospitalization recorded adverse neonatal outcomes,
such as NICU admission.

For this study, nulliparous women (age >18 and <40 years)
who underwent PROM after gestational age >37 weeks with
singleton and liveborn infants were included. Medical history
inquired excluded adverse personal history (smoking, drug abuse,
alcohol), syphilis infection, pregnancy complications (pregnant
hypertension, hepatitis, systemic lupus erythematosus, diabetes
mellitus), twin pregnancy, breech presentation, birth canal
malformations, and maternal congenital heart disease. Before the
onset of labor, PROM occurrences resulting from dilation of the
cervix with Foley plus were excluded. We also excluded PROM

women complicated with antenatal fetal distress, oligoamnios,
and intrauterine infection. Abnormal prenatal diagnosis results
were excluded, including fetal deformities and changes in
the number of chromosomes. B-Ultrasound in this study
included choroid plexus cysts, echogenic intracardiac focus, and
mild separation of the renal pelvis in the second trimester,
but the aforementioned manifestations disappeared by B-
ultrasound diagnosis in the third trimester or admission day for
delivery (Figure 1).

Variables and Measurements

The primary outcomes for this study are neonatal complications,
including neonates who were admitted to NICU admission,
neonatal infectious pneumonia (NIP), meconium aspiration
syndrome, and neonatal jaundice. Demographic variables were
maternal age, gestational age, gravidity, body mass index
(BMI), areas, and history of present illness (GDM, gestational
diabetes mellitus; GBS, group B streptococcus infection). The
most critical variable is PROM waiting time for labor at
home. This continuous variable was categorized as quartiles
(<4.22h, 422-8.16h, 8.17-17.14h, >17.14h). After admission,
the PROM women were examined by blood routine, C-reactive
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TABLE 1 | Characteristics of nulliparous women with PROM between COVID-19
national and regional lockdown periods.

COVID-19 COVID19 P-value
National Regional
lockdown lockdown
(N, %; mean, SD/ (N, %; mean, SD/
median, IQR) median, IQR)
Maternal age (years) 29.3 (8.51) 28.4 (3.26) 0.005*
Maternal age (years) 224 281 0.005*
<25 12 (5.36) 31 (11.09)
25-35 196 (87.50) 240 (85.41)
>35 16 (7.14) 10 (3.56)
GA (days) 273.42 (6.54) 273.77 (7.28) 0.59
GA (weeks) 224 281 0.22
37 (259-265) 36 (16.07) 44 (15.66)
38 (266-272) 65 (29.02) 72 (25.62)
39 (273-279) 77 (34.38) 89 (31.67)
40 (280-286) 46 (20.54) 76 (27.05)
Gravidity (times) 224 281 0.15
1 135 (60.27) 186 (66.19)
2 56 (25.00) 63 (22.42)
>3 33 (14.73) 32 (11.39)
BMI (kg/m?) 26.33(3.12) 26.10 (2.90) 0.40
BMI (kg/m?) 224 281 0.59
<25 80 (35.71) 107 (38.08)
>25 144 (64.29) 174 (61.92)
GDM 224 281 0.12
No 186 (83.04) 247 (87.90)
Yes 38 (16.96) 34 (12.10)
GBS 224 281
No 208 (92.86) 262 (93.24) 0.87
Yes 16 (7.14) 19 (6.76)
Bishop score 0.18
<6 157 (70.09) 212 (75.44)
>6 67 (29.92) 69 (24.56)
CRP (mg/L) 2.68 (4.55) 1.79 (8.92) <0.001*
WBC (x10°/L) 8.79 (2.66) 8.83(3.09) 0.61@
AFI (mm) 81.70 (1.61) 81.92 (1.593) 0.92
MBT (°C) 36.52 (0.19) 36.48 (0.18) 0.03*
Prenatal B ultrasound 224 281 0.94
Normal 190 (84.82) 239 (85.05)
Abnormality 34 (15.18) 42 (14.95)
Fetal position 224 281
Occiput position 219 (97.77) 265 (94.41) 0.05
Others 5(2.23) 16 (5.69)
Area 224 281 0.11
Guangdong 100 (44.64) 136 (48.40)
Hunan 34 (15.18) 33 (11.74)
Hubei 31(13.84) 29 (10.32)
Jiangxi 34 (15.18) 33 (11.74)
Hebei 25 (11.16) 50 (17.80)
Admission time 224 281 0.001*
Day 117 (52.23) 190 (67.62)
Night 107 (47.77) 91 (32.38)
(Continued)

TABLE 1 | Continued

COVID-19 COVID19 P-value
National Regional
lockdown lockdown
(N, %; mean, SD/ (N, %; mean, SD/
median, IQR) median, IQR)
Wait-time at home (h) 11.00 (14.34) 6.18 (10.85) <0.001* 2
Wait-time at home (h) 224 281 <0.001*
<4.22 27 (12.05) 100 (35.59)
4.22-8.16 56 (25.00) 70 (24.91)
8.17-17.14 67 (29.91) 59 (21.00)
>17.14 74 (33.04) 52 (18.51)
Cesarean section 0.25
No 176 (78.6%) 233 (82.9%)
Yes 48 (21.4%) 48 (17.1%)

GA, gestational age; BMI, body mass index; GDM, gestational diabetes mellitus;, GBS,
group B streptococcus; CRR, C-reactive protein; WBC, white blood cell count; AFI,
amniotic fluid index; MBT, maternal body temperature.

@Non-parametric tests, median, IQR.

“Statistical significance.

protein (CRP), obstetric B-ultrasound, and maternal body
temperature (MBT).

Statistical Analysis

Baseline cohort characteristics were described as mean
+ standard deviation (normal distribution) or median
(interquartile range) (skewed distribution), and categorical
variables were presented as a percentage. The ¢-test (normal
distribution), non-parametric tests (skewed distribution) test,
and x? tests (categorical variables) were used to determine any
statistical differences between the means and proportions of
the groups. One-way ANOVA and generalized linear models
(Gamma distribution) detect differences at CRP in different
waiting-time levels at home. P-value for trend was tested on
the association between waiting time at home (categorical
variables) and CRP (log), based on one-way ANOVA. Poisson
regression models evaluated every level of PROM waiting time at
home, maternal CRP, BMI, and gestational age association with
neonatal morbidity.

Pearson’s correlation, and correlations between CRP (Log)
and PROM latency (Log) were analyzed. According to the
STROBE statement’s recommendation, we simultaneously
showed the results of crude risk ratios (cRRs), minimally
adjusted risk ratios (aRRs), and fully adjusted analyses, with 95%
CI, respectively.

ROC analysis was performed to calculate the area under the
curve (AUC) to evaluate the models’ diagnostic performance.
We computed the AUC with a 95% CI using 500 bootstrap
re-sampling (22).

The relative weight for predicting neonatal incidence was
determined by converting parameter estimates calculated
with generalized linear models to calculate the diagnostic
score. Diagnostic scores were calculated by using the
following formulas:
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TABLE 2 | Adverse term neonatal outcomes between COVID-19 national and
regional lockdown periods.

Neonatal outcomes COVID-19 COVID19 p-value
national national
lockdown lockdown
(means, SD/ (means, SD/
median, IQR) median, IQR)
(N, %) (N, %)
Fetal weight 3,184.2 (335.2) 3,1561.8 (377.7) 0.33
Apgar score < 7 at 5min 0.23
No 211 (94.20) 271 (96.44)
Yes 13 (5.80) 10 (3.56)
Neonatal intubation 0.29
No 204 (91.07) 263 (93.59)
Yes 20 (8.99) 18 (6.41)
Neonatal disease 0.38
No 118 (52.68) 159 (56.58)
Yes 106 (47.32) 122 (43.42)
Composite items 224 281
NICU 0.15
No 132 (58.93) 183 (65.12)
Yes 92 (41.07) 98 (34.88)
NIP 0.212
No 205 (91.52) 265 (94.41)
Yes 19 (8.48) 15 (5.34)
MAS 0.64
No 209 (93.30) 265 (94.31)
Yes 15 (6.70) 16 (5.69)
Neonatal jaundice 0.40
No 144 (64.29) 191 (68.97)
Yes 80 (35.71) 90 (32.03)

NICU, neonatal intensive care unit; NIF, neonatal infectious pneumonia; MAS, meconium
aspiration syndrome.
aFisher exact test.

Model I Score = Bcrp x Parameter crp

Model IT Score = Bcrp x Parameter crp + Bwaitingtimeathome X
Parameter waitingtimeat home

where f is the coefficient.

The optimal CRP cut-off value was applied to calculated AUC,
specificity, and sensitivity in subgroups and both lockdowns in
every model.

Analyses were performed using statistical software R (The R
Foundation; http://www.r-project.org; version 3.5.1) and SPSS
Statistic 26.0 and p < 0.05 (two-sided) were used to define
statistical significance.

RESULTS

Characteristics of Nulliparous Women and
Adverse Neonatal Outcomes With PROM

Between Two Lockdown Periods

There were 224 and 281 pregnant nulliparous women onsets
of PROM in the COVID-19 national and regional lockdown
periods, respectively. Gestational age, BMI, gravidity, and

number of populations from five areas were comparable in both
periods (Table 1). There were no differences in the proportion of
GDM, GBS infection, prenatal B ultrasound, and fetal position.
Nulliparous women admission ratios after PROM observed a
significant increase during the day (7:00-19:00) and decline at
night (20:00-6:00) in regional lockdown compared with the
national lockdown (during the day, 190, 67.62% vs. 117, 52.23%,
p = 0.001; at night, 91, 32.38% vs. 107, 47.77%, p = 0.001). A
significant decrease in PROM duration at home was noted in
the COVID-19 regional lockdown period compared with that
in national periods (median, IQR: 6.18 (10.85) vs. 11.00 (14.34),
p < 0.001) (Table 1). More PROM women extended expectant
treatment at home more than 17.14 h in the national lockdown
period (74/224, 33.04%), but in the regional lockdown, 35.59%
(100/281) PROM women delayed expectant duration < 4.22h
at home (Table 1). Clinical examination indications of maternal
CRP and MBT decreased in regional lockdown compared with
national lockdown period [CRP median (IQR), 1.79 (3.92) vs.
2.68 (4.55), p < 0.001; MBT, means (SD), 36.48 (0.18) vs. 36.52
(0.19), p = 0.03]. Maternal cesarean section incidence resulting
from fetal distress did not decrease in the regional lockdown
period (Table 1).

Neonatal Apgar score <7 at 5min and neonatal rescue in
both periods did not differ. The overall composite of adverse
neonatal outcomes did not decrease in the regional lockdown
period compared with national lockdowns (Table 2).

Association Between PROM Wait-Time at
Home and Relative Risks of Neonatal

Complications or CRP Values

After adjusted areas, maternal age and neonatal confounders like
gestational age, BMI, gravidity, amniotic fluid index (AFI), GDM,
GBS infection, fetal weight, and aRRs of neonatal morbidity were
6.06 (95% CI, 1.41 to 26.01, national lockdown) and 2.53 (95%
CI, 1.43 to 4.50, regional lockdown) (8.17-17.14h vs. <4.22h).
aRRs of neonatal morbidity were 9.81 (95% CI, 2.31 to 41.68,
national lockdown) and 3.48 (95% CI, 1.98 to 6.11, regional
lockdown) (>17.14h vs. <4.22h) (Table 3). The p-value for
trend for aRRs of adverse neonatal outcomes both increased as
extended at home after PROM during the COVID-19 pandemic
(p for trend <0.001).

PROM waiting time at home significantly correlated with
CRP between both lockdown periods (Pearson correlation
nationallockdowns T = 0.28, 95% CI, 0.16 to 0.40, p < 0.001;
Pearson correlation regionallockdown> I = 0.17, 95% CI, 0.05 to
0.28, p = 0.005). Further study of the association between
the PROM waiting time at home and maternal CRP values is
shown in Table 3. Waiting time within 8.17-17.14h or >17.14h
groups comparing with time intervals <4.22h were associated
with higher maternal CRP values, [national lockdown period,
marginal means (3.95 vs. 1.88), difference 2.10 (95% CI, 1.34
to 3.28), p = 0.001] and [regional lockdown period, marginal
means, (3.82 vs. 2.04), difference 1.87 (95% CI, 1.26 to 2.78),
p = 0.002] (8.17-17.14h vs. <4.22h); [national lockdown
period, marginal means (5.48 vs. 1.88), difference 2.92 (95%
CI, 1.88 to 4.53), p < 0.001] and [regional lockdown period,
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TABLE 3 | Association between PROM wait-time at home and relative risks of neonatal complications or CRP values.

Neonatal COVID-19 national lockdown COVID-19 regional lockdown
composite
outcomes

Model | Model Il Model 1l Model | Model I Model Il

cRRs aRRs aRRs cRRs aRRs aRRs

95% CI 95% ClI

Wait-time at home (h)
<4.22 1.00 1.00 1.00 1.00 1.00 1.00
4.22-8.16 1.69(0.35, 8.12) 1.63(0.34, 7.88) 1.40 (0.29, 6.86) 1.79(0.99, 3.22) 1.78(0.99, 3.22) 1.78 (0.97, 3.26)
8.17-17.14 7.05(1.70, 29.32)* 7.19 (1.73, 29.95)* 6.06 (1.41, 26.01)* 3.05 (1.77, 5.27) 3.01 (1.73, 5.24) 2.53 (1.43, 4.50)*
>17.14 11.31 (2.77, 46.24) 11.48 (2.79, 47.19)* 9.81 (2.31, 41.68)* 3.94 (2.31, 6.73) 3.95 (2.31, 6.75) 3.48 (1.98, 6.11)
P for trend <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*
CRP (mg/L) COVID-19 Difference (95% ClI) P-value COVID-19 Difference (95% Cl) P-value

National lockdown Regional

(marginal means, lockdown

SD) (marginal means,

SD)

Wait-time at home (h)
<4.22 1.88(0.36) 1.00 2.04 (0.25) 1.00
4.22-8.16 2.49(0.33) 1.33(0.84, 2.10) 0.23 2.66 (0.39) 1.30 (0.89, 1.90) 0.17
8.17-17.14 3.95 (0.48) 2.10(1.34, 3.28) 0.001* 3.82 (0.62) 1.87 (1.26, 2.78) 0.002*
>17.14 5.48 (0.64) 2.92 (1.88, 4.53) <0.001* 5.92 (1.02) 2.90 (1.92, 4.39) <0.001*
P for trend <0.001* 0.04*

Model I: a univariate model without controlling for any confounding factors.
Model ll: controls for areas and maternal age.

Model lll: based on model ll, supplemented to control gestational age, body mass index, gravidity, gestational diabetes mellitus, group B streptococcus infection, amniotic fluid index,

fetal weight.
cRR, crude risk ratio; aRR, adjusted risk ratio.
*Statistical significance.

marginal means, (5.92 vs. 2.04), difference 2.90 (95% CI, 1.92
to 4.39), p < 0.001] (>17.14h vs. <4.22h) (Table 3). P-value
for trend indicated that the CRP values were gradually rising
with extended waiting time for labor at home based on every
PROM latency level during the COVID-19 pandemic (p for trend
<0.001 in the national lockdown; p for trend = 0.04 in the
regional lockdown) (Table 3).

Correlation of CRP, BMI, Gestational Age
With Neonatal Complications, CRP, and
Neonatal Complications Under BMI and
Gestational Age Subgroups

CRP as a continuous variable was associated with neonatal
complications, and there were comparable aRR values in
both lockdown periods, 1.03 (95% CI, 1.01 to 1.06, national
lockdown) and 1.02 (95% CI, 1.01 to 1.03, regional lockdown).
During COVID-19 regional lockdown, nulliparous women
BMI >25 kg/m? compared with BMI <25 kg/m? had a
higher risk of adverse neonatal complications, aRR, 1.36
(95% CI, 1.02 to 1.81) (Table 4).

Subgroup analysis observed that InNCRP was associated with
the increased neonatal incidence among nulliparous women

BMI >25 kg/m? subgroup during regional lockdowns, aRR 1.13
(95% CI, 1.02 to 1.26). When gestational age was 40~40"°
weeks, increased maternal InCRP during regional lockdowns
worsened neonatal morbidity, aRR 1.22 (95% CI, 1.05 to 1.40)
(Table 4).

Construction of Diagnostic Models

We chose CRP and PROM waiting time at home as candidate
parameters and constructed two diagnostic model I and
model II. Diagnostic scores can be calculated by using the
following formulas:

Model I Score = 0.07 x Parameter crp

Model II Score = 0.02 x Parameter crp + 0.11

X Parameter jtingtimeat home-

ROC curves for these cohorts are shown in Figure 2. The AUC
of model I and model II were 0.571 (95% CI, 0.523, 0.622) and
0.788 (95% CI, 0.751. 0.825), respectively. The cut-off value of
the diagnostic score at the optimum point was 1.04 in model II.
Sensitivity, specificity, and negative and positive predictive values
(Npv and Ppv) were 0.741, 0.751, 0.779, and 0.710. Model I’s
sensitivity, specificity, Npv, and Ppv were 0.373, 0.776, 0.601, and
0.578, respectively. Putting the 8.17 h of the PROM waiting time
into model II got the CRP cut-oft value of 7.14 mg/L.
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TABLE 4 | Correlation of CRP, BMI, gestational age with neonatal complications, CRP, and neonatal complications under BMI and gestational age subgroups.

Neonatal COVID-19 national lockdown COVID-19 regional lockdown
composite
outcomes

Model | Model Il Model Il Model | Model Il Model Il

cRRs aRRs aRRs cRRs aRRs aRRs

95% CI 95% CI

CRP (mg/L)

1.03 (1.01, 1.06)* 1.04 (1.01, 1.07) 1.03 (1.01, 1.06)* 1.02 (1.01, 1.02* 1.02 (1.01, 1.03)* 1.02 (1.01, 1.03)
BMI (kg/m?)
<25 1.00 1.00 1.00 1.00 1.00 1.00
>25 1.41 (1.02, 1.94)* 1.38 (1.01, 1.91)* 1.25(0.91, 1.72) 1.22 (0.91, 1.62) 1.21(0.90, 1.62) 1.36 (1.02, 1.81)*
Gestational age (weeks)
40~4016 1.00 1.00 1.00 1.00 1.00 1.00
37~3716 1.22 (0.83, 1.80) 1.25(0.84, 1.86) 1.14(0.73, 1.76) 1.18(0.82, 1.70) 1.19(0.82, 1.73) 0.77 (0.49, 1.22)
38~38%0 0.83(0.55, 1.25) 0.84 (0.56, 1.27) 0.79 (0.51, 1.22) 0.81 (0.55, 1.20) 0.82 (0.56, 1.21) 0.65 (0.43, 1.00)
39~39+6 0.88 (0.60, 1.30) 0.88 (0.60, 1.28) 0.91(0.62, 1.32) 0.88 (0.62, 1.25) 0.87 (0.61, 1.23) 0.82(0.57,1.17)
Neonatal Model | (cRR, Model Il (aRR, Model Il @RR, Model | (cRR, Model Il (aRR, Model Il (@aRR,
composite 95% Cl) 95% Cl) 95% Cl) 95% Cl) 95% Cl) 95% Cl)
outcomes
In CRP (mg/L) (risk variable)
BMI (kg/m?)
<25 1.07 (0.85, 1.34) 1.06 (0.84, 1.35) 0.97 (0.76, 1.24) 1.01(0.87, 1.18) 1.01(0.88, 1.17) 1.03 (0.90, 1.20)
>25 1.04 (0.92, 1.17) 1.04 (0.91, 1.18) 1.03 (0.91, 1.16) 1.13(1.02, 1.26)* 1.13(1.02, 1.26)* 1.13(1.02, 1.26)*
Gestational age (weeks)
37~37%6 1.07 (0.88, 1.30) 1.00 (0.86, 1.18) 0.97 (0.81, 1.16) 1.03 (0.87, 1.22) 1.04 (0.87, 1.24) 1.02 (0.84, 1.23)
38~38%6 1.10(0.86, 1.40) 1.03 (0.82, 1.29) 1.01 (0.83, 1.23) 1.00 (0.92, 1.22) 0.98 (0.81, 1.18) 0.98(0.82, 1.19)
39~39+6 1.04 (0.84, 1.22) 1.02 (0.85, 1.23) 0.97 (0.80, 1.18) 1.07 (0.90, 1.26) 1.07 (0.90, 1.27) 1.15 (0.97, 1.36)
40~40+6 1.13(0.90, 1.42) 1.11(0.89, 1.38) 1.10 (0.89, 1.36) 1.20 (1.05, 1.38)* 1.21 (1.05, 1.39)* 1.22 (1.05, 1.40)*

Mode I: a univariate model without controlling for any confounding factors.
Model ll: controls for areas and maternal age.

Model lll: based on model Il, supplemented to control gestational age, body mass index (BMI), gravidity, gestational diabetes mellitus, group B streptococcus infection, amniotic fluid

index, and fetal weight (excluded BMI and gestational age in their subgroups).
cRR, crude risk ratio; aRR, adjusted risk ratio.
*Statistical significance.

AUC, Sensitivity, and Specificity in Two
Lockdowns and Subgroup Analysis in
Regional Lockdown With CRP of 7 mg/L
and PROM Latency of 8.17 h

Sensitivity and specificity were described with optional cut-
off values (7 mg/L for CRP, 8.17h for PROM waiting time
at home). Model I (CRP) showed high specificity and low
sensitivity in national and regional lockdowns to diagnose
neonatal complications (nationwide lockdown, 0.873 and 0.198
vs. regional lockdown, 0.911 and 0.156). With model IT (CRP +
PROM waiting time at home) to test the diagnostic accuracy of
neonatal complications, results indicated that sensitivity in both
lockdowns significantly increased from 0.198 and 0.156 up to
0.915 and 0.631 (Table 5).

There was little change in AUC, sensitivity, and specificity
during regional lockdowns by model II in BMI > 25 kg/m?
subgroup analysis (AUC 0.706, sensitivity 0.630, specificity
0.774). However, in the gestational age of the 40 weeks subgroups,

model II improved in AUC, specificity, and sensitivity for
the diagnosis of adverse neonatal complications (AUC 0.769,
sensitivity 0.714, specificity 0.805).

DISCUSSION

This study sought to understand the impact of pregnant
management at home on term newborns among PROM
nulliparas during the COVID-19 regional lockdown. Our
findings indicated that PROM nulliparas without regular
contractions were more likely to be admitted to the hospital in the
day during localized lockdown periods. PROM latency at home
and the severity of neonatal complications were reduced and
lessened during the second blockade period. However, neonatal
morbidity in regional lockdowns was not distinguished from
the acute COVID-19 phases. In subgroup analysis, according to
maternal BMI > 25 kg/m? and 40~407% weeks of gestation in
regional lockdowns, increased maternal CRP was associated with
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Cl, 0.523 to 0.622). (C) Model Il AUC with a 95% confidence interval using 500 bootstrap re-sampling, 0.788 (95% Cl, 0.751 to 0.825).
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higher risks of neonatal morbidity after PROM at home. Specific
CRP conference intervals (>7 mg/L) among PROM nulliparas
combined with prolonged waiting time (>8.17h) at home can
preliminarily estimate the risk of neonatal complications.

This study consisted of outcomes in regional lockdown and
national lockdown rather than in pre-COVID periods because
lifestyle and medical environment changed by the pandemic need
more attention and research. Kugelman et al. found a higher
proportion of women with PROM in a COVID-19 cohort than
pre-COVID-19 (20.6% vs. 11.0%, p < 0.001) (23). The most
onset of term PROM has been shown to have a 24-h rhythm
with peak contraction between midnight and 6:00, and timing
of term PROM occurrence between midnight and 4:00 (24,
25). We observed that nulliparous women with PROM during
regional lockdown were more likely to be admitted during the
day than at night compared with the national lockdown period.
After full lifting of China’s nationwide lockdown, the large-scale
population moved to various provinces and cities. Hospitals
and governments issued strict pandemic prevention and control

measures: people with travel histories were quarantined for
14 days in designated facilities or home settings (26). PROM
nulliparous women without regular uterine contractions were
more willing to wait until the daytime due to stringent measures.

In the second regional lockdown, a higher proportion of
PROM patients (35.59%) stayed at home for <4.22h, and
33.04% of PROM expectant management >17.14h at home
were in the national lockdown. Although the regional lockdown
period shortened the PROM latency at home, our study
indicated that neonatal complications did not differ between
the acute COVID-19 phases and subsequent remission period.
Lei et al. reported that quarantine people had a greater
prevalence of anxiety and depression than those not affected by
quarantine in southern China during 2020 (27). Adverse mental-
health effects on pregnant women worsen several unfavorable
pregnancy outcomes (28), leading to considerable risks for fetal
complications in regional lockdowns.

It was reported that PROM women managed for longer than
24h, and their infants tended to receive antibiotics and be in
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TABLE 5 | AUC, sensitivity, and specificity in both lockdowns and subgroup analysis in regional lockdown with CRP of 7 mg/L and PROM latency of 8.17 h.

Mode Specificity Sensitivity Positive pv Negative pv AUC
COVID-19 national lockdown

Model I: CRP (>7 mg/L) 0.873 0.198 0.583 0.548 0.536
Model Il: CRP (=7 mg/L) + WT (>8.17 h) 0.627 0.915 0.688 0.892 0.782
COVID-19 regional lockdown

Model I: CRP (>7 mg/L) 0.911 0.156 0.576 0.585 0.534
Model Il: CRP (=7 mg/L) + WT (>8.17h) 0.786 0.631 0.694 0.745 0.714
COVID-19 regional lockdown (BMI > 25 kg/m?)

Model IIl: CRP (=7 mg/L) + WT (=8.17 h) 0.774 0.630 0.708 0.706 0.706
COVID-19 regional lockdown (gestational age = 40~40*¢ weeks)

Model Il: CRP (=7 mg/L) + WT (=8.17 h) 0.805 0.714 0.758 0.767 0.769

WT, PROM waiting time at home; Positive pv, positive predictive value; Negative pv, negative predictive value.

the NICU (16). In pre-COVID-19 periods, full-term nulliparas
who experienced PROM without regular uterine contractions
would go to the hospital for relevant medical examinations
and care as soon as possible to prevent intrauterine infection
and adverse neonatal complications in China. One-third of
women underwent inadequate antenatal visits in the acute
COVID-19 pandemic, resulting in 44.7% of pregnancies showing
complications (28, 29). The present study showed that PROM
latent interval at home prolonged to >8.17 h increased maternal
CRP values and neonatal morbidity in both lockdown periods.
The risk ratios of adverse neonatal outcomes in the national
lockdown phase were ~2.5 times the second wave of the regional
lockdown period.

The burden of obstetric and non-obstetric infections, which
is particularly profound in LMICs, feasibility, standardization,
and cost of time-saving are key considerations in LMICs (30,
31). Our results indicated that an increased CRP (continuous
variable) aggravated the risk of neonatal morbidity in term
neonates during both lockout periods, 1.03 (95% CI, 1.01 to
1.06, national lockdown) and 1.02 (95% CI, 1.01 to 1.03, regional
lockdown). CRP reference intervals reported in guidelines and
studies vary substantially, such as >5mg/L in China, >7 mg/L
in the UK, and >10 mg/L in the USA and Australia (31). Using
CRP (model I) for estimating PROM neonatal complications,
AUGC, sensitivity, and specificity were 0.571, 0.373, and 0.776,
respectively. With the addition of PROM latency at home, model
II improved diagnostic performance compared with CRP only:
AUC, sensitivity, and specificity were 0.788, 0.741, and 0.751,
respectively. The same performance was that model II (CRP >7
mg/L, PROM waiting time at home >8.17 h) showed significantly
higher AUC and sensitivity than model I in two lockdown studies
(regional lockdown AUC, 0.714 vs. 0.534, sensitivity, 0.631 vs.
0.156; national lockdown AUC, 0.782 vs. 0.536, sensitivity, 0.915
vs. 0.198). Model II was more favorable for nulliparas with
prolonged PROM latency at home because higher sensitivity
improved initial screening for neonatal complications after
admission and helped obstetricians quickly estimate the risk of
neonatal morbidity.

According to the WHO guidelines, obesity is considered
one of the crucial risk factors predisposing to COVID-19

(32). Previous studies showed abnormal BMI of pregnant
women increased the risk of gestational diabetes, significant for
gestational age, and neonatal Apgar scores < 7 at 5min (33).
PROM nulliparas with a BMI > 25 kg/m? during the local
blockade increased the rate of neonatal morbidity compared with
maternal BMI < 25 kg/m?. In a regional lockdown, increasing
CRP among overweight nulliparas (BMI > 25 kg/m?) was
associated with higher rates of neonatal complications, aRRs 1.13
(95% CI, 1.02 to 1.26).

Composite neonatal morbidity in the present study worsened
as increasing CRP within 40~40%° weeks of gestation, aRRs
1.22 (95% CI, 1.05 to 1.40). Even if the rate of actual morbidity
is low among term uncomplicated nulliparous women (39—
40 weeks of gestation), adverse neonatal outcomes in NICU,
meconium aspiration syndrome, and sepsis could result from
a modifiable morbid condition (34). For example, maternal
psychosocial and mental health under strict quarantine measures
in regional lockdowns improved in response to inflammation and
manifested high concentrations of CRP (28, 35). In the present
study, PROM nulliparas at 40~40"° weeks of gestational age
subgroup analyses observed in model II (CRP >7 mg/L, PROM
latency at home >8.17h) increased the diagnostic sensitivity for
neonatal morbidity from 0.631 to 0.714, and AUC from 0.714 to
0.769 in regional lockdown periods.

Study Limitations

The limitation of our study was that it was an observational,
retrospective study conducted in a monocentric non-designated
hospital over a limited period. Although PROM women were
from five provinces in China, the number of subjects were
indefinite about floating population during regional lockdown
period. It has been reported that the concentration of CRP cannot
be assumed to be stable in different periods of pregnancy (31, 36).
CRP in these data was only one test result for PROM nulliparas
admitted to the hospital, which may cause information bias.
However, we suggested that CRP would be a valuable indicator
to assess the effect of extended expectant treatment of PROM
at home on adverse neonatal outcomes during the COVID-
19 pandemic.
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CONCLUSION

This study might guide term nulliparas with PROM who
inevitably extended waiting time at home during the second
COVID-19 lockdown periods: When PROM latency at home was
>8.17 h, nulliparas with maternal CRP >7 mg/L estimated the
risk of neonatal complications effectively in this study.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the First Affiliated Hospital approved the study
protocol of Shenzhen University, the Clinical Research Ethics
Committee of Shenzhen Second People’s Hospital (20210713001-
FSO1). The patients/participants provided their written informed
consent to participate in this study.

REFERENCES

1. WHO, Covid19.who.int [Internet]. Geneva: WHO. (2020). Available online at:
https://covid19.who.int/ (accessed Oct 9, 2020).

2. Huang C, Wang Y, Li X, Ren L, Zhao ], Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
(2020) 395:497-506. doi: 10.1016/S0140-6736(20)30183-5

3. Zhao S, Lin Q, Ran J, Musa SS, Yang G, Wang W, et al. Preliminary estimation
of the basic reproduction number of novel coronavirus (2019-nCoV) in
China, from 2019 to 2020: a data-driven analysis in the early phase of the
outbreak. Int J Infect Dis. (2020) 92:214-7. doi: 10.1016/j.ijid.2020.01.050

4. Chen S, Chen Q, Yang J, Lin L, Li L, Jiao L, et al. Curbing the COVID-19
pandemic with facility-based isolation of mild cases: a mathematical modeling
study. J Travel Med. (2021) 28: taaa226. doi: 10.1093/jtm/taaa226

5. Chen S, Zhang Z, Yang J, Wang ], Zhai X, Barnighausen T, et al. Fangcang
shelter hospitals: a novel concept for responding to public health emergencies.
Lancet. (2020) 395:1305-14. doi: 10.1016/S0140-6736(20)30744-3

6. Abdela SG, Berhanu AB, Ferede LM, van Griensven J. Essential healthcare
services in the face of COVID-19 prevention: experiences from a
referral hospital in Ethiopia. Am | Trop Med Hyg. (2020) 103:1198-200.
doi: 10.4269/ajtmh.20-0464

7. Holcomb D, Faucher MA, Bouzid J, Quint-Bouzid M, Nelson DB, Duryea E.
Patient perspectives on audio-only virtual prenatal visits amidst the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic. Obstet
Gynecol. (2020) 136:317-22. doi: 10.1097/A0G.0000000000004026

8. Madden N, Emeruwa UN, Friedman AM, Aubey J], Aziz A, Baptiste CD,
et al. Telehealth uptake into prenatal care and provider attitudes during the
COVID-19 pandemic in New York city: a quantitative and qualitative analysis.
Am ] Perinatol. (2020) 37:1005-14. doi: 10.1055/s-0040-1712939

9. Birthplace in England Collaborative G, Brocklehurst P, Hardy P, Hollowell J,

Linsell L, Macfarlane A, et al. Perinatal and maternal outcomes by planned

place of birth for healthy women with low risk pregnancies: the birthplace

in England national prospective cohort study. BMJ. (2011) 343:d7400.
doi: 10.1136/bm;j.d7400

Riley T, Sully E, Ahmed Z, Biddlecom A. Estimates of the potential impact

of the COVID-19 pandemic on sexual and reproductive health in low- and

middle-income countries. Int Perspect Sex Reprod Health. (2020) 46:73-6.

doi: 10.1363/46€9020

10.

AUTHOR CONTRIBUTIONS

YG designed experiment investigation, methodology, software,
and wrote the original draft. WZ and WL conducted the
investigation, validation, project administration, software, and
funding. JT, WK, RY, and HZ conducted article reviews, collected
resources, and investigated. QL, JX, YL, and JH reviewed the
article again and detected methodology. All authors read and
approved the final article.

FUNDING

The present study was supported by the National Nature Science
Foundation of China (grant number 81901438) and Discipline
Construction Funds for Critical Maternal Treatment (grant
number 4001005).

ACKNOWLEDGMENTS

The authors thank colleagues from the central laboratory, clinical
trial center, and information center for their assistance with
collecting clinical data from the case system.

. Duff P. Premature rupture of the membranes in term patients. Semin
Perinatol. (1996) 20:401-8. doi: 10.1016/s0146-0005(96)80007-3

Clark EA, Varner M. Impact of preterm PROM and its complications
on long-term infant outcomes. Clin Obstet Gynecol. (2011) 54:358-69.
doi: 10.1097/GRF.0b013e318217ee18

Simhan HN, Canavan TP. Preterm premature rupture of membranes:
diagnosis, evaluation and management strategies. BJOG. (2005) 112(Suppl
1):32-7. doi: 10.1111/§.1471-0528.2005.00582.x

Du M, Yang J, Han N, Liu M, Liu J. Association between the COVID-19
pandemic and the risk for adverse pregnancy outcomes: a cohort study. BMJ
Open. (2021) 11:¢047900. doi: 10.1136/bmjopen-2020-047900

Middleton P, Shepherd E, Flenady V, McBain RD, Crowther CA. Planned
early birth versus expectant management (waiting) for prelabour rupture of
membranes at term (37 weeks or more). Cochrane Database Syst Rev. (2017)
1:CD005302. doi: 10.1002/14651858.CD005302.pub3

Hannah ME, Hodnett ED, Willan A, Foster GA, Di Cecco R, Helewa M.
Prelabor rupture of the membranes at term: expectant management at home
or in hospital? The TermPROM Study Group Obstet Gynecol. (2000) 96:533-8.
doi: 10.1016/50029-7844(00)00971-6

Clapp MA, James KE, Bates SV, Kaimal AJ. Unexpected term NICU
admissions: a marker of obstetrical care quality? Am ] Obstet Gynecol. (2019)
220:395 el-12. doi: 10.1016/j.ajog.2019.02.001

Lee SY, Park KH, Jeong EH, Oh KJ Ryu A, Park KU. Relationship between
maternal serum C-reactive protein, funisitis and early-onset neonatal sepsis. J
Korean Med Sci. (2012) 27:674-80. doi: 10.3346/jkms.2012.27.6.674

. Menon R, Taylor BD. Exploring inflammatory mediators in fetal and maternal
compartments during human parturition. Obstet Gynecol. (2019) 134:765-73.
doi: 10.1097/A0G.0000000000003470

Cauldwell M, Mackie FL, Steer P], Henehghan MA, Baalman JH, Brennand
], et al. Pregnancy outcomes in women with primary biliary cholangitis and
primary sclerosing cholangitis: a retrospective cohort study. BJOG. (2020)
127:876-84. doi: 10.1111/1471-0528.16119

Hannah ME, Ohlsson A, Farine D, Hewson SA, Hodnett ED, Myhr TL, et
al. Induction of labor compared with expectant management for prelabor
rupture of the membranes at term. TERMPROM Study Group N Engl ] Med.
(1996) 334:1005-10. doi: 10.1056/NEJM199604183341601

Steyerberg EW, Bleeker SE, Moll HA, Grobbee DE, Moons KG. Internal
and external validation of predictive models: a simulation study of

20.

21.

22.

Frontiers in Pediatrics | www.frontiersin.org

10

April 2022 | Volume 10 | Article 787947


https://covid19.who.int/
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/j.ijid.2020.01.050
https://doi.org/10.1093/jtm/taaa226
https://doi.org/10.1016/S0140-6736(20)30744-3
https://doi.org/10.4269/ajtmh.20-0464
https://doi.org/10.1097/AOG.0000000000004026
https://doi.org/10.1055/s-0040-1712939
https://doi.org/10.1136/bmj.d7400
https://doi.org/10.1363/46e9020
https://doi.org/10.1016/s0146-0005(96)80007-3
https://doi.org/10.1097/GRF.0b013e318217ee18
https://doi.org/10.1111/j.1471-0528.2005.00582.x
https://doi.org/10.1136/bmjopen-2020-047900
https://doi.org/10.1002/14651858.CD005302.pub3
https://doi.org/10.1016/s0029-7844(00)00971-6
https://doi.org/10.1016/j.ajog.2019.02.001
https://doi.org/10.3346/jkms.2012.27.6.674
https://doi.org/10.1097/AOG.0000000000003470
https://doi.org/10.1111/1471-0528.16119
https://doi.org/10.1056/NEJM199604183341601
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Geng et al.

PROM and Neonates During COVID-19

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

bias and precision in small samples. J Clin Epidemiol. (2003) 56:441-7.
doi: 10.1016/s0895-4356(03)00047-7

Kugelman N, Lavie O, Assaf W, Cohen N, Sagi-Dain L, Bardicef M,
et al. Changes in the obstetrical emergency department profile during
the COVID-19 pandemic. ] Matern Fetal Neonatal Med. (2020) 16:1-7.
doi: 10.1080/14767058.2020.1847072

Ngwenya S, Lindow SW. 24 h rhythm in the timing of pre-labour spontaneous
rupture of membranes at term. Eur | Obstet Gynecol Reprod Biol. (2004)
112:151-3. doi: 10.1016/s0301-2115(03)00286-0

Lindow SW, Jha RR, Thompson JW. 24h rhythm to the onset of preterm
labour. BJOG. (2000) 107:1145-8. doi: 10.1111/j.1471-0528.2000.tb11114.x
National Health Commission of the People’s Republic of China. Protocol for
Prevention and Control of COVID-19. 6th ed. Beijing: China CDC Wkly
(2020). p. 321-6.

Lei L, Huang X, Zhang S, Yang ], Yang L, Xu M. Comparison of
prevalence and associated factors of anxiety and depression among people
affected by versus people unaffected by quarantine during the COVID-
19 epidemic in southwestern China. Med Sci Monit. (2020) 26:€924609.
doi: 10.12659/MSM.924609

Keane JM, Khashan AS, McCarthy FP, Kenny LC, Collins JM, O’'Donovan S,
et al. Identifying a biological signature of prenatal maternal stress. JCI Insight.
(2021) 6:€143007. doi: 10.1172/jci.insight.143007

Goyal M, Singh P, Singh K, Shekhar S, Agrawal N, Misra S. The effect of the
COVID-19 pandemic on maternal health due to delay in seeking health care:
experience from a tertiary center. Int ] Gynaecol Obstet. (2021) 152:231-5.
doi: 10.1002/ijgo.13457

Say L, Chou D, Gemmill A, Tuncalp O, Moller AB, Daniels J, et al. Global
causes of maternal death: a WHO systematic analysis. Lancet Glob Health.
(2014) 2:323-33. doi: 10.1016/52214-109X(14)70227-X

Dockree S, Brook J, James T, Shine B, Vatish M. Pregnancy-specific
reference intervals for C-reactive protein improve diagnostic accuracy
for infection: a longitudinal study. Clin Chim Acta. (2021) 513:13-6.
doi: 10.1016/j.cca.2020.12.007

Mekkawy LH. Psychological, nutritional and behavioral impact of COVID-
19 lockdown: a cross sectional study on egyptian children. Psychiatry Investig.
(2022) 19:110-6. doi: 10.30773/pi.2021.0248

33. Vats H, Saxena R, Sachdeva MP, Walia GK, Gupta V. Impact of maternal
pre-pregnancy body mass index on maternal, fetal and neonatal adverse
outcomes in the worldwide populations: a systematic review and meta-
analysis. Obes Res Clin Pract. (2021) 15:536-45. doi: 10.1016/j.0rcp.2021.
10.005

Chauhan SP, Rice MM, Grobman WA, Bailit J, Reddy UM, Wapner
RJ, et al. Neonatal and maternal composite adverse outcomes among
low-risk nulliparous women compared with multiparous women
at 39-41 weeks of gestation. Obstet Gynecol. (2020) 136:450-7.
doi: 10.1097/A0G.0000000000003951

Trochez-Martinez RD, Smith P, Lamont RF. Use of C-reactive protein
as a predictor of chorioamnionitis in preterm prelabour rupture

34.

35.

of membranes: a systematic review. BJOG. (2007) 114:796-801.
doi: 10.1111/j.1471-0528.2007.01385.x
36. Soma-Pillay P, Nelson-Piercy C, Tolppanen H, Mebazaa A.

Physiological changes in pregnancy. Cardiovasc ] Afr. (2016) 27:89-94.
doi: 10.5830/CVJA-2016-021

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Geng, Zhao, Liu, Tang, Zhang, Ke, Yao, Xu, Lin, Li and Huang.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org

11

April 2022 | Volume 10 | Article 787947


https://doi.org/10.1016/s0895-4356(03)00047-7
https://doi.org/10.1080/14767058.2020.1847072
https://doi.org/10.1016/s0301-2115(03)00286-0
https://doi.org/10.1111/j.1471-0528.2000.tb11114.x
https://doi.org/10.12659/MSM.924609
https://doi.org/10.1172/jci.insight.143007
https://doi.org/10.1002/ijgo.13457
https://doi.org/10.1016/S2214-109X(14)70227-X
https://doi.org/10.1016/j.cca.2020.12.007
https://doi.org/10.30773/pi.2021.0248
https://doi.org/10.1016/j.orcp.2021.10.005
https://doi.org/10.1097/AOG.0000000000003951
https://doi.org/10.1111/j.1471-0528.2007.01385.x
https://doi.org/10.5830/CVJA-2016-021
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Term Neonatal Complications During the Second Localized COVID-19 Lockdown and Prolonged Premature Rupture of Membranes at Home Among Nulliparas With Reference Interval for Maternal C-Reactive Protein: A Retrospective Cohort Study
	Introduction
	Methods
	COVID-19 Setting
	Study Design and Participant Inclusion/Exclusion
	Variables and Measurements
	Statistical Analysis

	Results
	Characteristics of Nulliparous Women and Adverse Neonatal Outcomes With PROM Between Two Lockdown Periods
	Association Between PROM Wait-Time at Home and Relative Risks of Neonatal Complications or CRP Values
	Correlation of CRP, BMI, Gestational Age With Neonatal Complications, CRP, and Neonatal Complications Under BMI and Gestational Age Subgroups
	Construction of Diagnostic Models
	AUC, Sensitivity, and Specificity in Two Lockdowns and Subgroup Analysis in Regional Lockdown With CRP of 7 mg/L and PROM Latency of 8.17 h

	Discussion
	Study Limitations

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


