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Forecasting the impact of coronavirus disease during
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delivery hospitalization: an aid for resource utilization

Manesha Putra, MD; Malavika Kesavan, MS; Kerri Brackney, MD; David N. Hackney, MD; Kimberlyn M. Roosa, MPH

BACKGROUND: The ongoing coronavirus disease 2019
pandemic has severely affected the United States. During infectious
disease outbreaks, forecasting models are often developed to
inform resource utilization. Pregnancy and delivery pose unique
challenges, given the altered maternal immune system and the
fact that most American women choose to deliver in the hospital
setting.

OBJECTIVE: This study aimed to forecast the first pandemic wave of
coronavirus disease 2019 in the general population and the incidence of
severe, critical, and fatal coronavirus disease 2019 cases during delivery
hospitalization in the United States.

STUDY DESIGN: We used a phenomenological model to forecast
the incidence of the first wave of coronavirus disease 2019 in the
United States. Incidence data from March 1, 2020, to April 14, 2020,
were used to calibrate the generalized logistic growth model. Sub-
sequently, Monte Carlo simulation was performed for each week from
March 1, 2020, to estimate the incidence of coronavirus disease
2019 for delivery hospitalizations during the first pandemic wave

RESULTS: From March 1, 2020, our model forecasted a total of 860,475
cases of coronavirus disease 2019 in the general population across the
United States for the first pandemic wave. The cumulative incidence of
coronavirus disease 2019 during delivery hospitalization is anticipated to be
16,601 (95% confidence interval, 9711—23,491) cases, 3308 (95% con-
fidence interval, 1755—4861) cases of which are expected to be severe,
681 (95% confidence interval, 1324—1038) critical, and 52 (95% confi-
dence interval, 23—81) fatal. Assuming similar baseline maternal mortality
rate as the year 2018, we projected an increase in maternal mortality rate in
the United States to at least 18.7 (95% confidence interval, 18.0—19.5)
deaths per 100,000 live births as a direct result of coronavirus disease 2019.
CONCLUSION: Coronavirus disease 2019 in pregnant women is ex-
pected to severely affect obstetrical care. From March 1, 2020, we
forecast 3308 severe and 681 critical cases with about 52 coronavirus
disease 2019—related maternal mortalities during delivery hospitalization
for the first pandemic wave in the United States. These results are sig-
nificant for informing counseling and resource allocation.

using the available data estimate.
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In December 2019, an outbreak of
coronavirus disease 2019 (COVID-
19) caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)
infection ensued in Wuhan, Hubei
Province, China.' Since then, COVID-19
has spread across the globe and caused a
total of 2,004,701 cases and 126,025
deaths as of April 15, 2020, resulting in a
worldwide pandemic.” In the United
States, as of April 15, 2020, there were
615,302 COVID-19 cases and 26,114
deaths in the general population, and
these numbers are expected to continue
to rise.”

Infectious disease forecasting is a
valuable tool in managing disease out-
breaks.” There are various models uti-
lized in forecasting the incidence of
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infectious diseases with their benefits
and limitations. Phenomenological
growth models use early incidence
counts to forecast future incidence,
which has been found to be useful in
forecasting diseases in situations with
limited epidemiologic data.” Previously,
these models have been used to forecast
the incidence of COVID-19 in several
provinces in China.’

Pregnant women experience unique
alterations in the immune system and
are often more susceptible to severe
respiratory infections.® Furthermore, the
unique risks of pregnancy and delivery
prompt most women to deliver in the
hospital setting, hence increasing expo-
sure to other hospitalized patients and
healthcare workers. Limited data are
available on COVID-19 and pregnancy,
although the available data do not seem
to suggest increased severity of the dis-
ease among pregnant women.’ = Apart
from their physiological differences,
inpatient management of pregnant
women with respiratory diseases can be
logistically challenging, given the need
for fetal monitoring that is often not

available in the intensive care unit (ICU)
setting. Given these challenges, to better
prepare for the peak of the pandemic, we
aimed to forecast the incidence of
COVID-19 in the general population
and in pregnant women in the United
States.

Objective

This study aimed to forecast the first
wave of incidence of COVID-19 in the
US general population and the incidence
of severe, critical, and fatal COVID-19
cases during delivery hospitalization in
the United States.

Methods

Coronavirus disease 2019

incidence forecasting model

We utilized a phenomenological model
previously used to forecast the incidence
of COVID-19 locally in several provinces
in China and broadly in the entire
country of China.”'’ The generalized
logistic growth model (GLM) extends
the simple logistic growth model to
accommodate subexponential growth
dynamics with an additional scaling

AUGUST 2020 AJOG MFM 1


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajogmf.2020.100127&domain=pdf
https://doi.org/10.1016/j.ajogmf.2020.100127

AJOG MFM at a Glance

Why was this study conducted?

Key findings

for the first pandemic wave.

resource allocation.

Coronavirus disease (COVID-19) has caused a global pandemic since its first case
in December 2019 and is also expected to affect obstetrical care. This is the first
study to forecast the impact of COVID-19 on delivery hospitalization.

From March 1, 2020, we forecast 3308 severe and 681 critical COVID-19 cases
among delivering women in the United States, with about 52 maternal mortalities

What does this add to what is known?
To the best of our knowledge, there is no existing forecast of the incidence of
COVID-19 in pregnancy. Despite its limitations, this study might be able to guide

parameter.' GLM is defined by the dif-
ferential equation:

¢ = rcey (1)

where C(t) is the cumulative cases at
time t, r is the early growth rate, p is the
scaling of growth parameter, and K is the
carrying capacity and final epidemic size.
Values of p=1 correspond to exponential

growth, p=0 represents constant
growth, and 0<p<l defines sub-
exponential growth.

Incidence data of the reported

confirmed cases of COVID-19 in the
general population in the United States
were obtained from the Centers for
Disease Control and Prevention (CDC).
Data from March 1, 2020, to April 14,
2020, were used to estimate the best-fit
solution using nonlinear least squares
fitting. A Parametric bootstrap approach
was used to generate uncertainty bounds
around the best-fit solution assuming a
Poisson error structure. Based on this
model, we generated the daily incidence
of the first wave of COVID-19 in the
United States for the first pandemic wave.

Monte Carlo simulation

We reviewed the available published data
on incidence of COVID-19 in the gen-
eral population and its severity based on
age group. We used overall data from the
United States, Italy, and China because
these are the countries with the most
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data."””'® Some of these data contain
asymptomatic cases; however, most re-
ported cases were symptomatic. Lowest
and highest data from each report were
used as the lower and upper bound of the
inputs. We incorporated the study by
Breslin et al in determining the ranges
for pregnancy-specific severe and critical
cases, although it was only incorporated
into the 20—29 years and 30—39 years
age groups to match the population in
their study.” In cases where the age
ranges did not match those of our study
age group, we assumed equal distribu-
tion among each year in an age group
and estimated the proportion of our
desired age range. From collected liter-
ature, critical cases were defined as cases
requiring critical care admission.'®"”
Severe cases were defined as requiring
hospitalization in 2 studies that were
derived from the general population.'®"”
However, in only 1 series of pregnant
women, severity was defined on the basis
of clinical criteria described by Wu
et al.>'®

We first identified the probability of
COVID-19 in females, and then we
estimated the incidence of COVID-19 in
reproductive-age women (10—49 years)
on the basis of age group incidence.
Because available evidence does not
suggest increased susceptibility, we
assumed that the incidence of COVID-
19 and the incidence of pregnancy for
each age group are independent of each
other in the lowest incidence range.””
With this assumption, we calculated the

incidence of COVID-19 in pregnancy for
each age group according to the multi-
plicative rule of probability. To account
for the possibility of an increased likeli-
hood of COVID-19 during delivery,
based on previous reports of severe
outcomes in other respiratory viruses,
we modified the upper range of deliv-
ering women proportion by a factor of
2.87, which was the increased odds ratio
of contracting influenza in preg-
nancy.”'” Our Monte Carlo model in-
puts are listed in Table 1.

The following formulas were used to
estimate the outcomes:

iCW = iCG X proportion CW

iCW delivery
= Z(iCW reproductive age
X proportion of delivery) by age group

iCW delivery, severe
= Z(iCW delivery x proportion of

severe cases) by age group

iCW delivery, critical
= Z(iCW delivery x proportion of

critical cases) by age group

iCW delivery, fatal
= Z(iCW delivery x proportion of
fatal cases) by age group

iCW refers to the incidence of COVID-
19 in women, iCG refers to the incidence
of COVID-19 in the general population,
and CW refers to COVID-19 in women.

Based on the projected incidence of
COVID-19 derived from the GLM
model, we performed Monte Carlo
simulation for each weekly cumulative
incidence of COVID-19 from March 1,
2020. Model inputs with ranges were
varied using flat distribution probability
in 10,000 trials for each week. Based on
the Monte Carlo simulation, we esti-
mated the overall incidence of COVID-
19 and incidence of severe COVID-19



requiring extended hospitalization, crit-
ical COVID-19, and fatal COVID-19
during delivery hospitalization in the
first wave of the pandemic in the US.

Results

Coronavirus disease 2019 forecast
in the general population

We generated daily forecasts for the re-
ported incidence of COVID-19 for the
first pandemic wave in the United States
from April 15, 2020, based on the inci-
dence data from March 1, 2020, to April
14, 2020. Figure 1 presents the reported
and cumulative incidence data in the
general population. From March 1,
2020, a total of 860,475 COVID-19 cases
are expected in the United States during
the first wave of the pandemic. Peak daily
incidence had occurred during the first 2
weeks of April, and the number of new
cases is expected to continue to decline
with the number plateauing after the end
of June. We emphasize that these pro-
jections are for the first wave only, and
thus do not represent long-term pre-
dictions of cumulative incidence. Daily
forecasted incidence of COVID-19 in the
United States is available in Supple-
mental Material 1.

Monte Carlo analysis

Based on the Monte Carlo analysis, we
estimated the weekly and cumulative
incidence of COVID-19 during delivery
in the United States (Figures 2 and 3).
During the study period, the cumulative
incidence was found to be 16,601 (95%
confidence interval [CI], 9711—23,491)
cases of delivery admission with
COVID-19 infection. Among those,
13,308 (95% CI, 1755—4861) cases are
expected to be severe and 681 (95% ClI,
1324—1038) critical. A total of 52 (95%
CI, 23—81) cases of COVID-19—related
maternal deaths were expected. Weekly
Monte Carlo analysis results are available
in Supplemental Material 2.

In 2018, there were 3,791,712 deliveries;
658 women died of maternal causes,
yielding a maternal mortality rate of 17.4
deaths per 100,000 live births in the United
States. Assuming similar number of de-
liveries and baseline maternal mortality
rate in 2020, additional 52 (95% CI,
23—81) cases will result in a maternal

TABLE
Monte Carlo model inputs
Variable Base case (%) Citation
Proportion of affected women 40.2—48.6 13,16
Proportion of affected by age group (y) 18,1517
10—19 0.7-5.0
20—29 3.9—-8.1
30—39 6.7—17.0
40—49 12.0—19.2.
Proportion of women delivering by age group?® (y) 19,20
10—19 0.9-2.6
20—29 8.3—23.8
30—39 7.6—21.8
40—49 5.3—15.2
Severe cases by age group (y) 16,17
10—19 1.6—25
20—29 9.3—20.8
30—39 9.3—24.8
40—49 24.8—28.3
Critical cases by age group (y) 817
10—19 0
20—29 2.0—-4.7
30—39 2.0—4.7
40—49 3.1-7.9
Fatal cases by age group (v) 121417
10—19 0
20—29 0.1-0.2
30—39 0.1-0.2
40—49 0.4—-0.8
# Upper bound was modified using influenza OR in pregnancy 2.87.
Putra et al. Forecasting COVID-19 infection in pregnancy. AJOG MFM 2020.

mortality rate of 18.7 (95% CI, 18.0—19.5)
deaths per 100,000 live births.

During the peak incidence in the first
2 weeks of April, a total of 7718 (95% ClI,
4521—10,916) cases were predicted by
the model to happen during delivery
hospitalization, of which 1538 (95% CI,
818—2259) cases were predicted to be
severe, 317 (95% CI, 151—482) cases
were critical, and 24 (95% CI, 11—38)
cases of COVID-19—related maternal
deaths. Assuming weekly deliveries of
72,918, COVID-19 had affected 9.5% of
all deliveries during this period.”’ Total
COVID-19 critical care admission in the

first 2 weeks of April will be approxi-
mately 2 in 1000 deliveries.

Comment

Principal findings

From March 1, 2020, we projected 3308
severe cases and 681 critical COVID-19
cases with about 52 maternal mortalities
during delivery hospitalization for the
first wave of the pandemic in the United
States. Our study predicted that the
United States had experienced the first
peak of COVID-19 cases in the first 2
weeks of April both in the general pop-
ulation and among delivering women.
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FIGURE 1

Reported incidence and cumulative incidence of COVID-19 in the general population in the United States, including GLM
projections for the first pandemic wave
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Date Reported

This forecast for the peak of incidence
was similar to that in data from the
Institute for Health Metrics and Evalu-
ation (IHME).”! During this period,
more than 50% of expected total
hospital beds and resource burden of
COVID-19 cases during the first wave
had occurred.

Although we do not forecast state-
level data, we anticipate the national
numbers for delivering women will share
a similar bicoastal distribution observed
in IHME forecasting model.”' To further
help project these data into state-level
and local estimates, we have created a
simple calculator to estimate the local
incidence of COVID-19 in pregnancy.
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Using this HTML tool, a user can input
the expected incidence of COVID-19
during a certain period of time, and the
tool will estimate the number of preg-
nant women with total, severe, and
critical COVID-19 cases during that
particular time. We also provided a
rough estimate of future cases assuming
similar trajectory as national trend in the
United States. Certainly, future numbers
will strongly vary depending on how
close a certain region trend correlates to
the national trend. This tool is available
at bitly/COVID19Del. Through this
link, readers will be able download the
HTML file, and the program will run
natively in their web browser.

Strengths and limitations

To the best of our knowledge, this is the
first study to estimate the number of
COVID-19 severe, critical, and fatal
cases during delivery hospitalization in
the United States. Our prediction is
based on a phenomenological model
which is utilized when the epidemiologic
characteristics of an outbreak are not
clearly delineated as in the case of
COVID-19. The GLM is a purely
empirical model using correlations
among observed data to forecast statis-
tically similar trends in the future.”” As
opposed to mechanistic models, our
model did not directly account for in-
terventions (eg, social distancing or


http://bit.ly/COVID19Del

FIGURE 2

Cumulative incidence of COVID-19 during delivery hospitalization in the United States
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changing in testing pattern). However,
this was accounted for indirectly because
the pattern of data resulted from inter-
vention done previously would affect the
forecasted results. Practically, the model
would assume increasing interventions
in the first half of the curve and gradual
relaxing in the second half of the curve.
Nonetheless, abrupt changes in future
interventions cannot be accounted for
using this model. Further, this model
only allows for one peak, so again we
emphasize that these projections are for
the first wave of the pandemic.

Most of the reported cases in the
United States are symptomatic, and we
do not yet have the epidemiologic data to
forecast specifically for asymptomatic
carriers."” Although asymptomatic cases
may fuel the transmission of COVID-19,
reported, severe, and critical cases are
likely to put stress on healthcare re-
sources. Hence, we opted not to estimate
the number of asymptomatic cases.

We only forecasted the incidence of
COVID-19 during delivery hospitaliza-
tion. Given the difficulty in estimating

the number of pregnant women across
gestational ages, we anticipate the num-
ber of pregnant women to be larger than
our current estimate. Forecasting the
incidence of COVID-19 severe and crit-
ical cases are especially challenging given
the lack of standardization in testing
algorithms and definition of severe and
critical cases. Furthermore, the definition
of critical and severe could be different in
the setting of delivery hospitalizations
given the varying monitoring capability
of each labor and delivery unit. Although
we were able to use all available data of
COVID-19 in pregnancy, including the
largest case series to date, the lack of a
large number of previous studies on
COVID-19 in pregnancy makes it diffi-
cult to obtain an accurate range in
delivering women.” >’

Monte Carlo analyses have an
inherent limitation that they can only
perform according to the accuracy of
underlying assumptions. Similar to
the phenomenological model, abrupt
changes in testing pattern or in-
terventions could affect the performance

of this model. Some labor and delivery
units are performing universal testing
for all admitted women. It is unclear
how many units implement this practice;
as such, we were not able to incorporate
this in the model.”* Universal testing
is expected to increase the total number
of confirmed cases by adding asymp-
tomatic women. Finally, there are re-
ports suggesting the possibility of
resurgence of COVID-19.”> As of now, it
is not possible for us to model this
because we do not have the epidemio-
logic data for the resurgence. Therefore,
our results are useful for short-term
projections and should only be consid-
ered with the underlying assumptions
and limitations of both the data and
models.

Clinical implications

With cases peaking in the beginning of
April, we are bracing for the worst
impact in obstetrical resource utiliza-
tion. Although state-level data are not
available, the peak incidence is expected
to vary by state in relation to severity and

AUGUST 2020 AJOG MFM 5



FIGURE 3

Weekly incidence of COVID-19 during delivery hospitalization in the United States
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mitigation provided by each state.”’
With the numbers provided in this study,
we hope that we could provide and pri-
oritize obstetrical care providers with
appropriate personal protective equip-
ment. This is especially important
because nearly all women with COVID-
19 will elect to deliver in the hospital
setting, regardless of the severity of dis-
ease. Thus, obstetrical care providers will
be facing a unique and unavoidable
exposure to COVID-19. In addition,
previous reports have  suggested
increased risks for preterm birth, pre-
eclampsia, cesarean delivery, and peri-
natal death.”>*® This might suggest that
we will also see an increase in resource
utilization not directly related to
COVID-19 or delivery alone.

Historical data show that 2—4 peri-
partum critical care admissions occur for
every 1000 deliveries, but during the
peak of COVID-19, we estimated that an
additional of 2 ICU admissions per 1000
deliveries had happened. Although the
peak has passed, the number of critical
cases will continue to linger and
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potentially continue to increase the strain
in the medical resources. Given the
unique changes in physiology and the
potential logistical hurdles, critical care
for pregnant women with COVID-19
could be challenging. Thus, obstetrical
care providers should prepare them-
selves to provide insight into the multi-
disciplinary care of critically ill pregnant
women.”” The Society for Maternal-Fetal
Medicine has graciously provided their
obstetrical critical care resources for free
through https://education.smfm.org/.
In terms of maternal mortality rate,
COVID-19 is projected to increase the
maternal mortality modestly from 17.4
deaths to 18.7 deaths per 100,000 live
births. However, the actual maternal
mortality rate for the year 2020 may be
even higher than our projected number.
This is because it is possible that resource
reallocation, reduction in face-to-face
prenatal visits, and COVID-19 economic
impact could also cause an increase in
maternal mortality. Most recently,
United Nations has found an approxi-

mately 30% increase in domestic

violence against women worldwide.”
Finally, although currently hypothetical,
the resurgence of COVID-19 remains a
possibility. Another outbreak this winter
could further increase the maternal
mortality rate. All these factors could
result in the highest maternal mortality
in modern history.

Research implications

Once epidemiologic parameters of
COVID-19 in various circumstances are
well defined, a robust mechanistic model
could provide a better insight into the
possibility and prediction of future out-
breaks. Our study was limited by the
availability of data from pregnant
women with COVID-19. We encourage
obstetrical care providers nationally to
participate in registries for pregnant
women affected by COVID-19.
Although we were able to estimate the
impact of COVID-19 on delivery hos-
pitalization, the impact of COVID-19
could extend beyond the disease itself.
Multiple guidelines have suggested to
scale down antenatal testing and prenatal


https://education.smfm.org/
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visits.””° Studies are needed to assess the
impact of resource reallocation to
non—COVID-19-affected women,
including the impact of domestic
violence which was known to affect
pregnant women at higher rates.”’

Conclusion

In summary, COVID-19 is also expected
to severely affect obstetrical care. Despite
their younger age, we still projected an
increase in critical care admission during
delivery hospitalization and maternal
mortality rate among pregnant women.
From March 1, 2020, we projected 3308
severe and 681 critical cases with about 52
COVID-19—related maternal mortalities
during delivery hospitalization in the
United States during the first pandemic
wave. Continuing efforts in mitigating the
downstream effects of COVID-19 need to
be made to prevent worsening of these
projected numbers. |
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