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Abstract

Background Coronavirus disease 2019 (COVID-19) is currently one of the world’s most critical health issues so far.
Given the importance of appropriate treatment in pregnancy and the controversies about Remdesivir effectiveness
and complications, the present study aimed to evaluate the impact of Remdesivir on maternal, fetal, and perinatal
outcomes in pregnant women with COVID-19 diseases.

Methods A total of 189 pregnant women with positive polymerase chain reaction (PCR) results for SARS-COV-2,

and oxygen saturation [SpO2] of < 95%) were admitted to 12 hospitals affiliated with the Iran University of Medical
Sciences from March 1%t 2020 to June 71, 2021, namely the first four COVID-19 Picks in Iran. They were enrolled in this
retrospective cohort study by census method and categorized into case and control groups, based on the inclusion of
Remdesivir in their treatment protocol. Demographics, clinical outcomes, and pregnancy-related complications of the
mothers and the neonates were compared between the two study groups.

Results A comparison of 54 mothers in the case and 135 in the control group showed no demographic and clini-

cal characteristics difference. Neonates whose mothers did not receive Remdesivir had a higher rate of positive

PCR (10.2%), compared to the Remdesivir group (1.9%) with a relative risk of 0.91 reported for Remdesivir (95% Cl:
0.85-0.98, P=0.04); besides, Remdesivir resulted in fewer neonatal intensive care unit admission rates in mild/moder-
ate COVID-19 group (RR=10.32,95% Cl: 0.105-1.02, P=0.03). Although neonatal death between the two groups was
not statistically significant, from the clinical point seems important; 1(1.9%) in the case vs. 9(7.2%) in the control group.
Interestingly LOS (Length of Stay) in the hospital was longer in the case group (median of 7 vs. 3 days; P<0.0001).

Conclusion The inclusion of Remdesivir in the treatment protocol of pregnant women with COVID-19 may reduce
vertical transmission and improve perinatal outcomes, thus being suggested to be considered.
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Introduction

Coronavirus disease 2019 (COVID-19) is one the most
critical health issue of the twenty-first century, result-
ing in nearly 6.4 million death so far. Despite acceptable
adherence to health protocols, social distancing regula-
tions, the use of various treatment modalities, and the
innovation of a new generation of vaccines, the pandemic
is still ongoing.

Although it seemed that the complications and mor-
bidity and mortality were not significantly higher than
the normal populations in the first few months of the
pandemic [1, 2], as time passed maternal morbidity and
mortality, adverse pregnancy outcomes and vertical
transmission attracted more attention. Even it seems that
with new mutants of the virus, these adverse effects are
now more prevalent [3]. Takemoto et al. have demon-
strated that the mortality rate in pregnant women with
Covid-19 disease was about two times higher in 2021
(15.6%), in comparison with 2020 (7.4%) [4, 5].

Considering pregnant women in research projects for
finding better therapeutic modalities and creating bal-
anced and informed evidence-based data on this very
insidious disease is critical.

Remdesivir is a nucleotide analog with broad-spectrum
antiviral activity, that is thought to inhibit the action of
RNA polymerase.

In vitro studies have shown that this adenosine analog
incorporates nascent viral RNA chains, resulting in pre-
mature termination and inhibition of viral replication
with a high selectivity index [6—8]. Animal studies have
also confirmed its efficacy in reducing the viral load in
bronchoalveolar lavage fluid and attenuated pulmonary
infiltrates [9, 10]. The few clinical studies about the effec-
tiveness of Remdesivir have suggested clinical improve-
ment, shorter recovery time, lower oxygen requirement,
and mortality rate [11, 12]; however, some trials have
rejected significant expediency of Remdesivir on clinical
outcomes [13, 14]. Therefore, ongoing clinical trials are
being conducted to determine the Remdesivir efficiency
in the different subgroups of patients [15].

Despite conditional recommendation against its pre-
scription, Remdesivir could still be effective in early mor-
tality risk reduction and clinical improvement, as well
as decreased high-flow supplemental oxygen and inva-
sive mechanical ventilation necessities among hospital-
ized COVID-19 patients [16]. However, recent reports
on Remdesivir-related acute kidney injury as well as its
cardiotoxicity concerns by a significant decrease in oxy-
gen consumption, a collapse of mitochondrial membrane
potential, and an increase in lactate secretion according
to an in vitro study [17] is a call for a better characteri-
zation of Remdesivir safety, understanding of the under-
lying mechanisms and suggesting a careful evaluation of
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therapeutic use in patients at risk for cardiovascular or
kidney disease.

It is not overemphasized if somebody believes that
pregnant women are among the most important groups.
Besides, pregnancy accounts for a modified immune and
inflammatory estate that may contribute to the activation
of inflammatory pathways at the time of the Covid-19
trigger [18].

COVID-19 diseases in this group can endanger the
mother’s life, threaten fetal well-being, transmit to the
newborn, and result in complications and mortality in the
mother and the neonate [19-22]. Summarizing evidence
regarding the use of Remdesivir as an investigational
pharmacologic intervention for pregnant and lactating
patients with coronavirus disease 2019 (COVID-19) is
controversial, but it has been used during pregnancy and
lactation within the context of clinical trials, data from
non-pregnant populations have not shown benefit [23].

Given the importance of appropriate treatment in
patient recovery and the controversies about Remdesivir,
the present study aimed to evaluate the efficacy of Rem-
desivir in the treatment regimen of pregnant women with
COVID-19 on their recovery and perinatal outcomes
including PCR test results (vertical transmission), NICU
admission and neonatal mortality.

Methods

The present retrospective cohort study considered preg-
nant women with COVID-19, admitted to 12 hospitals
affiliated with the Iran University of Medical Sciences,
from March 1%, 2020 to June 7, 2021 for inclusion.
Of 39,746 deliveries in the time and setting, 189 moth-
ers had the inclusion criteria (4.7 per 1,000 pregnant
women). The clinical guideline for diagnosing and treat-
ing COVID-19 diseases issued by the Iran Ministry of
Health and Medical Education were used in the present
study. Diagnosis of COVID-19 was suspected by clinical
symptoms and confirmed by polymerase chain reaction
(PCR) results, taken by nasopharyngeal swab, and in sus-
picious cases by chest CT taken with a protective shield.
An infectious specialist and a gynecologist admitted the
patients based on SpO2 of 93—95%. The ethics committee
approved the protocol of the study at the Iran University
of Medical Sciences (code: IR.IUMS.REC.1400.514).

A total of 189 women with the above criteria were
enrolled in the study by census method and categorized
into case and control groups, based on the inclusion of
There is no unique treatment protocol that can be used
for all patients with COVID-19 and the therapeutic
options depend on the patient’s conditions. Patients who
have a low oxygen saturation (SpO,) are managed in the
hospital with a combination of anti-inflammatory agents,
such as corticosteroids and monoclonal antibodies, i.e.
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Tocilizumab, which counts as the standard of care in
Covid-19 patients [24], antiviral agents, and interferons
in some cases [25]. Remdesivir (GS—5734) is a broad-
spectrum antiviral drug, approved by the Food and Drug
Administration (FDA) as the emergency treatment of
COVID-19 [26, 27]. Remdesivir was administered 100—
200 mg/day for 5-10 days based on the patient’s gen-
eral conditions and response to treatment. The patients
remained in the hospital until the completion of the
Remdesivir course. All patients received the standard of
care of COVID-19 protocol according to WHO living
guidelines [24] for pregnant women. According to the
ordinal scale for clinical improvement by WHO (Fig. 1).
We recruited the patients by scoring three severity at the
time of admission.

A midwife and one general physician evaluated the
medical records independently and recorded their infor-
mation in the study’s checklist; then, another physician
compared the recorded data with the medical records to
ensure the accuracy of the collected data. The recorded
information (in addition to the type of treatment)
includes baseline characteristics (maternal age, weight,
and height at admission), body mass index (BMI), the
clinical outcomes, including LOS and ICU, readmission,
intubation, cardiopulmonary resuscitation (CPR), death,
and its cause, and finally pregnancy-related complica-
tions, such as pre-eclampsia, preterm labor, etc.

The LOS in the hospital and ICU were recorded sep-
arately and LOS in the hospital was calculated as the
entire period of the patient’s hospital stay, including
the ward and the ICU. Patients were discharged at the
end of the Remdesivir course. Any patient readmitted
after discharge was considered as readmission. Patients
who did not recover from COVID-19 and died as a
result of the disease within one month after diagnosis
were considered COVID-19-related death. Cases that
died of other causes, such as accidents and underlying
conditions, were not considered COVID-19-related
death and were excluded from the analysis. The causes
of death were categorized into acute respiratory dis-
tress syndrome (ARDS) and non—ARDS. The criteria of
ARDS were confirmed based on the Berlin 2012 ARDS
diagnostic criteria [28].

We evaluated the pregnancy outcomes, including abor-
tion, preterm or post-term pregnancy, neonatal PCR
result, admission to NICU, and neonatal mortality. The
test was considered positive if PCR results of 24 h after
birth or at the second test 48 h after delivery were posi-
tive (in the case of a negative first test result), deaths were
considered neonatal death during the first 28 days of life,
excluding other pathologies. For the follow—up informa-
tion, the mothers or their relatives were contacted by
phone call and related information was recorded. Some
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who did not remember the details or did not replied the
phone or had missing data in their medical records that
could not be completed by the following—up phone call,
were considered missing data.

Statistical analysis

The qualitative data were presented as a percentage (fre-
quency of observation) and compared using Chi-square
or Fisher’s exact test. For numeric variables, the Kolmog-
orov—Smirnov test was performed and if the data were
normally distributed, mean and standard deviation (SD)
were reported, and if skewed, median and interquartile
range (IQR) were reported. The student ¢-fest or Mann—
Whitney U test was used for comparison between the
groups, based on the normality of data distribution. The
estimated effects were expressed as a relative risk (RR)
with a 95% confidence range (CI). P—values<0.05 were
considered significant. The analysis was conducted using
the statistical software IBM SPSS Statistics for Windows
version 22.0 (IBM Corp. 2013. Armonk, NY: IBM Corp.)

Results

Among 189 mothers (with a median age of 32+ 7 years),
54 were in the case and 135 were in the control group
(Fig. 2). There was no significant difference in age, BMI,
and other baseline or pregnancy-related characteristics
between the groups (Table 1). A comparison of the com-
plete demographics of the groups is provided in Supple-
mentary Table 1. COVID-19 symptoms mainly started at
a mean=£SD of 32.7+7.1 weeks gestational age; namely
in the third pregnancy trimester (N=162; 85.5%); there
was no difference in the frequency of the trimester that
the symptoms started between the two study groups
(N=0.532, Table 1). A comparison of the maternal out-
comes between the two groups with and without Rem-
desivir in the treatment protocol (Table 1) showed longer
LOS in the hospital in the Remdesivir group (P<0.0001).
Other maternal outcomes, like the need for ICU admis-
sion, intubation, CPR, and COVID-19-related death,
were not different between the groups (P>0.05).

Among all patients, 146 (77.2%) had mild or moder-
ate and 43 (22.8%) had severe COVID-19. Studying
the difference between the two groups, considering the
disease severity, showed no difference in most variables
(P>0.05), the case group had a longer LOS (median of
7 days) than the control group (p<0.001). However,
this discrepancy may be due to the mandatory hospital
stay for pregnant women under antiviral agents, even
after symptom relief.

A Comparison of neonatal outcomes between the two
study groups (Table 2) showed no difference in most of
the studied variables, except in the positive PCR results.
Neonates whose mothers did not receive Remdesivir
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Table 1 Comparison of mother's demographics, pregnancy-related, and clinical characteristics based on inclusion of Remdesivir in
the treatment regimen

Variable Categories Total N Remdesivir N=54 Non-Remdesivir  p-value
N=135
Age (years), median(IQR) 189 32(6) 32(7) 0.924"
BMI (kg/m2), median (IQR) 189 28(5.5) 28(6) 0.210"
BM, Categories, N(%) Normal 189 9(16.7%) 30(22.2%) 0.695"
Overweight 24(44.4%) 56(41.5%)
Obese 21(389%) 49(36.5%)
Gravid, median (IQR) 189 2(1.25) 2(2) 007"
Abortion, median (IQR) 189 (1) o(1) 078"
Preeclampsia, N(%) 189 2(3.7%) 15(11.1%) 0.08?
Gestational diabetes, N(%) 188 8(14.8%) 19(14.25%) 091P
Abortion, N(%) 179 3(5.6%) 7(5.2%) 0.58°
Gestational week at the onset of COVID-19  First Trimester 189 3(5.6%) 4(3%) 05321
symptoms (weeks), N.(%) Second Trimester 7(13%) 13(9.6%)
Third trimester 44(81.5%) 118(87.4%)
First SPO, without a mask, N.(%) <94 43 15(27.8%) 28(20.7%) 0.29
>94 146 39(72.2%) 107(79.3%)
Severe COVID-19, N(%) 189 15(27.8%) 28(20.7%) 0.33f
Admission to ICU, N(%) 189 5(9.3%) 20(14.8%) 0.308"
Intubation, N(%) 189 2(3.7%) 11(8.1%) 0.27
Cardiopulmonary resuscitation, N(%) 189 2(3.7%) 7(5.2%) 0.49*
COVID-19-related death, N(%) 189 3(5.6%) 10(7.4%) 046*
ARDS as the cause of death 189 0(0%) 5(3.7%) 0.18*
Hospital LOS (days), median (IQR) 189 7(4) 3(4) <0.0001"
ICU LOS (days), median (IQR) 25 4(5.5) 3(6.75) 065

Abbreviations: IQR Interquartile range, BMI Body mass index, COVID-19 Coronavirus disease 2019, SPO, Saturation of peripheral oxygen, ICU Intensive care unit, ARDS
Acute respiratory distress syndrome

“The results of Mann Whitney U test, 'The result of chi-square test, *The result of Fisher’s exact test

Table 2 Comparison of neonatal outcomes between the two study groups, in total and based on oxygen saturation

Variables Categories Total N Remdesivir N=54 Non-Remdesivir Relative risk (95% p-value
N=135 confidence interval)

Preterm labor, N(%) Total 169 18(36.7%) 45(37.5%) 0. 98(0 63-1.51) 092"
SPO, > 94% 130 13(36.1%) 33(35.1%) 02(0.6 72) 091"
SPO, <94% 39 5(38.5%) 12(46.2%) 0. 83(0 37-1 86) 064"

Postdate pregnancy, N(%) Total 169 1(2%) 7(5.8%) 0.35(0.44-2.76) 0.26"
SPO, > 94% 130 0(0%) 6(5.6%) -* 0137
SPO, <94% 39 1(7.7%) 1(3.8%) 2(0.13-294) 056"

NICU admission, N(%) Total 170 7((13.7%) 30(25.2%) 0.54(0.2-1.15) 0.09°
SPO, > 94% 134 3(8.1%) 24(24.7%) 0. 32(0 105-1.02) 003"
SPO, <94% 36 4(28.6%) 6(27.3%) 04(0.35-3. 06) 0617

Neonatal death, N(%) Total 177 1(1.9%) 9(7.2%) 0. 26(0 35-2.05) 015t

Abbreviations: SPO, Saturation of peripheral oxygen, NICU Newborn intensive care unit, PCR Polymerase chain reaction test
“The results of Chi square test, TThe result of Fisher's exact test, *One cell of 2 x 2 table has observed count 0; therefore, RR is not computable

had a higher rate of positive PCR (10.2%), compared to Also, Remdesivir resulted in fewer NICU admission
the Remdesivir group (1.9%) with a relative risk of 0.91  in neonates of mothers with mild/moderate COVID-19
reported for the case group (95% CI: 0.85-0.98, P=0.04). (RR=0.32, 95% CI: 0.105-1.02, P=0.03).
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Patient state Descriptor Score
Uninfected No clinical or virological evidence of infection 0
Ambulatory No limitation of activities 1
Hospitalized Mild Disease Limitation of activities 2
Hospitalized, no oxygen therapy 3
Oxygen by mask or nasal prongs 4
Hospitalized Severe Non-invasive ventilation or high-flow oxygen 5

Disease
Intubation and mechanical ventilation 6
Ventilation + additional organ support- pressors, RRT, 7
ECMO

Dead Death 8

Fig. 1 Ordinal Scale for Clinical Improvement (WHO R&D Blueprint)
(1

Discussion

The present study is the first to evaluate the effect of
the inclusion of Remdesivir on maternal and perina-
tal outcomes of pregnant women compared to the con-
trol group. The comparison between the two (case and
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control) groups with similar demographic and clini-
cal characteristics showed no difference in most of the
maternal outcomes, except LOS; however, the most
important finding of the present study was the lower
risk of vertical transmission of COVID-19 to the infant,
and fewer neonatal intensive care unit admission rates in
mild/moderate COVID-19 group and clinically impor-
tant less neonatal death which is of great significance.
Evidence has suggested that pregnant women are
not more susceptible to COVID-19; however, they are
exposed to a higher risk of adverse outcomes, which
indicates the importance of studying COVID-19 out-
comes in pregnant women [29]. Neonatal health is one of
the aspects that has been rarely discussed in this regard.
As the present study results showed, 7.8% of the infants
(14/179), born to mothers admitted with COVID-19,
had positive PCR results. This rate is similar to that
reported by the meta-analysis of 33 studies, reporting
this rate at 6.3% (95% CI of 3.0 to 9.7%) [30]. In another

Pregnant mothers with COVID-19,
identified initially between March 1%2020,

to June 7" 2021
(n=193)
Excluded:
Was not pregnant (n=2)
e Died before initial assessment (n=1)

<

Died of car accident (n=1)

Evaluating the medical

records (n=189)

Standard treatment with

Standard treatment without

Remdesivir, n=54

Remdesivir, n=135

[ Follow-up to delivery ]

-

\

We excluded cases with the following
missing data:

n=12(6.3%), neonatal mortality
n=10(5.3%), newborn PCR
n=19(10.1%), NICU admission
n=20(10.6%), preterm labor
n=20(10.6%), postdate pregnancy
n=1(0.5%), GDM

~

/

s

.

Comparison of maternal and infant outcomes between two treatment
groups with and without Remdesivir

Fig. 2 Flow chart of pregnant women with COVID-19 in cohort study
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(cohort) study on 706 pregnant women with COVID-19,
compared with 1,424 controls, 13% of the neonates tested
positive for COVID-19 [31], which is higher than the
rate in our study. This difference could be related to neo-
natal PCR testing protocols. However, it is not yet clearly
defined how it can affect neonatal health, although a
higher rate of neonatal death and stillbirth has been
observed during the pandemic than the pre-pandemic
rates [32, 33]. However, this cannot be directly related to
vertical transmission, as COVID-19 on increasing the
pregnancy-related adverse effects, and the reduced refer-
ral of pregnant women to the care centers could also be
contributing factor [34]. Therefore, further studies are
required to confirm the effect of vertical transmission of
COVID-19 on neonatal health. In the present study, all
neonates who tested positive in the control group had
SpO, > 94% with mild to moderate COVID-19 observed
in their mothers, but the one neonate in the case group
had SpO,<94%. The present study results determined
(for the first time) that the inclusion of Remdesivir in the
treatment protocol of mothers with COVID-19 reduces
its vertical transmission (P=0.03). Also, Remdesivir
resulted in fewer NICU admission when mothers were
involved with mild/moderate COVID-19 (RR=0.32).
Most studies evaluating the effect of Remdesivir on
COVID-19 have excluded pregnant and lactating women
and there are few studies on the effect of Remdesivir on
the outcomes of pregnant women with COVID-19 [35].
In one study on 86 pregnant and postpartum women
with severe COVID-19, compassionate—use of Rem-
desivir resulted in a high recovery rate and low rate of
serious adverse events [36]; however, this study had no
control group for comparison. Although we could not
find a cohort study with a control group for comparing
the results with our research, it should be acknowledged
that the different rates of efficacy and adverse outcomes,
reported in the studies may be related to the different
patients’ conditions. Disease severity is one of the fac-
tors that have a significant influence on the outcome of
COVID-19; in the present study, less than one-third
of each group had severe disease, while the cohort by
Burwick et al. included pregnant women with severe
COVID-19, which justifies the differences in the rates
of adverse outcomes. Other case reports/series have also
reported the efficacy of Remdesivir in pregnant women
with COVID-19 [37-41], a review of which suggests that
Remdesivir is well-tolerated in the latter stages of preg-
nancy (2™ and 3™ trimesters) with a low risk of serious
adverse events; however, further safety and efficacy data
are required to support its use in the first trimester [42].
A Comparison of the adverse pregnancy-related and
COVID-19 outcomes did not show any significant dif-
ference between the groups, suggesting that Remdesivir
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cannot reduce the risk of maternal effects. However, it
has to be mentioned that the rate of adverse pregnancy-
related and COVID-19 outcomes was generally low in
the present study, compared to the previous studies,
which could be related to the effect of disease severity
on the adverse pregnancy-related and COVID-19 out-
comes in pregnant women, as suggested by the meta-
analysis of 44 studies (438,548 pregnant women with
COVID-19) [21]. The only maternal outcome with a sta-
tistically significant difference between the study groups
was the median LOS, longer in the case group. The pri-
mary explanation for this difference could be the manda-
tory hospital stay of pregnant women during the antiviral
treatment course. However, this finding could be related
to the confounding effect of different variables on the
study outcomes. We acknowledge that the difference in
the treatment protocol of the patients (selected based on
the clinical conditions of the patients and the national
protocols) and the different disease severities among
patients may confound the study results and serve as a
limitation. Also, the study’s limited sample size and non—
randomized inclusion of patients into the research and
subgroups was another limitation of the present study.

Conclusion

The results of our research clearly defined that the inclu-
sion of Remdesivir in the treatment protocol of pregnant
women with COVID-19 can reduce the vertical trans-
mission rate, NICU admission, and probably neonatal
death. Considering the limitations of the present study,
if future studies confirm these results, Remdesivir can be
suggested as a safe and efficient medication for this group
of patients. However, the results of our study failed to
show any effect of Remdesivir on the adverse pregnancy-
related and COVID-19 outcomes of pregnant women
and even prolonged the LOS in the hospital. As there are
very few studies addressing the maternal outcomes of
COVID-19, none comparing the results with a control
group, a future study with a focus on the more detailed
pregnancy outcomes is required for a definite conclusion
in this regard.
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