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Abstract

In this review, we reviewed current literature on COVID-19 infec-
tion during pregnancy and provided up-to-date information and
community/society recommendations. Although it has previous
examples such as SARS and MERS and the infection findings
appeared at an earlier period and have become known in China, the
infection could not be limited and spread worldwide. Until June 8,
2020, a total of 6.8 million cases were reported and 397,000 cases
died. As of the same date, the total case number in Turkey is 171,000
and total number of death is 4711. COVID-19 virus spread by
droplets and its incubation period varies between 2 and 14 days. The
rate of asymptomatic cases is 42% in non-pregnant patients while it
is 44-89% in pregnant women. The disease progresses with mild-
medium severity in about 80% of the patients, and it recovers by
itself. A total of 17 maternal death cases has been reported. Although
vertical transmission risk is very low according to a study investigat-
ing 265 pregnant women, there are cases showing fetal vertical trans-
mission and we reviewed such cases in detail in this review.
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Introduction

The mysterious pneumonia cases appeared in December
2019 attracted the attention of the world to China, and
when it became a pandemic, each country started to
monitor their situation and case numbers. While the first

source of the new member of Coronavirus family, which
is later called COVID-19 virus or SARS-Cov-2 or 2019-

Ozet: Gebelikte COVID-19 ve perinatal saglik iizerine
etkileri

Bu derlemede gebelikte COVID-19 enfeksiyonu konusunda giincel
literatiir gozden gecirilecek, giincel gelismeler ve cemiyet/dernek
onerilerine yer verilecektir. Onceden SARS ve MERS gibi 6rnekler
bulunmasmna ve Cin’deki enfeksiyon bulgularinin daha erken do-
nemde ortaya ¢itkmast ve bilinir hale gelmesine ragmen enfeksiyon
sinurl kalmamus ve tiim diinyaya hizlica yayilmustir. 8 Haziran 2020
tarihine kadar diinyada toplam 6.8 milyon vaka bildirilmis ve
397.000 oliim gerceklesmistir. Yine ayni tarih itibari ile Turkiye’de
toplam vaka say1st 171.000, 6liim sayist ise 4711°dir. COVID-19 vi-
riisti damlacik yolu ile yayilmaktadir ve inkiibasyon periyodu 2-14
giin arasinda degismektedir. Asemptomatik hastalik orani gebe ol-
mayan hastalarda %42’lerde iken gebelerde %44-89’dir. Yaklagik
%80 hastada hastalik hafif-orta siddette seyretmekte ve kendiligin-
den iyilesmektedir. Toplam 17 maternal 6liim bildirilmistir. 265 ge-
benin incelendigi calismaya gore vertikal gegis riski son derece az ol-
makla birlikte fetal vertikal gecis lehine vakalar mevcuttur ve bu der-
lemede ayrintli olarak incelenecektir.

Anahtar sézciikler: COVID-19, SARS, MERS, gebelik.

cCoV, is not known clearly, it was claimed that it is asso-
ciated with a seafood market in Wuhan, the capital city
of China’s Hubei province." The case numbers
increased gradually, and the new cases were seen in
"Thailand, Japan, Hong Kong, Taiwan, South Korea and
England at the end of January 2020.

COVID-19 virus show similarities with SARS
(severe acute respiratory syndrome) and MERS (Middle
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East respiratory syndrome) viruses, which are the other
members of Coronavirus family. While there were 6
known types of Coronavirus until December 2019, this
number reached 7 with the appearance of COVID-19.
Non-SARS and non-MERS 4 members (HKU1, OC43,
229E, NL63) are associated with seasonal common cold,
and they are responsible for 10% of non-influenza sea-
sonal airway disease. MERS appeared in Saudi Arabia in
2012, and its RO rate is less than 1 with a case-fatality rate
of 34.4% (CFR) (858/2494).”” R0 is an index showing
how contagious is an infection and the average number
of people who will contract an infection from one per-
son. SARS pandemic was seen in 2002-2003, and its RO
rate was 2-4 with a case-fatality rate of 10.5%
(774/8098)."” While case-fatality rate is usually 0.5% in
the seasonal flu, its RO rate is 1.2-1.6." The general
characteristics of Coronavirus types and influenza HIN1
are shown in the Table 1.

The mortality rate of COVID-19 is associated with
the age of patient and coexisting diseases, and it varies
across countries. The overall mortality rate in China was
reported 2.3% in the beginning, but it may increase up
to 14.8% in cases over 80 years old. The mortality rates
may increase up to 6% with coexisting hypertension,
7.3% with coexisting diabetes and 6.3% with coexisting
chronic respiratory pathologies.” However, it is accept-
ed that the mortality rate of COVID-19 is higher than

influenza.

Although it has previous examples such as SARS and
MERS and the infection findings appeared at an earlier
period and have become known in China, the infection
could not be limited and spread worldwide. World
Health Organization (WHO) held a meeting on January
22, 2020 and the Organization did not accept that
COVID-19 infection was an international public health
emergency, and the pandemic decision could only be
made on March 11 by WHO. While the data of WHO
on February 3 showed that there were 17,238 cases and
361 deaths in China, the number of diagnosed cases
exceeded 3 million and 208,000 cases died as of April 27.
In June 8, 2020, a total of 6.8 million cases were report-
ed in the world and 397,000 cases died. As of the same
date, total case number was 171,000 and death number
was 4711 in Turkey.

COVID-19 virus spread by droplets."” Its incubation
period varies between 2 and 14 days (the mean period is
5.2 days).""" It is known that the course of disease can be
asymptomatic. While asymptomatic infection rate is
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Table 1. Coronavirus types and the general characteristics of influ-

enza HIN1.
Genome Case-fatality rate RO
MERS RNA 27.3-34.4%'% =2
SARS-CoV RNA 10.5-25%"2" 240
SARS-CoV-2 RNA 1.3-3.85%>1% 2-2.5%"%
Influenza H1N1 RNA 0.5% 1.2-1.6®

about 42% in non-pregnant patients,"” it was reported
between 44% and 89% in pregnant women." " The dis-
ease progresses with mild-medium severity in about
80% of the patients, and it recovers by itself. It is severe
in 13.8% of the patients, and at a critical level in 6.8% of
the patients."” In this review, we reviewed current liter-
ature on COVID-19 infection during pregnancy and
provided up-to-date information and community/socie-
ty recommendations.

Pregnancy and Pneumonia

Independently of COVID-19, pneumonia is one of the
most important reasons of morbidity and mortality in
pregnant women and the most common non-obstetric
infection reason during pregnancy."” Intensive care
treatment may be required in 25% of patients due to the
pneumonia."” When compared to bacterial pneumonia
cases, morbidity and mortality rates are higher in viral
pneumonia cases."” Premature rupture of membranes
(PRM), preterm labor, stillbirth, fetal growth restriction
and neonatal death are the most important complica-
tions of pneumonia during pregnancy."”""*"

The Relationship Between Pregnancy and
SARS, MERS and Influenza

Before investigating the relationship between pregnancy
and COVID-19, it would be better to assess the relation-
ship between pregnancy and other Coronavirus types
and influenza virus, because the lessons that can be taken
from these viruses may guide us with the fight with this

new and young member of the family.

In terms of the course of other Coronavirus types
during pregnancy, which cause significant pandemic,
except COVID-19 infection (Table 2), it was reported
that the rate of hospitalization in the intensive care unit
due to SARS-CoV infection in pregnant women during
SARS pandemic was 50%." It was observed that SARS-
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Table 2. Coronavirus types and gestational complications.

Rate of Preterm labor  Preterm labor Preterm Intrauterine Delivery by
Case-fatality hospitalization before 37 before 34 rupture of growth cesarean
rate at intensive care weeks weeks Preeclampsia membranes restriction (IUGR) section
MERS 27.3-34.4%"% 63.6%% 0%"" 32.1%“" 19.1%“" 0% 0% 61.8%""
SARS-CoV 10.5-25%"%" 50%"2" 15.3%"" 28.9%"" 0% 50%“" 18.5-40%"?'41 72.2%"%"
SARS-COV-2  1.3-3.85% 5-12%002 15.2-80%°3 15.3%F1 13.5%F! 18.7%! 0% 70-78.1 %!

CoV infection during pregnancy has negative impacts on
gestational outcomes. Abortion was reported in 57% of
the women who had SARS-CoV infection during the
first trimester, and fetal growth restriction in 40% of
them and preterm labor in 80% of them during the sec-
ond trimester.”"

In MERS pandemic, the rate of hospitalization in the
intensive care unit due to MERS-CoV infection in the
pregnant women was reported 63.6%. It was seen that
the poor gestational outcomes increased in MERS infec-
tion during pregnancy (91%) similar to SARS-CoV
infection, and 55% of the newborns required hospital-
ization in the newborn intensive care unit.”” No mater-
nal-fetal vertical transmission was observed in SARS and
MERS pandemics.””

When it comes to influenza which is another factor
for respiratory tract infection, 1918 Spanish flu, 1956
Asian flu and 2009-2010 influenza pandemics are the
significant ones. In the influenza pandemic called
Spanish flu which occurred in the winter of 1918-1919
causing 500 million people to contract the disease and
40-70 million people to die, the mortality rate is 27%
in the pregnant women and this rate reached 50%
when the disease was complicated with pneumonia.””

In the pandemic that appeared in Asia in 1957 due
to influenza A (H2N2) and caused 1.1 million people
to die of which 116,000 were in the United States of
America (USA), 50% of the death cases among women
in reproductive period were pregnant.””’ In the spring
of 2009, the pandemic which appeared due to influen-
za HIN1 which was also called swine flu was first seen
in the USA and spread worldwide rapidly. According
to the data of CDC, it is estimated that 151,700 —
575,400 people died in the year that HIN1 pandemic
appeared. Similar to other flu viruses, the complication
rates in this virus were also higher in pregnant women.
Although only 1% of the US population consists of

pregnant women, HIN1 virus infection during preg-
nancy is responsible for 6.3% of pandemic-related hos-
pitalization rates, 5.9% of hospitalization in the inten-
sive care unit and 5.7% of death cases.”*" The severity
of disease increased with the progress of the week of
gestation. The most severe cases were in the third
trimester of gestation.”” The death rate of HIN1 pan-
demic during pregnancy is between 8.2% and 9% and
the rate decreases when the antiviral treatment is initi-

ated within the first 3 days of infection.””

It was found in significant studies including broad
patient groups that the influenza infection during preg-
nancy had a severe course also during non-pandemic
periods compared to non-pregnant population and
required more hospitalization.”” In coexisting morbidity
cases such as chronic heart and lung disease, diabetes,
chronic kidney, cancer and suppressed immunization
during pregnancy, this risk increases at least 3 times. The
severity of HINI virus infection in pregnancy during
non-pandemic periods also increases as the week of ges-
tation proceeds and the most severe cases are seen dur-
ing the third trimester of gestation.””

COVID-19 and Pregnancy

When it comes to COVID-19 infection during pregnan-
cy, COVID-19 was first reported in China as it appeared
in this country first. The first study included the preg-
nant women population in Wuhan and 9 pregnant
women who were diagnosed between January 20, 2020
and January 31, 2020 were reported.” The second man-
uscript is on “pregnant patient population in Hubei” and
it reported the results of 9 patients and 10 newborns.""
The clinical courses of these 19 pregnant women in total
in these first 2 studies are similar to the non-pregnant
patients; all pregnant women had pneumonia and there
were typical infiltrates in their lung CTs. None of the
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pregnant women needed mechanical ventilation and no
death was reported. A total of 5 patients had PRM.
Seventeen of the patients in these 2 studies delivered by
cesarean section while 2 of them delivered vaginally. No
infection was found in the newborns and placentas of
these patients. While elevated cardiac enzymes were
detected in a newborn in Wuhan group, DIC-related
death occurred in a baby born at 34.5 weeks of gestation
in Hubei group; however, COVID-19 infection was not
found in this newborn.

After these initial reports, COVID-19 infection was
reported in more pregnancies. In the review of 6 studies
conducted by Della Gatta et al. in April 2020, the
authors reviewed 51 pregnant patients.”” The diagnosis
was established by qRT-PCT in 50 of these 51 patients,
one patient could be diagnosed as it was consistent with
clinical COVID-19 and other potential factors were
ruled out. In this review, the median maternal age was
30, median week of gestation during diagnosis was 36,
median week of labor was 36.5, and 39% of the patients
underwent preterm labor. The median of the period
from the development of symptoms up to labor is 2 days.
The symptoms developed after labor in 3 patients.
During admission, 48% of the patients had fever and
46% of them had dry cough. Other rare symptoms are
sore throat, dyspnea, fatigue- malaise, myalgia, diarrhea
and cholecystitis. Pregestational comorbidities such as
hypertension, diabetes or cardiovascular diseases were
not reported. Gestational hypertension was seen in one
patient, preeclampsia in patient and influenza infection
coexisting with COVID-19 in one patient. Two of the
pregnant women were at the second trimester and 49 of
them were at the third trimester during the diagnosis.
The cesarean section was performed in 46 of 48 patients
whose pregnancy were terminated. PRM developed in
26% of the pregnant women. Severe pneumonia requir-
ing the use of ECMO developed in one of the pregnant
women and stillbirth occurred. While there were typical
findings in the lung tomography scan in 22 patients, lung
tomography results of one patient were normal. Of the
newborns, 48 had good health, but one newborn was
stillbirth as stated above. In addition, one baby which
was born at 34.5 weeks of gestation died on 9th day, but
the test result of COVID-19 was negative. No fetal ver-
tical transmission was observed in this review.

The review in which 108 COVID-19 positive preg-
nant women were reviewed was published by Zaigham
and Andersson.” Of the patients, 68% had fever and
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34% had fever. Lymphocytopenia was found in 59% of
the patients, and elevated CRP in 59% of the patients.
91% of the pregnant women delivered by the cesarean
section and three pregnant women required intensive
care, but maternal mortality was not observed. Stillbirth
was observed in one baby and neonatal death in one

baby.

Afterwards, one of the biggest series was published in
China. In the study evaluating 116 pregnant women with
COVID-19 infection, the authors found severe pneumo-
nia in 8 patients, but did not observe any maternal death.
Eight of 116 pregnant women were detected in the first
trimester or early second trimester and abortion was
observed in one of these pregnant women (1/8; 12.5%).
Preterm labor before 37 weeks of gestation was observed
in 6 patients (6.1%), negative result was obtained in 86
newborns who underwent PCR test."”

A total of 324 patients were evaluated in the system-
atic review of 9 case series and 15 case reports in May
2020.7" Of these patients, 211 (71.5%) were diagnosed
by laboratory findings and 84 (28.5%) by clinical find-
ings. The most common symptoms during the admis-
sion of pregnant patients were fever, cough, respiratory
distress, fatigue and myalgia. Severe pneumonia was
found in 0-14% of the patients who required intensive
care. PCR tests were conducted on the vaginal secretion
of 6 patients and on breast milk of 22 patients, and all
results were reported negative. Spontaneous abortion
was reported in 4 patients. The weeks of labor were
28-41 and 74.2% of them underwent the cesarean sec-
tion. The authors reported that the preeclampsia risk did
not increase in the pregnant women with COVID-19.
One third of the newborns were followed up in the
intensive care. Neonatal asphyxia was observed in one of
the babies and neonatal death in one baby. According to
the study published in Sweden in May 2020, the risk of
hospitalization in the intensive care during pregnancy or
postpartum period was found higher than the non-preg-
nant women who are at similar ages.”

COVID-19 binds to cells via ACE-2 receptor. ACE2
RINA expression is very low in the placenta during 6-14
weeks of gestation, and therefore it was asserted that the
risk of placental transmission during first trimester is
low."™ However, it was reported that pregnancy loss
may be observed due to maternal respiratory distress and
hypoxemia.”” Some inconsistencies were observed
between the first manuscripts in the literature related

with COVID-19 infection in pregnant women and abor-
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tion risk. The first study on this topic is a review pub-
lished in Iran.”” This manuscript attributed the increase
of abortion risk in COVID-19 to another manuscript,™
but when that manuscript was reviewed, it was seen that
SARS virus was reported as the virus increasing abortion
risk but it did not mention COVID-19 infection and
abortion risk. The second manuscript was published in
Am ] Obstet Gynecol, but the reference was not cited."”
Again, although it was reported in another manuscript
that the abortion risk increased in coronavirus infections,
the increased rates were shown for MERS and SARS
infections but not COVID-19.* According to the
review published on April 17, 2020, COVID-19 infec-
tion has not been reported yet in the first trimester.*’
According to another review published in China, 8 of
116 COVID-19 positive pregnant women were detected
in the first trimester or early second trimester and abor-
tion was observed in one of these pregnant women (1/8;
12.5%)."" In another review evaluating the results of 324
pregnant women, pregnancy loss in the first trimester
was reported in 4 patients; however, 3 of them are vol-
untary gestational termination.”* In WAPM study,
which is the largest study in the world evaluating 388
pregnant women, 6 cases of first trimester pregnancy
loss were reported.™”

The cases which have COVID-19 infection during
pregnancy do not have more risk than non-pregnant
women, and COVID-19 infection does not cause more
severe infections in pregnant-women unlike other respi-
ratory tract infections.”” According to the review con-
ducted on 147 pregnant patients in China by the World
Health Organization in February 16-24, 2020, severe
infection risk does not increase in pregnant women by
COVID-19 infection unlike influenza.”

COVID-19 infection may also affect the conception
plan of individuals. In an Italian study evaluating 1482
individuals, 37.3% of individuals with previous concep-
tion plan abandoned their conception plan.*! According
to a study published in Turkey, sexual desire and the fre-
quency of sexual intercourse increased in women while
desire for pregnancy decreased.””

Maternal mortality after COVID-19 infection during
pregnancy was not reported in the first periods of pan-
demic, and it was asserted that the morbidity did not
increase during pregnancy.”*" This was considered
suspicious as maternal mortality cases were reported with
MERS and SARS in the previous Coronavirus pan-

demics. However, a total of 17 maternal death cases con-
sisting of 1 case from Iran,”” 7 cases from Iran,"" 1 case
from Iran”™ and again 2 cases from Iran,”” 1 case from
England,” 1 case from the USA,"" 1 case from Sweden"™
and 3 cases in the study of the World Association of
Perinatal Medicine which is in publication process™
were reported afterwards. It is impossible to calculate
mortality rate during pregnancy in COVID-19 infection
as the reports are currently in the form of case reports. It
was also claimed that the increased rate of maternal mor-
tality may not be associated with infection only, it may
occur due to the use of uterotonic, antiepileptic and
antibiotic drugs less than normal due to the decreased
rates of admission to hospital and the low number of
clean delivery units as a result, and 12,000 additional
maternal mortality cases may be added within 6 months
to the annual worldwide mortality rate even in the low-
est severe scenario according to the modelling created.”

Covid-19 and Vertical Fetal Transmission

The most feared impact of maternal infection is the fetal
exposure associated with vertical transmission. When
any infection is transmitted to fetus from mother, the
fetal exposure level may change depending on the vari-
ables such as the infection agent type, week of gestation
and delivery type. The evidences showing the existence
of fetal infection are the typical morphological changes
and pathological and laboratory tests shown in baby.
Congenital Zika virus infection can be given as an exam-
ple for morphological exposure. In this infection, micro-
cephaly was found in the newborns and this was shown
as the evidence of Zika viral infection.”” Fetal infection
diagnosis can be established specifically by pathological
and laboratory tests. However, it is important to conduct
these tests properly and on time, and by the nature of the
tests, it should be noted that false positive and negative
results may be obtained. It is very important to show
viral agent pathologically in the fetal organ systems or to
produce culture in the samples collected; however, it is
not possible in most of the viral agents. Finding
COVID-19 viral nucleic acid in adults by using RT-
PCR is reference standard diagnostic test. Viral agent
can also be found by serological tests. In terms of infec-
tion diagnosis, it is significant to detect IgM in cord
blood or fetal circulation because maternal IgG may pass
through placenta but IgM cannot. The sensitivity and
specificity of anti-SARS-CoV-2 IgM are 70.2-88.2%
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and 96.2-99%, respectively, and therefore further stud-
ies are needed for COVID-19 diagnostic perform-
ance.”"" According to the recommendation of Turkish
Neonatal Society, positive respiratory tract or blood test

is needed for proven neonatal COVID-19 diagnosis.””

Although it was claimed that possibility of detecting
the virus in placenta is low as the viremia in the sympto-
matic COVID-19 patients is 1% and temporary, SARS-
CoV-2 positivity in the placenta was shown in the fol-
lowing studies.”” In a study conducted in New York,
USA, 32 SARS-CoV-2 positive pregnant women were
evaluated, swab samples were collected from the amniot-
ic surface of placenta and from the surfaces between
amnion and chorion in 11 of these patients, and SARS-
CoV-2 positivity was found in 3 of these 11 patients.”' In
the study evaluating the placentas of 16 COVID-19 pos-
itive pregnant women, the authors reported that mater-
nal vascular malperfusion, abnormal or damaged mater-
nal vessels and intervillous thrombus were observed
more in these placentas than the control placentas, but
acute and chronic inflammation did not increase.””
Similar placental findings were also reported from the
USA."" In the placental examination performed after the
pregnancy was terminated due to preeclampsia and pla-
centa detachment in a 22-week pregnant woman, SARS-
CoV-2 positivity and intense macrophage accumulation
in syncytiotrophoblasts were reported.”

The study which evaluated 47 pregnancies and 46
neonatal outcomes has been the one of the greatest
reviews on fetal transmission so far, and it provides evi-
dences for and against fetal transmission.”” According
to the study evaluating 265 pregnant women who gave
birth, vertical transmission risk was quite low.” In a
case report published in April 2020, it was claimed that
fetal vertical transmission is possible.”” In this report, it
was seen that the baby of the pregnant woman, who
needed mechanical ventilation on the fifth day of the
disease and delivered by the cesarean section, had
COVID-19 PCR positivity, tested at 16th hour and
confirmed at 48th hour, and intrauterine transmission
was considered as the reason. However, amniotic fluid,
cord blood and placental infection were not examined in
this case. In the case report from China published in the
March issue of JAMA, Dong et al. found ground-glass
opacities consisted with viral pneumonia in the thorax
CT scan performed in the clinic in a 29-year-old and
34-week and 2-day pregnant woman who applied for
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fever (37.9°C) and nasal congestion complaints on
28/01/2020, and the swab sample collected from the
nasopharynx showed SARS-CoV-2 PCR positivity."
The pregnant woman was hospitalized and medical
treatment was initiated, and consecutive 4 PCR tests
also yielded positive results. In the blood antibody test
performed on 21/02/2020, the IgG value of the patient
was 107.89 AU/mL and IgM value was 279.72 AU/mL,
and the pregnant woman delivered by the cesarean sec-
tion by using N-95 mask in negative isolation room on
22/02/2020. The baby which was born 3120g was quar-
antined in the newborn intensive care unit without any
contact with the mother. In the blood sample taken 2
hours after birth of the baby which showed no symp-
tom, SARS-CoV-2 IgG and IgM levels were found
140.32 AU/mL and 45.83 AU/mL, respectively. It was
also found that the cytokine levels (IL-6: 28.26 pg/mL;
IL-10: 153.60 pg/mL) and leucocyte count
(18.08x10°/L) of the newborn were elevated. The tho-
rax CT scan was evaluated normal. Swab samples were
collected 5 times from the nasopharynx between the
postnatal 2nd hour and 16th day, and all SARS-CoV-2
PCR tests yielded negative results. In the SARS-CoV-2
test performed on the newborn on 07/03/2020, IgG
level was 69.94 AU/mL and IgM level was 11.75
AU/mL, which were still high. The newborn was dis-
charged on 18/03/2020. The RT-PCR test yielded neg-
ative result on the breast milk sample collected from the
mother on 28/03/2020, mother’s SARS-CoV-2 IgG
and IgM levels were found 116.30 AU/mL and 112.66
AU/mL, respectively, and medium level resolution was
observed in the ground-glass opacities in thorax CT
scan. Although RT-PCR was not tested on placenta and
amniotic fluid in this case report, the study provides
valuable data in terms of showing IgM antibodies in the
newborn just two hours after the birth. Considering that
IgM antibodies does not exhibit transplacental trans-
mission and IgM antibodies are not produced until 3-7
days after the acute infection, this publication is a signif-
icant case report in terms of presenting a case which
suggests that a fetus exposed to maternal infection for
23 days during intrauterine period may contract
COVID-19 infection through vertical transmission.
Some other studies were also published showing vertical
transmission after these studies. The summaries of the
studies suggesting fetal vertical SARS-CoV-2 transmis-
sion are presented in the Table 3.
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Table 3. The summaries of the studies asserting fetal vertical SARS-CoV-2 transmission.

Study Newborn characteristics

Patane et al. (Italy)" In 22 mothers with positive SARS-CoV-2 PCR result: the nasopharyngeal swabs of 2 newborns were positive for SARS-CoV-2.
1st newborn: Vaginal birth, 37.6 weeks, 2660g, 9-10 Apgar, cord pH: 7.28, staying in the same room with mother, and being
breastfed. The nasopharyngeal swab right after birth, positive at 24th hour and 7th day, the newborn was asymptomatic and
discharged on 10th day. Chronic intervillositis of the placenta, there were macrophages and syncytiotrophoblasts were positive
for SARS-CoV-2 RNA.
2nd newborn: Cesarean section (unreliable NST), 35.1 weeks, 26869, 9—10 Apgar, cord pH: 7.32. The newborn was taken to
the follow-up in the newborn intensive care unit. The nasopharyngeal swab right after birth was negative, but positive at 7th
day. The asymptomatic newborn was discharged on 20th day. Chronic intervillositis of the placenta, there were macrophages and
syncytiotrophoblasts were positive for SARS-CoV-2 RNA.

Zeng H et al. (China)™ 6 asymptomatic newborns of 6 mothers with positive SARS-CoV-2 PCR result were evaluated, all nasopharyngeal
swabs were negative but;
e In 2 newborns, positive SARS-CoV-2 IgG and IgM, IL-6 elevated
e In 3 newborns, positive SARS-CoV-2 IgG, negative IgM, IL-6 elevated
e In 1 newborn, negative SARS-CoV-2 IgG and IgM, IL-6 elevated

Wang et al. (China)"” The nasopharyngeal swab of 1 newborn was positive for SARS-CoV-2 in 1 mother with positive SARS-CoV-2 PCR result.
40 weeks, C/S labor, 3205g, 8-9 Apgar, follow-up in the newborn intensive care. Lymphopenia, impaired LFT, and elevated
creatinine kinase were detected in the newborn. Nasopharyngeal swab at 36th hour is SARS-CoV-2 positive. Cord
blood, placenta and breast milk were negative for SARS-CoV-2. The nasopharyngeal and anal swabs at 16th day
are negative, discharged at 17th day.

Zeng L et al. (China)""® Nasopharyngeal swabs of 3 newborns were positive for SARS-CoV-2 in 33 mothers with positive SARS-CoV-2 PCR result.
1st newborn: 40 weeks, CS birth (@amniotic fluid with meconium and COVID-19 pneumonia in mother). Lethargy and fever
in the newborn on postnatal 2nd day and the pneumonia in the chest radiography. The laboratory tests were normal.

The nasopharyngeal and anal swabs were positive on the 2nd and 4th days, and negative on the 6th day.

2nd newborn: 40.4 weeks, CS birth (COVID-19 pneumonia in the mother). Lethargy, vomiting and fever in the newborn after
birth and the pneumonia in the chest radiography. Leukocytosis, lymphocytopenia and elevated creatine kinase in the laboratory
tests. The nasopharyngeal and anal swabs were positive on the 2nd and 4th days, and negative on the 6th day.

3rd newborn: 31.2 weeks, CS birth (fetal distress and COVID-19 pneumonia in the mother). Resuscitation needed, and Apgar scores
were 3,4 and 5. Postnatal RDS and pneumonia. Additionally, sepsis, leukocytosis, thrombocytopenia and coagulopathy. The
nasopharyngeal and anal swabs were positive on the 2nd and 4th days, and negative on the 7th day.

Alzamora et al. (Peru)®”  The nasopharyngeal swab of 1 newborn was positive for SARS-CoV-2 in 1 mother who was positive for SARS-CoV-2 PCR.
33 weeks, CS birth, 2970g, 6-8 Apgar, the newborn was intubated as mother’s sedation level was high. Separated from the
mother, followed up in the newborn intensive care unit and not provided breast milk. IgG and IgM values of the newborn were
negative. The nasopharyngeal swab was negative at 16th and 48th hours. On 6th day, the newborn had mild dyspnea and
needed oxygen.

Dong et al. (China)®® 1 newborn of 1 mother with positive SARS-CoV-2 PCR result was evaluated.
37.6 weeks, CS birth, 3120g, 9-10 Apgar. Separated from the mother, followed up in the newborn intensive care unit. SARS-CoV-2
1gG and IgM were positive at 2nd hour. IL-6 elevated and leukocytosis was present. 5 nasopharyngeal swabs from 2nd hour
to 16th day were negative. The newborn was discharged on 25th day. The breast milk was PCR negative.

Ferrazzi et al. (Italy)" The nasopharyngeal swabs of 3 newborns were positive for SARS-CoV-2 in 42 mothers with positive SARS-CoV-2 PCR result.
2 postpartum mothers were diagnosed with COVID-19, and they breastfed their babies during this period without waring mask,
and the newborns were found to be positive for SARS-CoV-2. Third newborn was separated due to postpartum bleeding, and
the mother was diagnosed with COVID-19 in the following days, and the test result of the newborn was also positive.

Yu et al. (China)"® The nasopharyngeal swab of 1 newborn was positive for SARS-CoV-2 in 7 mothers with positive SARS-CoV-2 PCR result.
The newborn was found to be positive for SARS-CoV-2 at postnatal 36th hour. Following 2 tests of the newborn whose mild
respiratory distress improved were negative, and the newborn was discharged in 2 weeks. It was reported that the intrauterine
transmission may not be the case in this pregnancy as placenta and cord blood were negative for SARS-CoV-2.

Yang et al. (China)"™ The nasopharyngeal swab of 1 newborn was negative for SARS-CoV-2 but IgG and IgM were positive in 7 mothers
with positive SARS-CoV-2 PCR result.
In the rapid test of the baby born by cesarean section due to PRM at 30.6 weeks of gestation, SARS-CoV-2 IgG and IgM were
found positive, 2 PCR tests resulted negative. The newborn was discharged at 29th day.

Zamaniyan et al. (Iran)*¥  The nasopharyngeal swab of 1 newborn was negative for SARS-CoV-2 but IgG and IgM were positive in 1 mother
with positive SARS-CoV-2 PCR result.
32 weeks, SARS-CoV-2 pneumonia in mother, sample was collected from the amniotic fluid during labor by CS. The newborn
was 2350g, 8-9 Apgar. The first nasal and throat swabs of the newborn were negative, but amniotic fluid was positive for
SARS-CoV-2. The newborn swab at 24th hour was positive. The mother died, but the newborn is in good health.

WAPM study™! The nasopharyngeal swab of 1 newborn was positive for SARS-CoV-2.
In the asymptomatic newborn with positive nasopharyngeal swab right after the birth, PCR was negative on 14th day.
Amniotic and placental samples were not tested

Carosso et al."™" (Italy) The nasopharyngeal swab of 1 newborn was positive for SARS-CoV-2.
37 weeks, vaginal birth, 3120g, 9-10 Apgar, the nasopharyngeal swab of the asymptomatic newborn was positive. The
nasopharyngeal swab at 37th hour was negative, placental swab was negative, SARS-CoV-2 IgG was positive and IgM was
negative in the cord blood.
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COVID-19 and Breastfeeding Period

Breastfeeding after delivery in patients who have
COVID-19 infection is discussed by neonatology soci-
eties, and the policies vary in each country. According
to the recommendation of Public Health General
Directorate of the Turkish Ministry of Health, breastfeed-
ing can be done by taking measures after advising mother
and providing necessary information. Accordingly, if
mother decides to breastfeed her baby, it can be done by
wearing medical/surgical mask after ensuring hand
hygiene. If mother wants to extract breast milk, it can be
done by ensuring hand hygiene, cleaning nipple and
wearing medical/surgical mask.

Management of COVID-19 Infection in
Pregnant Women

As asymptomatic virus spread is possible, it is recom-
mended to do COVID-19 test to all pregnant women
who apply to some centers for labor; however, most of
the centers cannot do these tests. According to a study
conducted in New York, USA, 33 (15.4%) of 215 preg-
nant women who applied to hospital for labor between
March 22 and April 4 were found SARS-CoV-2 positive,
and 29 (88%) of these 33 patients were asymptomatic."’
A similar study was conducted in England and it was
found that 8 (88.9%) of 9 patients with positive results
were asymptomatic.'” In another study carried out in the
USA, each pregnant woman applied to hospital under-
went SARS-CoV-2 test, and it was shown that 43.5% of
the positive cases were asymptomatic."” Therefore, the
perception that the pregnant women without symptom
do not have the disease should be changed, and personal
protection and hygiene rules should be followed assum-
ing that each visiting individual is a potential patient.

During the pandemic, it was made compulsory to
wear mask for healthcare professionals in most of the
hospitals who are in contact with patients. Healthcare
professionals, who contact with pregnant women that are
diagnosed with COVID-19 infection or suspected to
have infection due to contact, should use personal pro-
tective equipment.”” Visiting policies should be reviewed
in order to decrease the infection risk of patients and vis-
itors. The patients applied for labor should stay in the
same room as much as possible, and it should be avoided
to change rooms.

Various societies have different algorithms in the
presence of suspected COVID-19 infection in a pregnant
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patient. As the patient number increases, algorithms also
become diversified. The algorithm of the American
College of Obstetricians and Gynecologists (ACOG) has
been updated on May 19, 2020.”" The algorithms of the
International Federation of Gynecology and Obstetrics
(FIGO) on COVID-19 during pregnancy and at labor
were prepared by Poon et al.”" The consensus report
containing the experience of China in which the infec-
tion appeared first has a pregnancy follow-up algo-
rithm.” There is an opinion manuscript about “New
Coronavirus Infection 2019” during pregnancy, labor
and postpartum period published by Turkish
Perinatology Society.””

Under today’s conditions, the best precaution method
is to protect ourselves as there is no primary treatment
and vaccination for COVID-19 infection. Social isolation
should certainly be practiced in regions with intense
infection. It is recommended to keep at least 1.5 m dis-
tance among individuals in crowded areas where contact
potential increases. It was shown that social isolation
decreases the rate of pandemic.”’ Hygiene rules should
be followed, hands should be washed by soap for at least
20 seconds after contacting with objects such as comput-
ers, mobile phones, door handles etc. which are used
commonly, and face, eyes, mouth and nose should not be
touched by hands after any contact. Cleaning shared
areas is also important. Pregnant women should be care-
tul in the waiting rooms of healthcare centers. Pregnant
women with high risk, who are diagnosed with COVID-
19 infection and whose examinations still continue,
should be isolated and these patients should stay away
from general pregnant women population. It is important
to establish centers that only the pregnant women in the
same categories can apply in order to enable these preg-
nant women to apply under emergency conditions.

It is unknown how much routine follow-up frequen-
cies of pregnant women will change or have to change
due to COVID-19 infection. In order to decrease the
contagion risk, the follow-up frequency in physical
examination form at hospitals can be decreased in preg-
nant women with low risk in particular, and the remain-
ing follow-ups can be maintained as tele-healthcare serv-
ices via phone/Internet.*’ Although it is not certainly
known which patients have less risk, Dotters et al.
reported that risky pregnancies are under lower risk in
cases such as hypothyroidism, smoking, absence of med-
ical complication, previous cesarean section, advanced
maternal age (<40 years), IVF pregnancies, obesity class
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1 (body mass index: 30-35) and class 2 (body mass index:
35-40), and mild anxiety/depression.”’ Dichorionic-
diamniotic and monochorionic-diamniotic pregnancies,
and pregnancies with marginal and velamentous cord
insertion, class 3 obesity and placenta previa were cate-
gorized as low risk pregnancies, but extra ultrasound
examination was recommended for these patients.™

If a pregnant patient is suspected for COVID-19
infection, chest radiography or lung CT scan should be
performed by protecting the abdominal region after the
consent of patient is obtained, and the examination
should not be avoided due to fetal concerns.”” When a
pregnant woman is exposed to high dose of radiation,
growth retardation, microcephaly and mental deficiency
may be seen but the high dose was described as >610
mGy."” The radiation dose is 0.0005-0.01 mGy in a
single dose chest radiography and 0.01-0.66 mGy in a
single lung CT scan or pulmonary angiography, and
these levels are very low compared to the hazardous dose
mentioned above.”” Lung CT scan is quite sensitive in
the diagnosis of COVID-19 and it was asserted that it
can be used primarily for the diagnosis of COVID-19 in
epidemic regions (79). When PCR test is considered as a
gold standard, the sensitivity, specificity, positive predic-
tive value and negative predictive value of lung CT scan
for COVID-19 diagnosis are 97%, 25%, 65% and 83%,
respectively.” The radiological findings in pregnant
women with COVID-19 positivity are similar to the
findings of non-pregnant patients ."*"

Maternal lung ultrasound scan can be used for the
diagnosis of COVID-19 infection. Thickened pleural
line and “white lung” exhibiting distribution in patched
form together with generalized hyperechoic vertical arti-
facts in the lung ultrasound scan are the typical ultra-
sound findings.™

Pregnant women with mild COVID-19 infection
without any coexisting morbidity can be followed at
home by resting, hydration and symptomatic treatments.
Gestational follow-ups of these pregnant women can be
done by phone.™ Fetal growth should be followed up
closely in pregnant women who recover from COVID-
19 infection but not give birth yet, because it is known
that fetal growth is slowed down in other respiratory
viruses causing severe infection.”' The use of non-
steroidal anti-inflammatory drugs during COVID-19
infection is controversial. However, as there is no data
confirming it, ACOG recommends pregnant women
with preeclampsia risk using aspirin. On the other

hand, it was also recommended discontinuing aspirin
and not taking again until full recovery if a patient using
prophylactic aspirin is diagnosed with SARS-CoV-2 as
aspirin may cause severe bleeding in pregnant women
who particularly contract COVID-19 infection at the
3rd trimester and are thrombocytopenic.”™" If there is
no medical indication in COVID-19 positive pregnant
women who undergo ambulatory follow-up and are on
3rd trimester, 14-day quarantine should be waited to end
before labor induction or planned cesarean section or
negative test result should be waited.""

If week of gestation is below 34 weeks in a pregnant
woman who applies for preterm labor and has COVID-
19 infection, corticosteroid use should be customized for
lung maturation. If it is above 34 weeks, corticosteroids
should not be used even though preterm labor risk is
high, because it was asserted that steroids may exacerbate
the prognosis in non-gestational COVID-19 infec-
tions.”™ Acute progressive coagulopathy may develop in
pregnant women contracting COVID-19 infection dur-
ing third trimester. Therefore, the predisposition
towards bleeding during prenatal and postnatal periods
should be taken into consideration in the patients.™

Treatment in Pregnant Women with
Suspected/Potential COVID-19 Infection

The pregnant women with suspected, potential or con-
firmed COVID-19 infection should be followed up ide-
ally in tertiary centers which are capable of providing
isolation and taking protective measures. The pregnant
women with suspected or potential COVID-19 infection
should be isolated, and the pregnant women with con-
firmed COVID-19 infection should be followed up in
negative-pressure rooms.”" In its management, fluid and
electrolyte balance is paid attention and symptomatic
treatment is administered by antipyretic and antidiarrhe-
ic agents. Ibuprofen can be used when necessary."”” Vital
findings and oxygen saturation level should be moni-
tored closely to keep maternal hypoxia at minimum
level, arterial blood gas should be checked, lung imaging
should be repeated when necessary, and full blood count,
kidney and liver function tests and bleeding parameters
should be measured regularly. Cardiotocography should
be used for fetal heart beats after 23-28 weeks of gesta-
tion and gestational follow-up should be done according
to clinical condition. The appointments should be
delayed during isolation or until positive result or 2 neg-
ative results are obtained.
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Treatment in Pregnant Women with
Confirmed COVID-19 Infection

Mild disease: Fluid and electrolyte balance is paid atten-
tion, and symptomatic treatment is administered by
antipyretic and antidiarrheic agents. Although there are
drawbacks about the use of ibuprofen, WHO does not
state that it should not be used."”

There is no special antiviral treatment for COVID-
19 infection. The antiretroviral drugs are used in the
patients with severe symptoms. Currently, remdesivir
and chloroquine are the strongest candidates for the use
in this infection. While the use of remdesivir, of which in
vitro effect was shown for COVID-19, seems safe in
pregnant women, its Phase 3 studies have been conduct-
ed.™ A case on remdesivir use during pregnancy and the
use of plasma obtained from a recovered patient was also
reported.” Chloroquine phosphate which is an anti-
malarial drug has antiviral and immunomodulator
effects, and it causes COVID-19 to regress clinically,
radiologically and serologically.” There are evidences
showing that lopinavir-ritonavir (LPV/r) may help in the
treatment of COVID-19.”" Although there is no evi-
dence for its safety in pregnant women with COVID-19,
it was shown in the studies conducted on the pregnant
women with HIV that it did not increase the risks for
fetal anomaly, preterm labor and low birth weight.””
Ribavirin and baricitinib should not be used as they are
fetotoxic. For now, the directives of the healthcare insti-
tutions of the countries should be followed for drug use,
and the consents of patients should be obtained for the
drugs to be used in pregnant women. Bacterial infections
should be monitored by blood and urine culture tests,
necessary treatments should be provided in case of any
secondary bacterial infection. Cardiotocography should
be used for fetal heart beats after 23-28 weeks of gesta-
tion and gestational follow-up should be done according
to clinical condition.

Severe and critical disease: While high SOFA
(sequential organ failure assessment) score and >1
mg/mL D-dimer level is associated with increased
COVID-19 mortality in non-pregnant patients, its use is
difficult in pregnant patients.”’ As D-dimer level increas-
es during pregnancy, its use is limited. The use of SOFA
score is more appropriate by adjusting creatinine level for
pregnant patients. According to the study evaluating 46
pregnant women with positive SARS-CoV-2 result,
severe disease developed in 15% of the patients, and it
was reported that these patients were overweight or
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Table 4. The changes in the arterial blood gas measurements in preg-

nancy.""?
Non-

Arterial blood 1st 3rd pregnant
gas measurement trimester trimester patient
pH 7.42-7.46 7.43 7.4
PaO2 (mmHg) 105-106 101-106 93
PaCO2 (mmHg) 28-29 26-20 37
Serum HCO3 (mEqy/L) 18 17 23

obese with underlying diseases and therefore it should be
paid attention in this group of patients.”

The severity of COVID-19 pneumonia should be
graded according to the guidelines of American Thoracic
Society.” Morbidity and mortality rates increase in
pregnant women with severe COVID-19 pneumonia,
and therefore an aggressive treatment is required. The
mortality of a pregnant woman due to COVID-19 was
first reported in Iran."” These patients should be moni-
tored preferably in a negative-pressure room in intensive
care and by lying on their left sides, they should be sup-
ported with oxygen and hydration, and followed up by a
multidisciplinary team. Any secondary bacterial infection
should be treated accordingly, and their blood pressure
and fluid balance should be monitored closely.

When evaluating pregnant women for COVID-19
infection, it should be kept in mind that their vital find-
ings and acid/base parameters are different than non-
pregnant patients (Table 4). The oxygen saturation
should be kept at 95% and above in pregnant patients
with positive COVID-19 result. Ventilation type should
be decided by intensive care specialists. The use of low-
molecular-weight heparin (LMWH) is on the agenda as
macroscopic bleeding areas and microthromboses can be
observed in the lungs. Cardiotocography should be used
for fetal heart beats after 23-28 weeks of gestation and
gestational follow-up should be done according to clini-
cal condition. The need for preterm labor with medical
indication should be decided by a multidisciplinary team
led by Perinatology department by evaluating the condi-
tion of patient.

Even though the infection is severe, it is not a labor
induction.” If pregnant woman is at term, there is no
cesarean indication except obstetric indications." In the
assessment of 13 patients who had COVID-19 infection,

: . . 151
vaginal secretion samples showed negative results.” In
rare cases where patients are at critical condition, labor
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may be needed to improve respiratory functions. When
emergency cesarean section was performed in a patient
with severe hypoxemia, hemodynamic collapse and
COVID-19 positive twin pregnancy, it was reported that
hemodynamic condition and respiratory function were
improved quicklyy.” It was reported in England that 2
preterm patients’ condition improved quickly by emer-
gency cesarean section, and that it was highlighted that
this is different than pregnant women with influenza.””
In infection with mild or medium severity, it is not nec-
essary to make 2nd stage of labor passive except obstet-
ric indications, but operative labor can be performed in
an intubated patient. The opinion of Turkish Neonatal
Society regarding the perinatal and labor periods of a
patient with COVID-19 infection can be accessed via its
website.”

The World Association of Perinatal Medicine
(WAPM) initiated a multi-centered joint database glob-
ally to present the problems related with COVID-19
pandemic and pregnancy, and to help pregnant women
and their families. It is expected that the first of this joint
database will be completed by May 1, the second part by
August 1, and the third part by November 1, 2020.
Those who would like to participate in this initiative may
visit http://www.worldperinatal.org/covid-19/.

Conclusion

In our review, we aimed to present the relationship
between pregnancy and COVID-19 under the light of
the up-to-date data. The data in this review will be
updated as new data are reported. The last update is on
June 8, 2020.

Conflicts of Interest: No conflicts declared.
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