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ABSTRACT ARTICLE HISTORY
Background: Compartmental models simplify the mathematical modeling of infectious diseases Received 28 September 2020
based on reported cases. In the absence of precautions, personal protective equipment, quarantine Revised 2 December 2020
and social distancing, a Susceptible—Exposed-Infectious—Recovered (SUEIR) model with Unscented ~ Accepted 10 January 2021
Kalman Filter for coronavirus disease-19 (COVID-19) Forecasts in Turkey has revealed 174 641
infected people on August 15, 2020, whilst the reported case was 12 216. Through numerical
experiments, the effects of quarantine, social distancing, and COVID-19 testing on the dynamics of
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the outbreak varies. We herein present the documentation of the work in a perinatology clinic dur- transmission; health-care
ing COVID-19 pandemic to find the reflection in a pandemic hospital as even in the pandemic, workers; physical distancing;
pregnancy complications and fetal diagnosis/therapy are time-sensitive and cannot be delayed. personal protective

During the prevention of the horizontal transmission to the health-care workers (HCWs), testing all equipment

pregnant women with nasopharyngeal/oropharyngeal swabs for severe acute respiratory syn-
drome coronavirus (SARS-COV-2) undergoing birth, ultrasound examinations, invasive procedures
appear to be the gold standard so that appropriate precautions can be taken if the screen is posi-
tive. Though it is logical, it may be incompatible with a busy obstetric practise as a pending poly-
merase chain reaction (PCR) result should never delay any emergent procedure.

Objective: We aim to describe the development of COVID-19 disease of 408 HCW out of 1462 by
the exposure to pregnant women while providing obstetric care in a single tertiary perinatology unit
under strict clinical triage, recommended precautions and wearing personal protective equipment
and compare the maternal and perinatal outcome with those of the preceding three months.

Study design: A prospective cohort study involving the pregnant women and the HCW with
positive PCR for SARS-COV-2 were carried out to correlate with the horizontal transmission while
documenting the perinatal work.

Results: 25 HCW, including nurses/midwives: 11, doctors: 7 and health technicians: 3 and support
staff: 4 developed positive PCR for SARS-COV-2 while providing healthcare to 162 cases: mild-moder-
ate (n=146), severe (n=12) and critical (n = 1) and asymptomatic (n = 3) in obstetric population. 22
out of 25 HCW were working in the perinatology unit. COVID-19 clinic was asymptomatic (n=38),
mild-moderate (13) or severe (n=2) in HCW. However, “Exposed” group in the SUEIR model, both
the pregnant women and the HCW that have already been infected and have not been tested, which
have been also capable of infecting the “Susceptible” group could not be determined. Some of the
HCW and the pregnant women in the “Exposed” group were tested and transferred to the
“Infectious” group (which were reported to be PCR positive), while the rest of them who recovered,
transitted to the so-called “Unreported Recovered” group. The ratio of the women with severe pre-
eclampsia admitted to intensive care unit increased significantly during the lockdown (p =.01).
Conclusions: In a nonstop pandemic perinatology clinic, exposure to 162 PCR positive preg-
nant women may be correlated with a 5.4% (22/408) documented horizontal transmission in the
frontline HCW despite clinical triage and personal protective equipment.

Intr ction .
oductio 19, must be able to access the right care at the right

Although coronavirus disease-2019 (COVID-19) pan- time. In Turkey, 1 183 652 live births occurred in
demic has ravaged humanity, all pregnant women, 2019 [1]. The high number of births, high-risk condi-
including those with confirmed or suspected COVID- tions and unpreventable abortions have mandated the
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@ Supplemental data for this article can be accessed here.
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continuation of obstetric care during the pandemic.
Moreover, Turkey has an overall cesarean section (CS)
rate of 53.1 percentage, with repeat CS contributing
to the rate in 24.4% [2]. As the announcement of the
COVID-19 outbreak as a pandemic by the World
Health Organization on 11 March 2020, and the dec-
laration of the emergence of the first COVID-19 case
in Turkey, the workload on obstetrics, dealing with
two patients (mother and fetus) and having the
responsibility of both, 24h a day, independent of
holidays and weekends, has aggravated.

Although there has been a busy obstetric
practice, COVID-19 pandemics has been modeled for
Turkey based on reported cases with the
(Susceptible-Exposed- Infectious—Recovered (SUEIR)
model [3] with Unscented Kalman Filter [4] for COVID-
19 Forecasts (Supplementary Video 1), a variant of the
compartmental model in epidemiology, considering
both untested and unreported cases. The assumption
of the model based on a transition from a virtual
“Quarantined/Isolated” group to the “Susceptible”
group at a certain rate after the end of the lock-down
on 1 June 2020. The rates, along with other model
parameters are jointly estimated based on the Ministry
of Health reported data. More specifically, “Exposed”
group in the SUEIR model imply the individuals that
have already been infected and have not been tested,
which are also capable of infecting the “Susceptible”
group. Moreover, some of the people in the “Exposed”
group can get tested and transferred to the
“Infectious” group (which are reported to the public),
while the rest of them will recover/die and transit to
the so-called Unreported Recovered group (which are
not reported to the public) [3,4].

While uncertainty in many aspects of COVID-19 is
going on, the obstetric health-care workers (HCW)
have augmented risks for COVID-19 due to the non-
stop obstetric care. Not only women with COVID-19,
but also pre-symptomatic and asymptomatic people
[5-10] may create those risks on exposed groups.
Social distancing, clinical triage and personal protect-
ive equipment (PPE) are the current recommendations
to prevent person to person (horizontal) transmission
[11-14]. However, physical distancing could not be
achieved during births and ultrasound evaluation as
the distance between the ultrasonography operator
and the pregnant woman is 60 cm or less.

We tabulate the procedures from a nonstop peri-
natology clinic under triage during COVID-19 pan-
demic to estimate horizontal transmission risk
assessment for HCW.

Materials and methods

A prospective cohort study involving the perinatology
clinic during COVID-19 pandemic was carried out to
evaluate the clinical course of the pregnant women
with COVID-19 admitted to one of the largest and the
latest hospital in Europe and the world (Figure 1) and
assess the risk estimates of the COVID-19 transmission
for the HCW. A HCW is one who delivers care and
services to the sick and ailing either directly as doc-
tors, nurses/midwives, health technicians or indirectly
as pharmacists or providers of support services: e.g.
data processing employees or security employees. The
study was approved by the Hospital Ethics committee
and the Ministry of Health (E1-20-808) and the tenets
of the Declaration of the Helsinki was followed. During
the COVID-19 pandemic, 3660-bed capacity Hospital
was re-organized. One of the units of the hospital is
the Maternity hospital with an area of 105 878 m
squares. 408 HCW out of 1462 are working in the peri-
natology clinic (Figures 1 and 2) Declaration of COVID-
19 pandemic informed consent agreement was taken
from all pregnant women in the hospital. Prioritizing
the triage of patients with respiratory symptoms, tri-
age for COVID-19 included the published protocols of
the Ministry of Health [12] and performed by the mid-
wives/nurses:

Fever (>38°C)

e At least one sign or symptom of respiratory disease
(e.g. cough or shortness of breath, sore throat, run-
ning nose)

e Travel or residence in another country where
COVID-19 is spreading during the 14 days before
symptom onset?

e Contact with an individual with suspected or con-
firmed COVID-19 during the 14 days prior to symp-
tom onset?

If one of the triage criteria was positive for either
the pregnant women or the HCW, as entrances were
limited to the accompanying person, those were sepa-
rated and placed in a special single-person room with
the door closed in a special unit in Obstetrics and
Gynecology Emergency Area. In this area, there is also
a negative pressure operating theater. The infectious
disease specialist was notified. Hospital infection con-
trol program was initiated. In this unit, all HCW caring
for the patient adhered to standard, contact and drop-
let precautions. All pregnant women informed to wear
facial masks. Minimum HCW with designated roles
entered the room and wore appropriate personal pro-
tective equipment (respirator, surgical gown, goggle,
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N95, face protective shield) [11-14] and took care of
the women in cases of suspected and confirmed cases.
After informing the women, nasopharyngeal/oropha-
ryngeal PCR samples were taken. Diagnosis depended
on detection of SARS-CoV2 (Severe acute respiratory
syndrome coronavirus 2) in samples evaluated by
Real-Time Reverse Transcriptase Polymerase Chain
Reaction (RT-PCR) method targeting (RNA dependent
RNA polymerase (RdRp) gene [15,16] with the previ-
ously defined methods. Cycle threshold (Ct) values of
less than 40 were defined as positive. [6]
COVID-19 cases were defined as:

o Asymptomaticc Women who tested positive for
SARS-CoV-2 by PCR but had no symptoms

e Mild: Women who had any of the various signs
and symptoms (e.g. fever, cough, sore throat, mal-
aise, headache, muscle pain) without shortness of
breath, dyspnea, or abnormal chest imaging

e Moderate: Women who had evidence of lower
respiratory disease by clinical assessment or imag-
ing and saturation of oxygen (SpO,) >94%

e Severe: Women who had respiratory frequency
>30 breaths per minute, SpO, <94%, ratio of the
arterial partial pressure of oxygen to fraction of
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e Critical: Women who had respiratory failure, septic
shock, and/or multiple organ dysfunction [17-18]

HCW wore surgical masks, goggles and face shields
during antenatal care, ultrasonography examinations,
births, postpartum care and used N95 for cesarean
sections (CS) and procedures requiring close contact.
In an attempt to evaluate the perinatology workload
during the pandemic, the number of the pregnant
women in outpatient, inpatient clinics and level I
Perinatology Intensive Care Unit (ICU) was evaluated
and compared with those in the preceding three
months. Births, fetal invasive procedures, embryonic
and fetal deaths, induced abortions, births, CS rates
and early neonatal outcomes were tabulated. As a
part of routine practice, HCW were educated to regu-
larly monitor themselves for fever and symptoms of
COVID-19. If HCW developed fever (>38C), symptoms
consistent with COVID-19, while at work, or contact or
suspicion of contact, they were evaluated by the spe-
cialist in infectious disease. PCR samples were
obtained by the consent of the specialists of infectious
disease’ according to the updated guidelines of the
Ministry of Health. Statistical analyses were performed
using the Statistical Package for the Social Sciences

inspired oxygen <300mmHg or lung infil- (SPSS.22, IBM SPSS Statistics for Windows, Version 22.0
trates >50% Armonk, NY: IBM Corp.). Video was prepared by Arda
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Figure 1. Hospital organization and distribution of the health-care workers.
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Buglagil using SuEIR model [3] in Kalman Filter [4].
Statistics involving pregnant women and HCW with
COVID-19 are descriptive only. We used the chi-square
test to compare categorical variables between the
groups (p <.05 was regarded as significant) and
Adobe lllustrator CC 2019 for the figures.

Results

Between 1 December 2019 and 15 August 2020,
Ankara City Hospital became the epicenter of the pan-
demic with 7425 COVID-19 patients confirmed by PCR.
Of those, 99 died giving a fatality rate of 1.33%.
83,485 tests were performed and 11,984 were positive.
Among those, 162 (1.2%) women having RT PCR posi-
tivity for SARS COV-2 during pregnancy and in the
puerperium were in the follow up of the perinatology
team. Of those while 29 RT PCR positivity for SARS
COV-2 were detected up to 5 June, in the 31 July,
there were 63 new cases. By the mid-August, a further
70 cases had occurred, making a sum of 162.

90.0% of the pregnant women with SARS COV-2
exhibited mild-moderate COVID-19 (Figure 1). Severe
disease was present in 12 (7.4%) and critical disease in
one woman (0.6%).Demographics, clinical severity, dis-
tribution of the gestational age, co-morbidities, dur-
ation of hospitalization and the pregnancy outcome of
the women with SARS COV-2 PCR positivity were
depicted in Tables 1 and 2. SARS-COV-2 positivity did
occur at any time during pregnancy with co-morbidities
and obstetric complications (Tables 1 and 2). Clinical
scenarios are various. After an emergency tubal ectopic
pregnancy rupture, PCR sampling revealed SARS-CoV-2
positivity. Another woman in whom second-trimester
pregnancy was terminated due to critical aortic stenosis
in the perinatology department and then referred to
cardio-vascular surgery was found to be SARS-CoV-2
positive just before cardiac surgery. In addition to the
respiratory symptoms in severe COVID-19, two of the
women had complicated diabetes with diabetic ketoa-
cidosis in whom perinatal death occurred at 26 weeks
of gestation within 5 h after referral in one. Her diagno-
sis of diabetes was established at age 3 and she
presented with Kussmaul breathing [19], respiratory
compensation for metabolic acidosis, most commonly
occurring in diabetic ketoacidosis. Her admission arter-
ial blood gas evaluation during Kussmaul breathing
showed a pH: 6.9 (normal levels: 7.37-7.45), pCO,: 10.5
(normal levels: 35-46), — base excess: —27.9 (normal
levels: 27.2-26.3), pO,. 49.8 (normal levels: 70-100)
characterized by low partial pressure of carbon dioxide
in conjunction with low bicarbonate because of forced

Table 1. Demographics of the pregnant women with
COVID-19.
Median (IQR) Range
Age 27 (8) 15-45
Parity 1(1) 0-6
BMI 26.4 (7) 18-44
Duration of hospitalization(day) 6. (1) 1-20
Co-morbidities n %
Urinary tract infection 12 74
Anemia 12 74
Hypothyroidism 9 55
Obesity (BMI >30) 9 5.5
Hypertension 2 1.2
Heart disease 3 1.8
Type | diabetes +
diabetic ketoacidosis 2 1.2
Type Il diabetes mellitus 1 0.6
Deep vein thrombosis in the leg 2 1.2
Thrombocytopenia 2 1.2
Chronic kidney disease 1 0.6
Asthma 1 0.6
Beta thalassemia 1 0.6
Epilepsy 1 0.6
Ovarian carcinoma 1 0.6
Familial Mediterranean fever 1 0.6
Idiopathic thrombocytopenic purpura 1 0.6
Previous ileal resection 1 0.6
Total 62 383

increased respiration. The patient was feeling an urge
to breathe deeply, an "air hunger", almost involuntary
with fever 39.5C and tachycardia 160/minutes. Though
her two previous tests for SARS-COV-2 was negative,
the third test revealed COVID-19 in diabetic ketoacido-
sis. Laboratory tests, typical for COVID-19: White Blood
Cells: 11.7 (3.9-10.2), neutrophils: 10.42 (normal levels:
1.5-7.7), lymphocytes: 048 (normal levels: 1.1-4.5).
Ferritin: 406 (normal levels: 10-291), procalcitonin: 0.71
(normal levels: <0.16) and C reactive protein: 0.247
(normal levels: 0-0.005) were the reasons for the repeti-
tion of the tests. Another woman with diabetes mellitus
had deteriorating respiratory insufficiency due to pan-
demic pneumonia that required oxygen supplementa-
tion with high flow nasal cannula at 30weeks of
gestation. The only pregnant woman with critical dis-
ease with no known co-morbidity developed inability
to arouse. Respiratory insufficiency, acidosis, cardiac
involvement of COVID-19 detoriated her status. She
died in the intensive care unit 15days after admission
and in the 11th day of ICU despite thromboprophylaxis
[20], antiviral and antibiotic therapy (Table 2).
First-trimester pregnancy loss appeared to be high
(Table 2). There were three mid-trimester perinatal
deaths. Three women at 28, 29 and 33 weeks, required
intensive care unit admission due to 50% lung
involvement and underwent iatrogenic preterm deliv-
ery. Pregnancy outcome was available in 83 women
(51.2%) and 67 women (41.4%) delivered during the
study period (Table 2). None of the neonates delivered
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Table 2. Clinical severity, distribution of the gestational age, pregnancy complications, mode of delivery in 162 women with COVID-19.

Gestational weeks of the women with positive PCR for COVID_19

PFetal hydrops concomitant with corpus callosum agenesis.

@Conotruncal cardiac anomaly.
Skeletal dysplasia

Level Il ICU admission
Maternal death

Level Il ICU admission
Pregnancy

Clinical severity
Mild-moderate

Severe
Vaginal delivery

Cesarean

Critical
54
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at City hospital was positive for SARS-CoV-2 and
breastmilk specimen samples were also negative for
the virus. In comparison of the births, CS rates (Table
3), ultrasound examinations, surgical procedures (car-
man aspiration, dilatation and curettage, cerclage, pla-
cental removal, Bartholin cyst extirpation), fetal
invasive procedures, number of the fetal structural
abnormalities (Table 4), intensive care unit admission
(Table 5) during pandemic with those in the preceding
three months revealed continuing work and high CS
rates despite lock-down. Obstetricians/perinatologists/
assistant doctors delivered women. ICU admission due
to preeclampsia increased in lockdown (Table 5).
While providing health care, 25 HCW developed SARS-
COV-2 positivity. Of those 22 were working in the peri-
natology department or very close contact (Figure 2).
Frontline HCW: nurses/midwives, doctors and health
technicians, directly providing services for the
enhancement of health were affected with a ratio
of 84%.

Discussion

In the Social Security Law of Turkey, maternity as a
risk is covered both by the universal health insurance
for health care services and by a specific insurance
brand under Act no 5510 [21]. The risk of maternity is
regulated in a manner very similar to insurance for
sickness, allowing the chance for all pregnant women
to take antenatal care and free birth service from hos-
pitals of the government and universities. In this
study, we presented the statistics of a nonstop peri-
natology clinic during COVID-19 pandemic. Clinical
features of 162 pregnant women with positive RT-PCR
for SARS-COV-2 and 5.4% rate of horizontal transmis-
sion in the exposed HCW were documented. lliness
severity was mild to moderate in 90% of the pregnant
women whereas there were severe (7.4%) and critical
(0.6%) cases. One maternal death occurred. The hori-
zontal transmission was asymptomatic (32%), mild-
moderate (60%) and severe (8%) in the HCW.

United Kingdom Obstetric Surveillance System
(UKOSS) reported the complete data on 427 pregnant
women with COVID-19: 38 women (9%) required level-3
critical care; four women (<1%) received extracorporeal
membrane oxygenation and five maternal deaths, sug-
gesting a SARS-CoV-2-associated maternal mortality rate
of 5.6 (95% Cl 1.8-13.1) per 100,000 maternities [22]. In
a report from Iran, among 9 pregnant women with
severe COVID-19 disease, at second or third trimesters,
maternal death occurred in 7 of 9 women. 1 of 9
remained critically ill and ventilator dependent, and 1 of
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Table 3. Distribution of the births from 2019 December to August 2020.

2020
Year 2019
Month 12 1 2 3 4 5 6 7
Laborward n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Low risk women
Vaginal births 485 (71.5) 507 (68.8) 441 (59.3) 476 (59.6) 405 (584 ) 323 (50.0) 591.(62.0) 657 (57.4)
Total CS 310 (38.5) 326 (31.2) 303 (40.7) 323 (40.4) 289 (41.6) 323 (50.0) 362 (38.0) 487 (42.6)
Primary CS 121(15.6) 120 (14.4) 101 (13.6) 114 (14.3) 113 (16.3) 126 (19.5) 161 (16.9) 213 (18.6)
Total livebirths 804 (100) 833 (100) 744 (100) 799 (100) 694 (100) 646 (100) 953 (100) 1144 (100)
Perinatology
High-risk women
Vaginal births 6 (28.4) 4 (24.8) 71 (28.6) (26.4) 52 (29.7) 69(27.0) 100 (31.2) 100 (31.9)
Total CS 217 (71.6) 224 (75.2) 177 (71.4) 201 (73.6) 132 (71.3) 154 (63.0) 221 (68.8) 213 (68.1)
Primary CS 113 (37.3) 125 (43.1) 92 (37.1) 104 (37.9) 70 (37.8) 97 (43.5) 130 (40.50 ) 9 (31.6)
Multiple pregnancies 17* (5.6) 18* (6.0) 11* (4.4) 28%(10.2) 14* (7.7) 25(11.2) 5 (7.8) 0 (6.3)
Perinatal deaths 13 (4.2) 19 (6.4) 15 (6.0) 13 (4.7) 8(43) 19 (8.5) 6 (5.0) 16 (5.1)
Number of births 303 298 248 274 185 223 321 313

*All twins but 1 triplet pregnancy. All multiples were delivered by CS.

9 recovered after a prolonged hospitalization [23]. The

MERS [30] and 10.5% in SARS [8] and increased rates of

Table 4. Number of the women evaluated at perinatology clinic and the tests and procedures performed between 1 December

2019 and 1 August 2020.

December 2019 January 2020 February 2020 March 2020 April 2020 May 2020 June 2020 2020 July

Perinatology outpatient examination 2883 3268
Perinatology admission 542 520
Transabdominal ultrasound 2883 3268
Transvaginal ultrasound 262 355
Doppler 1158 1100
Fetal cardlotocography 2987 3315
Pregnancy termination® 15 16
Surgical procedures 98 223
Fetal death 35 30
Abortion 4 9?
Amniocentesis 26 32
[ 3 10
Fetal blood sampling 1 -
Fetal transfusion

Fetoside + multifetal pregnancy reduction 3
Amnioreduction 3
Vesiculocentesis

Fetal stent insertion

Laser treatment for TTS 1

31
44
31
27
89
30
2
21
35
42
43
10
3

3

31 2518 1332 1728 2392 2233
7 449 280 359 488 445
31 2518 1332 1728 2392 2233
1 176 87 143 192 190
8 709 482 nm 887 810
85 3084 1980 2373 4066 3379
187 5 15 16 15
9 159 101 143 183 98
29 23 22 35 30
42 5 3 4 9?
25 17 12 39 25
8 5 5 4 7
1 1 1 2 1

3 1 1 1
2 4 2 3 7
1 1
2
1 1

2Co-twin.
PGestational age >10 weeks.

importance of the study from Iran is the advice that cau-
tion against complacency and guide restraint in rushing
estimates of relative or attributable risk with pregnancy;
i.e. at about 1%. The dynamics of the immune
alterations during pregnancy, lung physiology [24] and
evidence of increased generation of thrombin and a
pro-thrombotic state as well increased intravascular
inflammation that is exaggerated in the context of infec-
tion [20] may make pregnant women more vulnerable
to a more severe course of the COVID-19.

The more severe disease courses in pregnant women
during influenza [25-27], influenza A virus subtype
H1N1 [28], SARS [29] and the Middle East Respiratory
Syndrome (MERS) pandemics [30] have raised important
concerns regarding the course of COVID-19 in obstet-
rical patients as high case fatality rates: 34.4% in the

intensive care unit admissions were reported. However,
though there is one death just before the completion
of the paper, the rates may subject to change in the
evolving course of the pandemic. Data from the UKOSS
depicted that most women were hospitalized in the
third trimester or peripartum (n=342, 81%) with the
median gestational age at hospital admission was 34
completed weeks (interquartile range [IQR] 29-38) [21],
while our data show a homogeneous distribution in the
first 13 weeks’ gestation and at 20, 26, 30, 34, 36, 38
and 40 weeks' gestation depicting the continuation of
regular antenatal care. Of those, while first-trimester
loss appeared to be more frequent, fetal deaths
occurred in four and iatrogenic preterm delivery in
three women with severe disease. Of those who did
give birth during the data collection period, the CS rate
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Table 5.

Before pandemic Pandemic Total
Number of the women n n n p
Pre-eclampsia 62 84 146 .004
HELLP 5 5 10 >.05
Eclampsia 1 2 3 >.05
Epilepsy? 10 7 17 >.05
Postpartum hemorrhage 14 10 25 >.05
Placenta previa + accreta 5 8 13 >.05
Renal failure - 3 3 >.05
Abruptio placenta 3 2 5 >.05
Cardiac failure 2 3 5 >.05
Heart disease 2 5 7 >.05
ITP 2 1 3 >.05
Diabetic ketoacidosis 1 1 2 >.05
Acute abdomen 1 1 2 >.05
Anesthesia related 2 - 2 >.05
ERCP + stent replacement 1 - 1 >.05
Subcutaneous emphysema 1 - 1 >.05
End stage breast carcinoma 1 - 1 >.05
Asthma 1 - 1 >.05
Paraacetamol intoxication 1 - 1 >.05
Septic abortion 1 - 1 >.05
Pulmonary embolism 1 - 1 >.05
Portal hypertension 1 - 1 >.05
Suicide attempt 1 - 1 >.05
Motor vehicle accident 1 - 1 >.05
Deep vein thrombosis 1 - 1 >.05
Hemolytic uremic syndrome 1 - 1 >.05
Maternal deaths 2° - 2 >.05
Hemofiltration 2 - 2 >.05
Plasmapheresis 2 - 2 >.05
Total 128 129 257

ERCP: endoscopic retrograde cholangio-pancreatography.
3Status epilepticus (1).

®One woman was referred after intracranial hemorrhage. Another woman developed massive mesenteric vein thrombosis in the 5th day after CS despite

thromboprophylaxis.

was high; approximately half of these were due to
repeat CS.

As it is neither possible to eradicate COVID-19 by any
measures currently, nor reduce the number of deliveries,
emergent complications, fetal abnormalities and timely
diagnostic invasive procedures, HCW are at serious risk
for the horizontal transmission. Asymptomatic pregnant
women rate of %1.5 with positive PCR for SARS-COV-2
at the beginning of the pandemic [6] may no longer be
valid due to the increase in the COVID-19 cases and the
tests performed. Increased frequency of positive test
results in asymptomatic pregnant women for COVID-19,
up to 13.5% reported by Sutton et al. [8], and similarly
13.3% by London et al. [31]. The risk is not decreasing,
in fact, maybe increasing as although many countries
have made some progress, globally the pandemic
appears to be speeding up within the process of
“normalization and appears to be “not even close to
being over” in Turkey as in most of the world. In our
report, “Exposed” group in the SuEIR model are the
HCW that have already been infected and have not
been tested, which have been also capable of infecting
the “Susceptible” group. Moreover, some of the HCW in
the “Exposed” group were tested and transferred to the
“Infectious” group (which were reported to be PCR

positive), while the rest of them who recovered, transit-
ted to the so-called “Unreported Recovered” group. In
the current chaotic screening policy for both the preg-
nant women and the HCW for COVID-19, potentially
valuable information is likely to be obtained by perina-
tologists/obstetricians that are in the frontline during
birthing processes, antenatal care, ultrasonographic and
Doppler evaluation, fetal invasive procedures and vagi-
nal examinations both to improve the understanding of
the pathophysiology of COVID-19 infection, vertical and
horizontal transmission.

Our study may provide information on the horizon-
tal transmission of COVID-19 during perinatal care in
City Hospital: the optimum use of PPE by the HCW
and the pregnant women to combat the threat of
COVID-19. However, a physical distancing of at least 1
m, strongly associated with protection could neither
be achieved during births nor in procedures involving
fetal diagnosis and therapy while a protective shield
that functions as a physical barrier for vaginal delivery
has been in use [32]. A horizontal transmission rate of
5.4% in the frontline HCW is open to debate according
to SUEIR model. Our findings may be generalizable to
neither our hospital in the near future nor other cen-
ters or regions. The horizontal transmission from HCW
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PERINATOLOGY

3 Perinatology consultants
4 Subspecialty specialists
15 Perinatology fellows

150 Obstetrics/gynecology
assistants

FRONTLINE MEDICAL STAFF

COVID-19 HORIZONTAL TRANSMISSION

7 Doctors

ANESTHESIA

15 Anesthetists

Anesthesia assistant (1)
Radiologist (1)
Workplace doctor (1)
11 Midwives/nurses
3 Health technicians
1 Pharmacist
2 Data processing employees
1 Security employee

27 Anesthesia technicians

NEONATOLOGY

Obstetrics/gynecology assistants (4)

Mild-moderate symptoms : 15 60%
Severe D 8%

Asymptomatic 8 32%

16 Neonatologists 25 Healthcare workers in total

OTHER HEALTHCARE
WORKERS

178 Midwives/Nurses

Figure 2. Horizontal transmission and severity of COVID-19 in Perinatology unit health-care workers.

to HCW should also be considered. We believe a strat-
egy of universal testing for pregnant women with a
previous CS, that is being undertaken since June 2020
may help detect asymptomatic pregnant women as
repeat CS contributed to half of the CSs in Turkey [2].
Although asymptomatic [33] and pre-symptomatic [34]
carriers can infect others, their period of contagious-
ness is unknown [35,36]. In conclusion: Due to the
continuing obstetric care and high rate of emergency
conditions during pandemic, perinatology/obstetric
HCWs are at extremely increased risk. Where universal
screening for all women may not be performed due
to lack of resources and technical reasons, clinical tri-
age, standard precautions and PPE together with the
concept, “all have COVID-19" may help to alleviate the
horizontal transmission. Implementing appropriate
strategies during COVID-19 requires both political
commitment and public engagement in combination
with investing in maternal and perinatal health [37]
more than ever.

Glossary

Kalman Filter (also called as linear quadratic esti-
mation): an algorithm that uses a series of measurements
observed over time, containing statistical noise and other
inaccuracies, and produces estimates of unknown

variables that tend to be more accurate than those based
on a single measurement alone, by estimating a joint
probability distribution over the variables for each time-
frame. The filter is named after Rudolf E. Kalman, one of
the primary developers of its theory.

Unscented Kalman filter: Extensions and general-
izations of Kalman filter that have been developed
which work on nonlinear systems.
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