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Abstract

Objectives: We aimed to evaluate the cardiotocograph
(CTG) traces of 224 women infected with novel coronavirus
2019 (COVID-19) and analyze whether changes in the CTG
traces are related to the severity of COVID-19.
Methods: We designed a prospective cohort study. Two-
hundred and twenty-four women who had a single preg-
nancy of 32 weeks or more, and tested positive for
SARS-CoV-2 were included. Clinical diagnosis and classi-
fications weremade according to the Chinese management
guideline for COVID-19 (version 6.0). Patients were classi-
fied into categories as mild, moderate, severe and the CTG
traces were observed comparing the hospital admission
with the third day of positivity.
Results: There was no statistically significant relationship
between COVID-19 severity and CTG category, variability,
tachycardia, bradycardia, acceleration, deceleration, and
uterine contractility, Apgar 1st and 5th min.
Conclusions: Maternal COVID-19 infection can cause
changes that can be observed in CTG. Regardless of the
severity of the disease, COVID-19 infection is associated
with changes in CTG. The increase in the baseline is the
most obvious change.

Keywords: baseline fetal heart ratio (FHR); cardiotocog-
raphy (CTG); COVID-19; cytokine storm; deceleration.

Introduction

Novel coronavirus 2019 (COVID-19) is an emerging public
health problem caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). Since its first identifi-
cation in Wuhan in December 2019, it has been increasing
rapidly at an accelerating rate with over 100 million in-
dividuals infected [1]. Previous coronavirus epidemics;
the severe acute respiratory syndrome coronavirus
(SARS-CoV) and the Middle East respiratory syndrome
coronavirus (MERS-CoV), have shown that pregnant
women and their fetuses are particularly susceptible to
poor outcomes such as maternal mortality and morbidity,
and perinatal death [2]. There is currently not sufficient
knowledge about pregnantwomen and their complications
with COVID-19 in the literature.

Similar to nonpregnant women, fever, cough, myalgia
are the most common symptoms of COVID-19 in pregnant
women [3, 4]. Although the limited data we have suggests
lack of evidence for higher maternal or fetal risks and
vertical transmission, fetal complications including pre-
term labor, fetal growth restriction, fetal distress, and fetal
demise have been reported [3, 5, 6].

Cardiotocograph (CTG) is used to record the fetal heart
rate (FHR) and determine fetal well-being in order to detect
the signs of intrapartum hypoxia [7]. CTG has four features
to analyze; baseline FHR, variability, accelerations, and
decelerations. These parameters show the activity of fetal
somatic and autonomic nervous systems and the oxygen-
ation of the fetal myocardium and brain. In the presence of
utero-placental insufficiency, due to hypoxia the fetus
switches its metabolism from aerobic to anaerobic and
reduces the myocardial workload, and this is reflected in
the CTG trace as deceleration [8]. Maternal inflammatory
conditions as well as maternal pyrexia can affect fetus and
result as baseline tachycardia and decelerations in the CTG
trace [9].

In recent studies, it has been shown that SARS-CoV-2
causes an excessively increased response in proin-
flammatory cytokines (e.g., interleukin-6 [IL-6], inter-
leukin-1β [IL-1β], tumor necrosis factor-α [TNF-α]) and
chemokines (e.g., monocyte chemoattractant protein-1
[MCP-1/CCL2]), and hyperactivation of immune cells,
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causing infiltration of inflammatory cells in the lungs and
hypercytokinemia with an exaggerated maternal innate
immune response. This condition, called “cytokine storm”
is associated with the severity of COVID-19 [10–13]. Not
virus replication itself but cytokine storm leads to acute
respiratory distress syndrome and multiorgan failure
[10, 11]. Triad of maternal hypoxia seconder to the ARDS,
cytokine storm, and hypercoagulability is associated with
the risk of placental intervillous thrombosis and infarction
[14, 15].

Despite the lack of evidence about COVID-19 vertical
transmission to fetus [16], it is likely that fetus would have a
reactive response secondary to maternal inflammatory
changes and pyrexia, resulting FHR changes reflected in the
CTG trace. Maternal inflammatory and hypercoagulable state
might be seen as decelerations, absence of variability, and
bradycardia on the CTG secondary to uteroplacental insuffi-
ciency and placental or umbilical venous thrombosis.
Maternal fever as well as maternal inflammatory state, can
reduce the utero-placental oxygen transfer and lead to irri-
tation of uterine myometrium which results with increased
contractility [17]. In rare cases, severe maternal hypoxia can
result as a sinusoidal pattern on the CTG [18].

Since we think that COVID-19 affects FHR as in in-
flammatory states, in this study, for the first time we aimed
to evaluate the CTG traces of 224 pregnant women infected
with COVID-19 and analyze whether changes in the CTG
traces are related to severity of COVID-19.

Materials and methods

Procedure and patient selection

This prospective cohort study was carried out between August and
October 2020 at Ministry of Health Ankara City Hospital, the main
public maternity hospital which handles above 15,000 deliveries
yearly and covers all surgical and medical disciplines.

A total of 224 women who had a single pregnancy of 32 weeks or
more, and tested positive for SARS-CoV-2 by use of quantitative
RT-PCR (qRT-PCR) on samples from the respiratory tractwere included
in the study. The patients were recruited from the COVID-19 inpatient
wards of the department of obstetrics and gynecology.

CTG traceswere observed comparing the hospital admissionwith
the third day of positivity. We chose day 3 to repeat the CTG because
SARS-CoV-2 viral replication is maximal on day 3 [19]. Clinical diag-
nosis and classifications were made according to the Chinese man-
agement guideline for COVID-19 (version 6.0) [20]. Patients were
classified into categories as mild, moderate, severe.

Patients were also divided into two groups whether they received
treatment for COVID-19 or not. COVID-19 treatment was formulated
according to the therapy plan applied in our clinic for pregnant pa-
tients. As outlined by Sahin et al. [3], with COVID-19 therapy, patients

received several combinations of the following medications: low-
molecular weight heparin, hydroxychloroquine, lopinavir-ritonavir,
systemic corticosteroid, favipiravir, N-acetylcysteine, high-dose
vitamin C, HuIL−1Ra, and convalescent plasma in addition to nasal
oxygen therapy, high-flow nasal cannula, and invasive mechanical
ventilation.

Those who have maternal systemic diseases (diabetes, cardio-
vascular diseases, hypertensive diseases of pregnancy, asthma,
thromboembolic disorders, inflammatory bowel diseases, autoim-
mune connective tissue diseases, other infectious diseases),multifetal
pregnancy, and fetal chromosomal and structural anomaly were
excluded from the study.

Cardiotocography procedure (CTG)

The FHR and the mother’s uterine contractions were detected elec-
tronically on a paper strip known as a CTG. This was done by placing
two Doppler ultrasound transducers on the mother’s abdomen, one at
the level of the fetal heart to monitor the FHR and one at fundus to
detect the activity of the uterine muscles. A conductive gel should be
placed between the FHR sensor and the abdomen to ensure adequate
transmission of sound waves. This method can be done continuously
(usually in labor) or intermittently [21]. We used external car-
diotocography for intermittent monitoring. We observed all the CTG
traces when mothers were at semi-sitting position, 1 h after breakfast
in the morning.

Features and normal parameters of the CTG specified in Table 1
according to the 2008 NICE guideline on EFM definitions [22]. In our
study, we interpreted CTG features such as FHR, baseline FHR, vari-
ability, acceleration, deceleration, and evaluated the CTG traces of the
patients and compared initial CTG traces with the third day. Since the
visual analysis of CTG may significantly suffer from intra and inter-
observer variation, three different and highly experienced doctors
among the authors separately evaluated each CTG trace. The physi-
cians were blinded to the patients’ COVID-19 severity category and to
the results of each others’ reviews. Moreover, we divided the patients
into categories according to the severity of the COVID disease.

Three-tier fetal heart rate

In our study, we categorized the FHR tracings according to the three-
tier FHR system [22] and divided the patients into groups. The three-
tier FHR system was designed for women in labor, hence contains
intrapartum criteria. However, in our study, we mostly interpreted
antepartum tracings with this system. 22.8% (51/224) of the patients
were in labor. While the standard antepartum classification system
provides the opportunity to be interpreted as reactive vs. non-reactive,
the three-tier system analysis wasmore appropriate for our purpose as
it includes detailed components we desired to evaluate.

Category I FHR tracings: Normal, strongly predictive of normal fetal
acid-base status and routine care is enough, no specific action is
required. These tracings include all of the following:
– Baseline FHR: 110–160 beats/min
– Baseline FHR variability: moderate
– Late or variable decelerations: absent
– Early decelerations: present or absent
– Accelerations: present or absent
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Category II FHR tracings: Indeterminate, are not predictive of
abnormal fetal acid-base status, require evaluation and
continued surveillance and re-evaluation. These tracings include
all tracings not categorized as Category I or category III, any of
the following:
– Bradycardia not accompanied by absent variability
– Tachycardia
– Minimal or marked baseline FHR variability
– Absent variability without recurrent decelerations
– Absence of induced accelerations after fetal stimulation

– Recurrent variable decelerations with minimal or moderate
variability

– Prolonged decelerations
– Recurrent late decelerations with moderate variability
– Variable decelerations with other characteristics, such as slow

return to baseline FHR

Category III FHR tracings: Abnormal, predictive of abnormal fetal
acid-base status and require prompt intervention. These tracings
include either:

Table : Electronic fetal monitoring (EFM) definitions.

CTG feature Normal parameters

Baseline FHR – Baseline is determined during a 10 min segment, excluding accelerations and decelerations, and periods of
marked variability (>25 bpm) and is described in 5 bpm increments (e.g., a baseline can be 130 or 135 bpm, but is
not described as 132 or 133 bpm).

– Baseline must be minimum 2 min in any 10 min segment
– Normal FHR baseline: 110–160 bpm
– Tachycardia: FHR baseline is greater than 160 bpm
– Bradycardia: FHR baseline is less than 110 bpm

Baseline variability – Fluctuations in the baseline FHR of ≥2 beats/min
– Absent: Amplitude range is undetectable
– Minimal: Amplitude range is greater than undetectable to five beats/min
– Moderate: Amplitude range is 6–25 beats/min
– Marked: Amplitude range is >25 beats/min

Acceleration – Visually apparent abrupt increase (onset to peak in less than 30 s) in the FHR
– ≥32 gestational week 15 bpm rise in the FHR from the normal baseline lasting for ≥15 s–<2 min
– <32 gestational week 10 bpm rise in the FHR from the normal baseline lasting for ≥10 s–<2 min
– Prolonged acceleration; 2–10 min
– If an acceleration lasts >10 min, it is a baseline change

Early deceleration – Visually apparent usually symmetrical gradual decrease associated with a uterine contraction
– The nadir of the deceleration occurs at the same time as the peak of the contraction.
– In most cases the onset, nadir, and recovery of the deceleration are coincident with the beginning, peak, and

ending of the contraction, respectively or are of a shorter duration than the contraction.
Late deceleration – Visually apparent usually symmetrical gradual decrease and return of the FHR associated with a uterine

contraction
– The deceleration is delayed in timing, with the nadir of the deceleration occurring after the peak of the contraction.
– Inmost cases, the onset, nadir, and recovery of the deceleration occur after the beginning, peak, and ending of the

contraction, respectively.
Variable deceleration – Visually apparent abrupt decrease in FHR

– From the onset of the deceleration to the beginning of the FHR nadir of <30 s
– The decrease in FHR is calculated from the onset to the nadir of the deceleration.
– The decrease in FHR is 15 beats/min or greater, lasting 15 s or greater, and less than 2 min in duration.
– When variable decelerations are associated with uterine contractions, their onset, depth, and duration commonly

vary with successive uterine contractions.
Prolonged
deceleration

– Visually apparent decrease in the FHR below the baseline
– ≥15 bpm decrease in the FHR lasting for ≥2–<10 min
– If a deceleration lasts 10 min or longer, it is a baseline change

Recurrent
deceleration

– Deceleration occurs ≥50% of uterine contractions in any 20 min

Intermittent
deceleration

– Deceleration occurs <50% of uterine contractions in any 20 min

Sinusoidal pattern – Visually apparent, smooth, sine wave-like undulating pattern in FHR baseline with a cycle frequency of 3–5 per
minute which persists for ≥20 min

Uterine contractions – Normal: ≤5 contractions in 10 min
– Tachysystole: >5 contractions in 10 min

FHR, fetal heart rate; bpm: beats/min.
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– Absent variability with any of the following:
– Recurrent late decelerations
– Recurrent variable decelerations
– Bradycardia

– Sinusoidal pattern

Statistical analyses

SPSS for Microsoft Windows 24.0 (SPSS Inc., Armonk, NY, USA) used
for statistical analyses. Frequency tables and descriptive statistics
were used in the interpretation of the findings.

In this study, the relationship between two qualitative variables,
the expected value levels were analyzed by the Fisher-Exact and
Pearson-χ2 test. The “Mann-WhitneyU” test (Z-table value)was used to
compare themeasurement values of two independent groups, and the
“Wilcoxon” test (Z-table value) method was used to compare the
measurement values of the two dependent groups. p<0.05 indicates a
significant correlation and p>0.05 means there is no significant cor-
relation during the analysis. Backward LR model was used as the
binary logistic regression method to determine the factors affecting
the severity of COVID-19 disease.

Results

Participant characteristics

The distribution of the patients regarding to age (year),
gravidity, parity, abortion, and gestational week were
given in Table 2.

It was determined that 84.3% (189/224) were in
the mild category in terms of COVID-19 severity, 96.4%
(216/224) had no change in the COVID-19 category, 83.9%
(188/224) did not receivemedical treatment for COVID-19. It
was determined that 72.7% (163/224) of the patients’ CTG
category was one and the CTG category did not change in
82.1% (184/224) patients. Eight newborns had APGAR
scores <7 at 5th min and required neonatal intensive care
unit admission. All eight newbornswere tested negative for
SARS-CoV-2 RT-PCR. While five of the mothers of those
newborns had mild COVID-19 disease, three of them had
severe-critic COVID-19. All eight mothers whose newborns
admitted to the NICU were delivered by cesarean. In four
cases, cesarean indication was fetal distress and the CTG
traces were in category 2 or 3.

CTG characteristics

The distribution of Apgar 1st min, Apgar 5th min, birth
weight and lowest oxygen saturation were given in the
Table 3. It was observed that 25.0% (56/224) of patients had
minimal or absence of variability (Figure 1), while 4.0%

(9/224) had ZigZag pattern (exaggerated variability) [23]
(Figure 2). A total of 13.4% (30/224) had no acceleration
(Figure 3), and 25.0% (56/224) showed types of de-
celerations (Figures 3 and 4) A total of 5.4% (12/224) of the
patients had tachycardia (Figure 5), while 1.3% (3/224) had
bradycardia. 66.5% (149/224) of the patients had uterine
contractility, 44.6% (100/224) patients gave birth with C/S,
and90.9% (140/224) didnot receive induction.About 22.8%
(51/224) of the patients were in labor and 31.2% (70/224) of
the patients did not give birth during our study period.

There was a statistically significant difference in terms
of baseline FHR values between first and last CTG traces
(p <0.05). Final baseline FHR values were significantly
higher than the initial baseline FHR value.

There was no statistically significant relationship be-
tween COVID-19 severity and CTG category, CTG category
change, variability, tachycardia, bradycardia, accelera-
tion, deceleration, and uterine contractility (p>0.05)
(Table 4).

Table : Obstetric characteristics of the sample.

Variable (n=) Median, min–max n %

Maternal age, years . [.–.]
Gravidity . [.–.]
Parity . [.–.]
Previous miscarriage . [.–.]
Previous route of delivery
Vaginal  .
Cesarean  .
None  .

Gestational week . [.–.]
COVID- categories
Mild  .
Moderate  .
Severe  .

COVID- category change
No  .
Mild to moderate  .
Moderate to severe  .
Severe to moderate  .

COVID- treatment
No  .
Yes  .

CTG categories
Category   .
Category   .
Category   .

CTG category change
No difference  .
Category –  .
Category –  .
Category –  .
Category –  .
Category –  .
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There was no statistically significant difference in
terms of gestational week, first and last baseline FHR
values, birth weight, Apgar 1st and 5th min between
COVID-19 categories (p>0.05). A statistically significant
difference was found in terms of the lowest oxygen satu-
ration value according to COVID-19 categories (p<0.05).
The lowest oxygen saturation values of the moderate and

severe COVID-19 patients were statistically significantly
lower than the mild ones (Table 5).

As a result of the backward logistic regression analysis,
utilizing all available parameters and the COVID-19 severity,
the optimal model was created and presented in Table 6.

It was observed that the COVID-19 categories affected
the final baseline FHR value. The baseline value increases

Table : CTG characteristics of the sample.

Variable (n=) Mean ± SDa Median [min–max] n %

Variability
Absence of variability  .
Minimal variability  .
Normal variability  .
Marked variabilityb  .

Tachycardia/bradycardia
No  .
Tachycardia  .
Bradycardia  .

Acceleration
No  .
Yes  .

Deceleration
No  .
Early  .
Variable  .
Late  .
Prolonged  .

Uterine contractility
No  .
Yes  .
Tachysystole  .
Saw-toothc

 .
Route of delivery
Vaginal delivery  .
Cesarean delivery  .
Ongoing pregnancy  .

Birth induction
Yes  .
No  .

Cesarean indications
Previous cesarean delivery  

Preterm labor  

Fetal distress  

Cephalopelvic disproportion  

Induction failure  

Macrosomia  

Malpresentation  

Maternal health condition  

Apgar st min . ± . . [.–.]
Apgar th min . ± . . [.–.]
Birth weight, g ,. ± . ,. [.–,.]
Minimum O saturation . ± . . [.–.]

aStandard deviation. bIncreased variability which amplitude range is > beats/min for  min or longer was defined as ZigZag pattern in the
literature []. cShark-teeth-like increased uterine contractions.
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Figure 1: Minimal variability in the CTG trace of a patient with COVID-19 infection.

Figure 2: Marked variability in the CTG trace
of a patient with COVID-19 infection.

Figure 3: Loss of accelerations with variable decelerations in the CTG trace of a patient with COVID-19 infection.
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by one beats/min (bpm), when the risk of being COVID-19
moderate or severe increases by 5.3% (OR=1.053).

Discussion

To the best of our knowledge, this is the first study with a
significantly high number of patients which analyzed the
CTG changes in maternal COVID-19 infection using three-
tier FHR system [22] and documented all CTG trace pa-
rameters according to the COVID-19 severity.

Numerous factors or circumstances have influence on the
characteristics of the FHR pattern, including the time of the
day, position andactivity of themother,movement of the fetus
[24–27]. In the current study, we chose the optimal timing,
activity and position to maximize oxygenation of the fetus:
postprandial, in themorning, at rest, and semi-sitting position.

Maternal COVID-19 infection can cause changes that can
be observed in CTG due to reasons such asmaternal hypoxia,
cytokine storm, maternal pyrexia, uterine irritability, and
placental intervillous thrombosis secondary to maternal hy-
percoagulable state, which may result with diminished
transfer of oxygen through the placenta [10–15, 28].

Maternal inflammatory state and pyrexia is likely
responsible from main CTG changes in COVID-19 infected
mothers such as increased baseline FHR >10% and fetal
tachycardia (FHR >180 bpm) (Figure 5). Inline with the re-
sults of the only study performed with 12 patients [29], in
our study, all fetuses showed an increased baseline FHR
compared to the initial recording. Traces with fetal tachy-
cardia were mostly mild cases, but two severe COVID-19
cases had FHR >200 bpm which was most likely secondary
to the maternal cytokine storm due to excessive inflam-
matory mediators and fetal sympathetic response.

Figure 4: Recurrent decelerations with minimal variability in the CTG trace of a patient with COVID-19 infection.

Figure 5: Fetal tachycardia in the CTG trace of a patient with COVID-19 infection.
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Maternal hypercoagulable state, maternal hypoxia
and ARDS result with placental intervillous thrombosis
and reduction in placental circulation which can cause
acute fetal bradycardia in CTG trace [30, 31]. After acute
fetal bradycardia was seen in a mother with severe
COVID-19, the fetus was delivered with an emergency C/S
operation in which the newborn had 1st min APGAR 7. The
oxygen saturation was 88 without the nasal oxygen sup-
port and shewent under invasive ventilation after delivery.
However, at the time of CTG recording, the patient received
continuous nasal oxygen support and the oxygen satura-
tion was above 92.

Although most of the patients had normal variability,
there were also cases with minimal (48 patients) and
increased (nine patients) variability in our study because
the population size was high enough. Maternal hypoxia
and cytokine storm associated inflammatory cytokines
cross the placenta and the fetal blood-brain barrier, and
cause depression of fetal central nervous system [29]. This
is observed as minimal variability (<5 bpm) in CTG
(Figure 1). Majority of our population had normal vari-
ability (159 patients). Inflammatory cytokines andmaternal
pyrexia can cause fetal autonomic instability. This is
observed as increased variability (>25 bpm) which results
with ZigZag pattern in CTG trace. In our study, on the

Table : Relationship between COVID severity and CTG features.

COVID- severity Mild Moderate/
severe

p-Valuea

n % n %

CTG category p=.
Category   .  .
Category   .  .
Category   .  .

CTG category changes p=.
No  .  .
Category –  .  .
Category –  . – –
Category –  .  .
Category –   .  .
Category –  .  .

Variability p=.
Absence of variability  . – –
Minimal variability  .  .
Normal variability  .  .
Marked variabilityb  . – –

Tachycardia/bradycardia p=.
No  .  .
Tachycardia  .  .
Bradycardia  .  .

Acceleration p=.
No  .  .
Yes  .  .

Deceleration p=.
No  .  .
Early  .  .
Variable  .  .
Late  .  .
Prolonged  . – –

Uterine contractility p=.
No  .  .
Yes  .  .
Tachysystole  .  .
Saw-toothc

 .  .

aFisher-Exact/chi-square test. bIncreased variability which amplitude
range is > beats/min for  min or longer was defined as ZigZag
pattern in the literature []. cShark-teeth-like increased uterine
contractions.

Table : Relationship between COVID- severity and clinical features.

COVIDs Severity Mild Moderate/severe p-Valuec

Mean ± SDa Median [IQRb] Mean ± SDa Median [IQRb]

Gestational week . ± . . [.] . ± . . [.] p=.
Baseline FHR (first) . ± . . [.] . ± . . [.] p=.
Baseline FHR (last) . ± . . [.] . ± . . [.] p=.
Apgar st min . ± . . [.] . ± . . [.] p=.
Apgar th min . ± . . [.] . ± . . [.] p=.
Birth weight, g ,. ± . ,. [.] ,. ± . ,. [.] p=.
Min O saturation . ± . . [.] . ± . . [.] p=.d

aStandard deviation. bInterquartile range. cMann-Whitney U test. dStatistically significant (<.).

Table : Logistic regression model based on COVID- categories.

Variable p-Value ORa
% Confidence
interval (OR)

Low High

Gestational week . . . .
CTG categorya .
Category  . . . .
Category  . . . .
Baseline FHR (first) .b

. . .
Baseline FHR (last) .b

. . .

aOdds Ratio. bStatistically significant (<.).
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contrary to Gracia-Perez-Bonfils A et al. [29], ZigZag pattern
(Figure 2) was only seen in patients who were in mild
category. No increased variability was observed in mod-
erate and severe categories.

Maternal hypoxia and inflammatory cytokines can
cause depression of fetal central nervous system which
results with reduction of fetal movements and seen in CTG
as loss of accelerations [30, 31]. In our study, not associ-
ated with COVID-19 severity, 30 patients showed loss of
accelerations (Figure 3). Despite the majority of the pa-
tients had no decelerations, all types of decelerations
especially variable decelerations were seen in CTG trace
(Figures 3 and 4), and again exhibiting no associationwith
the COVID-19 category. Although our study design pre-
vents us from speculating about the cause of these de-
celerations, these results support our theory. Maternal
hypoxia or hypotension and maternal hypercoagulable
state leading to placental thrombosis and infarction which
cause increased placental metabolism and uteroplacental
insufficiency may be the reason of decelerations seen in
CTG trace [7, 14, 15].

Rarely, sinusoidal pattern can be observed in CTG trace
as a result of chronic fetal anemia and acidosis due to both
maternal and fetal destruction of red cells. Fetal autonomic
instability caused by acute feto-maternal hemorrhage and
fetal hypovolemia can also cause the pattern. Similar to the
previous study [29], sinusoidal pattern was not seen in CTG
traces.

Myometrial irritability due to maternal inflammatory
state and maternal pyrexia is associated with increased
uterine activity [16]. As expected, in our study increased
uterine activity was observed in majority of the patients.

The main strength of our study is the high number of
patients analyzed in the study population. While the only
previous study analyzing the CTG features of COVID-19
pregnancies recruited 12 patients, we worked with 224 pa-
tients. Another major strength is that this is the first char-
acterization of detailed CTG findings in women with acute
COVID-19 infection.

Themain limitations of our study are that study design
does not allow determination of causality, and the number
of moderate and severe COVID-19 cases is low. However,
although the numbers were small in moderate and severe
cases comparatively, since the population size is high, the
small numbers are considered sufficient to present early
results about COVID-19 during pregnancy. Other limita-
tions are the lack of correlation between the CTG trace
features and the newborn umbilical cord pH, and the lack
of knowledge about the possible effect of the cocktail of
medications on the CTG.
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