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ABSTRACT

Coronavirus disease 2019 (COVID-19) was declared a pandemic and has spread around the globe, unsparingly affecting vulnerable popula-
tions. Effective prevention measures for pregnant women, who are particularly affected, include early identification of those patients at risk
of developing in-hospital complications, and the continuous improvement of maternal-fetal treatment strategies to ensure the efficient use
of health resources. The objective of our retrospective study was to determine which patient biomarkers on hospital admission correlate with
disease severity as measured by disease course classification, the need for oxygen supplementation and higher demand for oxygen, the need for
mechanical ventilation, intensive care unit admission, and length of hospital stay. Analysis of 52 PCR SARS-CoV-2 positive pregnant women
revealed that the median date of hospital admission was the 30" gestational week, with dyspnea, cough, and fever as the leading symptoms.
The presence of diabetes and hypertension predisposed pregnant women to the severe course of illness. Lung involvement shown by CT
scans on admission correlated with the greater clinical severity. The main laboratory predictors of disease progression were lymphocytopenia,
hypocalcemia, low total cholesterol, low total protein levels, and high serum levels of C-reactive protein, ferritin, interleukin-6, glucose, lactate
dehydrogenase, procalcitonin, and troponin I. Further, research with a larger cohort of pregnant women is needed to determine the utility of

these results for everyday practice.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
widespread and globally claims more victims with each pass-
ing month [1]. As more alarming data about the characteristics
of new SARS-CoV-2 variants emerge and as we witness the
natural evolution and increased infection rates of COVID-19,
it is increasingly important to be able to prioritize critical care
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services in situations, where the number of patients may be
overwhelming. Prenatal care, which is particularly affected,
deserves special attention and continuous improvement of its
treatment strategies.

The distribution of disease severity in pregnant women is
similar to the distribution seen in non-pregnant populations,
with 86% of pregnant women manifesting mild disease, 9%
severe, and 5% critical [2].

SARS-CoV-2 affects nearly every organ system [3-7], as
well as affecting the mental health of both infected and non-in-
fected pregnant women [8]. Leading symptoms include fever
(88.7%), cough (67.8%), fatigue (38%), and the over-production
of mucus (33.7%) [4]. Severe COVID-19 is characterized by the
development of acute respiratory distress syndrome (ARDS),
hypotensive shock, and multiorgan failure and requires the
patient’s admission to intensive care unit (ICU) and mechani-
cal ventilation [3-5].

Severe disease risk factors include comorbidities, advanced
age, male sex, obesity, and genetic predispositions [3,4,5,9].
Severe COVID-19 is mainly an immune-mediated disorder
triggered by the SARS-CoV-2 infection promoting excessive
inflammation and hypercoagulable states [10].

During pregnancy, physiological adaptations of the respi-
ratory tract, immunomodulation, hypercoagulability, pro-
cesses that increase insulin resistance, and the development
of hypertension, predispose SARS-CoV-2-infected women
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toward a severe course of illness, leading to maternal and fetal
mortality and morbidity [10-14].

Data emerging from meta-analyses in the literature show
that pregnant women may have an increased risk of devel-
oping severe symptoms and a higher risk of pneumonia,
ICU admission, the requirement for invasive ventilation
and extracorporeal membrane oxygenation (ECMO), and
death [15-17].

Moreover, serious adverse outcomes have been observed
among pregnant women with previous coronavirus infections,
namely, severe acute respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS) [18], influenza [19,20], and
respiratory syncytial virus [21].

There is currently no prognostic biomarker available to
identify pregnant patients who are at imminent risk of a severe
course of COVID-19, with all associated maternal and fetal
complications, and who require immediate medical attention.

The objective of our study was to determine to determine,
in which patient characteristics and laboratory results on hos-
pital admission correlate with disease severity as measured by
disease course classification, the need for oxygen supplemen-
tation and higher demand, the need for mechanical ventila-

tion, ICU admission, and length of hospital stay.

MATERIALS AND METHODS

Study population

This retrospective single-center study was undertaken
in the Department of Obstetrics and Gynecology, at the
Central Clinical Hospital of the Ministry of the Interior and
Administration in Warsaw, Poland. The study group com-
prised 52 pregnant women with COVID-19 who had been
admitted for treatment between 15 May 2020 and 26 April
2021.

Inclusion criteria, similar to admission indications for
pregnant women with COVID-19, were temperature >39°C
despite the use of acetaminophen, respiratory rate >30/min,
SpO, <95% measured at time of admission without oxygen
supplementation, patient requiring oxygen, and critical dis-
ease. COVID-19 was confirmed using a PCR test prior to
admission.

Exclusion criteria were that the patient was admitted to
hospital for obstetric and/or other non-COVID-19-related

reasons.

Clinical course of the disease

According to the guidelines of the Polish Association of
Epidemiologists and Infectiologists, patients were divided into

four cohorts based on the severity of their symptoms and test
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results, corresponding to the relative course of their illness:
mild, moderate, severe, and critical [22].

Mild cases were characteristically clinically stable with
mild upper respiratory tract symptoms. Moderate cases
included clinical indicators as well as lung involvement shown
on imaging. Patients in the severe cohort demonstrated respi-
ratory failure and peripheral SpO, <9o%. Those in the critical
cohort were characterized by ARDS, hypotensive shock, mul-
tiorgan failure, and loss of consciousness [22].

Study procedures

On admission, all women underwent complete blood
biochemistry and urine tests, a coagulation profile, and in
cases where moderate, severe, or critical forms of COVID-19
were suspected, a CT chest scan (without contrast) was
performed.

We analyzed the following data: age of patient, body mass
index (BMI), gestational age, initial vital signs and symptoms,
pre-existing comorbidities such as diabetes mellitus, hyper-
tension, hypothyroidism, asthma, and any history of smoking.

Ethical statement

The research project was approved by the local Bioethics
Committee (Decision Number104/2021).

Statistical analysis

We used Statistica 13.3 (StatSoft Poland) for our data
analysis. Mean values and standard deviations were used to
describe the study groups. In case of skewed distributions,
the median was calculated as a measure of central tendency,
and the scatter of data was shown in relation to the 25™ and
75" percentiles. Qualitative variables were presented as per-
centages. Spearman’s rank correlation was used to assess cor-
relation. In case of qualitative variables, the Chi-square test was
used to compare the frequencies of the studied characteristics.
Differences were considered statistically significant at p < 0.0s.
Logistic regression was performed to analyze the association
of patient characteristics and laboratory parameters and the
risk of severe-to-critical disease. Non-linear data were cate-
gorized. Variables with more than 20% of their values missing
were not considered in this analysis, in other cases, missing
values were analyzed as a separate category. Comparisons
between the four disease severity groups were performed
using the Kruskal-Wallis test followed by pair-wise compar-
ison using Dunns post hoc test for continuous variables, and
Pearson’s chi-square test for categorical variables. As there
was only one patient with a critical course of the disease, the
severe and critical groups were combined in the analysis as a
new grouping, severe-to-critical disease.
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RESULTS

Gestational age ranged from 17 to 37 weeks. Four patients
were at 17-22 weeks of gestation, 14 were at 24-28, 17 were at
29-33, 15 were at 34-36, and 2 patients were at >37 weeks of ges-
tation. The mean age of the patients was 31.9 + 4.79 years. Mean
BMI at admission was 28.36 (9.88) kg/m>* None of the patients
reported a history of smoking. Symptoms on admission were:
dyspnea (n = 48, 92.31%), cough (n = 47, 90.38%), fever (n = 33,
63.46%), fatigue and muscle aches (n = 22, 42.31%), smell and
taste disorders (n = 14, 26.92%), headache (n = 12, 23.08%),
sore throat (n = 6, 11.54%), and nasal discharge (n = 5, 9.62%).
Coexisting diseases were diabetes (n = 9,17.65%), hypertension
(n = 5,10.00%), hypothyroidism (n = 18, 35.29%), and asthma
(n = 2, 3.85%). Mild, moderate, severe, and critical COVID-19
accounted for n = 9 (17.31%), n = 25 (48.08%), n = 17 (32.69%),
and n =1 (1.92%) cases, respectively. The main outcomes mea-
sured were length of hospitalization (median = 8 [range = 2-23]
days), the need for oxygen supplementation (n = 42, 80.77%),
median oxygen flow rate (median = 4 [range = 0-15]), require-
ment for high-flow therapy (n = 9, 17.31%), and the need for
ICU admission (n = 2, 3.85%). There were no cases of tracheal
intubation, mechanical ventilation, or ECMO. The median
lung involvement seen by CT imaging was 20% (IQR = 11),
ranging from 1% to 60%. The most common abnormalities
shown in the laboratory results that were elevated C-reactive
protein (CRP) (94.23%), elevated D-dimer (90.63%), elevated
interleukin 6 (IL-6) (88.46%), elevated fibrinogen (88%), hypo-
proteinemia (66.67%), decreased vitamin D (62.22%), elevated
lactate dehydrogenase (LDH) (56%), hyperglycemia (48.78%),
anemia (48.08%), elevated alkaline phosphatase (ALP)
(46.15%), elevated aspartate aminotransferase (AST) (40.38%),
lymphopenia (38.46%), neutrophilia (30.77%), elevated alanine
transaminase (ALT) (30%), and elevated bile acids (35.71%).
Data regarding patients’ characteristics, clinical course param-

eters, and laboratory abnormalities are presented in Table 1.

Main predictors of severe course of illness

Diabetes as a comorbidity was correlated with the
need for high-flow oxygen therapy and higher oxygen flow.
Hypertension was correlated with oxygen flow demand
during hospitalization. The percentage of lung involvement
correlated with four of the six main outcomes: the severity
of the course of the COVID-19, the oxygen flow (I/min), the
need for high-flow oxygen therapy, and the need for ICU
admission (Table 2).

Lymphocytopenia, low levels of serum calcium, total

cholesterol and total protein levels, high levels of serum
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TABLE 1. Clinical characteristics of 52 pregnant COVID-19

patients
Variable Cases
Age, years (n=52)
Mean+SD 31.9+4.79
Hbd, weeks (n=52)
Median (IQR) 30 (7)
Hbd, ranges, n (%); (n=52)
<26 12 (23.08)
27-30 15 (28.85)
31-33 8(15.38)
34-36 15 (28.85)
>37 2(3.85)
Weight, kg (n=43)
Median (IQR) 77 (26)
Body mass index, kg/m?* (n=43)
Median (IQR) 28.36 (9.88)
Preeclampsia, n (%) 1(1.96%)

18 (35.29%)
5 (10.00%)

Hypothyroidism, n (%)
Hypertension, n (%)

1007

Diabetes mellitus, n (%) 9 (17.65%)
Severity, n (%)

1 - Mild ilness 9 (17.31%)

2 - Moderate illness 25 (48.08%)

3 - Severe illness 17 (32.69%)

4 - Critical illness 1(1.92%)
Length of hospitalisation, days (n=52)

Median (IQR) 8(6)
Percentage of lung involvement on CT, % (n=34)

Median (IQR) 20 (11)
Time from the onset of COVID-19 symptoms, days (n=51)

Median (IQR) 7 (6)
Oxygen flow, I/min (n=52)

Median (IQR) 4(4.5)
Need for oxygen supplementation, n (%) 42 (80.77%)
Need for invasive ventilation, n (%) 0 (0.00%)
Need for high-flow oxygen therapy, n (%) 9(17.31%)
Need for ICU admission, n (%) 2 (3.85%)
Hemoglobin (g/dl) (n=52)

Median (IQR) 12(1.1)
Leukocytes, x10°/pl (n=52)

Median (IQR) 7.7 (3.23)
Lymphocytes, x10°/ul (n=52)

Median (IQR) 0.97 (0.32)
Neutrophils, x10%/ul (n=52)

Median (IQR) 58(3.11)
Platelets (x10°/l)

Median (IQR) 1845 (58.5)
ALP, U/L (n=42)

Median (IQR) 117 (63)
AST, U/l (n=52)

Median (IQR) 28 (18.5)
APTT, s (n=49)

Median (IQR) 337 (5.5)
ALT, U/I (n=50)

Median (IQR) 24 (24)
Bilirubin, mg/dl (n=49)

Median (IQR) 046 (0.51)
NT pro-BNP, pg/ml (n=44)

Median (IQR) 295 (39)
(Contd...)
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TABLE 1. (Continued) >
=) ¥
Variable Cases = g E [CCQ S 3 8
Calcium, mmol/l (n=43) ;;13 = ; P < S 3
Mean+SD 2.16+0.09 O
Total cholesterol, mg/dl g
Mean=+SD 18851456.09 $3v Y o - S o
CK, U/l (n=50) 225 |T| 5 g 2 3
Median (IQR) 615 (69) = L%“ &
CRP, mg/I (n=52) .
Median (IQR) 4695 (52.4) s &
D-dimer, ug/l FEU (n=32) = 2 a g 2 o 2 — %
Median (IQR) 1178 (515.5) £ °3 g g < o =
Ferritin, ng/ml (n=50) =S50 E -
Median (IQR) 835 (109) ”
Fibrino.gen, mg/dl (n=50) % E i g =
Median (IQR) 553 (225) ; S =) S S
GGTP U/L (n=50)
Median (IQR) 16 (20) T % g g g g8 § g
Glucose, mg/dl (n=41) = b oz oz =z oz
Median (IQR) 92 (17) A - - -
Creatinine, mg/dl (n=50) 5 % :%‘j ?5 < ;ﬁ < é\ ;lé
Median (IQR) 052(0.17) Y ®8a ¥F 28 Zd
© pgach ~ — at:>
Lactate dehydrogenase, U/l (n=50) = S 3 o o = ==
Median (IQR) 2265 (91) g = = = =
[} =) =x < — = S 2
Magnesium, mg/dl (n=46) g . § i = g § g E E
Median (IQR) 1.74.(0.16) 5 53 v I vz
I~ on N =+ =
Lactates, mmol/l (n=42) v - ® o N
Median (IQR) 1.17 (0.71) EES & s o g &
Procalcitonin, ng/ml (n=51) - A § o S é 3 S =
Median (IQR) 0.14 (0.19) i TR gt
INR (n=51) .
Median (IQR) 1(0.08) . sl 8 3 £ 3
Total protein, g/dl (n=51) % S < =
Median (IQR) 613 (0.6) E = = -
Urea, mg/dl (n=52) S é £ 5 I 8 SIS B CE
< = =z O = - -
Median (IQR) 11 (5) = S o ae = Z
Uric acid, mg/dl (n=50) “‘_3 F = <
. - o = o = £ =R X &
Median (IQR) 42(17) g ZC a § ;3 S ?3 S 3 3
L - . ) F= 5= =] =
Vitamin D3 25(OH), ng/ml (n=45) Z = = % = T
Mean+SD 27.15+10.82 o = >
Interleukin 6, pg/ml (n=52) é Y g
Median (IQR) 265 (31.6) = E - - - - ‘g
High-sensitive troponin I, ng/ml (n=52) 'E‘ § = g
Median (IQR) 275 (2.15) 212 W EE £ 85 £8 3%
8|z g S £& £2 £¢2|3
ICU: Intensive care unit; BMI: Body mass index; ALP: Alkaline phos- o E e < e < e < i
phatase; AST: Aspartate aminotransferase; APPT: Activated partial < =5 L == == == %
s R R . a | = S 2 S 2 oS 2 o g o
thromboplastin time; ALT: Alanine aminotransferase; CK: Creatinine Sl § SIS = = = = =] = =
kinase; CRP: C-reactive protein; GGTP: Gamma-glutamyl transpepti- 8|2 a® 2w 2a a8
dase; LDH: Lactate dehydrogenase; INR: Internationalized normalized o q:f
ratio; IL-6: Interleukin 6; Hs-Tnl: High-sensitivity troponin | % a U - - =
o | 2 = I3e} o = I <
o |2 gz s S = z
. L = L, c
CRP, ferritin, 11-6 glucose, LDH, procalcitonin (PCT), and 2 g =
. o . . T | Sy X ~ — — | =
high-sensitivity (hs) troponin I predicted a severe course of 2 § 2R R S 2 452
N o~ — = —
il d by di lassification, the need e Sl =& =2 X3 I3
1ness as measure Yy disease course classl cation, the nee ‘S = n > > <+
[]
. . o en Q
for oxygen supplementation, higher demand for oxygen sup- < |2 == = |
. . . S |8 TRX _a8 §8 S g 5
plementation, length of hospital stay, the need for mechani- T |3 2Tsiggag 28 £§ 3
Tati e o2 v N sl 5| 9
cal ventilation, and ICU admission. The results are presented 5 |4 E&ET =R 57727 g
. . , Lo (@] g S bt Ii
in Table 3. Patients’ characteristics and laboratory markers o . £ Z = = %
. . . w = S = =] 2 7]
| < o v O o »v» = L o~ =
compared across four severity categories are presented in E 2 B2 8228258 L28s §
Table 4. Univariate logistic regression revealed that diabetes - - - - = 2 *
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TABLE 3. Correlations of patient™s general and clinical characteristics and COVID-19 outcomes

Need for oxygen Need for high-flow Need for ICU Length of hospitalization Oxygen flow (I/min)

Variable supplementation oxygen therapy admission (days)
Yes No  p-value* Yes No p-value* Yes No p-value* n P p-value”™ n yZ p-value™

Weight 35 8 0.302 36 7 0.236 42 1 <0.001 43 0123 0.433 43 0252 0.103
Body mass index 35 8 0.302 36 7 0.104: 421 <0.001 43 0.131 0.403 43 0283 0.066
Age 42 10 0918 43 9 0475 50 2 0.73 52 0.026 0.856 52 -0.135 0.341
Length of hospitalization 42 10 <0001 43 9 <0001 50 2 0.183 52 065671  <0.001
(days)
Percentage of lung 31 3 0.237 277 0.013 33 1 <0.001 34 0321 0.064 34 0445 0.008
involvement on CT (%)
Hemoglobin 42 10 0.591 43 9 0.195 50 2 0.386 52 -0.253 0.07 52 -0.163 0.248
Leukocytes 42 10 0.758 43 9 0.52 50 2 041 52 -0252 00717 52 -0.055 0.7
Lymphocytes 42 10 0.021 43 9 0.058 50 2 0.573 52 -0.3 0.031 52 -0471 <0.001
Neutrophils 42 10 0.623 43 9 0.924 50 2 0.317 52 -0.144 0.309 52 0077 0.585
Platelets 42 10 0.265 43 9 0431 50 2 0.045 52 -02 0164 52 -0.14 0.323
ALP 34 8 0912 35 7 0.947 40 2 0.794 42 -0.082 0.604 42 -0.123 0438
AST 42 10 0.706 43 9 0.46 50 2 0.905 52 0415 0.002 52 0.153 0.28
APTT 39 10 0.064 40 9 0.97 47 2 0.034 49 0.109 0.456 49 0.2 0.168
ALT 40 10 0.409 41 9 0.318 48 2 0.864 50  0.233 0.103 50 0.075 0.607
Bilirubin 39 10 0.171 40 9 0.352 47 2 0463 49 0.042 0.777 49 -0.006 0.965
NT pro-BNP 35 9 0.819 38 6 0.514 43 1 <0.001 44 0.074 0633 44 0029 0.851
Calcium 34 9 0.22 36 7 0.176 41 2 0.199 43 0421 0.005 43 -0491 <0.001
Total cholesterol 32 9 0.004: 35 6 0.268 40 1 <0.001 41 -0401 0.009 41 -0.543 <0.001
CK 40 10 0.641 41 9 0.901 48 2 0.32 50 0.065 0.653 50 0.097 0.502
CRP 42 10 <0.001 43 9 0.111 50 2 0.633 52 0.28 0.044 52 0511 <0.001
D-dimer 31 1 <0.001 239 0.869 30 2 0.847 32 -0.154 0.399 32 -0.101 0.583
Ferritin 40 10 0056 41 9 0.054 48 2 0.216 50 0423 0.002 50 0.328 0.02
Fibrinogen 40 10 0.641 41 9 0.71 48 2 0.392 50  -0.249 0.082 50  -0.041 0.77
Gamma-glutamyl 40 10 0.074 41 9 0.44 48 2 0.826 50 0.206 0.151 50 0.168 0.242
transpeptidase
Glucose 32 9 0.012 36 5 0.003 41 0 <0.001 41 0.388 0.012 41 0518 <0.001
Creatinine 40 10 0.765 41 9 0.502 48 2 0.276 50 -0.192 0.182 50 -0.136 0.347
Lactate dehydrogenase 40 10 0.022 41 9 0.0244 48 2 0.367 50 0420 0.002 50  0.374 0.007
Magnesium 37 9 0.311 379 0.683 44 2 0.816 46 0.187 0.214 46 0.127 0402
Lactates 33 9 0.092 37 5 0.52 42 0 <0.001 420276 0.077 42 0283 0.07
Procalcitonin 41 10 0.001 42 9 0.005 49 2 0.056 51 0.509 <0.001 51 0573 <0.001
PT 41 10 0419 42 9 0.118 49 2 0.48 51 0.1 0.495 51 0.305 0.029
Total protein 41 10 0.019 42 9 0.069 49 2 0.245 51  -0406 0.003 51 -0.485 <0.001
Urea 42 10 0.149 43 9 0417 50 2 0.018 52 0.046 0.744 52 -0.114 0.42
Uric acid 40 10 0.711 42 8 0.631 49 1 <0.001 50 -0.036 0.804 50 -0.129 0.372
Vitamin D3 25(OH) 35 10 0.697 39 6 0.987 45 0 <0001 45 0035 0818 45 0.052 0.734
Troponin I 42 10 0.365 43 9 0.156 50 2 0.386 52 0.111 0.435 52 0.285 0.041
Interleukin 6 42 10 <0.001 43 9 0.018 50 2 1 52 0422 0.002 52 0618 <0.001
Time from the onset of 41 10 0.055 43 8 0.55 49 2 0.98 51  0.257 0.069 51  0.218 0.124
COVID-19 symptoms
(days)
Oxygen flow (I/min) 42 10 <0.001 43 9 <0.001 50 0.030 52 0.658 <0.001
High-flow oxygen therapy 9 0 <0.001 0 9 <0001 7 0.889 9 0008 0.983 9
— flow (I/min)
High-flow oxygen therapy 9 0 <0.001 0 9 <0001 72 0.667 9 -0068 0862 9
- FO,

*U-Mann-Whitney test corrected for continuity; **Spearman test. ICU: Intensive care unit; BMI: Body mass index; ALP: Alkaline phospha-
tase; AST: Aspartate aminotransferase; APPT: Activated partial thromboplastin time; ALT: Alanine aminotransferase; CK: Creatinine kinase;
CRP: C-reactive protein; GGTP: Gamma-glutamyl transpeptidase; LDH: Lactate dehydrogenase; PT: Prothrombin time; IL-6: Interleukin 6

(odds ratio [OR] 10.18, 95% CI 1.83-56.54; p = 0.008), gesta-  5.56, 95% CI 1.61-19.22; p = 0.007), CRP > 75(mg/l) (OR 9.11,
tional age < 32 weeks (OR 5, 95% CI 1.36-18.43; p = 0.016), lung  95% CI 2.38-34.85; p = 0.001), [L-6 > 60 (pg/ml) (OR 16.5, 95%
involvement on CT imaging > 20% (OR 5.8, 95% Cl 1.54-21.81,  CI 1.8-151.58; p = 0.013), procalcitonin > 0.2(ng/ml) (OR 5.11,
p = 0.009), lymphocyte count < 1(x10%/pl) (OR 27.43, 95%  95% CI 1.49-17.56; p = 0.010), LDH > 270 (U/]) (OR 3.73, 95%
ClI 3.26-231.58; p = 0.002), calcium level < 2.15 (mmol/l) (OR  CI 1.04-13.45; p = 0.044), total cholesterol < 180 (mg/dl) (OR
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TABLE 4. Association of patients’ characteristics and COVID-19 severity

Course severity of COVID-19 (1-4)

Variable

1 3-4 H p-value
Age, years 32 (31-35) 33(29-33) 31 (29-35) 0.406 0.816
Gestational age, weeks 33(26-35) 32 (29-34) 28 (26-31) 4.433 0.109
Weight, kg 72.5(61.5-86.5) 76 (71 84) 92.5 (68-102) 3.099 0.212
Body mass index, kg/m? 2572 (22.72-31.72) 27.43 (25.65-30.08) 33.71 (26.17-37.64) 3.69 0.158
Percentage of lung involvement on CT, % - 16.5 (10720) 25 (19.5-41) 0 1 (p**4=0.028)
Hemoglobin, g/dl 12 (11.9-12.4) 12 (11.6-12.6) 11.65 (11-12.1) 2727 0.256
Leukocytes, x10%/uL. 7.7 (54-8.95) 7.75 (6.59-9.34) 7.73 (5.21-8.88) 0.586 0.746
Lymphocytes, x10°/uL 1.12 (0.88-1.32) 1.1 (0.92-1.1) 0.85 (0.8-0.93) 10.702 0.005 (p**1=0.006)
Neutrophils, x10°/uL 5.53 (4.19-6.97) 578 (5.1-7.81) 6.09 (3.98-7.5) 0.883 0.643
Platelets, x10°/uL 188 (179-192) 191 (165-249) 176.5 (145-200) 1.324 0.515
Alkaline phosphatase, U/l 112 (95-165) 137 (95-158) 94 (89-126) 3.145 0.207
Aspartate aminotransferase, U/ 26 (19-28) 31 (22-39) 26 (19-54) 1.908 0.385
Activated partial thromboplastin time, s 31.5(31.2-35.6) 34.1 (31.7-35.8) 34.35 (32-39.45) 1.352 0.507
Alanine aminotransferase, U/l 30 (19-31) 22 (12.5-40.5) 26 (13-59) 0.236 0.889
Bilirubin, mg/dl 0.55 (0.21-0.81) 0.38 (0.3-0.78) 0.53 (0.26-0.71) 0.017 0.991
NT pro-BNP, pg/ml 31(23-39.5) 29 (16-48) 44 (16-128) 0.277 0.871
Calcium, mmol/I 222 (2.16-2.29) 219(2.12-2.22) 211 (2.07-2.14) 9875 0007 (p"¥=0.020; p>**=0.027)
Total cholesterol, mgdl 221 (203-262.5) 196 (180-206) 160.5 (122-194) 11.051 0.004 (p'"*4=0.003)
Creatine kinase, U/] 62 (21-78) 60 (27-95.5) 56 (32-99) 0.061 0.970
C-reactive protein, mg/l 184 (11.4-40.8) 48 (38.3-66.3) 86.15 (36.9-126.5) 12.980 0.002 (p"?=0.045; p'**<0.001)
D-dimer, ug/l FEU 1721 (1046-2396) 1186.5(1029-1396) 1088.5 (828-1386) 1.288 0.525
Ferritin, ng/ml 59 (37-72) 84 (50.5-146.5) 130 (75-188) 6.761 0.034 (p'*1=0.028)
Fibrinogen, mg/dl 410 (392-596) 590.5 (457.5-663) 519 (467-683) 241 0.299
Gamma-glutamyl transpeptidase, U/1 10 (6-16) 19 (11.5-29.5) 17 (9-33) 3.223 0.200
Glucose, mg/dl 84 (80-92) 90 (86-97) 101.5 (94-113) 7.627 0.022 (p'*4=0.027)
Creatinine, mg/dl 0.51 (0.49-0.65) 0.52 (0.47-0.61) 0.5 (0.41-0.6) 1.174 0.556
lactate dehydrogenase, U/I 203 (189-210) 235 (195.5-267.5) 245 (198-289) 4.039 0.132
Magnesium, mg/dl 1.69 (1.67-1.76) 174 (1.64-1.8) 1.77 (1.67-1.98) 1451 0484
Lactates, mmol/I 1(0.82-1.31) 1.17 (0.95-1.68) 1.33(0.95-1.86) 2.183 0.336
Procalcitonin, ng/ml 0.07 (0.05-0.08) 0.14 (0 09-0.22) 0.24(0.14-0.5) 16.626 <0.001 (p'2=0.026; p'*4<0.001)
Prothrombin time, s 1.01 (0.96-1.04) 0.98 (0.97-1.01) 1.05(1-1.11) 7.013 0.030 (p**4=0.025)
Total protein, g/dl 6.43 (6.13-6.66) 6.34 (6.04-6.47) 5.84 (5.65-6.1) 13.283 0.001 (p'34=0.011; p'**=0.003)
Urea, mg/dl 12 (11-14) 1(9-14) 11(8-14) 1.040 0.595
Uric acid, mg/dl 4.3 (3-4.6) 4.2 (3.6-5.7) 3.8 (2.7-4.75) 3.696 0.158
Vitamin D3 25(OH), ng/ml 25.2(23-33.6) 29.1 (16-34.6) 26 (19.1-30) 0.907 0.635
Troponin I, ng/ml 14(1.1-2) 28(0.8-32) 32(1.6-68) 6624 0036
Interleukin 6, pg/ml 15.2 (5.92-17) 28 (14.6-36.9) 46.55 (22.9-65.7) 12.509 0.002 (p'*4=0.001)

Data are presented as median (interquartile ranges). P values were calculated using the Kruskal-Wallis test (df=2 for all variables) followed
by Dunn’s post hoc test. p¥? values indicate the comparison between course severity 1 (mild disease) and 2 (moderate disease); p*/** values
indicate the comparison between course severity 1 (mild disease) and 3-4 (severe or critical disease); p%** values indicate the comparison
between course severity 2 (moderate disease) and 3-4 (severe or critical disease). ICU: Intensive care unit; BMI: Body mass index;

ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; APPT: Activated partial thromboplastin time; ALT: Alanine aminotransferase;

CK: Creatinine kinase; CRP: C-reactive protein; GGTP: Gamma-glutamyl transpeptidase; LDH: Lactate dehydrogenase; PT: Prothrombin time;

IL-6: Interleukin 6

5.65,95% C1 1.53-20.93; p = 0.010), total protein level < 6.3 (g/dl)
(OR 9, 95% CI 1.79-45.34; p = 0.008), hs-troponin [ > 6 (ng/ml)
(OR 12.69, 95% CI 1.35-119.34), and glucose > 99 (mg/dl) (OR
6,95% Cl1.48-24.27; p = 0.012) were associated with increased
risk of severe-to-critical COVID-19.

DISCUSSION

In our study, the median date of the pregnant wom-
ens hospital admission was the 30" gestational week
(range = 17-37" week). Because COVID-19 is an immune-me-
diated intracellular viral infection, it may pose a threat during
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pregnancy due to the special immunological adaptations that
improve a pregnant womans tolerance to the fetal semi-al-
lograft late in the second trimester and the increased inflam-
matory response in the third trimester [10,14,23-25]. In addi-
tion, hypertension, diabetes, and cardiovascular diseases that
develop during the third trimester may predispose pregnant
women to the severe course of illness. Therefore, we advise
vaccination in the second trimester for maternal and fetal
benefits [26].

We found that median lung involvement was 20%, with a
range of 1-60%, and as lung involvement at the time of admis-
sion correlated with 4 of the 6 main outcomes — the severity
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of the course of the COVID-19 disease, oxygen flow (I/min),
the need for high-flow oxygen therapy, and the need for ICU
admission — lung involvement may be considered as a pre-
dictor of disease aggravation. Based on the pathophysiology
of COVID-19 progression, it seems like a truism to claim that
the greater lung involvement is, the greater the severity of
the disease, which is corroborated in our findings. However,
the previous studies in pregnant women report contrasting
results: One indicating greater lung involvement among
pregnant women, and another reporting that lung involve-
ment was similar in both pregnant and non-pregnant sub-
jects [27,28].

Several previous studies have attempted to determine
which laboratory parameters correlate with disease sever-
ity among pregnant women with COVID-19. Those studies
found that subjects’ laboratory results largely mirrored those
in the adult non-pregnant population, especially regarding
lymphopenia and inflammation parameters.

Severe COVID-19 is associated with higher levels of
inflammatory markers than in mild disease. Therefore, track-
ing these markers may permit early identification of patients at
risk of disease progression. Likewise, a link between increased
cardiac markers and disease aggravation with a few potential
pathomechanisms is well established in the literature [29].
COVID-19 can cause direct or indirect heart injury: cardio-
myocyte viral infection, cytokine-mediated systemic inflam-
mation, supply-demand mismatch, and micro- and macrovas-
cular thrombosis [29-31].

Lymphopenia has been identified as the most distinctive
predictive parameter [32-34]. In a study by Lombardi et al,
lymphocyte values at admission correlated with the oxygen
need. CRP levels were found to be the inflammatory bio-
marker that better mirrored the course of the disease than
D-dimer or ferritin levels, which were not reliable predictors
of a poor outcome [32]. The retrospective study of 217 preg-
nant women with COVID-19 by Bozkurt et al. showed that
elevated LDH, CRP, IL-6, and ferritin levels coupled with low
albumin levels on hospital admission were predictive param-
eters for a more severe course of illness, and that elevated
serum levels of blood urea nitrogen and creatine were the
most predictive parameters for ICU admission [35]. Data sup-
port that the hosts immune system overreaction (cytokine
storm syndrome or cytokine release syndrome) may play an
important role in the pathogenesis of SARS [36]. SARS-CoV
infection may lead to hyper-induction of the immune system,
causing increased levels of cytokines, e.g,, IL-6 and chemo-
kines, all of which have been observed in SARS patients.
However, there are also contradicting results [37]. Data have
shown that IL-6 levels are also significantly higher in COVID-

19 patients with severe disease compared with those with a
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non-severe condition. Therefore, IL-6 is a prognostic marker
for serious COVID-19 cases in pregnant [38] and non-preg-
nant cohorts [39-41].

Our study identified a positive correlation between exact
glucose values at admission and poorer patient outcomes.
This observation suggests that the elevated blood sugar lev-
els we observed may be the result of physiological stress trig-
gered by the disease. COVID-19 disrupts glucose regulation,
rendering poor glycemic control, and necessitating particu-
larly careful management in patients with diabetes [42,43].
Indeed, prior work has shown that even in cases of well-con-
trolled pre-existing diabetes, hyperglycemia was commonly
observed in acutely ill hospitalized patients and linked to
adverse outcomes [44,45]. It seems that COVID-19 may lead
to high blood glucose levels in patients with normal glycemic
status by modulating immune and inflammatory responses,
directly affecting morbidity and mortality [46-48]. In a study
by Charoenngam et al. in patients without a history of dia-
betes, hyperglycemia on the day of admission was shown to
have a statistically significant association with mortality, ICU
admission, intubation, acute kidney injury, and severe sep-
sis/septic shock, after adjusting for potential confounders.
Therefore, it could be a strong indicator of a high inflamma-
tory burden, leading to a higher risk of severe COVID-19 [49].
Thereby, we recommend that clinicians pay more attention to
the blood glucose status of pregnant women with COVID-19,
even those who may not have been diagnosed with diabetes
prior to admission.

In our study, calcium serum levels were negatively cor-
related with three measured clinical outcomes: the length
of hospitalization (days), the severity of the course of
COVID-19 (1-4), and oxygen flow (I/min). These findings
were consistent with previously published reports which
have showed that low serum calcium levels are associated
with disease severity and a poor prognosis for patients with
COVID-19 [50-53]. In a study by Zhang et al. low serum cal-
cium levels were the most predictive feature of COVID-19
diagnosis of all models tested [s4]. The cause of hypocalce-
mia in COVID-19 patients is not clear. It is commonly found
in the laboratory results in patients diagnosed with viral
infections and pneumonia [55], and several mechanisms
may be suggested. Firstly, the pro-inflammatory cytokines
in COVID-19 patients inhibit parathyroid hormone (PTH)
secretion, and the resulting impaired response to PTH causes
an imbalance of calcium levels [56]. According to the previ-
ous studies, levels of the disease progression indicators CRP,
PCT, IL-6, and D-dimer are found to be significantly higher in
COVID-19 patients with hypocalcemia. When this is coupled
with calcium serum levels which are negatively correlated

with these indicators, it means that these patients may have
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a greater inflammatory response [50,51,53]. Secondly, the
occurrence of hypocalcemia may be associated with calcium
inflow due to hypoxemic tissue damage. Another theory is
that modification of calcium levels is crucial for the survival
and replication of the SARS-CoV-2, since calcium is used in
virus structure formation, entry, gene expression, virion mat-
uration, and release [57]. Pregnancy also often leads to vita-
min D deficiency resulting in hypocalcemia due to impaired
intestinal absorption and thus an inadequate intake of cal-
cium [58]. Finally, calcium is predominantly bound to albu-
min in plasma, and a decrease in serum albumin or total pro-
tein levels, mainly occurring in the third trimester, will cause
hypocalcemia [59].

Our work showed that low total protein serum levels are
a predictive factor for both a longer time to clinical improve-
ment and a greater severity of disease, and as such this pre-
dictor can provide useful information for clinicians caring
for pregnant women with COVID-19. Several mechanisms
were proposed, including anti-oxidative and anti-inflamma-
tory values of albumin [60,61], downregulation of albumin
and prealbumin caused by the cytokine storm [62], and dys-
regulation of the immune system triggered by low protein
serum levels [63]. The previous studies have indicated that
serum albumin [64-66], prealbumin [62], and total protein
levels are poor prognosis parameters among non-pregnant
cohorts [63]. As mentioned earlier, total protein and albumin
levels decrease because of the physiological processes of preg-
nancy during the third trimester. This condition poses a major
threat to pregnant SARS-CoV-2 infected women as outlined
in a study by Bozkurt et al. [35].

Our study showed that on admission, disrupted total cho-
lesterol levels correlate with a greater severity of disease and
with five out of the six main outcomes: the length of hospital-
ization (days), the severity of the course of COVID-19 (1-4),
oxygen flow (I/min), the need for oxygen supplementation,
and the need for ICU admission. The role of cholesterol in
immunity is well established in numerous observational
studies. In addition, dynamic changes in lipid levels caused
by SARS-CoV-2 might be explained by several hypotheses.
Firstly, the production of apolipoproteins and lipoproteins
might be impaired by liver damage [67] and cytokine activ-
ity [68], and secondly, capillary leakage may occur, relocating
them to extravascular compartments [69]. A study by Wei et
al. demonstrated that patients with COVID-19 develop hypo-
lipidemia during early stages of the disease and that abnormal-
ities in lipid metabolism progressively became worse in associ-
ation with the severity of the disease [70]. Lower levels of total
cholesterol, low-density lipoprotein, and high-density lipopro-
tein (HDL) were linked to higher mortality rates and poorer
prognoses in patients with COVID-19 [70-73]. Moreover,
high CRP/HDL-C ratios were established as an independent
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predictor of in-hospital mortality [74]. However, none of these
previously published studies involved pregnant women.

The main limitations of our investigation include its
single-center nature, as well as its small and homogeneous
cohort of patients. Moreover, we evaluated markers on
admission, and not their response to disease progression and
treatment.

CONCLUSION

Pregnant women with COVID-19 were hospitalized
during their second or third trimester, with dyspnea, cough,
and fever as leading symptoms. Concomitant conditions,
including diabetes and hypertension, modified the course
of illness. CT chest scan at initial presentation may enable
medical services required by pregnant patients infected
with SARS-CoV-2 to be prioritized. Lymphocytopenia,
hypocalcemia, low total cholesterol, low total protein levels,
and high serum levels of CRP, ferritin, IL-6, procalcitonin,
hs-troponin I, LDH, and glucose measured on hospital
admission are good predictors of disease severity and may
lead to early identification of patients at risk for developing
complications, thereby improving optimization and pre-
vention efforts in this cohort. Further, research with a larger
patient sample and risk models is needed to provide use-
ful information for effective health resource management
during the COVID-19 pandemic.
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