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ERYTHROPOETIN AS A PREDICTOR

OF EXTREMELY SEVERE COURSE OF NEW
CORONAVIRUS INFECTION COVID-19

IN PREGNANT WOMEN

A comparative analysis of medical, social, clinical and laboratory parameters in pregnant
women with a new coronavirus infection (NCI) COVID-19 of varying severity was carried out.
For the first time, the level of serum erythropoietin was studied in this category of patients; for
the first time, a statistically significantly lower level of erythropoietin was detected in pregnant
women with extremely severe COVID-19. The threshold value of serum erythropoietin level was
determined to predict the development of extremely severe COVID-19 in pregnant women.

Keywords: new coronavirus infection, COVID-19, pregnancy, extremely severe course, se-

rum erythropoietin/

Introduction. On 5" May, 2023 World
Health Organization officially announced
that Novel Coronavirus Infection (NCI)
COVID-19 pandemic no longer con-
stitutes a public health emergency of
international concern. However, there
is still a wide circulation of various SARS-
CoV-2 virus variants [4]. NCI COVID-19 is
a predominately respiratory disease with
multisystem damage, especially in case
of extremely severe disease course, ac-
companied by pronounced hypoxic effect
on all the tissues and organs with the de-
velopment of multiple organ dysfunction
with potential early damage to the kidney
parenchyma [9]. The decrease in oxygen
saturation of the tissues stimulates the
synthesis of erythropoietin (EPO) a gly-
coprotein hormone. Up to 90% of EPO in
the body of an adult person is produced
by peritubular fibroblasts of renal intersti-
tium [5]. EPO activates the production of
nitrogen oxide in the endothelium, thus
effecting the lung vasoconstriction and
improving the oxygen supply to the brain,
heart and other organs and tissues [12].
Under physiological regulation EPO is
capable of reacting against the pro-in-
flammatory cytokines TNFa and IL-1(,
producing an anti-inflammatory effect [3,

13, 14]. Numerous studies have present-
ed the data on adverse pregnancy out-
comes in patients with NCI of various se-
verity. Against the background of steady
NCI course pregnant women may have
sudden development of critical state. The
majority of studies testify to a high risk of
fetus distress in pregnant women with se-
vere COVID-19, which is associated with
the necessity of preterm labor, premature
fetus birth, or potential prenatal/intrapar-
tum fetus death [1, 10, 11, 15, 19]. That
is why the studies devoted to the anal-
ysis of the NCI effect on pregnancy re-
main highly relevant. The determination
of early predictors of the progression of
the COVID-19 severity during gestation
is of utmost importance.

The aim of the study: to assess the
level of blood serum erythropoietin in
pregnant women with novel coronavirus
infection COVID-19 of various severity;
determine its threshold value to predict
extremely severe course of COVID-19
during gestation.

Materials and methods. A compar-
ative prospective cohort study has been
performed with subsequent retrospective
analysis of the data from medical records
(labor and delivery record, health card of
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Laboratory parameters in pregnant women of the 1st-5th studied groups upon admission to the hospital

1% group
(0=7)

21 group
(n=21)

34 group
(n=10)

4™ oroup
(0=T7)

5% oroup
(n=20)

(significance
criterion)*,**

C-reactive protein (CRP), mg/1
(N=0-5)

8(5;23)

25
(16; 39)

53
(20.3; 75)

45
(24; 84)

0(0; 1.2)

p,5<0.001;
p,=0.001;
p, 5<0.001;
p,<0.001;
p,5<0.001;
p,,=0.044;

p,,=0.006;

p,,=0.009;
p..<0.001

Procalcitonin (PCT), ng/ml (N<0.1)

0.07
(0.06; 0.54)

0.08
(0.06; 0.16)

0.15
(0.08; 0.53)

0.25
(0.09; 0.92)

p,.s=0.004;
p,=0.095;
p,=0.004;
p,;=0.001;
p,,=0.013;
p,.=0.005

0.07
(0.06; 0.08)

Ferritin, ng/ml (N=6-159)

46 (30; 87)

114 110
(60.5;163) | (82.5;283)

406
(112; 475)

p,5<0.001;
p,=0.014;
p,5<0.001;
p,<0.001;
p,5<0.001;
p,,=0.024;

14.5
(6.3;37.8)

D-dimer, ng/ml

646
(502; 950)

607
(405; 1116.5)

2063.5
(572.5; 2562)

3000
(1873; 3000)

252.5
(164;305)

Lactate dehydrogenase (LDG), v/l
(N=195-450)

324
(308; 480)

512
(363.5; 635.5)

617.5
(546.3; 700.3)

926
(592; 1469)

2435
(89.8; 443.3)

Erythropoietin (EPO), mlU/ml
(N=8-30)

(17; 35)

23 16 21 4.7
(4.4;9.3)

(7.2;21.5) | (12.8;27.5)

16.5
(11;23.5)

Note: * - subscript number denotes the number of the compared groups, ** - pmc — criterion of significance p between the main group and

the comparison group

a pregnant and puerperant woman) of
65 pregnant women. Continuous sam-
pling method has been used in the study.
Medical and social, clinical and laborato-
ry parameters were analyzed. The main
group consisted of 45 patients with NCI
hospitalized during the 3-4" wave of
COVID pandemic (July 2021 — Septem-
ber 2021) to the maternity hospital of the
State Budgetary Healthcare Institution
Regional Clinical Hospital Ne 2, Chely-

abinsk which has been repurposed to a
COVID hospital for providing medical as-
sistance to pregnant, parturient, and pu-
erperant women with NCI, as well as to
the newborns in the territory of the Chely-
abinsk City and Chelyabinsk Region. The
comparison group included 20 pregnant
women with no indications of NCl/acute
respiratory viral infection (ARVI) during
the current pregnancy admitted to the
maternity hospital of the State Budgetary

Healthcare Institution Regional Clinical
Hospital #3, Chelyabinsk in August-Sep-
tember 2021 in the 3 trimester of ges-
tation. At admission the pregnant women
from the comparison group had negative
SARS-CoV-2 PCR test from the oral and
nasopharyngeal cavity, had no clinical
signs of ARVI over the course of the cur-
rent gestation. The COVID-19 severity
was determined in accordance with the
existing guidelines (Version 4(05.07.2021
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r. https://static-0.minzdrav.gov.ru/system/
attachments/attaches/000/057/333/
original/05072021_MR_Preg_v4.pdf,
accessed on 26.10.2023). Patients with
mild NCI comprised the 1%t group (n=7),
medium — the 2™ group (n=21), severe
— the 39 group (n=10), extremely severe
— the 4" group (n=7), pregnant women
of the comparison group - the 5" stud-
ied group (n=20). Main group inclusion
criteria were: confirmed COVID-19 case
(U07.1), antenatal care, availability and
accessibility of the medical records to
collect necessary data on gestation
course. The non-inclusion criterion was
probable/suspected COVID-19 case
(U07.2/203.8). To evaluate the labora-
tory parameters the blood was sampled
from the median cubital vein upon the
studied patients’ admission to the in-pa-
tient department. Blood serum EPO
concentration was determined with ELI-
SA technique with the use of the Eryth-
ropoietin-EIA-Best (Vector-Best, Russia)
test-system. Optical density of the sam-
ples was registered on the photometer
«Multisrkan ORIGINAL» (Labsystems,
Finland). Statistical processing of the ob-
tained results was performed in the IBM
SPSS Statistics 19 software package.
To describe quantitative data median
and quartile were used, for qualitative
data we used absolute and relative fre-
quency. The data were analyzed with the
use of non-parametric criteria depending
on the type of the data and amount of
comparison groups (Kruskal-Wallis test,
Mann-Whitney test, Fisher's exact test).
ROC-analysis was performed to assess
the diagnostic significance of the serum
erythropoietin level. The differences were
considered statistically significant at p<
0.05.

Results and Discussion. Gesta-
tional age median upon admission was
29.4 (25.0; 39.0), 25.0 (19.5;37.0), 32.0
(26.8; 35.3), 32.0 (27.0; 32.4) and 40.0
(39.3;40.0) weeks (p, ;<0.001; p, ,=0.395;
p,,=0.961; p,,=0.949; p,,=0.409;
p,,=0.770; p,,=0.768; p,<0.001) for the
1st -5" group, respectlvely, without sta-
tistically significant differences between
groups 1-4, with the predominance of
NCI manifestation in the 3 trimester of
the gestation. Women from the 1s-4th
group were hospitalized on the 6 (5;9), 6
(4,5;7), 3.5 (3;5,3), 4 (3;5) day, respec-
tively, from the onset of NCI manifesta-
tion (p,,=0.044; p,,=0.788; p,,=0.063;
p, ,~0.080; P, =0.027; p,, 4—0 0583;
p34—0 799). The median of the lung tis-
sue involvement according to the initial
computer tomography (CT) was 0 (0;
0), 24 (16; 31), 31 (19; 56), 32 (15; 36)
% (p,4<0.001; p,,<0.001; p,,<0.001;

p,,=0.001; p,,=0.143; p,,=0.670;
p34—0 591) in the 1st - 4% group, respec-
tively. There was no statistically signifi-
cant differences between the parameter
values in groups 2-4. The median of the
maximum lung tissue involvement based
on the CT data in the dynamics was O
(0%), 25 (20;34), 53.5 (47.3;56.0) and
100.0 (84.0;100.0) in the 1t -4t group,
respectively  (p,,<0.001;  p,,<0.001;
p,,<0.001; p,,=0.001; p,,=0.143;
p24-0 670; p,,=0.591). The median of the
hospital stay length was 5 (5; 8), 10 (7.5;
13.5), 15.5 (12.3; 16), 27 (23; 36) and 7
(6; 9) days in the 1s-5" group, respec-
tively (p,<0.001; p,,=0.003; p, ,;=0.002;
p,,=0.002; p,,=0.051; p24<0 001;
p,,=0.016; p_=0. 001) It shows the sta-
tistically S|gn|f|cant increase in the length
of the hospital stay with the increase in
the NCI severity. One woman from the 2
group underwent COVID-19 vaccination
prior to the current pregnancy planning.
In general, medical and social character-
istics of the pregnant women of the 1st-5%
group did not differ statistically significant-
ly. The median of the age of the studied
women was 31.0 (28.0; 36.0), 31.0 (27.5;
34.0), 31.0 (25.8; 33.5), 33.0 (29.0; 37.0)
and 34.0 (30.5;36.8) in the 1%-5" group,
respectively (p,,=0.407; p,=0.086). In
general, in terms of the presence of so-
matic disease (4 (57.1%), 14 (66.7%), 10
(100.0%), 6 (85.7%), 18 (90.0%) cases,
p,,=0.060; p, =0.314) and exacerba-
tions of the course of the current gesta-
tion (6 (85.7%), 17 (81.0%), 8 (80.0%),
6 (85.7%), 18 (90.0%) cases, p, ;=0.945;
p,.=0.711) no statistically significant dif-
ferences between the pregnant women
from the 1%-5" group were obtained.

We have registered high levels of the

markers of the acute phase of the inflam-
mation — C-reactive protein and ferritin,
marker of the tissue destruction - LDH
with the statistically significant difference
in pregnant women with NCI, with much
higher values in case of extremely se-
vere course of the process (Table 1). It
fully agrees with the results of other stud-
ies [7, 17, 18]. The level of procalcitonin
that shows the risk of the development of
COVID-19 complications (bacterial infec-
tion or septic state) was statistically sig-
nificantly higher in the main studied group
and it correlated with the NCI severity.
The highest values of procalcitonin were
registered in case of the extremely se-
vere course of the process which agrees
with the published papers data [2]. Sta-
tistically significantly high level of D-di-
mer in pregnant women with COVID-19
was observed, especially in those who
had extremely severe course of the in-
fection, relative to the healthy pregnant
women, which is in line with the data of
published studies [2, 8, 16]. According to
the conclusions of the meta-analysis pre-
sented in Gungor Baris et al. (2021), the
increase in the D-dimer level in dynamics
is typical of more severe NCI COVID-19
and is associated with the risk of the
lethal outcome [16]. No statistically sig-
nificant differences between the levels of
C-reactive protein, procalcitonin, ferritin,
D-dimer, LDH was observed in women
of the 3 and 4" group. In our study for
the first ever the level of the serum EPO
in pregnant women with COVID-19 was
analyzed upon admission to the hospital
(Table 1). Statistically significantly lower
levels of EPO were registered in group
4 relative to those in pregnant women
from group 1-3 (p,,=0.002; p,,=0.005;
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p,,=0.002) and women in the compari-
son group (p,,=0.002; p,,=0.001). Our
results are similar to those presented
in the studies by Yagci S. et al. (2021),
Viruez-Soto A. et al. (2021), Revin V.V.
et al. (2022), who observed and reported
low levels of serum EPO in non-pregnant
patients (men/women) in the group of
patients with severe COVID-19 course
that required referring the patients to the
intensive care unit, and in the group of
people who died of NCI [6, 20, 21].

Table 1 Laboratory parameters in
pregnant women of the 1s-5" studied
groups upon admission to the hospital.

As aresult of the conducted ROC-anal-
ysis, we esTableished that it is possible to
predict the onset of the extremely severe
course of NCI COVID-19 in pregnant
women with 100% sensitivity and 81.6%
specificity when the level of erythropoie-
tin is < 10.5 mlU/ml (on the 4" day from
the onset of the disease). The score of
the area under the ROC-curve was 0.920
with Clg, [0.819; 1.000] (p=0.001). It
testifies to high discriminating power of
the method and possibility of its usage in
practical activities (fig. 1).

Fig.1 ROC-curve of the parameter
“Blood serum erythropoietin, mlU/ml” in
predicting extremely severe course of
NCI COVID-19 in pregnant women.

Conclusion. Statistically significantly
lower level of blood serum erythropoie-
tin is registered in pregnant women with
extremely severe NCI. The development
of extremely severe NCI COVID-19 could
be predicted when the level of blood se-
rum erythropoietin is <10.5 mlU/ml on the
4" day from the disease onset
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