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The effect of COVID-19 infection on hematological
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Abstract

Objective: Based on the fact that Coronavirus Disease 2019 (COVID-19) is associated with many hemocytometric changes, we aimed to
investigate the effect of this underlying inflammatory process on the frequency of early pregnancy loss (EPL) in this clinical trial.

Methods: This is a retrospective cohort study. The patients with laboratory-confirmed COVID-19 infection before the 20 weeks of gesta-
tion were determined as the study group. Healthy pregnant women in their early pregnancy were determined as the control group.
Hematological parameters of all patients included in the analysis were evaluated.

Results: A total of 176 pregnant women with confirmed COVID-19 infections were evaluated, of which 117 were included in the analysis.
One hundred and seventeen healthy pregnant women were determined as the control group. There was no difference between the groups
according to demographic characteristics. The median white blood cell (WBC) and lymphocyte levels were lower in patients with COVID-
19 infection (p<0.001 and p<0.001, respectively). The value of platelet/lymphocyte ratio (PLR) was higher in the group with COVID-19
infection (160.95 vs. 132.42, p<0.001). It was also determined that the median plateletcrit level was lower in the group with COVID-19 infec-
tion (p<0.001). The rate of EPL in the COVID-19 infection group and control group was 14.2% and 9.4%, respectively (p=0.220).

Conclusion: COVID-19 infection presents with low lymphocyte count and plateletcrit values in pregnant women, and an increase in PLR
rates in relation to the severity of the disease is observed. Although not statistically significant, COVID-19 infection was associated with
increased EPL rates in our study.
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Introduction early pregnancy loss (EPL) is not yet apparent.” Studies
in the literature evaluating the relationship between
SARS-CoV-2 infection and EPL risk are mostly in the
form of case reports and case series.”

Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) infection, which mainly presents with
respiratory system symptoms, can evolve into a multi-

. The complete blood count is the first laboratory test
system organ failure and pregnant women are at a

used in the evaluation of infectious diseases. During the
COVID-19 pandemic, the relationship of many hema-
tological parameters with the severity of the disease has
Studies have shown that there is an increase in the been studied.*” Neutrophil-lymphocyte ratio (NLR),

heightened risk." Furthermore, pregnant women are at
an increased risk of poor obstetrical outcomes.””

frequency of preterm birth, intrauterine fetal death and platelet-lymphocyte ratio (PLR), and mean platelet vol-
cesarean section in cases with Coronavirus disease 2019 ume (MPV), which can be easily reached through rou-
(COVID-19) infection during pregnancy.” However, tine hematological parameters, are indicators of inflam-

the effect of COVID-19 infection on the frequency of matory status that have also been studied in obstetric
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practice."” NLR in the first trimester, can aid in esti-

. . . .. 111
mating the risk of certain complications of pregnancy.
For example, increased NLR was found to be associat-
ed with severe preeclampsia, gestational diabetes, gesta-
tional cholestasis, hyperemesis gravidarum, EPL and
preterm labor."*"”

There are also studies investigating the relationship
between the platelet indices and the risk of EPL.""" In
addition, studies have shown that low MPV, lymphope-
nia, and high PLR are associated with EPL."*"

Although there are many studies in the literature on
the course of COVID-19 infection in pregnant women,
there is a need for good quality studies to illuminate its
relationship with early pregnancy complications.
Because COVID-19 infection is a process that occurs
with changes in hematological parameters which sup-
port inflammation, we aimed to investigate the effect of
this underlying inflammatory process on the rate of
EPL. We hypothesized that increased indices of
inflammation in COVID-19 are associated with an
increased risk of EPL.

To the best of our knowledge, this is the first study
from our country to evaluate the risk of EPL in preg-
nant women with COVID-19 infection under 20 weeks
of gestation, along with associated hematological
parameters.

Methods

This is a retrospective cohort study. Pregnant women
under 20 weeks of gestation who were evaluated for
COVID-19 infection at the Gynecology and Obstetrics
Department of Bursa City Hospital between December
2020 and June 2021 were included in the study. The
study was approved by the Clinical Research Ethics
Committee of Bursa City Hospital (Approval number:
2021-11/1). The patients with laboratory confirmed
SARS-CoV-2 infection before 20 weeks of gestation
were determined as the study group (COVID +), and
pregnant women who did not have a history of
COVID-19 infection before 20 weeks of gestation as
control group (COVID -). The data from 117 patients
in both groups were included in the analysis. The
patients in both groups were followed up through the
hospital database throughout the pregnancy. The body
mass index, obstetrical history, and hematological
parameters of the patients were examined. Both groups
were comparable with respect to demographic parame-

ters. The laboratory diagnosis of infection was made by
real-time polymerase chain reaction (RT-PCR) test.
The blood samples were collected at the time of admis-
sion. The patients whose hematological parameters
could be accessed through the hospital database were
included in the study. The patients who did not have
blood tests due to mild symptoms were not included in
the study. Neutrophil/lymphocyte and platelet/lym-
phocyte ratios were calculated for all patients included
in the analysis. The control group consists of patients
with matching gestational age. The blood samples of
the patients in the control group were also taken at sim-
ilar weeks of gestation. The patients with severe infec-
tion symptoms were hospitalized and determined as
inpatient group. The patients who did not need inpa-
tient treatment were included as the outpatient group.
In the subgroup analysis, the comparisons were made as
the control group, the inpatient group and the outpa-
tient group. The pregnancies that ended with miscar-
riage before the 20 weeks of gestation were considered
as early pregnancy loss. After RT-PCR positivity
patients who had EPL at the time of admission to the
hospital or during hospitalization were considered as
EPL associated with COVID-19 infection.

The Shapiro-Wilk test was used to assess whether
the variables followed a normal distribution or not.
Variables were reported as meanzstandard deviation
and median (minimum-maximum) values. According to
the normality test results, independent samples t-test,
Mann-Whitney U-test and Kruskal-Wallis test were
used to compare the groups.

Comparison of EPL rates between COVID-19
infected and non-infected groups was made using the
chi-square test. The relationships between age and
hematological measurements were examined by corre-
lation analysis, for which the Spearman’s correlation
coefficient was calculated. Statistical analyses were per-
formed by using SPSS version 23.0 (SPSS Inc.,
Chicago, IL, USA). A p-value of 5% was considered
statistically significant for all statistical comparisons.

Results

A total of 176 pregnant women who were confirmed to
have COVID-19 infection by RT-PCR test for SARS-
CoV-2 on combined oropharyngeal and nasopharyngeal
swabs were included in the study. We excluded 59
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293 pregnant women
under investigation

117 healthy pregnant women
as control group

176 SARS-CoV-2 PCR+
patients were enrolled

59 patients were

l

117 patients included in
analysis

55 patients with
inpatient follow-up

Fig. 1. Flowchart of patient selection.

patients who did not have blood tests or whose blood
tests could not be reached through the hospital database.
One hundred and seventeen healthy pregnant women
were determined as the control group (Fig. 1). There
was no difference in the demographic characteristics of
the patients between the groups (Table 1).

Table 1. Demographic characteristics of the patients.

excluded

Those who did not have blood tests or
whose blood tests could not be reached

62 patients with
outpatient follow-up

The median white blood cell (WBC) level was found
to be lower in the group with COVID-19 infection
(6570 vs. 8920, p<0.001). It was also determined that the
lymphocyte level was lower in patients with COVID-19
infection (1360 vs. 2010, p<0.001). According to the
NLR ratio, there was no difference between the groups

COVID (+) CoVID (-)
(n=117) (n=117) p-value*
Age (years) 28 (16-40) 27 (18-42) 0.786
BMI (kg/m?) 26.03 (17.36-44.77) 26.30 (18.08-39.51) 0.782
Gestational age at admission 11(5-19) 9 (5-18) 0.097
Gravida 2 (1-6) (2.36+1.18) 2 (1-6) (2.08+1.02) 0.075
Parity 1(0-4) 1(0-3) 0.172
Abortion history 0 (0-3) 0 (0-2) 0.124

Data were reported as mean = st. deviation and median (minimum-maximum). *Mann-Whitney U test. BMI: Body mass index.
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(p=0.554). However, the value of PLR differed between
the groups, and it was determined that it was higher in
the group with COVID-19 infection (160.95 vs. 132.42,
p<0.001). While there was no difference between the
groups according to MPV and PDW measurements
(p=0.826 and p=0.914, respectively), it was determined
that the median plateletcrit (PCT) level was lower in the
group with COVID-19 infection (0.23 and 0.27,
p<0.001) (Table 2).

As a result of the comparisons made between patients
who had EPL and had a COVID-19 infection, and those
whose pregnancy ended with EPL but had no COVID-
19 infection, the mean WBC level was lower in patients
with COVID-19 group (6912.80 vs. 8603.63, p=0.046),
median lymphocyte level was lower in patients with
COVID-19 (1350). vs. 2150, p<0.001), median PLR was
higher in COVID-19 infected patients (160.95 vs.
134.36, p=0.038) and median PCT level was lower in
COVID-19 patients (0.23 vs. 0.29, p=0.004). There was
no difference between the groups in terms of NLR,
MPV and PDW levels (p>0.05) (Table 2).

The subgroup analysis determined that the median
lymphocyte levels of the outpatient and inpatient
groups were lower than the patients who did not have
COVID-19 infection (p<0.001 and p<0.001, respective-
ly). It was determined that the median PLR values of
the outpatient and inpatient groups were higher than
the patients who did not have COVID-19 infection
(p=0.008 and p<0.001, respectively). Again, in the sub-
group analysis, it was determined that the median PCT
levels of the outpatient and inpatient groups were lower
than the patients who did not have COVID-19 infec-
tion (p=0.001 and p<0.001, respectively). On the other
hand, there was no difference in terms of NLR ratio,
MPV and PDW levels between the groups (p>0.05)
(Table 3).

It was determined that there was no relationship
between age and hematological measurements in
patient groups with and without COVID-19 infection.
While EPL was observed in 14.20% (n=25) of 176
patients who had COVID-19 infection, this rate was
determined as 9.40% (n=11) in 117 patients who did

Table 2. The effect of COVID-19 infection on hematological parameters in all cases (n=234) and in patients whose pregnancy ended with ear-

ly pregnancy loss (n=36).

Total study group

COVID (+)
(n=117)

CoVID (-)
(n=117)

WBC 6570 (2470-13.710) 8920 (5040-14.650) <0.001*
Lymphocyte 1360 (220-4170) 2010 (640-4080) <0.001*
NLR 3.17 (0.44-28.73) 3.10(0.98-11.61) 0.554*
PLR 160.95 (73.62-1068.18) 132.42 (69.77-339.06) <0.001*
MPV 10.20 (7.5-13.6) 10.20 (8.1-13.3) 0.826*
PDW 11.40 (8.4-22.4) 11.50 (8.2-17.3) 0.914*
PCT 0.23 (0.03-0.38) 0.27 (0.16-0.49) <0.001*

Early pregnancy loss group

COVID (+) COVID ()
(n=25) (n=11)
WBC 6912.80+2202.33 8603.64+2373.38 0.046"
Lymphocyte 1350 (300-4170) 2150 (1470-2830) <0.001*
NLR 4.07 (1.32-28.73) 2.17 (1.74-4.35) 0.054*
PLR 160.95 (73.62-670) 134.36 (87.5-214.97) 0.038*
MPV 10.2 (9.2-13.6) 11 (9.5-11.4) 0.068*
PDW 11.3(9.2-22.4) 12.9 (10.1-16.4) 0.068*
PCT 0.23 (0.03-0.38) 0.29 (0.22-0.43) 0.004*

Data were reported as median (minimum-maximum). *Mann-Whitney U test, Tindependent sample t-test. MPV: mean platelet volume; NLR: neutrophil-to-lympho-
cyte ratio; PCT: plateletcrit; PDW: platelet distribution width; PLR: platelet-lymphocyte ratio; WBC: white blood cell.
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Table 3. Relationship between disease severity and hematological parameters.

COVID (+)

COVID (-) Outpatient Inpatient

(n=117) (n=62) (n=55)
WBC 8920 (5040-14.650) 6640 (2470-11.950) 6140 (2950-13.710) <0.001
Lymphocyte 2010 (640-4080) 1520 (220-3210) 1260 (300-4170) <0.001
NLR 3.10(0.98-11.61) 2.98 (0.69-26.84) 3.42 (0.44-28.73) 0.392
PLR 132.42 (69.77-339.06) 153.77 (79.66-1068.18) 176.55 (73.62-709.09) <0.001
MPV 10.20 (8.1-13.3) 10.3 (8.8-13.6) 10.1 (7.5-12.5) 0.570
PDW 11.50 (8.2-17.3) 11.35 (8.9-22.4) 11.6 8.4-17.1) 0.991
PCT 0.27 (0.16-0.49) 0.24 (0.03-0.37) 0.23 (0.1-0.38) <0.001

Data were reported as median (minimum-maximum). *Kruskal-Wallis test. MPV: mean platelet volume; NLR: neutrophil-to-lymphocyte ratio; PCT: plateletcrit; PDW:

platelet distribution width; PLR: platelet-lymphocyte ratio; WBC: white blood cell.

not have COVID-19 infection. No statistically signifi-
cant difference was observed between the groups regard-
ing EPL rates (p=0.220).

Discussion

With the identification of the first cases in December
2019, the COVID-19 pandemic has affected the whole
world as the first case in Turkey was announced on
March 11, 2020."" The effect of this infection on preg-
nant women contains many uncertainties." We pre-
dicted that there might be an increase in the risk of
EPL as a result of the inflammatory process caused by
SARS-Cov-2 infection. There are case reports in the
literature reporting pregnancy loss before the 20 weeks
of gestation during COVID-19 infection.*"""*"
However, studies on a large patient population in early
weeks of gestation are limited.”" The studies conduct-
ed mostly cover the 3rd trimester pregnant women.
Unlike other studies in the literature, our study only
included patients at an early gestation.

Hassanipour et al. reported a significant increase in
neutrophil ratio in patients infected with SARS-Cov-2."”
It has also been reported in many studies that increased
NLR during SARS-Cov-2 infection is associated with
poor prognosis.”* In our study, although there was a
slight increase in NLR rates in the inpatient group com-
pared to the control group, we observed no significant
increase in this parameter. This increase was more pro-
nounced in the group of patients with COVID-19 infec-
tion whose pregnancy ended with EPL, even if the dif-
ference did not reach a statistically significant level.

176 Perinatal Journal

Erol Kog et al. evaluated hematological parameters
and pregnancy outcomes in pregnant women with
COVID-19 infection. While there was no difference
between obstetric and neonatal outcomes, NLR was
found to be high, and PCT was found to be low in
COVID-19 infection group.”” In our study, there was
no difference in NLR values between the groups, but
similarly, PCT values were low in the COVID (+)
patient group.

It has been shown that the lymphocyte count and
NLR ratio at the time of admission is related to the sever-
ity of the disease.”” While no difference was observed in
NLR rates in our study group, it was observed that lym-
phopenia became more pronounced with disease severi-
ty. We observed that lymphopenia is a prominent labora-
tory finding, especially in the inpatient group.

As in a very recently published study, there was no
significant difference in NLR rates in the COVID-19
group as in our study, but PLR was found to be signif-
icantly higher in the COVID-19 infection group.”” In
addition, we observed that the PLR value increased
with the severity of the infection. This increase was
also found in patients who had EPL.

In a multicenter study, the frequency of EPL in the
patient group diagnosed with COVID-19 was reported
2.3%."" Whereas in a prospective study, the frequency
of spontaneous abortion was reported 6.1%."" With
the progression of the pandemic, a recent review
reported the overall miscarriage rate in pregnant
women with COVID-19 15.3%. Based on the studies
in the literature, it was stated that COVID-19 infection



The effect of COVID-19 infection on hematological parameters and early pregnancy loss

does not increase the risk of EPL."" In our study, the
EPL rate was 14.2% in the COVID-19 infection
group, while it was 9.4% in the control group.

Strengths of our study: Mostly late 2nd trimester
and 3rd trimester pregnant women were included in
the studies evaluating the effect of COVID-19 infec-
tion on maternal and neonatal outcomes. The current
study differs from previous studies in the literature by
evaluating the impact of COVID-19 infection directly
on the risk of EPL.

The main limitations is related to the lack of corre-
lation with the clinical context. Regarding the severity
of the disease, there was no hospital record of the
symptoms and vital signs of the patients who were
admitted to the hospital due to COVID-19 infection.
In addition, the number of patients in our study was
not large enough to make a general conclusion about
the impact of COVID-19 infection on the rate of EPL.

Conclusion

Increased PLR, lymphopenia and low PCT values were
observed in pregnant women who had COVID-19
infection under 20 weeks of gestation. We have also
demonstrated in this study that COVID-19 infection
observed in early pregnancy causes a slight increase in
EPL rates, though this did not reach a statistical signifi-
cance, likely due to the small sample size. The causes of
the EPL is difficult to ascertain before COVID-19.
Further, larger studies are needed to determine the rela-
tionship between COVID-19 and EPL.
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