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Abstract: Background: During viral outbreaks, pregnancy poses an increased risk of infection
for women. Methods: In a prospective study, all patients admitted for delivery at term to Elena
Doamna Obstetrics and Gynecology University Hospital in Iasi, Romania, between 1 April 2020 and
31 December 2020 were included. There were 457 patients, divided into two groups: group 1, SARS-
CoV-2-positive patients (n = 46) and group 2, SARS-CoV-2-negative patients (n = 411). Among other
tests, complete blood count was determined upon admittance, and the following values were studied:
white blood cell count, lymphocytes, neutrophils, red blood cell count, hemoglobin, mean corpuscular
hemoglobin concentration, mean corpuscular hemoglobin, mean corpuscular volume, red blood cell
distribution width, hematocrit, platelet count, mean platelet volume, platelet distribution width,
plateletcrit, and platelet large cell ratio. Results: in pregnant SARS-CoV-2-infected patients at term,
there was a significant decrease in white blood cell, neutrophil, and lymphocyte count, and an
increase in mean corpuscular hemoglobin concentration, compared to healthy pregnant women at
term, although all still within normal limits. None of the other components of the complete blood
count or fetal outcomes studied was significantly influenced by SARS-CoV-2 infection in pregnant
patients at term.

Keywords: SARS-CoV-2; pregnant patients; complete blood count; infection risk; fetal outcomes

1. Introduction

During viral outbreaks, pregnancy poses an increased risk for women due to changes
to immune function together with adaptive physiological alterations, such as increased
oxygen consumption and edema of the respiratory tract [1,2]. Pregnancy, by virtue of its
inherent physiological adaptations, would be expected to increase the risk of morbidity
associated with COVID-19, particularly owing to a relatively immunocompromised state
secondary to alterations within the body’s cell-mediated immune response and inflamma-
tory mechanisms [3,4]. Therefore, it is imperative to closely monitor laboratory parameters,
including the white blood cell count, lymphocyte count, and C-reactive protein, along
with other imaging features in computed tomography chest scans, to promptly prevent,
diagnose, and treat SARS-CoV-2 infection during pregnancy [5,6].

Diagnostics 2022, 12, 80. https://doi.org/10.3390/diagnostics12010080 https://www.mdpi.com/journal/diagnostics

https://doi.org/10.3390/diagnostics12010080
https://doi.org/10.3390/diagnostics12010080
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0002-7386-0859
https://orcid.org/0000-0002-8969-8016
https://orcid.org/0000-0001-9112-7039
https://doi.org/10.3390/diagnostics12010080
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics12010080?type=check_update&version=1


Diagnostics 2022, 12, 80 2 of 17

The white blood cell count, neutrophil count, and neutrophil-to-lymphocyte ratio
were higher in those with severe or critical illness than in those with mild or moderate
illness [7–9], but there was still no significant difference in white blood cell count,
neutrophil count, neutrophil-to-lymphocyte ratio, immunologic markers, or coagula-
tion and fibrinolysis markers between pregnant women with coronavirus and those
without [10].

Yang [11] also found no difference between pregnant SARS-Cov-2-positive and neg-
ative patients during the prenatal and postpartum period, as regards the count of white
blood cells, neutrophils, and lymphocytes, the ratio of neutrophils to lymphocytes, and the
level of C-reactive protein between the confirmed COVID-19 group and the control group,
during the prenatal and postpartum period.

However, according to Wu [5], white blood cell counts were normal or slightly higher
than normal, while the lymphocyte counts were normal or slightly lower than normal,
before delivery in patients with SARS-Cov-2 infection, while, according to Sun [12], preg-
nant COVID-19 patients showed significantly lower numbers of blood lymphocytes and
higher numbers of neutrophils compared to healthy pregnant patients. However, Vakili [13]
reported leukocytosis and an elevated neutrophil ratio in pregnant COVID-19-positive
women. On the other hand, according to Areia [14], pregnant women with COVID-19 only
differ from other pregnant women by their lower WBC count.

On the other hand, few studies have focused on the red blood cells’ role in SARS-CoV-2
infection. Bergamaschi [15] reported anemia in 61% of patients, mostly mild and due to
inflammation, with lower hemoglobin in female patients. The hemoglobin concentration
was influenced by red blood cell distribution width, age, lactate dehydrogenase, and the
ratio of arterial partial oxygen pressure to inspired oxygen fraction. However, there have
been no studies regarding red blood cells in SARS-CoV-2-positive pregnant patients at term
so far.

Since the symptoms may be reminiscent of HELLP (hemolysis, elevated liver enzymes,
low platelet count) syndrome, the evaluation of platelet count in all pregnant patients
presenting with COVID-19, as per International Society on Thrombosis and Hemostasis
(ISTH) guidance, is paramount for appropriate diagnosis and management [1].

Due to the lack of consensus between different studies and the relatively low number
of studies regarding pregnant patients at term, the aim of this study was to determine any
correlation between the presence of SARS-CoV-2 infection in pregnant patients at term and
their complete blood count.

2. Materials and Methods

In a prospective study, all patients admitted for delivery at term to Elena Doamna
Obstetrics and Gynecology University Hospital in Iasi, Romania, between 1 April 2020
(when we were designated a COVID-19 support hospital) and 31 December 2020 were
included. Inclusion criteria: patients who delivered at term in our hospital whose blood
analyses before delivery were performed in our hospital. Exclusion criteria: patients who
had systemic inflammation (rheumatoid arthritis, sarcoidosis) and patients with blood
diseases (leukemia) were excluded from the study. The remaining 457 patients were
divided into two groups: group (1) SARS-CoV-2-positive patients (n = 46), and group (2)
SARS-CoV-2-negative patients (n = 411). Except for the patients who came from another
hospital or from a quarantine zone, with a SARS-CoV-2-positive RT-PCR (real-time
polymerase chain reaction) test within the last 14 days, all the other patients were RT-
PCR tested upon arrival (Appendix A), kept or delivered separately in an intermediate
zone, and based on the RT-PCR result they were admitted to the specialized SARS-CoV-
2-positive patients’ area or to the SARS-CoV-2-negative patients’ area. Among other
tests, complete blood count was determined upon admittance with MAN-HEMATO
Laboratory Equipment. The complete blood count values studied were: WBC (white
blood cell count), LYM (lymphocytes), MID (leukocytes, other than lymphocytes and
granulocytes, that are in a specific size range), NEUT (neutrophils), RBC (red blood cell
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count), HGB (hemoglobin), MCHC (mean corpuscular hemoglobin concentration), MCH
(mean corpuscular hemoglobin), MCV (mean corpuscular volume), RDW (red blood
cell distribution width, with two types: RDW-CV and RDW-SD), HCT (hematocrit),
PLT (platelet count), MPV (mean platelet volume), PDW (platelet distribution width),
PCT (plateletcrit), and P-LCR (platelet large cell ratio). COVID-19 cases are reported
to be mild (no pneumonia or mild pneumonia), severe (dyspnea, respiratory frequency
≥30 breaths/min, oxygen saturation [SpO2] ≤ 93%, a ratio of arterial partial pressure of
oxygen to fraction of inspired oxygen [PaO2/FiO2] < 300 mm Hg, and/or lung infiltrates
>50% within 24 to 48 h), and critical (defined as respiratory failure, septic shock, and/or
multiorgan dysfunction or failure) [16–18]. We only reported one patient with cough
and moderate shortness of breath; all the other patients had no symptoms; therefore,
we classified them as mild forms. Since all patients had a mild form of COVID-19, no
analysis could be performed to evaluate the results associated with the severity of the
disease. As stated above, except for the patients who came from another hospital or from
a quarantine zone with a SARS-CoV-2-positive RT-PCR (real-time polymerase chain
reaction) test within the last 14 days, all the other patients were RT-PCR tested upon
arrival. Most patients were detected as positive at the RT-PCR test upon arrival; the
mean and median values of days of PCR positive before arrival were 2.61 (±3.62) and
1.00 (0.00, 6.00), respectively.

Patients’ age was 17–38 years old in group 1 (positive) and 15–45 years old in group 2
(negative). Mean age, parity, and gestation number were not significantly different between
the two groups (p = 0.156, 0.441, and 0.143, respectively) (Table 1).

Table 1. Patient characteristics: mean values (and standard deviation) on the upper line and median
values (quartile 1, quartile 2) on the lower line of each value below.

Pregnant Patients at Term SARS-CoV-2
Positive

SARS-CoV-2
Negative

Significance,
p

Age (years) 27.83 (±5.28) 26.76 (±6.27)
0.15628 (23, 32) 27 (22, 31)

Gestation (number)
2.28 (±1.3) 2.56 (±1.86)

0.4412 (1, 3) 2 (1, 3)

Parity (number) 1.87 (±1.14) 2.15 (±1.43)
0.1432 (1, 3) 2 (1, 3)

Written informed consent was obtained from all patients. Research Ethics Committee
Approval from the Elena Doamna University Hospital was obtained for this study (Number
4/2 April 2020).

Statistical analysis was performed with SPSS version 18 software (PASW Statistics for
Windows, Chicago: SPSS Inc., Chicago, IL, USA). For descriptive measures, we computed
the mean, standard deviation, median, and quartiles 1 and 3 (because the variables follow a
non-normal distribution). Therefore, to compare the data, a nonparametric Mann–Whitney
U test was applied. Standard cutoff significance p = 0.05 was used to assess the validity of
the hypothesis.

3. Results
3.1. Complete Blood Count

Median and mean values of the complete blood count in the pregnant SARS-CoV-2-
positive and negative patients at term are shown in Table 2.
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Table 2. Patient characteristics: mean values (and standard deviation) on the upper line, and median
values (quartile 1, quartile 2) on the lower line of each value below, in pregnant SARS-Cov-2-positive
patients at term compared to pregnant SARS-CoV-2-negative patients at term.

Median Blood
Values (Mean

Values)

Pregnant SARS-CoV-
2-Positive Patients at

Term

Pregnant SARS-CoV-
2-Negative

Patients at Term
Significance, p

WBC
8.34 (±3.30) 10.77 (±2.60)

0.0009.60 (7.11, 10.99) 11.07 (9.27, 12.79)

LYM
2.06 (±0.56) 2.59 (±0.69)

0.0002.16 (1.64, 3.00) 2.64 (1.67, 4.14)

MID
1.99 (±1.20) 2.03 (±1.12)

0.5682.19 (1.34, 2.83) 2.25 (1.48, 2.83)

NEUT
4.86 (±2.42) 5.96 (±1.88)

0.0005.25 (3.67, 6.05) 6.17 (4.87, 7.32)

RBC
4.17 (±0.41) 4.14 (±0.35)

0.5544.1 (3.96, 4.42) 4.14 (3.91, 4.35)

HGB
11.60 (±1.17) 11.70 (±1.16)

0.43611.87 (10.90, 12.85) 11.63 (10.90, 12.40)

MCHC
355.35 (±14.71) 349.68 (±16.55)

0.022351.86 (345.58, 359.06) 346.08 (337.21, 357.96)

MCH
28.52 (±1.89) 28.31 (±19.10)

0.73328.36 (26.89, 29.80) 29.59 (26.54, 29.99)

MCV
80.44 (±5.13) 81.24 (±5.79)

0.21580.45 (77.20, 83.09) 81.22 (77.93, 84.85)

RDW-CV
14.54 (±1.28) 14.47 (±1.72)

0.86914.57 (13.70, 15.43) 14.68 (13.60, 15.47)

RDW-SD
43.70 (±1.55) 43.57 (±3.11)

0.75543.74 (42.68, 44.77) 43.63 (42.53, 44,78)

HCT
33.76 (±3.07) 33.73 (±2.94)

0.92433.75 (31.21, 36.11) 33.61 (31.66, 35.49)

PLT
265.50 (±65.86) 257 (±59.70)

0.865267.39 (219, 295) 264.1 (224, 299)

MPV
8.05 (±1.15) 8.06 (±1.26)

0.8058.32 (7.66, 8.67) 8.35 (7.56, 8.78)

PDW
16.98 (±2.70) 16.97 (±3.17)

0.80416.59 (15.10, 18.41) 16.63 (14.79, 18.77)

PCT
0.22 (±0.05) 0.21 (±0.05)

0.5880.21 (0.19, 0.26) 0.21 (0.18, 0.25)

P-LCR
22.97 (±7.24) 22.71 (±8.11)

0.84024.52 (19.22, 27.22) 24.61 (19.17, 28.76)
WBC = white blood cell count, LYM = lymphocytes, MID = leukocytes, other than lymphocytes and granulo-
cytes, that are in a specific size range, NEUT = neutrophils, RBC = red blood cell count, HGB = hemoglobin,
MCHC = mean corpuscular hemoglobin concentration, MCH = mean corpuscular hemoglobin, MCV = mean cor-
puscular volume, RDW = red blood cell distribution width, with two types (RDW-CV and RDW-SD), HCT = hema-
tocrit, PLT = platelet count, MPV = mean platelet volume, PDW = platelet distribution width, PCT = plateletcrit,
P-LCR = platelet large cell ratio.

We analyzed these values in regards to age, gestation, and parity, in order to determine
whether there was any correlation between a particular age group or gestation number or
parity number and more accentuated alterations of the complete blood count values.

3.2. WBC Increased over Normal Limits Regarding Age

The number and percentage of pregnant SARS-CoV-2-positive and negative patients
with a WBC over the normal limits (10 × 109/L in Romania) at term in different age groups
is shown in Table 3. There was no patient with a WBC under the normal limits (leukopenia).
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Table 3. Number and percentage of pregnant SARS-CoV-2-positive and negative patients with a
WBC over the normal limits at term by age group.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Age (years) Increased WBC Normal WBC Increased WBC Normal WBC

≤19
0 2 38 14

(0%) (100%) (73.07%) (26.92%)

20–24
7 3 69 44

(70%) (30%) (61.06%) (38.93%)

25–29
6 5 71 36

(54.54%) (45.45%) (66.35%) (33.64%)

30–34
4 15 63 25

(21.05%) (78.94%) (71.59%) (28.40%)

35–39
0 2 15 22

(0%) (100%) (40.54%) (59.45%)

≥40
0 0 5 6

(0%) (0%) (45.45%) (54.54%)

TOTAL
17 27 261 147

(38.63%) (61.36%) (63.97%) (36.02%)

There were two pregnant patients in the SARS-CoV-2-positive group and three in the
SARS-CoV-2-negative patients’ group whose WBC data before delivery were unknown.

3.3. WBC Increased over Normal Limits Regarding Gestation Number

Number and percentage of patients with WBC increased over normal limits (10 × 109/L
in Romania) in pregnant SARS-CoV-2 positive and negative patients at term regarding the
gestation number (Table 4), and parity (Table 5) is shown below:

Table 4. Number and percentage of pregnant SARS-CoV-2-positive and negative patients with WBC
increased over normal limits at term regarding gestation numbers.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Gestation Increased WBC Normal WBC Increased WBC Normal WBC

1
9 6 93 31

60% 40% 75% 25%

2
5 10 77 60

33.33% 66.66% 56.20% 43.79%

3
2 3 40 31

40% 60% 56.33% 43.66%

4
1 3 16 13

25% 75% 55.17% 44.82%

5
0 4 12 6

0% 100% 66.66% 33.33%

6
0 1 10 2

0% 100% 83.33% 16.66%

7
0 0 5 2

0% 0% 71.42% 28.57%

8
0 0 4 0

0% 0% 100% 0%

9
0 0 2 0

0% 0% 100% 0%
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Table 4. Cont.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Gestation Increased WBC Normal WBC Increased WBC Normal WBC

11
0 0 0 1

0% 0% 0% 100%

12
0 0 1 1

0% 0% 50% 50%

15
0 0 1 0

0% 0% 100% 0%

TOTAL
17 27 261 147

38.63% 61.36% 63.97% 36.02%
There were no 10, 13, or 14 gestation patients in the groups we studied. There were two pregnant patients in the
SARS-CoV-2-positive patient group and three in the SARS-CoV-2-negative patient group whose WBC data before
delivery were unknown.

Table 5. Number and percentage of pregnant SARS-CoV-2-positive and negative patients with a
WBC over normal limits at term regarding parity.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Parity Increased WBC Normal WBC Increased WBC Normal WBC

1
11 8 112 38

57.89% 42.10% 74.66% 25.33%

2
5 13 86 63

27.77% 72.22% 57.71% 42.28%

3
0 2 32 34

0% 100% 48.48% 51.51%

4
1 2 12 5

33.33% 66.66% 70.58% 29.41%

5
0 1 7 3

0% 100% 70% 30%

6
0 1 5 1

0% 100% 83.33% 16.66%

7
0 0 3 1

0% 0% 75% 25%

8
0 0 3 2

0% 0% 60% 40%

9
0 0 0 0

0% 0% 100% 0%

11
0 0 0 1

0% 0% 0% 100%

12
0 0 1 0

0% 0% 100% 0%

15
0 0 0 0

0% 0% 100% 0%

TOTAL
17 27 261 147

38.63% 61.36% 63.97% 36.02%
There were no 10, 13, 14, or 15 parity patients in the groups we studied. There were two pregnant patients in the
SARS-CoV-2-positive patient group and three in the SARS-CoV-2-negative patient group whose WBC data before
delivery were unknown.

3.4. Lymphopenia and Lymphocytosis

Although reported frequently in SARS-CoV-2 infection, lymphopenia, represented
by the number of lymphocytes under 1000/µL, was visible in only one of our patients:
a 30-year-old belonging to the SARS-CoV-2-negative group. No patient in the study
group had lymphopenia. However, we noticed that many patients had a lower number
of lymphocytes, under 2000/µL. Considering this limit, we studied how many patients
in both groups had lower than half the normal number of lymphocytes (normal values
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being considered 1000–4000/µL), but still within the normal ranges, and how many had
lymphocytosis (over 4000/µL), in terms of the age group (Table 6), gestation number
(Table 7), and parity number (Table 8). The one lymphopenia patient was included in these
tables in the “decreased LYM” category of patients.

Table 6. Number and percentage of pregnant patients with a normal, increased, and decreased
number of lymphocytes in regards to age.

KERRYPNX Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Age
(Years)

Decrease
LYM

Normal
LYM

Increased
LYM

Decreased
LYM

Normal
LYM

Increased
LYM

≤19
1 1 0 6 41 5

50% 50% 0% 11.53% 78.84% 9.61%

20–24
1 9 0 17 92 4

10% 90% 0% 15.04% 81.41% 3.53%

25–29
4 7 0 15 91 1

36.36% 63.63% 0% 14.01% 85.04% 0.93%

30–34
6 10 0 15 68 5

37.5% 62.5% 0% 17.04% 77.27% 5.68%

35–39
3 2 0 15 21 1

60% 40% 0% 40.54% 56.75% 2.70%

≥40
0 0 0 4 7 0

0% 0% 0% 36.36% 63.63% 0%

TOTAL
15 29 0 72 320 16

34.09% 65.90% 0% 17.64% 78.43% 3.92%
Decreased = lower than 2000/µL—that is, in the lower half of normal values, not lymphopenia. The only pregnant
lymphopenia patient was 19-years-old, had 790/µL lymphocytes, belonged to the SARS-CoV-2-negative group,
and was included with the decreased number of lymphocytes patients. There were two pregnant patients, aged 22
and 25 years old, in the SARS-CoV-2-positive patient group and three, aged 28, 28, and 32 years old, respectively,
in the SARS-CoV-2-negative patient group whose lymphocyte data before delivery were unknown.

Table 7. Number and percent of pregnant patients with a normal, increased, and decreased number
of lymphocytes, as regards gestation.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Gestation Decreased
LYM

Normal
LYM

Increased
LYM

Decreased
LYM

Normal
LYM

Increased
LYM

1
3 12 0 16 97 8

20% 80% 0% 13.22% 80.16% 6.61%

2
6 9 0 26 108 4

40% 60% 0% 18.84% 78.26% 2.89%

3
2 3 0 18 49 3

40% 60% 0% 25.71% 70% 4.28%

4
2 2 0 5 26 0

50% 50% 0% 16.12% 83.87% 0%

5
2 2 0 3 16 0

50% 50% 0% 15.78% 84.21% 0%

6
0 1 0 1 11 0

0% 100% 0% 8.33% 91.66% 0%

7
0 0 0 1 6 0

0% 0% 0% 14.28% 85.71% 0%
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Table 7. Cont.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Gestation Decreased
LYM

Normal
LYM

Increased
LYM

Decreased
LYM

Normal
LYM

Increased
LYM

8
0 0 0 0 3 1

0% 0% 0% 0% 75% 25%

9
0 0 0 1 1 0

0% 0% 0% 50% 50% 0%

11
0 0 0 1 0 0

0% 0% 0% 100% 0% 0%

12
0 0 0 0 2 0

0% 0% 0% 0% 100% 0%

15
0 0 0 0 1 0

0% 0% 0% 0% 100% 0%

TOTAL
15 29 0 72 320 16

34.09% 65.90% 0% 17.64% 78.43% 3.92%
Decreased = lower than 2000/µL—that is, in the lower half of normal values, not lymphopenia. The only pregnant
lymphopenia patient, gesta 6, had 790/µL lymphocytes, belonged to th SARS-CoV-2-negative group, and was
included in the decreased number of lymphocytes group. There were two pregnant patients, gesta 1 and gesta
2, in the SARS-CoV-2-positive group and three, gesta 1, gesta 1, and gesta 4, in the SARS-CoV-2-negative group
whose lymphocyte data before delivery were unknown.

Table 8. Number and percent of pregnant patients with a normal, increased, and decreased number
of lymphocytes, as regards parity.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Parity Decreased
LYM

Normal
LYM

Increased
LYM

Decreased
LYM

Normal
LYM

Increased
LYM

1
4 15 0 21 120 9

21.05% 78.94% 0% 14% 80% 6%

2
7 11 0 25 119 5

38.88% 61.11% 0% 16.77% 79.86% 3.35%

3
2 0 0 20 45 1

100% 60% 0% 30.30% 68.18% 1.51%

4
1 2 0 1 16 0

33.33% 66.66% 0% 5.88% 94.11% 0%

5
1 0 0 1 9 0

100% 0% 0% 10% 90% 0%

6
0 1 0 1 5 0

0% 100% 0% 16.66% 83.33% 0%

7
0 0 0 1 2 1

0% 0% 0% 25% 50% 25%

8
0 0 0 2 3 0

0% 0% 0% 40% 60% 0%

9
0 0 0 0 0 0

0% 0% 0% 0% 0% 0%

11
0 0 0 0 0 0

0% 0% 0% 0% 0% 0%

12
0 0 0 0 1 0

0% 0% 0% 0% 100% 0%

15
0 0 0 0 0 0

0% 0% 0% 0% 0% 0%

TOTAL
15 29 0 72 320 16

34.09% 65.90% 0% 17.64% 78.43% 3.92%
Decreased = lower than 2000/µL—that is, in the lower half of normal values, not lymphopenia. The only pregnant
lymphopenia patient, para 6, had 790/µL lymphocytes, belonged to the SARS-CoV-2-negative group, and was
included in the decreased number of lymphocytes group. There were two pregnant patients, both para 1, in
the SARS-CoV-2-positive group and three, para 1, para 1, and para 4, in the SARS-CoV-2-negative group whose
lymphocyte data before delivery were unknown.
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3.5. Neutropenia and Neutrophilia

Sometimes reported in SARS-CoV-2 infection, neutropenia, as evidenced by a number
of neutrophils under 2000/µL, was visible in no patient in the study group, and in only two
patients of the control group, while neutrophilia, represented by a number of neutrophils
over 8000/µL, was detected in five patients of the study group and 63 patients of the control
group. We studied how many patients in both groups had neutropenia, how many were
in the normal range, and how many had neutrophilia by age group (Table 9), gestation
number (Table 10), and parity (Table 11).

Table 9. Number and percent of pregnant patients with a normal, increased (neutrophilia), and
decreased (neutropenia) number of neutrophils (NEUT) by age group.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Age
(years)

Decreased
NEUT

Normal
NEUT

Increased
NEUT

Decreased
NEUT

Normal
NEUT

Increased
NEUT

≤19
0 2 0 0 42 10

0% 100% 0% 0% 80.76% 19.23%

20–24
0 7 3 0 95 18

0% 70% 30% 0% 84.07% 15.92%

25–29
0 9 2 0 92 15

0% 81.81% 18.18% 0% 85.98% 14.01%

30–34
0 16 0 2 73 13

0% 100% 0% 2.27% 82.95% 14.77%

35–39
0 5 0 0 31 6

0% 100% 0% 0% 83.78% 16.21%

≥40
0 0 0 0 10 1

0% 0% 0% 0% 90.90% 9.09%

TOTAL
0 39 5 2 343 63

0% 88.63% 11.36% 0.49% 84.06% 15.44%
Decreased = neutropenia, neutrophils < 2000/µL, increased = neutrophilia, neutrophils > 8000/µL. There were
two pregnant patients, aged 22 and 25 years old, in the SARS-CoV-2-positive group and three, aged 28, 28, and 32
years old, respectively, in the SARS-CoV-2-negative group whose neutrophil count before delivery was unknown.

Table 10. Number and percentage of pregnant patients with a normal, increased, and decreased
number of neutrophils, as regards gestation.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Gestation Decreased
NEUT

Normal
NEUT

Increased
NEUT

Decreased
NEUT

Normal
NEUT

Increased
NEUT

1
0 12 3 2 98 21

0% 80% 20% 1.65% 80.99% 17.35%

2
0 14 1 0 117 21

0% 93.33% 6.66% 0% 84.78% 15.21%

3
0 5 0 0 61 9

0% 100% 0% 0% 87.14% 12.85%

4
0 3 1 0 25 6

0% 75% 25% 0% 80.64% 19.35%

5
0 4 0 0 18 1

0% 100% 0% 0% 94.73% 5.26%

6
0 1 0 0 11 1

0% 100% 0% 0% 91.66% 8.33%

7
0 0 0 0 6 1

0% 0% 0% 0% 85.71% 14.28%
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Table 10. Cont.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Gestation Decreased
NEUT

Normal
NEUT

Increased
NEUT

Decreased
NEUT

Normal
NEUT

Increased
NEUT

8
0 0 0 0 3 1

0% 0% 0% 0% 75% 25%

9
0 0 0 0 1 1

0% 0% 0% 0% 50% 50%

11
0 0 0 0 1 0

0% 0% 0% 0% 100% 0%

12
0 0 0 0 1 1

0% 0% 0% 0% 50% 50%

15
0 0 0 0 1 0

0% 0% 0% 0% 100% 0%

TOTAL
0 39 5 2 343 63

0% 88.63% 11.36% 0.49% 84.06% 15.44%
Decreased = neutropenia, neutrophils < 2000/µL, increased = neutrophilia, neutrophils > 8000/µL. There were
two pregnant patients, gesta 1 and gesta 2, in the SARS-CoV-2-positive group and three, gesta 1, gesta 1, and gesta
4, in the SARS-CoV-2-negative group whose neutrophil count before delivery was unknown.

Table 11. Number and percentage of pregnant patients with a normal, increased, and decreased
number of neutrophils (NEUT), as regards parity.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Parity Decreased
NEUT

Normal
NEUT

Increased
NEUT

Decreased
NEUT

Normal
NEUT

Increased
NEUT

1
0 15 4 2 122 26

0% 78.94% 21.05% 1.33% 81.33% 17.33%

2
0 18 0 0 126 23

0% 100% 0% 0% 84.56% 15.43%

3
0 2 0 0 59 7

0% 100% 0% 0% 89.39% 10.60%

4
0 2 1 0 15 2

0% 66.66% 33.33% 0% 88.23% 11.76%

5
0 1 0 0 10 0

0% 100% 0% 0% 100% 0%

6
0 1 0 0 5 1

0% 100% 0% 0% 83.33% 16.66%

7
0 0 0 0 2 2

0% 0% 0% 0% 50% 50%

8
0 0 0 0 4 1

0% 0% 0% 0% 80% 20%

9
0 0 0 0 0 0

0% 0% 0% 0% 0% 0%

11
0 0 0 0 0 0

0% 0% 0% 0% 0% 0%

12
0 0 0 0 0 1

0% 0% 0% 0% 0% 100%

15
0 0 0 0 0 0

0% 0% 0% 0% 0% 0%

TOTAL
0 39 5 2 343 63

0% 88.63% 11.36% 0.49% 84.06% 15.44%
Decreased = neutropenia, neutrophils < 2000/µL, increased = neutrophilia, neutrophils > 8000/µL. There were
two pregnant patients, both para 1, in the SARS-CoV-2-positive group and three, para 1, para 1, and para 4, in the
SARS-CoV-2-negative group whose neutrophil count before delivery was unknown.
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3.6. MCHC

Rarely reported in SARS-CoV-2 infection, variations of MCHC beyond normal values
(320–360 g/L) were analyzed. We studied how many patients in both groups had MCHC
values in the normal ranges and how many were below or above by age group (Table 12),
gestation number (Table 13), and parity (Table 14).

Table 12. Number and percentage of pregnant patients with normal, increased, and decreased values
of MCHC by age group.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Age
(years)

Decreased
MCHC

Normal
MCHC

Increased
MCHC

Decreased
MCHC

Normal
MCHC

Increased
MCHC

≤19
0 1 1 9 38 5

0% 50% 50% 17.30% 73.07% 9.61%

20–24
1 7 2 9 91 13

10% 70% 20% 7.96% 80.53% 11.50%

25–29
0 8 3 5 77 25

0% 72.72% 27.27% 4.67% 71.96% 23.36%

30–34
1 12 3 6 65 17

0% 80% 20% 6.81% 73.86% 19.31%

35–39
1 3 1 3 22 12

20% 60% 20% 8.10% 59.45% 32.43%

≥40
0 0 0 2 5 4

0% 0% 0% 18.18% 45.45% 36.36%

TOTAL
3 31 10 34 298 76

6.81% 70.45% 22.72% 8.33% 73.03% 18.62%
There were two pregnant patients, aged 22 and 25 years old, in the SARS-CoV-2-positive patient group and
three, aged 28, 28, and 32 years old, respectively, in the SARS-CoV-2-negative group whose MCHC values before
delivery were unknown.

Table 13. Number and percentage of pregnant patients with normal, increased, and decreased values
of MCHC, as regards gestation.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Gestation Decreased
MCHC

Normal
MCHC

Increased
MCHC

Decreased
MCHC

Normal
MCHC

Increased
MCHC

1
0 12 3 10 88 23

0% 80% 20% 8.26% 72.72% 19.00%

2
1 10 4 14 101 23

6.25% 66.66% 26.66% 10.14% 73.18% 16.66%

3
1 2 2 3 55 12

20% 40% 40% 4.28% 78.57% 17.14%

4
1 2 1 0 26 5

25% 50% 25% 0% 83.87% 16.12%

5
0 4 0 2 13 4

0% 100% 0% 10.52% 68.42% 21.05%

6
0 1 0 2 5 5

0% 100% 0% 16.66% 41.66% 41.66%

7
0 0 0 0 4 3

0% 0% 0% 0% 57.14% 42.85%

8
0 0 0 0 3 1

0% 0% 0% 0% 75% 25%



Diagnostics 2022, 12, 80 12 of 17

Table 13. Cont.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Gestation Decreased
MCHC

Normal
MCHC

Increased
MCHC

Decreased
MCHC

Normal
MCHC

Increased
MCHC

9
0 0 0 1 1 0

0% 0% 0% 50% 50% 0%

11
0 0 0 1 0 0

0% 0% 0% 100% 0% 0%

12
0 0 0 1 1 0

0% 0% 0% 50% 50% 0%

15
0 0 0 0 1 0

0% 0% 0% 0% 100% 0%

TOTAL
3 31 10 34 298 76

6.81% 70.45% 22.72% 8.33% 73.03% 18.62%
There were two pregnant patients, gesta 1 and gesta 2, in the SARS-CoV-2-positive group and three, gesta 1, gesta
1, and gesta 4, in the SARS-CoV-2-negative group whose neutrophil count before delivery was unknown.

Table 14. Number and percentage of pregnant patients with normal, increased, and decreased values
of MCHC, as regards parity.

Pregnant SARS-CoV-2-Positive
Patients at Term

Pregnant SARS-CoV-2-Negative
Patients at Term

Parity Decreased
MCHC

Normal
MCHC

Increased
MCHC

Decreased
MCHC

Normal
MCHC

Increased
MCHC

1
0 15 4 13 109 28

0% 78.94% 21.05% 8.66% 72.66% 18.66%

2
2 11 5 12 110 27

11.11% 61.11% 27.77% 8.05% 73.82% 18.12%

3
0 1 1 3 55 8

0% 50% 50% 4.54% 83.33% 12.12%

4
1 2 0 0 13 4

33.33% 66.66% 0% 0% 76.47% 23.52%

5
0 1 0 4 2 4

0% 100% 0% 40% 20% 40%

6
0 1 0 0 4 2

0% 100% 0% 0% 66.66% 33.33%

7
0 0 0 0 2 2

0% 0% 0% 0% 50% 50%

8
0 0 0 1 3 1

0% 0% 0% 20% 60% 20%

9
0 0 0 0 0 0

0% 0% 0% 0% 0% 0%

11
0 0 0 1 0 0

0% 0% 0% 100% 0% 0%

12
0 0 0 0 0 0

0% 0% 0% 0% 0% 0%

15
0 0 0 0 0 0

0% 0% 0% 0% 0% 0%

TOTAL
3 31 10 34 298 76

0% 88.63% 11.36% 0.49% 84.06% 15.44%
There were two pregnant patients, both para 1, in the SARS-CoV-2-positive group and three, para 1, para 1, and
para 4, in the SARS-CoV-2-negative group whose neutrophil count before delivery was unknown.

3.7. Neonate Outcomes

There was no significant difference between the outcomes of neonates of the two
groups (Table 15).
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Table 15. Neonate characteristics: mean values (and standard deviation) on the upper line, and
median values (quartile 1, quartile 2) on the lower line of each value below, in neonates from pregnant
SARS-Cov-2-positive patients at term compared to neonates from pregnant SARS-CoV-2-negative
patients at term.

Mothers
Neonates

SARS-CoV-2-
Positive Patients at

Term (n = 46)

SARS-CoV-2-
Negative Patients at

Term (n = 411)
p

Weight 3.37 (±0.61) 3.36 (±0.43)
0.673.42 (2.98, 3.77) 3.34 (3.06, 3.68)

Apgar score 8.28 (±0.93) 8.49 (±0.64)
0.188.00 (8.00, 9.00) 9.00 (8.00, 9.00)

Gender: male 25 (54.34%) 218 (53.04%) 0.86

3.8. Correlations

There are no correlations between any of the significantly different values of WBC,
LYM, NEUT, MCHC and the fetal outcomes (correlation coefficients > 0.05).

4. Discussion

There are a few articles regarding red blood cell values in COVID-19 patients. Lanini [19]
reported no evidence of a significant decrease in red blood cell count below normal in
survivors, with a mild, non-statistically significant anemia at the end of follow-up in non-
survivors, variations of MCV within the normal range, and RDW steady in the normal
range in survivors, with a mild, non-statistically significant anisocytosis at the end of
follow-up in non-survivors. There were no specific results for pregnant patients. We also
found no significant difference in pregnant SARS-CoV-2-positive patients compared to
negative ones, as regards RBC, HGB, MCH, MCV, RDW-CV, RDW-SD, and HCT; we found
a significant increase in MCHC (p = 0.022), although it was still within normal limits.

In healthy lungs, the oxygen molecules cross the very thin air–blood barrier and
enter the capillary blood, where they bind to hemoglobin and are distributed in the whole
body. The air–blood barrier consists of very thin components: a surfactant layer; type I
pneumocytes (a squamous cell, with very thin cytoplasm); a basement membrane of alveoli,
fused and common with the basement membrane of endothelial cells of the pulmonary
capillary; and endothelial cells (again, a squamous cell, with very thin cytoplasm) [20,21].
In the case of pulmonary infection by viruses or microbes, the inflammatory process will
cover the alveoli surface with exudate and fill the interstitial spaces between alveoli and
pulmonary capillaries with exudate. These are the stages: the excessive release of tox-
ins [22,23] by invading microorganisms generates the disruption of capillary integrity [24],
which, in turn, leads to endothelial hyperpermeability and alveolar flooding. This leads
to an accumulation of protein-rich fluid in the alveolar space, impairing gas exchange
and precipitating respiratory distress [25]; because this exudate thickens the layers to be
crossed by the oxygen molecules, fewer oxygen molecules manage to enter the pulmonary
capillaries, and fewer are transported by hemoglobin. Due to the decrease in the amount of
oxygen reaching the organs, there is an increase in the number of red blood cells and the
amount of hemoglobin in the red blood cells, a situation visible in adaptation polyglobulia
in persons living at high altitude or in chronically ill cardiac patients. This polyglobulia
occurs when the oxygen supply is strongly diminished. However, the pregnant SARS-CoV-
2-positive patients included in this study presented only a mild form of the disease, with
no respiratory symptoms, and therefore, the amount of exudate in their alveoli must have
been small or absent and the decrease in oxygen supply very small, so the body required
only a tiny adaptation, in the form of a light increase in MHCH, without the requirement
of an increase in the number of red blood cells or in the amount of hemoglobin.

The immunology of pregnancy is a highly controlled system, allowing the survival
of the fetus and simultaneously protecting the pregnant woman [26]. During normal
pregnancy, there is a significant increase in the absolute numbers of both populations of
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phagocytes [27]. In pregnant COVID-19 patients, white blood cell count and neutrophil
count and percentage were significantly higher, whereas mean lymphocyte percentage
was significantly lower compared with nonpregnant COVID-19 patients [28]. Individuals
with reduced levels of phagocytes (especially monocytes and neutrophils) are extremely
susceptible to and often struggle to recover from infection [29].

Some studies [30–32] showed that lymphopenia was the leading laboratory change
in pregnant women confirmed with Sars-CoV-2 infection. This was not true in our study:
we only found one pregnant patient at term with lymphopenia, which belonged to the
pregnant SARS-CoV-2-negative patients, while no pregnant SARS-CoV-2-positive patient
at term in our study group had lymphopenia. However, many pregnant patients had a
lymphocyte count lower than 2000/µL, which means less than half the normal amount
(normal values being considered 1000–4000/µL) number of lymphocytes, but still within the
normal range. A lymphocyte count lower than 2000/µL was found in 34.09% of pregnant
Sars-CoV-2-positive patients at term (ranging between 10% in 20–24-year-old patients
and 60% in 35–39-year-old patients), but only in 17.64% of pregnant Sars-CoV-2-negative
patients at term (ranging from 11.53% of <19-year-old patients to 40.54% of 35–39-year-old
patients). This lower lymphocyte count varied from 20% of gesta 1 to 50% of gestas 4 and 5
in pregnant Sars-CoV-2-positive patients at term and from 8.33% in gesta 6 to 100% in gesta
11 in pregnant Sars-CoV-2-negative patients at term. It also varied from 10% of paras 3 and
5 to 21% of para 1 in pregnant Sars-CoV-2-positive patients at term and from 5.88% in para
4 to 40% in para 8 in pregnant Sars-CoV-2-negative patients at term. This is according to
Wu [5], who noticed that the lymphocyte counts were normal or slightly lower than the
normal lower limit before delivery in pregnant SARS-CoV-2-infected women. In SARS-
CoV-2-infected patients with respiratory complaints, Aya [33] reported lymphocytopenia
in 45.5% and 32% of pregnant and nonpregnant patients, respectively. We reported only
one pregnant lymphocytopenia patient in the SARS-CoV-2-negative group, and none in the
pregnant SARS-CoV-2-positive patient group at term, and none of them had respiratory
complaints. Lymphopenia may be associated with moderate or severe cases of SARS-
CoV-2 infection, while our patients had only a mild form of infection and no respiratory
complaints. This would be in accordance with Berry [34], who demonstrated that, in
pregnant women who tested positive for SARS-CoV-2, significant laboratory findings
associated with increasing disease severity included decreased hemoglobin and white
blood cell count, lymphopenia, and increasing levels of inflammatory markers.

Yang [11] found that, during the prenatal and postpartum period, there was no
difference in the count of WBC, neutrophils, and lymphocytes, the ratio of neutrophils to
lymphocytes, or the level of CRP between the confirmed COVID-19 group and the control
group (p < 0.05). As we have shown above, we found a significant difference in the median
values of WBC, lymphocytes, and neutrophils between pregnant SARS-CoV-2-positive and
negative patients at term. This was confirmed by Shi [35], who, in an extensive review,
demonstrated that the most frequent abnormalities were elevated D-dimer (82%), elevated
neutrophil count (81%), elevated C-reactive protein (69%), and decreased lymphocyte count
(59%).

This study has several limitations: as other cohort studies noticed [36,37], most pa-
tients had only a mild form of infection, and so may not be representative of COVID-19
infection. Therefore, a multicentric study involving many more patients and countries
worldwide would be necessary to confirm these results. Second, serum inflammatory
markers values, such as cytokines, were not available for this study; therefore, an interest-
ing comparison/correlation between blood cell counts and serum inflammatory markers
was not performed, a correlation that might help better understand the SARS-Cov-2 in-
fection. Third, this study was performed during the initial outbreak of the SARS-CoV-2
pandemic, with the original variant of the virus circulating in 2020. However, two new
variants emerged in 2021 in Romania: the alpha variant in the spring of 2021 and the delta
variant in the summer and autumn of 2021; a comparison of the complete blood count
in pregnant patients at term between all three variants of the virus would be a necessary
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update. Fourth, these results from Romania, for these variants of the virus, may not apply
to other populations, which may be infected with other variants of the SARS-CoV-2 virus.

5. Conclusions

This study demonstrated that in pregnant SARS-CoV-2-infected patients at term, there
was a significant decrease in WBC, NEUT, and LYM and an increase in MHCH, compared
to healthy pregnant women at term, although all values were still within normal limits.
None of the other components of the complete blood count or fetal outcomes studied were
influenced by SARS-CoV-2 infection in pregnant patients at term.

Author Contributions: Conceptualization, R.C. and D.S.; methodology, R.S. and A.M.A.; software,
V.L.B.; validation, R.S.; formal analysis, V.L.B.; investigation, R.C., I.P. and M.A.; data curation, D.S.,
A.C. and M.A.; writing—original draft preparation, R.C., I.P., A.C. and V.L.B.; writing—review and
editing, D.S. and A.M.A.; visualization, D.S.; supervision, R.S.; project administration, R.S. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Research Ethics Committee of the Elena Doamna
Obstetrics and Gynecology University Hospital in Iasi (number 4 from 2 April 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: All the data are available from the corresponding author upon reason-
able request.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

The SARS-CoV-2 RT-PCR test involved harvesting the patients’ secretions from the
pharynx and nose with specialized sterile cotton swabs (one for the pharynx and one for
the nose), placing each cotton swab tip in the specialized plastic tube with conservation
media (Virosan transport medium, Sanimed International Impex), breaking off the long
wooden end of the swab at the upper level of the plastic tube, sealing both tubes, writing
the name of the patient on the cover labels of the tubes, and sending them immediately, by
ambulance, to the local Infectious Disease Hospital, which enabled the performance of the
RT-PCR testing. Results came back to the hospital’s internal e-mail address approximately
12 h later. Access to the RT-PCR results was restricted, by protocol, to the department’s
medical staff only.

References
1. Vlachodimitropoulou Koumoutsea, E.; Vivanti, A.J.; Shehata, N.; Benachi, A.; Le Gouez, A.; Desconclois, C.; Whittle, W.;

Snelgrove, J.; Malonowscki, A.K. COVID-19 and acute coagulopathy in pregnancy. J. Thromb. Haemost. 2020, 18, 1648–1652.
[CrossRef] [PubMed]

2. Syeda, S.; Baptiste, C.; Breslin, N.; Gyamfi-Bannerman, C.; Miller, R. The clinical course of COVID in pregnancy. Semin. Perinatol.
2020, 44, 151284. [CrossRef] [PubMed]

3. Kadir, R.A.; Kobayashi, T.; Iba, T.; Erez, O.; Thachil, J.; Kazi, S.; Malinowski, A.K.; Othman, M. COVID-19 coagulopathy in
pregnancy: Critical review, preliminary recommendations, and ISTH registry-Communication from the ISTH SSC for women’s
health. J. Thromb. Haemost. 2020, 18, 3086–3098. [CrossRef] [PubMed]

4. Mahajan, N.N.; Ansari, M.; Gaikwad, C.; Jadhav, P.; Tirkey, D.; Pophalkar, M.P.; Bhurke, A.V.; Modi, D.N.; Mahale, S.D.; Gajbhiye,
R.K. Impact od SARS-CoV-2 on multiple gestation pregnancy. Int. J. Gynaecol. Obstet. 2021, 152, 220–225. [CrossRef]

5. Wu, C.; Yang, W.; Wu, X.; Zhang, T.; Zhao, Y.; Ren, W.; Xia, J. Clinical manifestation and laboratory characteristics of SARS-CoV-2
infection in pregnant women. Virol. Sin. 2020, 35, 305–310. [CrossRef] [PubMed]

6. Babarinsa, I.A.; Okunoye, G.O.; Odukoya, O. Severe acute respiratory syndrome coronavirus (SARS-CoV-1) and Middle East
respiratory syndrome coronavirus (MERS) infections in pregnancy-an overview. Eur. J. Obstet. Gynecol. Reprod. Bil. 2021, 263,
171–175. [CrossRef]

http://doi.org/10.1111/jth.14856
http://www.ncbi.nlm.nih.gov/pubmed/32302459
http://doi.org/10.1016/j.semperi.2020.151284
http://www.ncbi.nlm.nih.gov/pubmed/32792262
http://doi.org/10.1111/jth.15072
http://www.ncbi.nlm.nih.gov/pubmed/32846051
http://doi.org/10.1002/ijgo.13508
http://doi.org/10.1007/s12250-020-00227-0
http://www.ncbi.nlm.nih.gov/pubmed/32314274
http://doi.org/10.1016/j.ejogrb.2021.06.020


Diagnostics 2022, 12, 80 16 of 17

7. Anurag, A.; Jha, P.K.; Kumar, A. Differential white blood cell count in the COVID-19, a cross-sectional study of 148 patients.
Diabetes Metab. Syndr. 2020, 14, 2099–2102. [CrossRef]

8. Pozdnyakova, O.; Connell, N.T.; Battinelli, E.M.; Connors, J.M.; Fell, G.; Kim, A.S. Clinical significance of CBC and WBC
morphology in the diagnosis and clinical course of COVID-19 infection. Am. J. Clin. Pathol. 2021, 155, 364–375. [CrossRef]

9. Ouyang, S.-M.; Zhu, H.-Q.; Xie, Y.-N.; Zuo, H.-M.; Rao, Y.-W.; Liu, X.-Y.; Zhong, B.; Chen, X. Temporal changes in laboratory
markers of survivors and non-survivors of adult inpatients with COVID-19. BMC Infect. Dis. 2020, 20, 952. [CrossRef]

10. Zhong, Y.; Cao, Y.; Zhong, X.; Peng, Z.; Jiang, S.; Tang, T.; Chen, H.; Li, X.; Xia, Y.; Cheng, Y.; et al. Immunity and coagulation
and fibrinolytic processes may reduce the risk of severe illness in pregnant women with coronavirus disease 2019. Am. J. Obstet.
Gynecol. 2021, 224, e391–e393. [CrossRef]

11. Yang, H.; Sun, G.; Tang, F.; Peng, M.; Gao, Y.; Peng, J.; Xie, H.; Zhao, Y.; Jin, Z. Clinical features and outcomes of pregnant women
suspected of coronavirus disease 2019. J. Infect. 2020, 81, e40–e44. [CrossRef]

12. Sun, G.; Zhang, Y.; Liao, Q.; Cheng, Y. Blood test results of pregnant COVID-19 patients: An updated case-control study. Front.
Cell Infect. Microbiol. 2020, 10, 560899. [CrossRef] [PubMed]

13. Vakili, S.; Savardashtaki, A.; Jamalnia, S.; Tabrizi, R.; Nematollahi, M.H.; Jafarinia, M.; Akbari, H. Laboratory findings of
COVID-19 infection are conflicting in different age groups and pregnant women: A literature review. Arch. Med. Res. 2020, 51,
603–607. [CrossRef] [PubMed]

14. Areja, A.L.; Mota-Pinto, A. Can immunity during pregnancy influence SARS-CoV-2 infection?—A systematic review. J. Reprod
Immunol. 2020, 142, 103215. [CrossRef]

15. Bergamaschi, G.; Borelli de Andreis, F.; Aronico, N.; Lenti, M.V.; Barteselli, C.; Merli, S.; Pellegrino, I.; Coppola, L.; Cremonte,
E.M.; Croce, G.; et al. Internal Medicine COVID-19 Collaborators. Anemia in patients with COVID-19, pathogenesis and clinical
significance. Clin. Exp. Med. 2021, 21, 239–246. [CrossRef] [PubMed]

16. Wang, C.-L.; Liu, Y.-Y.; Wu, C.-H.; Wang, C.-Y.; Wang, C.-H.; Long, C.-Y. Impact of COVID-19 on pregnancy. Int. J. Med. Sci. 2021,
18, 763–767. [CrossRef]

17. Wu, Z.; McGoogan, J.M. Characteristics of and important lessons from the coronavirus disease 2019 (COVID-19) outbreak in
China: Summary of a report of 72,314 cases form the Chinese Center for Disease Control and Prevention. JAMA 2020, 323,
1239–1242. [CrossRef]

18. Available online: https://www.covid19treatmentguidelines.nih.gov (accessed on 21 November 2021).
19. Lanini, S.; Montaldo, C.; Nicastri, E.; Vairo, F.; Agrati, C.; Petrosillo, N.; Scognamiglio, P.; Antinori, A.; Puro, V.; Di Caro, A.; et al.

COVID-19 disease- temporal analyses of complete blood count parameters over course of illness, and relationship to patient
demographics and management outcomes in survivors and non-survivors: A longitudinal descriptive cohort study. PLoS ONE
2020, 15, e0244129. [CrossRef] [PubMed]

20. Available online: http://medcell.med.yale.edu/histology/respiratory_system_lab/air-blood_barrier.php (accessed on 21 Novem-
ber 2021).

21. Simionescu, M. Cellular components of the air-blood barrier. J. Cell. Mol. Med. 2001, 5, 320–321. [CrossRef]
22. Buttenschoen, K.; Kornmann, M.; Berger, D.; Leder, G.; Beger, H.G.; Vasilescu, C. Endotoxemia and endotoxin tolerance in patients

with ARDS. Langenbeck’s Arch. Surg. 2008, 393, 473–478. [CrossRef] [PubMed]
23. Wang, T.; Yegambaram, M.; Gross, C.; Sun, X.; Lu, Q.; Wang, H.; Wu, X.; Kangath, A.; Tang, H.; Aggarwal, S.; et al. RAC1 Nitration

at Y32 IS Involved in the Air-Barrier Disruption Associated with Lipopolysaccharide-Mediated Acute Lung Injury. Redox Biol.
2021, 38, 101794. [CrossRef]

24. Daiber, A.; Chlopicki, S. Revisiting pharmacology of oxidative stress and endothelial dysfunction in cardiovascular disease:
Evidence for redox-based therapies. Free Radic. Biol. Med. 2020, 1, 31702. [CrossRef]

25. Li, X.; Ma, X. Acute respiratory failure in COVID-19, is is “typical” ARDS? Crit. Care 2020, 24, 198. [CrossRef]
26. Orefice, R. Immunology and the immunological response in pregnancy. Best Pract. Res. Clin. Obstet. Gynaecol. 2021, 76, 3–12.

[CrossRef] [PubMed]
27. Kraus, T.A.; Engel, S.M.; Sperling, R.S.; Kellerman, L.; Lo, Y.; Wallenstein, S.; Escribese, M.M.; Garrido, J.L.; Singh, T.; Loubeau,

M.; et al. Characterizing the pregnancy immune phenotype: Results of the viral immunity and pregnancy (VIP) study. J. Clin.
Immunol. 2012, 32, 300–311. [CrossRef]

28. Wang, Z.; Wang, Z.; Xiong, G. Clinical characteristics and laboratory results of pregnant women with COVID-19 in Wuhan, China.
Int. J. Gynaecol. Obstet. 2020, 150, 312–317. [CrossRef]

29. Mendes, J.; Areia, A.L.; Rodrigues-Santos, P.; Santos-Rosa, M.; Mota-Pinto, A. Innate lymphoid cells in human pregnancy. Front.
Immunol. 2020, 11, 551707. [CrossRef] [PubMed]

30. Vaezi, M.; Mirghafourvand, M.; Hemmatzadeh, S. Characteristics, clinical and laboratory data and outcomes of pregnant women
with confirmed SARS-CoV-2 infection admitted to Al-Zahra tertiary referral maternity center in Iran: A case series of 24 patients.
BMC Pregnancy Childbirth 2021, 21, 378. [CrossRef]

31. Jevtic, S.D.; Malinowski, A.K.; Othman, M.; Kadir, R.A.A. Physician experience in management of COVID-19 associated
coagulopathy in pregnancy: Communication from the ISTH SSC Subcommittee on women’s health issues in thrombosis and
hemostasis. J. Thromb. Haemost. 2021, 19, 2539–2545. [CrossRef] [PubMed]

http://doi.org/10.1016/j.dsx.2020.10.029
http://doi.org/10.1093/ajcp/aqaa231
http://doi.org/10.1186/s12879-020-05678-0
http://doi.org/10.1016/j.ajog.2020.10.032
http://doi.org/10.1016/j.jinf.2020.04.003
http://doi.org/10.3389/fcimb.2020.560899
http://www.ncbi.nlm.nih.gov/pubmed/33117727
http://doi.org/10.1016/j.arcmed.2020.06.007
http://www.ncbi.nlm.nih.gov/pubmed/32571605
http://doi.org/10.1016/j.jri.2020.103215
http://doi.org/10.1007/s10238-020-00679-4
http://www.ncbi.nlm.nih.gov/pubmed/33417082
http://doi.org/10.7150/ijms.49923
http://doi.org/10.1001/jama.2020.2648
https://www.covid19treatmentguidelines.nih.gov
http://doi.org/10.1371/journal.pone.0244129
http://www.ncbi.nlm.nih.gov/pubmed/33370366
http://medcell.med.yale.edu/histology/respiratory_system_lab/air-blood_barrier.php
http://doi.org/10.1111/j.1582-4934.2001.tb00167.x
http://doi.org/10.1007/s00423-008-0317-3
http://www.ncbi.nlm.nih.gov/pubmed/18320210
http://doi.org/10.1016/j.redox.2020.101794
http://doi.org/10.1016/j.freeradbiomed.2020.02.026
http://doi.org/10.1186/s13054-020-02911-9
http://doi.org/10.1016/j.bpobgyn.2020.07.013
http://www.ncbi.nlm.nih.gov/pubmed/33191116
http://doi.org/10.1007/s10875-011-9627-2
http://doi.org/10.1002/ijgo.13265
http://doi.org/10.3389/fimmu.2020.551707
http://www.ncbi.nlm.nih.gov/pubmed/33329512
http://doi.org/10.1186/s12884-021-03764-y
http://doi.org/10.1111/jth.15462
http://www.ncbi.nlm.nih.gov/pubmed/34260818


Diagnostics 2022, 12, 80 17 of 17

32. Hassanipour, S.; Faradonbeh, S.B.; Momeni, K.; Heidarifard, Z.; Khousousi, L.; Ameri, H.; Arab-Zozani, M. A systematic review
and meta-analysis of pregnancy and COVID-19, signs and symptoms, laboratory tests, ad perinatal outcomes. Int. J. Reprod.
Biomed. 2020, 18, 1005–1018. [CrossRef]

33. Mohr-Sasson, A.; Chayo, J.; Bart, Y.; Meyer, R.; Sivan, E.; Mazaki-Tovi, S.; Yinon, Y. Laboratory characteristics of pregnant
compared to non-pregnant women infected with SARS-CoV-2. Arch. Gynecol. Obstet. 2020, 302, 629–634. [CrossRef]

34. Berry, M.; Wang, A.; Clark, S.M.; Harirah, H.M.; Jain, S.; Olson, G.L.; Pacheco, L.D.; Saade, G.R.; Saad, A.F. Clinical stratification
of pregnant COVID-19 patients based on severity: A single academic center experience. Am. J. Perinatol. 2021, 38, 515–522.
[CrossRef] [PubMed]

35. Shi, L.; Wang, Y.; Yang, H.; Duan, G.; Wang, Y. Laboratory abnormalities in pregnant women with novel coronavirus disease 2019.
Am. J. Perinatol. 2020, 37, 1070–1073. [CrossRef] [PubMed]

36. Domenech-Montoliu, S.; Puig-Barbera, J.; Pac-Sa, M.R.; Vidal-Utrillas, P.; Latorre-Poveda, M.; Del Rio-Gonzalez, A.; Ferrando-
Rubert, S.; Ferrer-Abd, G.; Sanchez-Urbano, M.; Aparisi-Esteve, L.; et al. ABO blood groups and the incidence of complications in
COVID-19 patients: A population-based prospective cohort study. Int. J. Environ. Res. Public Health 2021, 18, 10039. [CrossRef]
[PubMed]

37. Naidu, S.A.G.; Clemens, R.A.; Pressman, P.; Zaigham, M.; Davies, K.J.A.; Naidu, A.S. COVID-19 during pregnancy and
postpartum. J. Diet. Suppl. 2020, 19, 78–114. [CrossRef] [PubMed]

http://doi.org/10.18502/ijrm.v18i12.8022
http://doi.org/10.1007/s00404-020-05655-7
http://doi.org/10.1055/s-0041-1723761
http://www.ncbi.nlm.nih.gov/pubmed/33548937
http://doi.org/10.1055/s-0040-1712181
http://www.ncbi.nlm.nih.gov/pubmed/32396949
http://doi.org/10.3390/ijerph181910039
http://www.ncbi.nlm.nih.gov/pubmed/34639344
http://doi.org/10.1080/19390211.2020.1834047
http://www.ncbi.nlm.nih.gov/pubmed/33164606

	Introduction 
	Materials and Methods 
	Results 
	Complete Blood Count 
	WBC Increased over Normal Limits Regarding Age 
	WBC Increased over Normal Limits Regarding Gestation Number 
	Lymphopenia and Lymphocytosis 
	Neutropenia and Neutrophilia 
	MCHC 
	Neonate Outcomes 
	Correlations 

	Discussion 
	Conclusions 
	Appendix A
	References

