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Abstract
BACKGROUND: Viral infections during pregnancy are associated with adverse maternal as well as fetal outcomes 
such as higher rates of miscarriage, perinatal mortality, restriction of fetal growth, and preterm delivery.

AIM: The aim of the study was to explore maternal outcomes and hematological alterations in a sample of Iraqi 
pregnant women.

PATIENTS AND METHODS: The present cross-sectional study was carried out in the Obstetric Department in 
Al Imamain Al-Kadhimain Medical City, Baghdad, Iraq, including a total of 55 full-term pregnant women who were 
grouped into 25 women with SARS-CoV-2 and 30 control pregnant women, starting from January 2021 to December 
2021. Pregnant women admitted to hospital for the purpose of delivery were routinely examined and assessed, and 
then, nasopharyngeal swab was obtained for the purpose of PCR testing for SARS-CoV-2. Then, 3 ml of venous 
blood was obtained from the antecubital vein following sterilization and the blood was transferred to the central 
hospital laboratory to do complete blood count within 24 h using the automated hematological analyzer that the 
results were then transferred into an Office Excel sheet for the future statistical analysis.

RESULTS: Among the hematological variables that were analyzed, the mean WBC count and mean lymphocyte 
count were lower in COVID-19 group to compared category and the variation was significant (p < 0.001); however, 
there was no significant difference in mean neutrophil count. There has been no significant variation in mean 
hemoglobin, mean RBC count, mean PCV, mean MCV, mean MCH, and mean RDW between control group and 
COVID-19 group (p > 0.05). Moreover, there was no significant difference in mean platelet count, mean platelet 
distribution width, and mean platelet volume (p > 0.05).

CONCLUSION: COVID-19 at time of pregnancy is accompanied by significantly lower leukocyte and lymphocyte 
count in comparison with non-infected pregnant women in addition to higher rate of cesarean section due to fetal 
distress with no significant increase in fetal or maternal mortality rates.
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Introduction

A cluster of four instances of pneumonia 
of unclear cause was reported to the “World Health 
Organization” in December 2019 in Wuhan, China [1]. 
Since then, “coronavirus disease 2019 (COVID-19),” 
which is occurred due to “severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2)” has rapidly 
extent over the world. The WHO acknowledged the 
outbreak a pandemic on March 12, 2020 [2]. To focus 
resources on COVID-19 treatment, many governments 
restricted free will of movement and limited non-
emergency health maintenance [3].

When COVID-19 pandemic became the most 
common health issue worldwide, pregnant women 
were recognized as one of the high-risk groups taking 
into consideration the possibility of increasing incidence 
of severe clinical presentation and development of 
adverse outcomes [1], [4]. “The International Federation 
of Gynecology and Obstetrics” suggested that extensive 
regular antenatal care be suspended and replaced with 
telephone or video conversation whenever applicable 

to limit transmission hazards for both health-care 
providers and pregnant women [5]. SARS-CoV-2 is a 
solitary RNA stranded capsulated virus. COVID-19’s 
immunological reaction, like that of other viruses, is 
dependent on a functioning immune structure. Infection 
by COVID-19 can cause either severe status, with 
significant fatality rates or moderate illness, in which the 
virus eliminated by immunity system [1].

On this spectrum, the status of pregnant 
women is unknown. During pregnancy, the immune 
system adjusts to let for the development of a semi 
allogenic fetus, leading to changed immunological 
reaction to infections [6]. The molecular mechanisms 
and pathophysiology of COVID-19 must be understood 
in the setting of the modified mother immune reaction 
to comprehend the COVID-19 phenotype during 
pregnancy [1]. Added to the systemic immunological 
alterations that can affect lung function during pregnancy, 
anatomical alterations in the respiratory system are also 
evident. Changes in respiratory function are caused 
by physiological changes in the chest configuration 
and diaphragm elevation caused by splinting of the 
diaphragm by the gravid uterus. Although tidal volume 
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increases by 30–40%, the decrease in the volume of 
chest causes a reduction in effective residual capacity, 
residual volumes, and end-expiratory volumes, starting 
early in gestation.

Pregnant ladies are more prone to severe 
infections of respiratory tract due to an inability to 
discharge secretions and a decrease in total lung 
capacity [7], [8]. Moreover, COVID-19 is related 
with increasing rates of thromboembolic events and 
this will add to the already existing hypercoagulable 
status of pregnancy [9], [10], [11]. Viral infections 
during pregnancy are associated with adverse 
maternal as well as fetal outcomes such as higher 
rates of perinatal death, preterm delivery, restriction 
of fetal growth, and miscarriage [1]. In view of above 
mentioned data and the rarity of Iraqi literatures 
dealing with adverse consequences of COVID-19 
in association with pregnancy, the planning and 
conduction of the present study were justified aiming 
at exploring maternal outcomes and hematological 
alterations in a sample of Iraqi pregnant women. 
Indeed, our clinical observation showed that 
pregnant women with COVID-19 suffered a 
number of obstetric as well as medical conditions 
and research work with this regard is still in its 
beginning so we want to explore the effect of having 
COVID-19 on obstetrical outcomes in additions, a 
number of the previous studies have shown some 
adverse obstetric outcomes in association with 
COVID-19 [1], [12], [13], [14], [15], [16]. One previous 
review has shown increased need for assisted 
ventilation and admission to intensive care unit [1].

Patients and Methods

Study design

The present cross-sectional study was 
carried out in the Obstetric Department in Al Imamain 
Al-Kadhimain Medical City, Baghdad, Iraq. The study 
included a total of 55 full-term pregnant women who 
were grouped into 25 women with COVID-19 according 
to the clinical manifestations and PCR results and 30 
non-infected pregnant women with no COVID-19. 
The study stared on January 2021 and extended to 
December 2021.

Methods

Evaluation of clinical features of patients’ 
groups was done. Obstetric history, age, gestational 
age, fetal, and maternal outcomes were carried out 
to both groups. Fetal outcome was assessed through 
APGAR score and rate of neonatal admission to 
intensive care unit. Maternal outcome was assessed 

through rate of admission to intensive care unit and 
needs to oxygen therapy. In addition, rate of cesarean 
section was assessed in both groups.

Pregnant women admitted to hospital for 
the purpose of delivery were routinely examined 
and assessed, and then, nasopharyngeal swab was 
obtained for the purpose of PCR testing for SARS-
CoV-2. Then, 3 ml of venous blood was obtained from 
the antecubital vein following sterilization and the blood 
was transferred to the central hospital laboratory to do 
complete blood count within 24 h using the automated 
hematological analyzer that the results were then 
transferred into an Office Excel sheet for the future 
statistical analysis.

Ethical considerations

The study was approved by the Ethical Approval 
Committee of college of medicine/Al-Nahrain University/
Baghdad and formal agreement was issued by the 
directorate of health (under the number 202202142) 
in February 2021. Written consent was obtained from 
each participant. Full illustration of the study aims and 
procedures were carried out to all participants.

Statistical analysis

Microsoft Office Excel 2010 and package for 
the social sciences version 23 were used to analysis 
of data included in the present study. Presentation of 
categorical variables was done using number and 
percentage. Quantitative variables were presented as 
mean and standard deviation or as median and inter-
quartile range based on normality distribution. The 
association between qualitative variables (mode of 
delivery, obstetric events, and admission to intensive 
care unit) was based on Chi-square test. Yates 
correction or Fischer exact test was used instead, when 
>20% of cells have expected counts of <5.

Student t-test or Mann–Whitney U test was 
used to the study difference in mean or median of 
quantitative variables, respectively, between any two 
groups based on normality distribution. When p < 0.05, 
it was considered significant.

Results

The general characteristics of pregnant women 
enrolled in the present study categorized into control 
group and COVID-19 group are shown in Table 1. Mean 
age showed no significant variation between COVID-19 
group and control group, 25.44 ± 4.54  years versus 
27.10 ± 4.92  years, respectively (p = 0.202). Mean 
gestational age also showed no significant variation 
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between COVID-19 group and control category, 36.56 
± 1.58 weeks versus 36.87 ± 1.01 weeks, respectively 
(p = 0.388). There was also no significant difference in 
mean BMI between COVID-19 group and control group 
(p = 0.199).
Table 1: General characteristics of pregnant women enrolled in 
the present study categorized into control group and COVID‑19 
group
Characteristic COVID‑19

n = 25
Control group
n = 30

p

Age (years)
Mean ± SD 25.44 ± 4.54 27.10 ± 4.92 0.202 I

†Range 18–34 19–36
Gestational age (weeks)

Mean ± SD 36.56 ± 1.58 36.87 ± 1.01 0.388 I
†Range 32–40 35–39

BMI (kg/m2)
Mean ± SD 28.56 ± 1.03 28.91 ± 0.94 0.199 I

†Range 26.9–31.2 27.6–30.9
Parity

Median (IQR) 2 (2) 3 (2) 0.097 M
NSRange 1–5 1–7

n: Number of cases, SD: Standard deviation, IQR: Inter‑quartile range, I: Independent samples t‑test, M: Mann–
Whitney U test, †: Not significant at p > 0.05

In addition, there has been no significant 
difference in median parity between COVID-19 and 
control group, 2  (2) versus 3  (2), respectively (p = 
0.097). The clinical manifestations of pregnant ladies 
with COVID-19 are demonstrated in Table 2. 
Table  2: Clinical manifestations of pregnant ladies having 
COVID‑19
Clinical manifestations N %
Asymptomatic 5 20.0
Cough 9 36.0
Fever 12 48.0
GIT symptoms 2 8.0
n: Number of cases

Asymptomatic cases accounted for 5  cases (20.0%), 
while symptomatic cases accounted for 20  cases 
(80%). Fever was the most common symptom which 
was reported in 12 cases (48.0%) and it was followed 
by cough which was seen in 9  cases (36.0%). 
Gastrointestinal symptoms in the form of nausea, 
vomiting, and diarrhea were seen in 2  cases (8.0%). 
Obstetric events contrasted between control group and 
COVID-19 group are shown in Table 3. 
Table  3: Obstetric events contrasted between control group 
and COVID‑19 group
Obstetric event COVID‑19

n = 25
Control group
n = 30

p

Leaking liquor 1 (4.0%) 0 (0.0%) 0.455 F
†

Pregnancy‑induced hypertension 2 (8.0%) 0 (0.0%) 0.202 F
†

Antepartum hemorrhage 2 (8.0%) 0 (0.0%) 0.202 F
†

Gestational diabetes mellitus 2 (8.0%) 0 (0.0%) 0.202 F
† 

n: Number of cases, F: Fischer exact test, †: Not significant at P>0.05

Leaking liquor was seen in a single case of COVID-19 
women. Pregnancy-induced hypertension, antepartum 
hemorrhage, and diabetes mellitus were seen in two 
cases of COVID-19 women for each event; however, 
the variation in these events between COVID-19 group 
and control group was not significant (p > 0.05). The 
comparison of mode of delivery between COVID-19 
group and control group is shown in Table 4. The rate 
of cesarean section was higher in COVID-19 group 
in comparison with control group, 19  (76.0%) versus 

13  (43.3%), respectively, and the difference was 
significant (p = 0.014). The risk of cesarean section 
in COVID-19 is, therefore, 4.14  times that seen in 
pregnant women without COVID-19 with a confidence 
interval of 1.29–13.31.

Maternal and fetal outcome contrasted 
between COVID-19 and control group is shown in 
Table  5. There has been no significant variation in 
mean APGAR score at 1  min and at 5  min between 
COVID-19 and control group (p > 0.05). There was 
also no significant difference in rate of admission to 
neonatal intensive care unit (p = 0.502). Nevertheless, 
admission to maternal intensive care unit and need for 
O2 therapy was limited to COVID-19 group as it was 
seen in three cases accounting for 12.0%, but from 
statistical perspective, the difference was not significant 
(p = 0.088).
Table  4: Comparison of mode of delivery between COVID‑19 
group and control group
Mode of delivery COVID‑19

n = 25
Control group
n = 30

P OR (95% CI)

Cesarean section 19 (76.0%) 13 (43.3%) 0.014 C
¥

4.14 
(1.29–13.31)Vaginal delivery 6 (24.0%) 17 (56.7%)

C: Chi‑square test, n: Number of cases, ¥: Significant at p ≤ 0.05, OR: Odds ratio, CI: Confidence interval

Hematological characteristics contrasted 
between COVID-19 and control group are demonstrated 
in Table 6. Mean WBC count and mean lymphocyte count 
were lower in COVID-19 group to compared category 
and the variation was significant (p < 0.001); however, 
there was no significant difference in mean neutrophil 
count. There has been no significant variation in mean 
hemoglobin, mean RBC count, mean PCV, mean MCV, 
mean MCH, and mean RDW between control group 
and COVID-19 group (p > 0.05). Moreover, there was 
no significant difference in mean platelet count, mean 
platelet distribution width (PDW), and mean platelet 
volume (MPV) (p > 0.05).
Table 5: Maternal and fetal outcome contrasted between 
COVID‑19 and control group
Characteristic COVID‑19

n = 25
Control group
n = 30

p

APGAR 1 min
Mean ± SD 7.20 ± 0.71 7.20 ± 0.93 1.000 I

†Range 6–8 4–8
APGAR 5 min

Mean ± SD 7.56 ± 0.65 7.73 ± 0.58 0.302 I
†Range 6–8 6–9

Admission to NICU
n (%) 4 (16.0%) 2 (6.7%) 0.502 Y

†
Maternal outcome (ICU)

n (%) 3 (12.0%) 0 (0.0%) 0.088 F
†

n: Number of cases, APGAR: Appearance, Pulse, Grimace, Activity, and Respiration, SD: Standard deviation, 
NICU: Neonatal intensive care unit, I: Independent samples t‑test, Y: Yates correction test, F: Fischer exact 
test, †: Not significant at p>0.05, ICU: intensive care unit

Discussion

In the present study, there was no significant 
difference in mean age, mean gestational age, and 
median parity between COVID-19 group and control 
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group and this is essential to avoid bias in fetal and 
maternal outcome that can be attributed to variation 
in age, gestational age, or parity. In the present study, 
asymptomatic cases accounted for 5  cases (20.0%) 
and the main symptoms were fever, cough, and 
gastrointestinal symptoms in that order of frequency. 
Indeed, it has been shown that the clinical features 
of COVID-19 during pregnancy are not significantly 
different form of general population [12].

According to Huang et  al. [13], the most 
prevalent giving signs were fever and a non-
productive cough, which matched our findings [14]. 
The obstetric events in COVID-19 group were leaking 
liquor, pregnancy-induced hypertension, antepartum 
hemorrhage, and diabetes mellitus and their rate was 
not significantly higher when compared to control 
group. In a recent meta-analysis, there was significant 
association between pre-eclampsia and severe 
COVID-19  cases  [15], and in the present study, two 
cases of pregnancy-induced hypertension in association 
with COVID-19 were reported.

Despite the fact that the ways underlying 
the link between hypertension and COVID-19 are 
unknown, researchers have discovered that the 
virus, by binding to angiotensin-converting enzyme 2 
(ACE2) receptors, can cause renin–angiotensin system 
malfunction and vasoconstriction [16]. Some authors 
have demonstrated that the infection by the virus can 
lead to a state of proinflammation which is followed 
by dysfunction of endothelium that is systemic and 

pregnancy-induced hypertension [17], [18]. In this study, 
the rate of cesarean section was higher significantly in 
COVID-19 group in comparison with control group and 
the risk of cesarean section attributed to COVID-19 is 
4.14 times. In one previous meta-analysis, it has been 
reported that COVID-19  cases with symptoms were 
associated with higher rate of cesarean sections in 
comparison with asymptomatic case and this finding 
supports our observation [15]. In the previous reports 
about pregnancy with COVID-19, in the majority of 
cases, a cesarean section was performed, and some 
authors identified fetal distress as the basis for the 
decision [19], [20], [21]. In addition, in the present study, 
there was no significant difference in adverse maternal 
or fetal outcome between control group and COVID-19 
group.

In one meta-analysis, severe COVID-19 has 
been significantly accompanied by reduced birth weight, 
preterm delivery, pregnancy associated diabetes, and 
pre-eclampsia [15] in addition, and considerable fetal 
and maternal morbidity and mortality was linked to 
COVID-19 severe cases in later meta-analysis  [15]. 
Indeed, three incidences of maternal admission to 
critical care (3%) and no definite mortalities were 
found in a prior study of 108 gravid females with 
confirmed SARS-CoV-2 infection [14]. Breslin et  al. 
observed two maternal ICU admissions involving 
mothers with increased BMI (>35) and a complex 
medical past, raising the question of whether COVID-
19 enhances the likelihood of severe morbidity in more 
risk gravidities  [22]. In the present study, mean WBC 
count and mean lymphocyte count were significantly 
less in COVID-19 category in comparison with control 
group, but, there was no significant difference in mean 
hemoglobin, platelet count, PDW, and MPV (p > 0.05). 
In line with our observation, leukopenia is prevalent in 
COVID-19 individuals and reduced lymphocyte counts 
the most common finding in laboratory tests [23], [24].

While the specific origin of reduced lymphocytes 
is unknown, it is assumed to be linked to lymphocyte 
production of “ACE2 receptors,” in which the virus uses 
to infect and destroy cells that are CD-8 and CD-4 [25]. 
On other possible cause of reduced lymphocytes count 
in the increased mastocyte synthesis by bone marrow in 
an attempt to promote process of phagocytosis and this 
is supported by the finding of Liu et al. [26]. COVID-19 
has also been found to target hemoglobin’s beta chain, 
breaking the hem and causing it to acquire the ring of 
porphyrin, and liberating iron in a free status into blood 
stream [26]. If this was accurate, COVID-19 individuals 
would have anemia or a decreased hemoglobin level.

In contrast, it has been found that the 
adjusted mean variation of hemoglobin in non-
severe patients with COVID-19 is much larger than in 
severe COVID-19 patients. The patterns of increased 
hemoglobin can be attributable to hemoconcentration 
or due to excess RBC production by bone 
marrow to reduce hypoxemia effect. The previous 

Table  6: Hematological characteristics contrasted between 
COVID‑19 and control group
Characteristic COVID‑19

n = 25
Control group
n = 30

p

Hemoglobin (g/dl)
Mean ± SD 10.48 ± 1.18 10.27 ± 1.31 0.539
Range 7.2–12.1 8.7–13.8

WBC × 109/L
Mean ± SD 6.50 ± 3.23 9.83 ± 1.44 <0.001**
Range 3.2–15.6 6.9–12.6

Lymphocyte×109/L
Mean ± SD 2.83 ± 4.06 7.05 ± 1.50 <0.001**
Range 0.5–19 2.9–11.2

PDW %
Mean ± SD 10.93 ± 3.47 11.82 ± 1.14 0.194
Range 0.38–15.9 10.4–14.2

MPV (fL)
Mean ± SD 10.12 ± 1.11 10.32 ± 1.27 0.532
Range 7.8–12.7 8.3–13.2

Platelet × 109/L
Mean ± SD 229.68 ± 109.08 209.47 ± 55.41 0.379
Range 78–513 148–343

Neutrophil count×109/L
Mean ± SD 7.38 ± 1.46 7.91 ± 0.82 0.092
Range 5.2–12.3 6.3–10.4

PCV %
Mean ± SD 33.80 ± 2.94 32.58 ± 3.89 0.204
Range 25.7–38.3 25.2–40.2

RBC × 1012/L
Mean ± SD 3.97 ± 0.28 3.82 ± 0.45 0.158
Range 3.09–4.52 2.94–4.79

MCV pg
Mean ± SD 80.55 ± 7.40 80.62 ± 6.61 0.971
Range 64–91.4 65.7–92.6

MCH g/dl
Mean ± SD 27.30 ± 3.56 25.61 ± 6.77 0.265
Range 18.8–33.3 3.04–32.8

RDW %
Mean ± SD 15.65 ± 3.10 15.08 ± 2.67 0.463
Range 12.6–25.1 11.9–22.7

n: Number of cases, SD: Standard deviation, IQR: Inter‑quartile range, **: Significant at p ≤ 0.01
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research has linked severe COVID-19 infection 
to thrombocytopenia  [27],  [28]. In the presence of 
infection, the pathogenesis of thrombocytopenia is likely 
complex, including bone marrow response, DIC, ITP, or 
consumptive coagulopathy as mentioned above [29]. 
However, in our study, mean platelet count showed no 
significant variation between control group and study 
group and this is probably to the mild presentation of 
most cases.

Limitations of the study

The most important limitation was the health 
restriction recommendations adopted during the 
COVID-19 pandemic which made the communication 
with pregnant women and sample obtaining difficult.

Conclusion

COVID-19 at time of pregnancy is accompanied 
by higher rate of cesarean section due to fetal distress 
with no significant increase in fetal or maternal mortality 
rates and the main hematological changes are reduced 
leukocyte count and lymphocyte count.
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