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A B S T R A C T   

Objective: To compare the levels of various cytokines between pregnant women with confirmed coronavirus 
disease (COVID-19) infection and pregnant women without any defined risk factor. 
Materials and Methods: Pregnant women with confirmed COVID-19 infection (study group)(n = 90) were pro
spectively compared to a gestational age-matched control group of pregnant women without any defined risk 
factors (n = 90). Demographic features, clinical characteristics, laboratory parameters, interferon-gamma (IFN 
γ), interleukin (IL-2), IL-6, IL-10, and IL-17 levels were compared between the groups. Additionally, a correlation 
analysis was performed in the study group for the assessment of IFN γ, IL-2, IL-6, IL-10, and IL-17 levels with 
disease severity and CRP levels. 
Results: Study group had significantly higher pregnancy complication rate, erythrocyte sedimentation rate, C- 
reactive protein, procalcitonin, ferritin, D-dimer, lactate dehydrogenase, IFN γ, and IL-6 values (p < 0.05). On the 
other hand, the control group had significantly higher hemoglobin, leukocyte, platelet, lymphocyte, IL-2, IL-10, 
and IL-17 values (p < 0.05). Statistically significant differences were found between the groups for IFN γ, IL-2, IL- 
10, and IL-17 values between the trimesters (p < 0.05). Statistically significant positive correlations were found 
for IFN γ and IL-6 with disease severity (r = 0.41 and p < 0.001 for IFN γ and r = 0.58 and p < 0.001 for IL-6). On 
the other hand, a moderate negative correlation for IL-2 and a weak negative correlation for IL-10 were present 
(r = -0.62 and p < 0.001 for IL-2 and r = -0.19 and p = 0.01 for IL-10). A statistically significant positive 
moderate correlation was found between IL-6 and CRP (r = 0.40 and p < 0.001) 
Conclusion: COVID-19 infection seems to have an impact on the cytokine profile of pregnant women varying 
according to pregnancy trimesters and cytokine levels seem to be correlated with disease severity.   

1. Introduction 

Coronavirus disease 2019 (COVID-2019) has been at the center of 
the world’s attention for almost a year [1]. It has prominent social, 
economical, and psychological effects on the majority of people besides 
being a mortal disease [2]. Health-care authorities are anxious about 
controlling this highly contagious disease. Concerns are even greater 
regarding pregnant women, who are particularly vulnerable to in
fections. Although researchers all over the globe have been working on 

this novel viral infection to find an effective treatment modality or 
vaccine, not much progress has been achieved so far [3,4]. For this 
reason, immunology-based studies enlighting the possible pathophysi
ological mechanisms of COVID-19 infection may be useful to establish 
more efficient management protocols. 

Increased levels of inflammatory cytokines and excessive activation 
of T lymphocytes, macrophages, and endothelial cells called ’’cytokine 
storm’’ were observed in severe COVID-19 cases. Interferon-gamma 
(IFN γ), interleukin 6 (IL-6), tumor necrosis factor-alpha (TNF-a), IL- 
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10, IL-1, IL-5, IL-8, IL-10, and granulocyte–macrophage colony- 
stimulating factor (GM-CSF) were reported to be the main mediators 
behind cytokine storm [5,6]. Thus, evaluation of cytokine profiles in 
COVID-19 patients has attracted many researchers and many studies 
have been conducted on this issue [7–9]. Cytokine levels were used for 
the assessment of disease severity, survival, and treatment response in 
the previous studies [10,11]. However, our knowledge is limited 
regarding the cytokine levels in pregnant women. As pregnancy is 
characterized by significant unique immunological changes, cytokine 
profile studies focusing on this particular population are very important 
for potential clinical implications [12,13]. 

This study aims to compare the levels of various cytokines between 
pregnant women with confirmed COVID-19 infection and pregnant 
women without any defined risk factor. 

2. Materials and Methods 

The present prospective case-control study included pregnant 
women admitted to the Department of Obstetrics and Gynecology, 
Turkish Ministry of Health Ankara City Hospital between June 1, 2020 
and August 30, 2020. Pregnant women with confirmed COVID-19 
infection (study group) were compared to a gestational age-matched 
control group of pregnant women without any defined risk factors. All 
consecutive cases who gave the required informed consent for partici
pating in the study were included. The study protocol was approved by 
both the Turkish Ministry of Health and the institutional ethics com
mittee (E1-20–1008). 

Turkish Ministry of Health Ankara City Hospital is the largest 
pandemic center in the region dealing with all types of COVID-19 pa
tients including pregnant women [14]. All pregnant COVID-19 cases are 
managed within the framework of a special antenatal care program 
conducted by a special multidisciplinary team consisted of perinatolo
gists, obstetricians, infectious diseases specialists, and neonatologists 
[14]. 

Confirmation of Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection was made by positive results on real-time po
lymerase chain reaction (RT-PCR) assays of nasopharyngeal and 
oropharyngeal specimens [15]. The severity of COVID-19 infection was 
made according to current guidelines [16,17]. Blood samples were 
collected from the participants along with the initial laboratory tests 
upon their first admission to the hospital. 

In the first part of the study, maternal age, gravidity, parity, body- 
mass index (BMI), gestational age at hospital admission, pregnancy 
complications, hemoglobin (Hb), leukocyte, platelet, lymphocyte 
counts, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), 
procalcitonin, ferritin, D-dimer, lactate dehydrogenase (LDH), neutro
phil to lymphocyte ratio (NLR), IFN γ, IL-2, IL-6, IL-10, and IL-17 levels 
were compared between the groups. Thereafter, IFN γ, IL-2, IL-6, IL-10, 
and IL-17 levels were compared between the groups for each trimester. 
Finally, a correlation analysis was performed in the study group for the 
assessment of IFN γ, IL-2, IL-6, IL-10, and IL-17 levels with disease 
severity and CRP levels. IL-2, IL-6, IL-10, IL-17, and IFN γ levels were 
measured with commercially ELISA kits according to kit datasheet 
(eBioscience, Thermo Fisher Scientific USA). 

Statistical analyses were performed by Statistical Package for the 
Social Sciences (SPSS.22, IBM SPSS Statistics for Windows, Version 22.0 
Armonk, NY: IBM Corp.). Medians and interquartile range values were 
used for the non-normally distributed descriptive parameters. Kruskal- 
Wallis test and Mann-Whitney U tests were performed for comparing 
the median values between the groups. Mann-Whitney U test was also 
conducted for pairwise comparisons using Bonferroni correction. Cate
gorical variables were presented with numbers and percentages. Chi- 
square test was used to compare categorical variables. Correlation 
analysis was performed by Spearman’s rho test. A two-tailed P value <
0.05 was regarded as statistically significant. 

3. Results 

A total of 180 pregnant women were included in the present study 
(90 COVID-19 positives and 90 controls). There were 30 patients for 
each pregnancy trimester in both of the groups. Comparison of de
mographic features and clinical characteristics between the study and 
control groups was shown in Table 1. The study group had significantly 
higher pregnancy complication rate, ESR, CRP, procalcitonin, ferritin, 
D-dimer, LDH, IFN γ, and IL-6 values (p < 0.05). On the other hand, the 

Table 1 
Comparision of demographic features and clinical characteristics between 
pregnant women with COVID-19 infection and pregnant women without any 
defined risk factor.  

Variables Pregnant women 
with COVID-19 
infection (n = 90) 

Pregnant women 
without any defined 
risk factor (n = 90) 

P value 

Maternal age (years) 
(median, IQR)a 

28 (6) 27 (5) 0.64 

Gravidity (median, 
IQR)a 

2 (1) 2 (2) 0.07 

Parity (median, IQR)a 1 (2) 1 (1) 0.08 
BMI (median, IQR)a 25.6 (4.5) 25.4 (5.2) 0.53 
Gestational age at 

hospital admission 
(weeks)(median, 
IQR)a 

24 (21) 24 (22) 0.69 

Pregnancy complication 
rate (n, %)b 

15 (16.6%) 3 (3.3%) 0.01 

Pregnancy complication 
type (n, %)b   

0.03 

Miscarriage (n, %) 2 (2.2%) 0 (0%) 
GDM (n, %) 3 (3.3%) 1 (1.1%) 
GHT (n, %) 3 (3.3%) 1 (1.1%) 
IHCP (n, %) 2 (2.2%) 0 (0%) 
Preeclampsia (n, %) 2 (2.2%) 0 (0%) 
Preterm delivery (n, %) 3 (3.3%) 1 (1.1%) 
Hb (g/dl)(median, IQR)a 11.5 (1.7) 12 (1.5) 0.003 
Leukocyte (109/L) 

(median, IQR)a 
6.1 (3.4) 8.8 (3.1) <0.001 

Platelet (109/L)(median, 
IQR)a 

220 (84.5) 251 (81.7) <0.001 

Lymphocyte (109) 
(median, IQR)a 

1.2 (6.6) 1.8 (5.8) <0.001 

ESR (mm/hr)(median, 
IQR)a 

32 (12.5) 24.5 (17.5) <0.001 

CRP (mg/L)(median, 
IQR)a 

11.5 (10.5) 4 (3.5) <0.001 

Procalcitonin (ng/ml) 
(median, IQR)a 

0.03 (0.02) 0.01 (0.01) <0.001 

Ferritin (ng/ml)(median, 
IQR)a 

21 (28) 12 (10) <0.001 

D-dimer (mcg/ml) 
(median, IQR)a 

1.2 (1.1) 0.6 (0.5) <0.001 

LDH (IU/L)(median, 
IQR)a 

200 (50) 180 (60) 0.01 

NLR (median, IQR)a 3.7 (3) 3.4 (1.8) 0.56 
IFN γ (ng/dl)(median, 

IQR)a 
20 (18) 17.5 (5) <0.001 

IL-2 (pg/ml)(median, 
IQR)a 

90 (20) 115 (33.75) <0.001 

IL-6 (pg/ml)(median, 
IQR)a 

6.5 (7.8) 3.6 (1.25) <0.001 

IL-10 (pg/ml)(median, 
IQR)a 

8.6 (4.6) 9.6 (2.9) 0.002 

IL-17 (pg/ml)(median, 
IQR)a 

76 (28) 86 (31.5) 0.03 

BMI: Body-mass index, COVID-19: Coronavirus disease 2019, CRP: C-reactive 
protein, ESR: erythrocyte sedimentation rate, GDM: Gestational diabetes mel
litus, GHT: Gestational hypertension, Hb: Hemoglobin, ICHP: intrahepatic 
cholestasis of pregnancy, IFN γ: Interferon gamma, IL: Interleukin, IQR: 
Interquartile-range, LDH: Lactate dehydrogenase, NLR: Neutrophil to lympho
cyte ratio. 

a Statistical analysis was performed by Mann-Whitney U test. 
b Statistical analysis was performed by chi-square test. 
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control group had significantly higher Hb, leukocyte, platelet, lympho
cyte, IL-2, IL-10, and IL-17 values (p < 0.05). 

Comparison of IFN γ, IL-2, IL-6, IL-10, and IL-17 levels between the 
pregnancy trimesters was shown in Table 2. Statistically significant 
differences were found between the groups for IFN γ, IL-2, IL-10, and IL- 
17 values. The study group had significantly higher IFN γ levels in the 
third trimester compared to the control group (p = 0.001). On the other 
hand, the control group had significantly higher IL-2 levels in the first 
and second trimesters (p < 0.001 for both). Furthermore, significantly 
higher IL-10 and IL-17 levels were present in the control group for the 
first trimester (p values were 0.01 and 0.04, respectively). 

Correlation of IFN γ, IL-2, IL-6, IL-10, and IL-17 levels with disease 
severity in pregnant women with COVID-19 infection was shown in 
Table 3. There were 63 (70%), 24 (26.6%), and 3 (3.3%) cases with mild, 
moderate, and severe COVID-19 infection, respectively. Statistically 
significant positive correlations were found for IFN γ and IL-6 with 
disease severity (r = 0.41 and p < 0.001 for IFN γ and r = 0.58 and p <
0.001 for IL-6). On the other hand, a moderate negative correlation for 
IL-2 and a weak negative correlation for IL-10 were present (r = -0.62 
and p < 0.001 for IL-2 and r = -0.19 and p = 0.01 for IL-10). Correlation 
of IFN γ, IL-2, IL-6, IL-10, and IL-17 levels with CRP in pregnant women 
with COVID-19 infection was shown in Table 4. A statistically significant 
positive moderate correlation was found between IL and 6 and CRP (r =
0.40 and p < 0.001). 

4. Discussion 

The main findings of the present study indicated that pregnancy 
complications and inflammation markers were significantly higher in 
pregnant women with COVID-19 infection. Furthermore, significantly 
higher IFN γ and IL-6 together with significantly lower IL-2, IL-10, and 
IL-17 levels were observed in pregnant women with COVID-19 infection. 
Additionally, cytokine levels vary between pregnancy trimesters except 
for IL-6 and they are significantly correlated with disease severity except 
for IL-17. To the best of our knowledge, this is the first study in the 
literature evaluating the cytokine profile in pregnancies complicated by 
COVID-19. 

Pregnancy goes together with a specific immune-adaptive process to 
allow the proper implantation of the semi-allograft fetus [18]. Increased 
production of various anti-inflammatory cytokines like IL-4 and IL-10 
provides an immune-tolerant microenvironment for the conception 
material [19]. On the other hand, altered expression of pro- 
inflammatory cytokines like IL-1 and TNF-a was found to be associ
ated with increased rates of pregnancy complications like miscarriage 

and preterm delivery. However, pro-inflammatory processes are also 
necessary for physiological events such as placental invasion and 
parturition [20,21]. Thus, the balance between pro and anti- 
inflammatory cytokines is essential for a healthy pregnancy [12,22]. 

The excessive inflammatory response to COVID-19 infection is 
regarded as the main pathophysiological triggering event behind mor
tality and morbidity in infected individuals [6]. Aberrant production of 
cytokines like TNF-a, IL-1, IFN γ, IL-4, and IL-10 have been reported in 
severe cases with increased rates of adverse outcomes [23]. For this 
reason, researchers have been working on novel treatment options 
focusing on the alteration of immune responses in COVID-19 patients 
[24,25]. However, as pregnancy is a unique process characterized by 
various immunologic changes and each immunomodulatory event is 
associated with a specific condition, it is challenging to predict the 
impact of immune-mediated therapies on pregnant women [12,22]. 
Thus, more data is necessary to establish more appropriate management 
protocols for pregnant women with COVID-19. Furthermore, additional 
data about the immunomodulatory changes in COVID-19 patients 

Table 2 
Comparision of IFN γ, IL-2, IL-6, IL-10 and IL-17 levels between the pregnancy trimesters.  

Variables COVID-19 group first 
trimester (n = 30) 

Control group 
first trimester 
(n = 30) 

COVID-19 group 
second trimester 
(n = 30) 

Control group 
second trimester 
(n = 30) 

COVID-19 group third 
trimester (n = 30) 

Control group 
third trimester 
(n = 30) 

P valuea 

IFN γ (ng/dl) 
(median, IQR) 

17.5 (5) 15 (3) 20 (10) 15 (2.5) 37.5 (35) 20 (17.5) <0.001c 

IL-2 (pg/ml) 
(median, IQR) 

80 (20) 105 (25) 90(23.75) 145 (40) 95 (15) 110 (20) <0.001d 

IL-6 (pg/ml) 
(median, IQR) 

6.1 (4.3) 3.3 (1.2) 6.3 (6.2) 3.5 (2.3) 8.1 (15) 3.8 (1.5) 0.30 

IL-10 (pg/ml) 
(median, IQR) 

7 (4.5) 10.8 (5) 8.8 (3.5) 9.6 (5) 9.6 (5.6) 9.3 (2.6) <0.001e 

IL-17 (pg/ml) 
(median, IQR) 

68 (26) 104 (19) 80 (26) 76 (18) 84 (35) 80 (24) 0.01f 

IFN γ: Interferon gamma, IL: Interleukin. 
bPairwise comparisions was performed by Mann-Whitney U test. 

a Statistical analysis analysis was performed by Kruskal-Wallis test between the groups. 
c Statistically significant difference was found between the study and control groups in the third trimester (p = 0.001). 
d Statistically significant differences were found between the study and control groups in the first and second trimesters (p < 0.001 for both). 
e Statistically significant differences was found between the study and control groups in the first trimester (p = 0.01). 
f Statistically significant differences was found between the study and control groups in the first trimester (p = 0.04). 

Table 3 
Correlation of IFN γ, IL-2, IL-6, IL-10 and IL-17 levels with disease severity in 
pregnant women with COVID-19 infection.  

Parameter r valuea p valuea 

IFN γ 0.41 <0.001 
IL-2 − 0.62 <0.001 
IL-6 0.58 <0.001 
IL-10 − 0.19 0.01 
IL-17 − 0.13 0.07 

COVID-19: Coronavirus disease 2019, IFN γ: Interferon gamma, IL: Interleukin 
a Correlation analysis was performed by Spearman test. 

Table 4 
Correlation of IFN γ, IL-2, IL-6, IL-10 and IL-17 levels with CRP in pregnant 
women with COVID-19 infection.  

Parameter r valuea p valuea 

IFN γ 0.04 0.68 
IL-2 0.18 0.06 
IL-6 0.40 <0.001 
IL-10 0.16 0.12 
IL-17 0.008 0.94 

COVID-19: Coronavirus disease 2019, CRP: C-reactive protein, IFN γ: Interferon 
gamma, IL: Interleukin 

a Correlation analysis was performed by Spearman test. 

A. Tanacan et al.                                                                                                                                                                                                                               



Cytokine 140 (2021) 155431

4

during pregnancy may reveal pathophysiological events behind this 
deadly disease. 

Trophoblasts, specialized natural killer cells, and decidual leuko
cytes secrete IFN γ during pregnancy [26]. It takes part in the differ
entiation of decidual natural killer cells, the formation of the placenta, 
and the maintenance of the decidua [27]. However, IFN γ is also asso
ciated with pregnancy loss, especially in congenital infections [28]. IFN 
γ levels vary in patients with COVID-19 infection according to disease 
severity. While increased levels are reported in mild and moderate cases, 
slightly lower levels are observed in patients with severe COVID-19 
infection [29]. Significantly higher levels of IFN γ were found for 
pregnant women with COVID-19 infection in the present study and this 
difference was most prominent in the third trimester. These findings 
seem to be associated with the higher frequency of mild COVID-19 cases 
and the shift of anti-inflammatory balance to a more pro-inflammatory 
state in the third trimester of pregnancy. 

Altered levels of IL-2 is associated with various obstetric complica
tions like pregnancy loss and preeclampsia [30]. Increased levels of IL-2 
are observed in COVID-19 infection and this increase is in parallel with 
disease severity [6]. However, significantly lower levels of IL-2 were 
found in the pregnant women with COVID-19 infection in the present 
study and this difference was more obvious for the first and second 
trimesters. These findings were not consistent with the literature. 
However, as our knowledge is limited with regard to the impact of 
COVID-19 infection on the cytokine profile of pregnant women, the 
mentioned findings may indicate an altered immune response or an 
adaptive immunologic change in this specific population. 

Excessive production of IL-6 is associated with adverse pregnancy 
outcomes like preterm delivery, preterm premature rupture of the 
membranes, and chorioamnionitis [31]. Additionally, increased IL-6 
levels are observed in severe COVID-19 cases and it is regarded as one 
of the key actors of the famous ’’cytokine storm’’ [5,23,24]. Signifi
cantly higher IL-6 levels were found for the study group in the present 
study and no significant difference was observed between the pregnancy 
trimesters. These findings were consistent with the literature. 

Placental villous trophoblasts, uterine natural killer cells, and 
decidual monocytes are the main producers of IL-10 during pregnancy. 
As it is an anti-inflammatory cytokine, it mainly takes part in the 
immune-tolerant stages of pregnancy [32]. Early production of IL-10 in 
COVID-19 infected individuals was found to be associated with poor 
prognosis [33]. However, in the present study, the control group had 
significantly higher IL-10 levels which were more prominent in the first 
trimester. In our opinion, decreased IL-10 levels in COVID-19 preg
nancies may be one of the factors behind the impaired immune tolerance 
in this population and it may be associated with pregnancy losses [34]. 

Increased levels of IL-17 during pregnancy was reported to be asso
ciated with favorable obstetric outcomes [35]. Excessive IL-17 may 
cause alveolar injury and fibrosis in COVID-19 cases and it is considered 
as a potential therapeutic target [36]. As both pregnancy and COVID-19 
infection may increase IL-17 levels in infected individuals, it is expected 
that COVID-19 positive cases should have higher levels of IL-17. How
ever, contrary to the literature, higher levels were found in the control 
group of the present study, especially in the first trimester. This may be 
associated with a higher rate of pregnancy complications and a higher 
frequency of mild cases in the study group. 

The most important part of the present study was the correlation of 
cytokine levels with disease severity. It may help physicians in two as
pects. Firstly, cytokine levels may be used for the assessment of disease 
prognosis in COVID-19 positive pregnancies. Secondly, novel medica
tions may be developed targeting the pathways of cytokine responses in 
these patients. However, future studies with larger populations and 
more number of cytokine types are necessary to obtain more precisive 
results. 

The main strength of the present study was its novelty, prospective 
design, and relatively high number of study parameters. However, a 
relatively low number of cytokine types and a higher number of mild 

cases were the main limitations. 
In conclusion, COVID-19 infection seems to have an impact on the 

cytokine profile of pregnant women varying according to pregnancy 
trimesters and cytokine levels seem to be correlated with disease 
severity. 
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