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ABSTRACT
Pregnant women with coronavirus disease 2019 (COVID-19) have 
a higher risk of morbidity and mortality compared with the general 
population. Possible pathways are: I) in patients with COVID-19, 
cytokine storm defined as the excess release of pro-inflammatory 
cytokines such as interleukin 1β (IL-1β), IL-6, and tumor necrosis 
factor-α (TNF-α) has been associated with morbidities and an even 
higher rate of mortality. II) Labor, despite being a term/preterm, has 
an inflammatory nature, although, inflammation is more prominent 
in preterm delivery. During labor, different pro-inflammatory 
cytokines such as IL-1β, IL-6, and TNF-α are involved which 
as mentioned, all are crucial role players in the cytokine storm. 
III) Tissue injury, and during labor, (especially cesarean section) 
is shown to cause inflammation via pro-inflammatory cytokines 
release including those involved in the cytokine storm through the 
activation of nuclear factor κB (NFκB). IV) post-partum hemorrhage 
with a notable amount of blood loss which can cause significant 
hypoxemia. In this condition, hypoxia-inducible factor 1α which 
has a cross-talk with NFκB, leads to the expression of IL-1β, IL-
6, and TNF-α as both angiogenic and pro-inflammatory factors. 
Considering all the mentioned issues and pathways, we suggest 
that clinicians be careful about the escalation of the inflammatory 
status in their pregnant COVID-19 patients during/following labor.
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INTRODUCTION 

It has been more than a year that humankind 
has been involved in the coronavirus 
disease 2019 (COVID-19) pandemic (1). 
Despite notable growing data, many 
pathophysiological aspects of this disease still 

are unclear, especially in some populations 
such as pregnant women. As mentioned 
in the studies and similar to the general 
population, the clinical status of COVID-19 in 
pregnant women ranges from asymptomatic 
(2) to critically ill (3). Though, as different 
official organizations such as the Center 
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for Disease Control and Prevention (CDC) 
have declared  pregnant women should be 
considered a more vulnerable population 
for poor disease outcomes (4). As shown, 
some morbidities such as acute respiratory 
distress syndrome (ARDS) are common 
in the general and pregnant populations. 
However, investigations have shown that 
pregnant women could experience other 
different pregnancy-related complications 
and/or morbidities due to COVDI-19 such as 
preterm labor and stillbirth (3).

The excess release of pro-inflammatory 
cytokines known as cytokine storm is a 
crucial pathway in the pathogenesis of severe 
COVID-19. This inflammatory condition is 
associated with the severity of the disease as 
well as many morbidities (5, 6). According 
to the studies, cytokine storm is mainly due 
to increased levels of interleukin 1β (IL-1β), 
IL-6, and tumor necrosis factor α (TNF-α) 
as well as some other pro-inflammatory 
cytokines, however, IL-6 seems to be the 
main role player (5-8). 

Labor, regardless of being a term or 
preterm, is an inflammatory phenomenon and 
is considered an inflammatory-based process 
(9-12). Considering the role of inflammation 
in the labor (9-12) and also in the pathogenesis 
of severe COVID-19 (especially cytokine 
storm) (5-8), labor might start/deteriorate 
systemic inflammation which could lead to 
an increase in morbidities or even mortality 
in these patients. Herein, related molecular 
pathways and clinical steps will be briefly 
discussed through different aspects.

Labor and Immune System
The nature of labor has been known as an 

inflammatory phenomenon (9-11). According 
to the data, in both term (12) and preterm 
(10) labors, different pro-inflammatory 
cytokines such as IL-1β, IL-6, and TNF-α 
lead to the inflammation cascade as the key 
role players. Furthermore, these cytokines are 
also involved in the production and/or release 
of chemokines (such as prostaglandins) and 
matrix metalloproteinases (MMPs) which 

could cause/start many other steps of labor/
parturition (10). 

Other than an alteration in the cytokine 
profile, white blood cells (WBCs) are among 
the other changes in the immune system 
following labor. A study on more than 12,000 
pregnant women shows a significant increase 
in WBC count after delivery regardless of 
the method of delivery and analgesia (13). 
Specifically, studies show a significant 
increase in the number of neutrophils in the 
circulation system following parturition (9, 
14). These cells, and during labor, contribute 
to the secretion of different pro-inflammatory 
cytokines as well as MMPs (9). Moreover, 
it has been shown that there is a significant 
increase in the number of neutrophils 
following an acute wound/tissue trauma 
that affects the cytokine network (15). Thus, 
acute traumatic injury, during the delivery 
especially cesarean section (CS), could 
be another etiology for pro-inflammatory 
cytokines release. It has been revealed that 
any surgical wound could increase the levels 
of pro-inflammatory cytokines such as IL-6 
(16). Since inflammation is among the primary 
responses of an acute tissue injury, the release 
of pro-inflammatory cytokine during this 
process could affect the general inflammatory 
state (15). Also, surgical site infection which 
is a prevalent complication following CS (17) 
(especially in emergency surgeries) (18) is 
another situation that could cause a hyper-
inflammatory state. Bacterial infection(s) and 
immune system activation against them could 
lead to the activation of toll-like receptors 
(TLRs) which in turn activate the nuclear 
factor κB (NFκB). NFκB is an important 
transcriptional factor responsible for the 
expression of pro-inflammatory cytokine 
genes such as IL-1β, IL-6, and TNF-α (10).

COVID-19 and Labor
According to the studies, pregnant 

women are more vulnerable to respiratory 
viral infectious diseases such as severe 
acute respiratory syndrome (SARS) and the 
Middle East respiratory syndrome (MERS) 
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(19). For COVID-19, it has been suggested 
that it is safer to consider pregnant women 
as a more vulnerable population (4, 20). The 
performed investigations on pregnancy-
related morbidities and outcomes in pregnant 
women have shown issues such as preterm 
labor, stillbirth, abortion, and other findings 
(21-24). Considering the already mentioned 
crucial role of inflammation in labor and 
especially preterm labor (9-11), and the role 
of this phenomenon in the pathogenesis of 
cytokine storm in patients with COVID-19 
(25), the increased prevalence of preterm 
labor in pregnant women with COVID-19 
was not far from expectation before these 
studies (22-24). In Table 1, the importance of 
some of the common cytokines, chemokines, 
receptors, and transcription factors involved 
in both COVID-19 cytokine storm and 
parturition has been shown. It should be 
noted that their importance should not be 
compared with each other and the Table is 
just a clue for common important pathways 
in both pathological conditions rather than 
the importance of the factor in a certain 
condition.

COVID-19, Labor, and Inflammation
It has been strongly suggested that the 

COVID-19 infection itself in a pregnant 
woman is not an indication for delivery 
unless oxygenation for the mother is needed. 
In such a condition, the type of delivery 
should be chosen according to the patient’s 
condition but certain situations such as fetal 
distress, organ failure, and septic shock are 
among the situations that need emergent CS 
delivery (26, 27). The cytokines involved 
in the cytokine storm not only cause it but 
also could increase the other cytokines or 
even themselves. As an example, IL-1β could 
cause cytokine storm through an autocrine 
pathway (28) as well as increase levels of 
IL-6 (29). Moreover, the released IL-6 from 
those immune cells with both IL-6 receptor 
and gp130 could start an autocrine loop and 
cause a cytokine storm (30, 31) through 
the JAK-STAT3 signaling pathway (29). 
Thus, it could be hypothesized that labor 
(especially its preterm type) could affect the 
inflammatory state in COVID-19 pregnant 
individuals and lead to the start/deterioration 
of the cytokine storm (Figure 1).

Table 1. Role of cytokines, chemokines, and transcription factors in labor and COVID-19 
cytokine storm

Transcription factor/Enzyme/Cytokine/ 
Receptor

Labor (Term and/or 
preterm)

COVID-19 cytokine storm

Nuclear factor κB (NF-κB) Essential and important Essential and important
Hypoxia inducible factor 1α (HIF-1α) Not very crucial Important

Toll-like receptors (TLRs) Not very crucial (except 
infection –induced labor)

Essential and important

Interleukin 1 β (IL-1β) Essential and important Essential and important
IL-6 Essential and important Essential and important
IL-8 Essential and important Essential and important
IL-17 Essential and important Essential and important

Matrix metalloproteinase 2 (MMP-2) Essential and important Important
MMP-3 Essential and important Important
MMP-9 Essential and important Important

Tumor Necrosis factor α (TNF-α) Essential and important Essential and important
Vascular endothelial growth factor (VEGF) Not very crucial Important

Granulocyte colony-stimulating factor (G-CSF) Not very crucial Essential and important
Granulocyte-macrophage colony-stimulating 

factor (G-CSF)
Not very crucial Essential and important

Cyclooxygenase-2 (COX-2) Essential and important Essential and important
Prostaglandin E2 (PGE2) Essential and important Important

PGF2α Essential and important Important
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A systematic review and meta-analysis of 
pregnant women diagnosed with COVID-19 
have shown notable ratios of cesarean and 
vaginal deliveries that occurred in hospitalized 
patients (48% and 26% respectively). Also, 
postpartum hemorrhage (PPH) has been 
reported to increase in COVID-19 patients 
(24). Considering PPH and blood loss during 
labor (24), as well as respiratory system 
involvement in COVID-19, in pregnant 
women with at least moderate severity (<93% 
SpO2according to the NIH guideline) (32), 
hypoxemia is very probable. Hypoxemia-
induced hypoxia activates hypoxia-inducible 
factor 1 α (HIF-1α) which in turn activates a 
cross-talk between hypoxia and inflammation 
which could lead to pro-inflammatory 
cytokines response and the release of IL-
1β, IL-6, TNF-α (33). Interestingly, HIF-
1α has a cross-talk with nuclear factor κB 
(NFκB) (34) which is responsible for the 
expression of different pro-inflammatory 
cytokines such as IL-1β, IL-6, and TNF-α 
in COVID-19 and has been suggested as a 
potential target for the treatment of critically 
ill COVID-19 patients (35). Interestingly, 
other than the mentioned cytokines, NFκB 
is involved in the angiogenesis process 
through the vascular endothelial growth 
factor (VEGF) expression. VEGF, in turn, 
activates angiogenesis pathways through the 
expression and/or release of different pro-
angiogenic factors. It should be noted that 
IL-1β (36), IL-6 (37), and TNF-α (38) are 
among the pro-inflammatory factors which 
have crucial roles in angiogenesis. It has 

been shown that angiogenesis and endothelial 
dysfunction caused by COVID-19 infection 
(especially in the lungs) are important in the 
pathogenesis of the disease (39-42). Thus, it 
seems that blood loss during delivery could 
be an important issue not only in cytokine 
storms but also in pathologic angiogenesis. 

Furthermore, it has been shown that 
thromboembolic events are among the most 
common important pathologies in patients 
with COVID-19, especially non-survivors 
(43). It has been suggested that conditions such 
as cytokine storm and endothelial dysfunction 
(due to inflammation and oxidative stress) are 
associated with thromboembolic events (44). 
As mentioned above, there is a notable ratio of 
CS among pregnant women with COVID-19 
(24). Since CS itself is a major risk factor for 
venous thromboembolic events (45), it seems 
high prevalence of CS (due to the increased 
preterm birth) in COVID-19 patients (24) , 
which seems to be caused by cytokine storm, 
could increase thromboembolic events in 
pregnant women who have undergone CS. 

In a study on 93 women with COVID-19, 
an elevation in the TNF-α as well as a 
modest increase in IL-1β, IL-6, and C-X-C 
motif chemokine ligand 10 (CXCL10) were 
observed. The authors have noted that patients 
with even worse clinical conditions (higher 
inflammation) had a higher rate of preterm 
birth (46). As mentioned earlier, labor is an 
inflammatory process that causes an increase 
in different pro-inflammatory cytokines levels 
(10, 25). Also, increased IL-1β, IL-6, and 
TNF-α are independent risk factors for the 

Figure 1. Preterm/term parturition could increase the levels of pro-inflammatory cytokines directly and 
indirectly and cause/deteriorate cytokine storm in patients with coronavirus disease 19 (COVID-19). Also, 
in case of postpartum hemorrhage in COVID-19 pneumonia, the risk of hypoxia would increase which 
might lead to pathologic angiogenesis and endothelial dysfunction through the mentioned pathway.
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preterm rupture of membranes which cause 
preterm labor (47). In a study on 90 cases by 
Tanacan et al., it was shown that the serum 
levels of IL-6 were significantly higher in 
pregnant women compared with non-pregnant 
COVID-19 women. On the other hand, the 
control group had lower IL-10 levels than 
the pregnant women (48). Also, a systematic 
review and meta-analysis have shown that the 
serum levels of IL-6 increased in pregnant 
women with COVID-19. Also, increased 
IL-6 levels were among the predictors of 
poor maternal outcomes (49). Moreover, as 
Sherer et al. have stated, pregnant women 
with laboratory-confirmative COVID-19 had 
increased IL-1β levels (50).

CONCLUSION

The immune system seems to be the key to 
COVID-19 infection pathogenesis. One of the 
most important pathways activated in severe 
to critically ill COVID-19 is the cytokine 
storm. Considering the role of inflammation 
in both COVID-19 pathogenesis and 
parturition (a term or preterm) it seems that 
both of these conditions affect each other 
through several pathways. Unfortunately, 
there is not enough data or evidence regarding 
a solid clinical decision for any possible 
change in the inflammatory state of a woman 
with COVID-19 following labor. However, 
considering the issues mentioned above, it 
seems that clinicians should closely observe 
their similar patients for any alteration in their 
inflammatory state. Also, we recommend 
further investigations regarding the upper 
pathways which might be common among 
all of the mentioned steps for further research 
on this topic.
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