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L E T T E R  T O  T H E  E D I T O R

Immunological environment shifts during pregnancy may 
affect the risk of developing severe complications in COVID-19 
patients

1  | INTRODUC TION

The first case of coronavirus virus disease 2019 (COVID-19) was re-
vealed in Wuhan in December 20191; the virus spread in China and 
then globally.2 According to the increasing growth rate of coronavi-
rus cases, this outbreak was declared a Public Health Emergency of 
International Concern on January 30, 2020, by the WHO Emergency 
Committee.3

The most frequent symptoms in mild and moderate cases of 
COVID-19 were fever, anosmia, or shortness of breath, which ap-
pears to be more frequent in adults than children, as well as cough, 
dyspnea, and myalgia, among other clinical features.4 The laboratory 
abnormalities included increased values of C-reactive protein, eryth-
rocyte sedimentation rate, lactate dehydrogenase, and D-dimer.4,5 
According to the meta-analysis of AJ Rodriguez-Morales et al,5 
lymphopenia was detected in more than 40% of patients. The fre-
quency of lymphopenia found suggests that COVID-19 acted on 
T lymphocytes, as does SARS-CoV, maybe including depletion of 
CD4 and CD8 cells.5 Virus particles spread through the respiratory 
mucosa, initially using the ACE2 receptor at ciliated bronchial ep-
ithelial cells, and then infect other cells, which causes a “cytokine 
storm” in the body and generates a series of immune responses.6 
The “cytokine storm” with a hyper-innate inflammatory response in 
the lungs of COVID-19 patients is driven mostly by the IL-6, which 
is produced by monocytes and macrophages7-9 and may serve as a 
predictive biomarker for disease severity9 or a target for the therapy 
development.8,10

Because of the immune reaction severity, 20.3% of COVID-19 
patients required intensive care unit, 32.8% presented with acute 
respiratory distress syndrome (ARDS), 6.2% with shock.5 It has been 
shown that ARDS occurs even when the viral load decreases,11,12 
which suggests that the over-reactivity of the immune system 
and not the action of the virus are responsible for the occurrence 
of ARDS, and the attenuation of the “cytokine storm” by target-
ing several key steps in the process could bring about improved 
outcomes.8,10,13

In this regard, the urgent question that needs to be addressed 
promptly includes whether pregnant women with COVID-19 will 
develop distinct symptoms from non-pregnant and what are the 

reasons for that. This is of particular relevance to the fact that preg-
nant women infected with other respiratory viruses, for example, 
H1N1 influenza, Zika virus, and SARS-CoV were reported with more 
fetal adverse events.14

2  | DISCUSSION

The first part of the question has already been discussed in several 
studies,15-19 while the underlying mechanisms are not clear yet. 
According to the systematic review of Yang et al,15 clinical char-
acteristics of pregnant women with COVID-19 did not differ from 
those of non-pregnant adults, while Qiancheng et al18 have detected 
more leukocytosis and elevated C-reactive protein in pregnant than 
in non-pregnant women with COVID-19. No significant differences 
in gestational age, post-partum hemorrhage, and perineal resection 
rates between pregnant women with the clinical diagnosis of COVID-
19 and pregnant women without COVID-19 were found.16 Likewise, 
there were no significant differences in birth weight of neonates and 
neonatal asphyxia rates between the two groups.16 Likewise, the 
SARS-CoV-2 infection during pregnancy was not associated with an 
increased risk of spontaneous abortion and spontaneous preterm 
birth.17 Thereby, there is a clear tendency that COVID-19 disease 
progresses slowly in pregnant women and does not often result in 
fatal pregnancy complications.17

Consequently, the question arises whether the virus may affect 
the function of the placenta and increase the risk of miscarriage.20 
SARS-CoV-2 is known to use the SARS-CoV receptor ACE2 and the 
serine protease TMPRSS2 for entry and S protein priming,21 while 
the placental microenvironment expresses both ACE2 receptor and 
TMPRSS2.19,20,22,23 With that, the absence of any significant differ-
ences in ACE2 mRNA among the non-pregnant and normal pregnant 
subjects in the placental bed24 can serve as the reason for the ab-
sence of any pregnancy-specific mechanisms of virus pathogenicity. 
While current literature does not support the intrauterine vertical 
transmission of SARS-CoV-2,25-27 viral RNA in placental samples 
having not been found in the early study of Mulvey et al19 was de-
tected in subsequent ones.28,29 With that, according to the histo-
logical examinations, the vascular complement deposition in the 
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placentas of COVID-19 patients was not abnormal, with only the 
signs of non-specific low-grade fetal vascular malperfusion charac-
terized by focal avascular villi.30,31

A healthy human pregnancy requires the sustentation of active 
immunotolerance toward the semi-allogeneic fetus,32,33 involving 
the suppression of effector functions and induction of tolerance, 
originally described as a Th2 skewing and now explained as a bal-
ance between Th1, Th2, Th17, Treg, and regulatory responses.33-38 
The protective benefits of the observed Th2 cell's rise in preg-
nancy34 can be mediated by the up-regulation of Th2 response 
with the increase of IL-4 and IL-10, or down-regulation of a Th1 
response,35 or even via CD4+CD25+Treg cells.36-38 Altogether, 
these mechanisms can prevent the excess systemic inflammatory 
reaction and the development of life-threatening complications as 
ARDS and MODS in COVID-19 patients. The presence of these 
beneficial effects precisely in SARS-CoV-2 infection may lie in the 
fact that the adaptive immune response of the COVID-19 patients 
is more likely to come before the peak of viral load, while the op-
posite is true for influenza patients.26 This distinction in timing 
causes delayed depletion of vulnerable epithelial cells in the lungs 
in COVID-19 patients while enhancing the viral clearance in influ-
enza patients.14 According to the analysis, conducted by Du and 
Yuan,39 delaying the onset or suppressing the adaptive immune 
response, or avoiding its interference with the innate immune 
response, might represent the potential treatment strategies for 
high-risk COVID-19 patients.

Thus, the foregoing not only explains the absence of severe out-
comes in pregnant women with COVID-19 but also suggests a search 
for new drugs aimed at partial immunomodulation involving the sup-
pression of effector functions and induction of tolerance, which will 
reduce the frequency of life-threatening complications, including 
ARDS.13

The existence of the temporary changes in the immune response 
during pregnancy represents themselves in the Th1 inflammation-like 
condition early in pregnancy, with the shift to a state of temporal Th2-
skewed immune tolerance during the second trimester and a second 
shift during parturition40,41 can be the limiting factor for the proposed 
hypothesis, and therefore, the effect of COVID-19 in pregnancy war-
rants further studies. With that, the idea that pregnant women are 
more susceptible to respiratory pathogens and thus may be more sus-
ceptible to SARS-CoV-2 than the general population42 has not been 
confirmed yet, while the limited amount of data received so far, allows 
only hypothesis building and suggesting ideas for further research.

ACKNOWLEDG MENTS
The study was supported by the Government contract of the 
Russian Federation with the Institute of Immunology and Physiology 
(AAAA-A18-118020690020-1).

CONFLIC T OF INTERE S T
The authors declare that there is no conflict of interest regarding the 
publication of this article.

Alexey Sarapultsev
Petr Sarapultsev

Institute of Immunology and Physiology, Ural Division of the 
Russian Academy of Sciences, Ekaterinburg, Russia

Correspondence
Alexey Sarapultsev, Institute of Immunology and Physiology, 

Ural Division of the Russian Academy of Sciences, 
Ekaterinburg, Russia.

Email: a.sarapultsev@gmail.com

ORCID
Alexey Sarapultsev   https://orcid.org/0000-0003-3101-9655 
Petr Sarapultsev   https://orcid.org/0000-0002-4093-4380 

R E FE R E N C E S
	 1.	 Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients 

with pneumonia in China, 2019. N Engl J Med. 2020;382(8):727-733.
	 2.	 Kalteh EA, Rajabi A. COVID-19 and digital epidemiology. Z Gesundh 

Wiss. 2020;1-3. https://doi.org/10.1007/s1038​9-020-01295​-y
	 3.	 Velavan TP, Meyer CG. The COVID-19 epidemic. Trop Med Int 

Health. 2020;25(3):278-280.
	 4.	 Lee N, Hui D, Wu A, et al. A major outbreak of severe acute respiratory 

syndrome in Hong Kong. N Engl J Med. 2003;348(20):1986-1994.
	 5.	 Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-Ocampo 

E, et al. Clinical, laboratory and imaging features of COVID-19: 
a systematic review and meta-analysis. Travel Med Infect Dis. 
2020;34:101623.

	 6.	 Rodríguez-Morales AJ, MacGregor K, Kanagarajah S, Patel D, 
Schlagenhauf P. Going global - travel and the 2019 novel coronavi-
rus. Travel Med Infect Dis. 2020;33:101578.

	 7.	 Giamarellos-Bourboulis EJ, Netea MG, Rovina N, et al. Complex im-
mune dysregulation in COVID-19 patients with severe respiratory 
failure. Cell Host Microbe. 2020;27(6):992-1000.e3.

	 8.	 Magro G. SARS-CoV-2 and COVID-19: is interleukin-6 (IL-6) the 
“culprit lesion” of ARDS onset? What is there besides Tocilizumab? 
SGP130Fc. Cytokine X. 2020;2(2):100029.

	 9.	 Schijns V, Lavelle EC. Prevention and treatment of COVID-19 dis-
ease by controlled modulation of innate immunity. Eur J Immunol. 
2020. https://onlin​elibr​ary.wiley.com/doi/full/10.1002/eji.20204​
8693

	10.	 Liu B, Li M, Zhou Z, Guan X, Xiang Y. Can we use interleukin-6 (IL-6) 
blockade for coronavirus disease 2019 (COVID-19)-induced cyto-
kine release syndrome (CRS)? J Autoimmun. 2020;111:102452.

	11.	 Channappanavar R, Fehr AR, Vijay R, et al. Dysregulated type I in-
terferon and inflammatory monocyte-macrophage responses cause 
lethal pneumonia in SARS-CoV-infected mice. Cell Host Microbe. 
2016;19(2):181-193.

	12.	 Smits SL, de Lang A, van den Brand JMA, et al. Exacerbated innate 
host response to SARS-CoV in aged non-human primates. PLoS 
Pathog. 2010;6(2):e1000756.

	13.	 Zhang R, Wang X, Ni L, et al. COVID-19: melatonin as a potential 
adjuvant treatment. Life Sci. 2020;250:117583.

	14.	 Rasmussen SA, Jamieson DJ. Coronavirus disease 2019 (COVID-19) 
and pregnancy: responding to a rapidly evolving situation. Obstet 
Gynecol. 2020;135(5):999-1002.

	15.	 Yang Z, Wang M, Zhu Z, Liu Y. Coronavirus disease 2019 (COVID-19) 
and pregnancy: a systematic review. J Matern Fetal Neonatal Med. 

mailto:﻿￼
https://orcid.org/0000-0003-3101-9655
https://orcid.org/0000-0002-4093-4380
mailto:a.sarapultsev@gmail.com
https://orcid.org/0000-0003-3101-9655
https://orcid.org/0000-0003-3101-9655
https://orcid.org/0000-0002-4093-4380
https://orcid.org/0000-0002-4093-4380
https://doi.org/10.1007/s10389-020-01295-y
https://onlinelibrary.wiley.com/doi/full/10.1002/eji.202048693
https://onlinelibrary.wiley.com/doi/full/10.1002/eji.202048693


     |  3 of 3LETTER TO THE EDITOR

2020;1-4. https://www.tandf​online.com/doi/full/10.1080/14767​
058.2020.1759541

	16.	 Liao J, He X, Gong Q, Yang L, Zhou C, Li J. Analysis of vaginal deliv-
ery outcomes among pregnant women in Wuhan, China during the 
COVID-19 pandemic. Int J Gynaecol Obstet. 2020;150(1):53-57.

	17.	 Yan J, Guo J, Fan C, et al. Coronavirus disease 2019 (COVID-19) in 
pregnant women: a report based on 116 cases. Am J Obstet Gynecol. 
2020. https://www.ajog.org/artic​le/S0002​-9378(20)30462​-2/
fulltext

	18.	 Qiancheng X, Jian S, Lingling P, et al. Coronavirus disease 2019 in 
pregnancy. Int J Infect Dis. 2020;95:376-383.

	19.	 Mulvey JJ, Magro CM, Ma LX, Nuovo GJ, Baergen RN. A mechanis-
tic analysis placental intravascular thrombus formation in COVID-
19 patients. Ann Diagn Pathol. 2020;46:151529.

	20.	 Li M, Chen L, Zhang J, Xiong C, Li X. The SARS-CoV-2 receptor 
ACE2 expression of maternal-fetal interface and fetal organs by 
single-cell transcriptome study. PLoS One. 2020;15(4):e0230295.

	21.	 Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 cell 
entry depends on ACE2 and TMPRSS2 and is blocked by a clinically 
proven protease inhibitor. Cell. 2020;181(2):271-280.e8.

	22.	 Valdés G, Corthorn J, Bharadwaj MS, Joyner J, Schneider D, 
Brosnihan KB. Utero-placental expression of angiotensin-(1–7) and 
ACE2 in the pregnant guinea-pig. Reprod Biol Endocrinol. 2013;11:5.

	23.	 Pringle KG, Tadros MA, Callister RJ, Lumbers ER. The expression 
and localization of the human placental prorenin/renin-angiotensin 
system throughout pregnancy: roles in trophoblast invasion and an-
giogenesis? Placenta. 2011;32(12):956-962.

	24.	 Anton L, Merrill DC, Neves LAA, et al. The uterine placental bed 
Renin-Angiotensin system in normal and preeclamptic pregnancy. 
Endocrinology. 2009;150(9):4316-4325.

	25.	 Chen H, Guo J, Wang C, et al. Clinical characteristics and intrauter-
ine vertical transmission potential of COVID-19 infection in nine 
pregnant women: a retrospective review of medical records. Lancet. 
2020;395(10226):809-815.

	26.	 Yang Z, Liu Y. Vertical transmission of severe acute respiratory 
syndrome coronavirus 2: a systematic review. Am J Perinatol. 
2020.https://www.thiem​e-conne​ct.com/produ​cts/ejour​nals/
html/10.1055/s-0040-1712161 

	27.	 Karimi-Zarchi M, Neamatzadeh H, Dastgheib SA, et al. Vertical 
transmission of coronavirus disease 19 (COVID-19) from infected 
pregnant mothers to neonates: a review. Fetal Pediatr Pathol. 
2020;39(3):246-250.

	28.	 Penfield CA, Brubaker SG, Limaye MA, et al. Detection of SARS-
COV-2 in placental and fetal membrane samples. Am J Obstet 
Gynecol MFM. 2020;100133.

	29.	 Patanè L, Morotti D, Giunta MR, et al. Vertical transmission of 
COVID- 19: SARS-CoV-2 RNA on the fetal side of the placenta 
in pregnancies with COVID-19 positive mothers and neonates at 
birth. Am J Obstet Gynecol MFM. 2020;100145.

	30.	 Baergen RN, Heller DS. Placental pathology in covid-19 pos-
itive mothers: preliminary findings. Pediatr Dev Pathol. 
2020;23(3):177-180.

	31.	 Mulvey JJ, Magro CM, Ma LX, Nuovo GJ, Baergen RN. Analysis of 
complement deposition and viral RNA in placentas of COVID-19 pa-
tients. Ann Diagn Pathol. 2020;46:151530.

	32.	 Zenclussen AC. Adaptive immune responses during pregnancy. Am 
J Reprod Immunol. 2013;69(4):291-303.

	33.	 Saito S, Nakashima A, Shima T, Ito M. Th1/Th2/Th17 and reg-
ulatory T-cell paradigm in pregnancy. Am J Reprod Immunol. 
2010;63(6):601-610.

	34.	 Lee C-L, Chiu PCN, Lam KKW, et al. Differential actions of gly-
codelin-A on Th-1 and Th-2 cells: a paracrine mechanism that could 
produce the Th-2 dominant environment during pregnancy. Hum 
Reprod. 2011;26(3):517-526.

	35.	 Ostensen M, Villiger PM. The remission of rheumatoid arthritis 
during pregnancy. Semin Immunopathol. 2007;29(2):185-191.

	36.	 Zhao J-X, Zeng Y-Y, Liu Y. Fetal alloantigen is responsible for the 
expansion of the CD4(+)CD25(+) regulatory T cell pool during preg-
nancy. J Reprod Immunol. 2007;75(2):71-81.

	37.	 Heikkinen J, Möttönen M, Alanen A, Lassila O. Phenotypic char-
acterization of regulatory T cells in the human decidua. Clin Exp 
Immunol. 2004;136(2):373-378.

	38.	 Kareva I. Immune suppression in pregnancy and cancer: parallels 
and insights. Transl Oncol. 2020;13(7):100759.

	39.	 Du SQ, Yuan W. Mathematical modeling of interaction between in-
nate and adaptive immune responses in COVID-19 and implications 
for viral pathogenesis. J Med Virol. 2020.https://onlin​elibr​ary.wiley.
com/doi/full/10.1002/jmv.25866 

	40.	 Chavan AR, Griffith OW, Wagner GP. The inflammation paradox in 
the evolution of mammalian pregnancy: turning a foe into a friend. 
Curr Opin Genet Dev. 2017;47:24-32.

	41.	 Mor G, Cardenas I, Abrahams V, Guller S. Inflammation and preg-
nancy: the role of the immune system at the implantation site. Ann 
NY Acad Sci. 2011;1221:80-87.

	42.	 Liu H, Wang L-L, Zhao S-J, Kwak-Kim J, Mor G, Liao A-H. Why are 
pregnant women susceptible to COVID-19? An immunological 
viewpoint. J Reprod Immunol. 2020;139:103122.

https://www.tandfonline.com/doi/full/10.1080/14767058.2020.1759541
https://www.tandfonline.com/doi/full/10.1080/14767058.2020.1759541
https://www.ajog.org/article/S0002-9378(20)30462-2/fulltext
https://www.ajog.org/article/S0002-9378(20)30462-2/fulltext
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0040-1712161
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0040-1712161
https://onlinelibrary.wiley.com/doi/full/10.1002/jmv.25866
https://onlinelibrary.wiley.com/doi/full/10.1002/jmv.25866

