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Introduction 
The rapid international spread of coronavirus disease 2019 (COVID-19) has 

resulted in 54, 558, 120 confirmed cases and 1, 320, 148 deaths worldwide 

as of November 17, 2020 ( 1 ). COVID-19 is caused by severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), which is an enveloped, 

non-segmented, positive-sense RNA virus and belongs to the coronavirus 

family ( 2 ). The clinical manifestations may range from fever and cough to 

severe respiratory illness ( 3 ). In most cases, SARS-CoV-2 causes a mild or 

asymptomatic disease; however, in some cases, especially in elderly people, 

COVID-19 is life-threatening ( 4 ). One of the prominent features of severe 

SARS-CoV-2 infection is lymphopenia, which is accompanied by an 

uncontrolled release of proinflammatory cytokines called “ cytokine storm”, 

leading to second ARDS attack and aggravating widespread tissue damage (

5 , 6 ). It is suggested that the susceptibility to COVID-19 is closely related to

the individual’s immune status and immune dysfunction may play an 

important role in promoting the development of severe diseases. 

Pregnancy is a unique immune state ( 7 ). On the one hand, mothers need to

tolerate the fetus carrying paternal antigens rather than to reject them. On 

the other hand, it needs to maintain a certain anti-infection ability to prevent

the invasion of pathogens. The immune system of pregnant women is a 

great challenge. The establishment and maintenance of pregnancy depend 

on the fine regulation of the maternal immune system. At different stages of 

pregnancy, the maternal immune state is not static but actively responds to 

the changes ( 7 , 8 ). Whether pregnancy is an immunological advantage to 
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control COVID-19 disease is still underdetermined. Moreover, the literature 

on this question is so far conflicting ( 9 – 11 ). Pregnant women represent a 

population at high risk of severe COVID-19 and are 1. 5 times more likely to 

be admitted to an Intense Care Unit immediately after delivery than the 

nonpregnant peers ( 10 ). However, in a large, single-institution cohort study,

95% maternal infection at an initial presentation was asymptomatic or mild. 

SARS-CoV-2 infection during pregnancy was not associated with adverse 

pregnancy outcomes ( 11 ). 

Another most concerning issue is whether vertical transmission of SARS-CoV-

2 exists and whether it affects the fetus. Currently, evidence of vertical 

transmission of COVID-19 is extremely limited, and only a few studies have 

rigorously demonstrated its occurrence ( 12 , 13 ). Several studies have 

demonstrated the presence of the virus in placental tissue ( 14 – 16 ). If the 

virus can reach the maternal-fetal interface, whether it can surpass the 

defenses of decidual immune cells and traverse the physical barrier formed 

by syncytiotrophoblasts to invade the fetus is a multifactorial event, which 

may be affected by viral load, coinfections, maternal immune response, and 

the presence of receptors that mediate the entry of SARS-CoV-2 ( 17 , 18 ). 

Among these factors, the expression of receptors is the most fundamental 

premise. Although there is no conclusion on vertical transmission, infection 

during pregnancy may still have a certain impact on the structure and 

function development of the fetus and newborns due to the inflammatory 

response against the virus. 
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At present, few studies focus on the changes in the immune system after 

recovering from COVID-19, especially the lack of research on pregnant 

women after recovery. A previous study provided evidence of an 

inflammatory immune signature in the early recovery stage (ERS) of COVID-

19, suggesting COVID-19 patients are still vulnerable after hospital discharge

with both CD4 + , CD8 + T cells, and naïve B cells decreased remarkably with 

highly expressed levels of inflammatory genes ( 19 ). Meanwhile, among the 

B cells, the plasma cells increased remarkably, whereas the naïve B cells 

decreased ( 19 ). A research team from the United Kingdom studied the 

memory T cells of 42 patients who recovered from COVID-19 and found that 

the breadth and intensity of T cell responses in severe patients were 

significantly higher than those in mild patients ( 20 ). Memory CD4 + T cells 

and CD8 + T cells were detected in 100% and 70% in patients who have 

recovered from COVID-19, respectively, with high titers of immunoglobulin G 

(IgG) antibodies which herald further protective immunity ( 21 , 22 ). 

We conducted this study to further clarify the immune status of pregnant 

women during the late recovery stage (LRS) of COVID-19. We analyzed the 

peripheral blood and umbilical cord blood from LRS pregnant women. Our 

results showed that the percentages of Tc2, Tfh17, memory B cells, virus-

specific NK cells in the peripheral blood decreased, while the percentages of 

naive B cells increased. However, there is no significant difference in the 

immune cell subpopulations found in the cord blood. To a certain extent, the 

infection of pregnant women may not have a significant impact on the fetal 

immune system. The placenta of LRS women showed increased CD68 + 
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macrophage infiltration and mild hypoxia. The inflammatory damage of the 

placenta may be related to the antiviral response. Since TMRSS2 is not 

expressed in the placenta of all stages of pregnancy, and also not co-

expressed with ACE2, the probability of SARS-CoV-2 causing infection 

through the ACE2/TMRRSS2 route is extremely low. 

Methods 
Tissue Collection 
All participants were recruited from the Department of Obstetrics and 

Gynecology at the Maternal & Child Health Hospital of Hubei Province, 

Wuhan, China. First-trimester placentas (n= 10) (between 6 and 9 weeks of 

gestation) were obtained from the voluntary pregnancy termination 

(termination for nonmedical reasons). Second-trimester placentas (n= 10) 

(between 15 and 24 weeks of gestation) were obtained from voluntary 

abortions after the fetus stopped developing. Placentas from both the NP 

group (normal term pregnancies) (n= 8) and LRS group (n= 5) were 

collected. We defined the LRS group as the date of nucleic acid turning 

negative to blood sampling is more than 14 days ( 19 ). All the enrolled 

patients suffered from mild to moderate disease. The criteria we used to 

categorize the severity of the disease based on the Guidelines for the 

Diagnosis and Treatment of COVID-19 Infection issued by the National Health

Commission of the People’s Republic of China. The detailed information and 

basic characteristics of the subjects are summarized in Table 1 . The study 

was approved and conducted according to requirements of the ethics 

committees at the Maternal & Child Health Hospital of Hubei Province, Tongji
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Medical College of Huazhong University of Science and Technology. Each 

participant signed a written informed consent form. 

TABLE 1  

Demographic details of women recovery from COVID-19. 

Multiparametric Flow Cytometric Analysis 
Whole-blood samples were collected in heparin-treated tubes. Peripheral and

umbilical blood monocyte cells were isolated by Ficoll-Hypaque density 

gradient centrifugation (Pharmacia). After washed twice by RPMI 1640 

supplemented with 10% FCS (PAA laboratories), the cells were incubated 

with antibodies for 30 min at 4°C, then washed with staining buffer, and kept

at 4°C until analysis. The experiments were performed according to the 

manufacturer’s instructions. Finally, total 75 immune cell subsets, including 

T cell subsets, NK cell subsets and γδT cell subsets, were determined by 

multiparametric FCM ( Figure S1 ). The labeled cells were analyzed with BD 

FACSCantoTM flow cytometry (BD Biosciencces, San Jose, CA, USA). Data 

were analyzed in FlowJo version 10 software (Tree Star, Ashland, OR, USA). 

Cytokine Assay 
Sera were separated by centrifugation and stored as aliquots at −80°C until 

analysis. Luminex liquid suspension chip detection was performed by Wayen 

Biotechnologies (Shanghai, China). The BioPlex protein array (Bio-Rad, 

Hercules, CA, USA) and Luminex 100 (Mirai Bio, Alameda, CA, USA) were 

used according to the manufacturers’ specifications. A cytokine panel (Bio-

Plex Pro Human Cytokine Grp I Panel 27-plex, #M500KCAF0Y) was used to 
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detect cytokines, including interleukin (IL)-1β, IL-1α, IL-2, IL-4, IL-5, IL-6, IL-7, 

IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, IL-17A, Eotaxin, IFN-γ, TNF-α, 

granulocyte–macrophage-colony stimulating factor (GM-CSF), Granulocyte 

colony-stimulating factor (G-CSF), monocyte chemotactic protein (MCP-1), 

macrophage inflammatory protein (MIP)-1β, MIP-1α, Vascular endothelial 

growth factor (VEGF), C-C Motif Ligand-5 (CCL5), interferon-inducible protein 

10 (IP-10), Platelet-derived growth factor (PDGF-BB), basic fibroblast growth 

factor (Basic FGF). The lower limits of cytokine detection were different for 

each cytokine and experiment and usually ranged between 0. 01 and 1. 0 

pg/ml. 

Histological Analysis 
Placentas from both normal term pregnancies and women who recovered 

from COVID-19 (≥38 weeks of gestation) were collected and fixed in a 4% 

formaldehyde solution. Then, the samples were processed to paraffin blocks 

according to a standard procedure. Sections of 4 µm were cut and stained 

with H&E after being dewaxed and rehydrated. 

Immunohistochemistry and Immunofluorescence 
Paraffin sections of these tissues with a thickness of 4 µm were dewaxed in 

xylene, rehydrated with graded ethanol, and then washed in PBS. Antigens 

were repaired by microwaving in 10 mmol/L citrate buffer at a pH of 6. 0 

(15 min). Endoperoxidase activity was blocked by 3% H2O2 in methanol, and

nonspecific sites were blocked with 5% normal serum. The samples were 

then incubated with ACE2 (dilution 5 µg/ml; AF933; R&D Systems), TMPRSS2 

(dilution 1: 500; ab92323; Abcam), and CK7 (dilution 1: 200; 181598; 

Abcam), CD68 (dilution 1: 1000; 28058-1-AP; ProteinTech), HLA-DR (dilution 
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1: 300; 17221-1-AP; Proteintech) at 4°C overnight. After three washes with 

PBS, the sections were overlaid with the secondary antibody and developed 

in peroxidase substrate solution. The reaction was induced using 3, 3-

diaminobenzidine and counterstained with hematoxylin. Then, the sections 

were dehydrated through increasing concentrations of ethanol and xylene. 

Slides were created on 4 ∼ 6 random fields photographed at different 

magnifications to acquire images using an Olympus BX51 microscope and 

Olympus DP70 manager (Japan). The experiments were repeated 3 times. 

Quantitative Real-Time PCR 
Total RNA was extracted with TRIzol reagent (Life Technologies, CA, USA) 

following the manufacturer’s instructions. An equal amount of total RNA (1 

µg) was treated with gDNA Eraser reagent to eliminate potential genomic 

DNA and then used for cDNA synthesis (Takara Bio, Shiga, Japan). qRT-PCR 

amplification analysis was performed with 2 µl of cDNA using a Hieff qPCR 

SYBR Green Master Mix (11198ES03, Yeasen, China) on Quantagene q225 

(Kubo Technology, China). Relative mRNA levels to calibrator were computed

using the 2-CT method and β-actin was used for normalization. For PCR 

analysis, the following primers were used (5′-3′): β-actin forward, 

CTACCTCATGAAGATCCTCACCGA; β-actin reverse, 

TTCTCCTTAATGTCACGCACGATT; ACE2 forward, 

TTAATTTCTTTGTCACTGCACCTA; ACE2 reverse, 

CAGAAACTCTAGGCTGTTGTCA; TMPRSS2 forward, 

CCTGTGTGCCAAGACGACTG; TMPRSS2 reverse, TTATAGCCCATGTCCCTGCAG.
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Statistical Analysis 
Statistical analyses were performed using the GraphPad Prism software, 

version 7. Data are presented as mean ± SEM. One-way ANOVA was used for

multiple comparisons. Significance was defined as P < 0. 05. 

Results 
Immune Profiles of NK and T, B Cell Subsets in the Peripheral Blood and the 
Umbilical Cord Blood of Pregnant Women After Recovery From COVID-19 
Firstly, we analyzed the percentages of several lymphocyte subsets to get an

overview of general distribution in the peripheral blood (obtained from four 

pregnant women recovered from COVID-19 and eight healthy pregnant 

women as the controls), mainly focusing on 75 immunological parameters 

including T cells, NK cells and γδT cells. The specific gating strategy of flow 

cytometry analysis is shown in Supplementary Figure S1 . Our results 

showed decreased percentages of Tfh17 (CD3 + CD4 + CXCR5 + CCR4 - 

CXCR3 - CCR6 + ) cells ( P = 0. 0045) in LRS women ( Figure 1A ). Tfh17 cells 

reside within the germinal centers (GCs) and play a major role in promoting 

B cell differentiation toward immunoglobulin-producing cells ( 23 ). CD8 + T 

cells can be classified into 2 major functionally different subsets (Tc1 and 

Tc2) based on the different cytokines they produce. Tc2 cells which exhibit 

reduced cytotoxic activity in comparison with Tc1 cells produce type 2 

cytokine such as IL-4, IL-5, and IL-13, but not IFN-γ ( 24 ). Our results showed

decreased percentages of type 2 (Tc2) cells (CD3 + CD8 + CXCR5 - CXCR3 - 

CCR4 + ) ( P < 0. 05) in LRS women ( Figure 1A ). The combination of CD19, 

CD21, CD27, CD38, IgM, and IgD was used to discriminate different B-cell 

subsets along their maturation pathway from precursors to effector cells ( 25
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) We observed increased percentages of naive B cells (CD45 + CD19 + CD27 -

IgD + ) and decreased percentages of memory B cell subsets (CD19 + CD27 

+ CD38 - ) ( Figure 1A ). As for NK cell subsets, we observed decreased 

percentages of NK cells and decreased percentages of virus-specific NK cells 

(CD3 - CD56 + NKP46 + ) ( Figure 1A ). Heat map of cytokine levels from the 

whole blood also demonstrated an alteration in cytokines’ production (

Figure 1B ). Out of 27 cytokines and growth factors, the levels of IFN-γ and 

IL-15 were below the limit of detection and excluded from further analysis. 

Serum levels of IL-1ra and MCP-1 showed a decreasing tendency in the LRS 

group with statistically different from the controls ( P < 0. 05) ( Figure 1B ). 

MIP-1α tended to be lower in the LRS group than the controls but with no 

significant difference. Then we used multiparametric flow cytometry and 

Luminex assay to analyze the immune cell subpopulations and cytokines in 

the fetal cord blood and found no significant differences ( Figures 1C, D ). 

FIGURE 1  

Immunological profiles of NK, T and B cell subsets and cytokine levels in the 

peripheral blood and the umbilical cord blood of pregnant women after 

recovery from COVID-19.(A)Multiparametric floow cytometry analysis of T-, 

NK-, and B-cell percentages of peripheral blood from pregnant women after 

recovery from COVID-19;(B)Luminex analysis of serum cytokine of peripheral

blood of pregnant women after recovery from COVID-19.(C)Multiparametric 

flow cytometry analysis of umbilical cord blood;(D)Luminex analysis of serum
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cytokine of umbilical cord blood. Graphs were prepared using GraphPad 

Prism (Version 8. 4. 0). 

Immune Cell Infiltration and Histological Analyses of the Placenta After 
Recovery From COVID-19 
To compare whether there is a change in placental morphology and 

lymphocytes’ infiltration, we analyzed the placentas of pregnant women 

recovery from COVID-19 ( Figure 2 ). The histological results showed that 

compared with the placentas of women who delivered normally, patients 

showed mild hypoxic damages such as an increase in syncytial knots ( Figure

2A ), which are thought to be developed in response to hypoxic damage or 

hypoxia-reperfusion injury ( 26 ). Since many factors can cause hypoxic 

damage to the placenta and the sample size was limited, it is uncertain that 

this change in the placenta was related to SARS-CoV-2 infection and requires

further investigations. Immunohistochemical (IHC) staining for various 

leukocytes revealed an increased CD68 + macrophages infiltration ( P = 0. 

0007), whereas the expression of HLA-DR, which was primarily regarded as a

marker of activated T cells ( 27 , 28 ), had no significant difference compared

with the controls ( Figure 2B ). 

FIGURE 2  

Histopathological analysis and immune cell infiltration in women recovery 

from COVID-19.(A)Morphology of placenta from the NP and LRS patients who 

were infected with SARS-CoV2 during the second trimester and gave birth 

after 3 months of complete recovery. The H&E staining showed mild hypoxic 

damages such as an increase in syncytial knots (green arrowhead) and 
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maternal arteriole with atherosis and fibrinoid necrosis (red arrowhead) 

(H&E, 200×);(B)Increased CD68+ macrophages infiltration in LRS patients 

compared with controls (100× on the top; 200× on the bottom);(C)HLA-DR 

expression in the placenta of the LRS patients with no significant difference 

(100× on the top; 200× on the bottom). Graphs were prepared using 

GraphPad Prism (Version 8. 4. 0). NP, normal pregnancy; LRS, late recovery 

stage. 

The Expression and Colocalization of TMPRSS2 and ACE2 at the Maternal-
Fetal Interface 
To clarify whether there exist vertical routes for SARS-CoV-2 entry, we used 

both the immunofluorescence and immunohistochemistry to detect the co-

localization of ACE2 and TMPRSS2 in the placentas. Our results showed that 

no expression of TMPRSS2 was detected in early, middle, and late pregnancy

by immunofluorescence ( Figure 3A ). To clarify the dynamic changes of 

ACE2 expression and localization in the first, second and third trimesters of 

pregnancy and which cell types express ACE2, we performed the co-staining 

of ACE2 and cytokeratin 7 (CK7) (a pan trophoblast marker) ( 29 ) in serial 

sections and chose the same field of view for observation ( Figures 3B–E ). In 

the first trimester, early chorionic villi had a complete outer layer of 

syncytiotrophoblasts and an inner cytotrophoblast layer. The blood vessels in

the early placentas were not prominent. The expression of ACE2 was in the 

cytoplasm of both syncytiotrophoblasts and cytotrophoblasts and not in the 

anchoring villi column, which can differentiate into extravillous trophoblasts 

(EVTs) ( Figure 3B ). However, ACE2 was mainly expressed in the 

perivascular cells in the decidua, and little was expressed in the scattered 
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EVTs, which can invade the interstitium ( Figure 3C ). In the second 

trimester, the terminal villi appeared with denser stroma surrounded 

primarily by syncytiotrophoblasts without a cytotrophoblast layer. ACE2 was 

expressed in some but not all the syncytiotrophoblasts ( Figure 3D ). In the 

third trimester, chorionic villi were highly vascularized to support the blood 

supply and nutrient exchange of the maternal-fetal circulation and only 

surrounded by a thin syncytiotrophoblast layer. ACE2 was abundantly 

expressed in EVTs of the decidua and almost not expressed in 

syncytiotrophoblast (SCTs) ( Figure 3E ). The stromal chorion cells in the 

chorionic plate, which form the fetal side of the placental disc, also 

expressed ACE2 ( Figure 3F ). Moreover, the expression level of ACE2 was 

highest in the first trimester, then gradually decreased, and was the lowest 

in the third trimester ( Figure 3G ). 

FIGURE 3  

TMPRSS2 and ACE2 expression at different stages of pregnancy.

(A)Immunofluorescence for DNA (DAPI, blue), ACE2 (green), and TMPRSS2 

(red) in the placenta of first, second, third trimester (400×). No expression of

TMPRSS2 was detected, so no co-expression of ACE2 and TMPRSS2 was 

observed;(B, C)Representative IHC images of serial sections of ACE2, CK7 

expression in villi and decidua of 1 st trimester;(D)ACE2, CK7 expression in 

villi of 2 nd trimester;(E)ACE2, CK7 expression in villi of 3 rd trimester;

(F)Expression of ACE2 in stromal chorionic cells in the chorionic plate (red 
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arrowhead);(G)qRT-PCR analysis of the relative ACE2 mRNA levels in the 

first, second, third trimester; mean ± SEM, ** P < 0. 01 by One-way ANOVA. 

Discussion 
We identified that most of the immune cell subsets in the peripheral blood of

pregnant women recovering from COVID-19 returned to the normal level, 

with only a few subsets changed including the decreased percentages of 

Tc2, Tfh17, memory B cells, and virus-specific NK cells. 

In the current study, the decreased percentages of total NK cells and virus-

specific NK cells (CD3 - CD56 + NKP46 + ) were found. The molecule NKP46 is 

a major NK cell-activating receptor involving in the fight against bacterial, 

tumor, virus-infected cells, and mediating neutrophil apoptosis ( 30 ). A 

previous study reported a transient increase in the number of NKP46 + NK 

cells, followed by a continuous decrease in response to influenza ( 29 ). We 

found the number of pathologically activated NKP46 + NK cells decreased 

after recovery, which may indicate that NK cells are in the process of 

regaining homeostasis. Tfh17 (CD3 + CD4 + CXCR5 + CCR4 - CXCR3 - CCR6 +

) belongs to circulating human memory Tfh cells ( 31 ). An elevated number 

of Tfh17 may play a role in maintaining humoral immune memory. 

Exhausted CD8 + T cells (CD3 + CD8 + PD-1 + ) showed an elevated tendency

after recovery, which may be a hint left during infection that T-cell 

exhaustion curtailed T-cell responses leading to slow, subacute propagation 

of COVID-19 ( 9 ). 
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As previously reported, one of the prominent features of SARS-CoV-2 

infection is lymphopenia which is associated with severe disease but is 

reversed when patients recovered ( 5 ). During normal pregnancy, the 

process of T and B lymphopoiesis will be moderately suppressed resulting in 

a reduction of lymphocytes ( 32 , 33 ). However, in the current study, we did 

not find obvious evidence of lymphopenia compared with normal pregnant 

women. On the one hand, all mild to moderate cases were included, not 

severe cases. On the other hand, since we did not obtain the samples of 

these patients at the time of infection, it is difficult to evaluate the level of 

lymphopenia as the disease progresses. In contrast, no significant changes 

were found in the umbilical cord blood, indicating that maternal infection 

may have minimal impact on the fetal immune profiles. Although antibodies 

against SARS-CoV were tested positive from the maternal serum, breast 

milk, and umbilical cord blood, no viral RNA was present in the umbilical cord

blood. Moreover, intravenous transplantation of hUC-MSC from umbilical cord

blood has been confirmed by clinical trials to be a safe and effective method,

which can be used as the priority for the rescue and treatment of severe 

COVID-19 ( 34 ). Although the immunological function of LRS women is still 

vulnerable, the immune cell subsets in the umbilical cord blood did not show 

abnormality which indicated that suffering COVID-19 in the middle or late 

trimester did not cause a significant impact on the fetal immune system. 

A second key observation of our studies was the changes in the placentas of 

pregnant women recovering from COVID-19. We observed the increased 

CD68 + macrophages infiltration and mild hypoxic features (increased 

syncytial knots) in the placentas, although the patients had a normal 
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delivery without other obstetric complications. A previous study focusing on 

the placentas from patients in the acute stage of COVID-19 had two common

abnormalities: 1) vascular abnormalities leading to insufficient blood 

perfusion from mother to fetus, called maternal vascular hypoperfusion 

(MVM); 2) blood clots in the placenta are called interstitial thrombus and 

blood clots in the placenta called intervillous thrombi ( 35 ). However, the 

pathology of the placenta from patients who were infected in the first or 

second trimester and recovered from COVID-19 has not been addressed 

previously. Ng et al ( 36 ). demonstrated that the placentas from two women

recovering from SARS in the first trimester were normal. Two women who 

had fully recovered from COVID-19 infection in the third trimester at the time

of delivery, their placentas showed a larger area of avascular villi, with one 

of the two additionally demonstrating a large villous infarct ( 35 ). Currently, 

there is a lack of researches on the placenta after recovery from COVID-19, 

and accurate conclusions can only be drawn after expanding the sample 

size. 

An additional major finding of the current study was the localization and 

expression profiles of ACE2 and TMPRSS2 in the placenta during pregnancy. 

Due to the above-mentioned changes in the placenta of convalescent 

women, the urgent question of whether SARS-CoV-2 can be vertically 

transmitted from a mother to the fetus and cause clinical infection of the 

fetus needs to be addressed. To enter the cell, SARS-CoV-2 uses its spike S 

protein to bind to the ACE2 receptors, which leads to the fusion with the cell 

membrane and endocytosis. Then, catalyzing the virus-cell membrane fusion

is facilitated by proteolytic cleavage. TMPRSS2, a known human airway and 
https://assignbuster.com/an-immunological-perspective-what-happened-to-
pregnant-women-after-recovering-from-covid-19/



 An immunological perspective: what happe... – Paper Example  Page 17

alveolar protease, mediates the proteolysis of both protein S and ACE2, 

which can enhance the cell entry of both SARS-CoV and SARS-Cov-2 ( 37 , 38

). According to our results, TMPRSS2 was not expressed and not coexpressed

with ACE2 in the placenta of all stages of pregnancy; thus, it is likely that 

SARS-CoV-2 cannot invade the fetus through this route. We also investigated

the dynamic change of ACE2 expression in the placentas of normal pregnant 

women in the first, second, and third trimesters. Our results show that there 

is a relatively high expression of ACE2 at the human maternal-fetal interface 

of the first trimester, which is consistent with a previous study based on 

single-cell sequencing data available online ( 39 ). However, Pique-Regi et al 

( 40 ). reported opposite results based on the same online dataset, 

ArrayExpress (E-MTAB-6701). This inconsistency may be due to the 

differences in the database construction and analysis methods. In the second

trimester, the expression level of ACE2, which is expressed in some but not 

all syncytiotrophoblasts, decreased compared to that in the first trimester. 

Prior to our study, most studies only focused on the first and the third 

trimesters ( 39 – 43 ). There was a relative lack of data in the second 

trimester, and our research fills this gap. In the third trimester, ACE2 was 

abundantly expressed in EVTs in the decidua and almost not expressed in 

SCTs, but the overall expression level was lowest. 

In summary, our data provide the immunological profiles of pregnant women

who have recovered from COVID-19. We found the decreased percentages of

Tc2, Tfh17, memory B cells, and virus-specific NK cells, and the increased 

percentages of naïve B cells existed in the peripheral blood of women 

recovery from COVID-19. The immunological function of LRS women is still 
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vulnerable and it takes longer to return to normal. However, no significant 

difference in the immune cell subpopulations was found in the umbilical cord 

blood. The placentas from LRS women were infiltrated with the increased 

CD68 + macrophages and exhibited mild hypoxic features. The inflammatory

damage of the placenta may be related to the anti-viral response. Since the 

receptors ACE2 and TMPRSS2, which are utilized by SARS-CoV-2, were not 

co-expressed in the placenta, we postulate that it is extremely rare for SARS-

CoV-2 to cause infection through ACE2/TMPRSS2 route, thus its impact on 

the fetus is negligible. Nevertheless, further investigations are needed in a 

large sample size. 
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