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Abstract
Effective detection and treatment of COVID-19 is still a major challenge. However, a comprehensive and detailed description of the changes experienced by 
human placental immune cells after COVID-19 infection is still lacking. Here, we performed proteomic profiling of placenta from 5 Nucleic acid positive 
COVID-19 pregnant women and 5 control individuals. The 162 proteins showed differential expression in COVID-19 pregnant women, of which 108 were 
up-regulated and 54 were down regulated. The difference of serum immune indexes between 19 pregnant women diagnosed with COVID-19 infection and 17 
controls was analyzed. We found that changes in immune cells were associated with an increased risk of infection. We found that with the infection of COVID-19, 
the immune cell landscape was reprogrammed, characterized by increased number of late natural killer cells. Notably, the prenatal NK cell count of pregnant 
women diagnosed with COVID-19 infection was significantly higher than that of the control group (P=0.009). Therefore, these findings suggest that immune 
system disorders associated with susceptibility to SARS-COV-2 may at least partially explain the vulnerability of COVID-19.
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Introduction
The corona virus disease 2019 (COVID-19), caused by the 

SARS-CoV-2 virus, was declared a pandemic by the World Health 
Organization on March 12, 2020 [1], which has caused more than 
400,000,0 fatalities worldwide. It is logical to predict that pregnant 
women infected with New Coronavirus (SARS-CoV-2) may have 
higher incidence rate of serious illness, morbidity or mortality than 
non-pregnant women [2]. Since the first SARS-COV-2 sequence came 
out, more than 390000 complete genome sequences have been added 
to the list by many laboratories around the world. Although a large 
number of sequences are available, there is still little information 
about the clinical proteome of the virus, especially pregnant women 
infected with SARS-COV-2 [3].

It is particularly important to explore the protein regulation 
pathway of COVID-19. Most studies have focused on its 
epidemiological and clinical characteristics [4-6]. Many patients 
infected with SARS-COV-2 have mild symptoms and good prognosis, 
especially pregnant women [7-9]. And so far, no clear evidence of 
COVID-19 vertical transmission has been found [10-12]. In this 

process, the immune mechanism of placenta may play a protective 
role in the fetus [13]. However, a comprehensive placental cell 
mediated immune deficiency and peripheral blood immune response 
of pregnant women infected with SARS-Cov-2connects the blood 
lineages and cell subtypes has not yet been constructed.

In this study, we hypothesized that SARS-COV-2 induced 
characteristic molecular changes that could be detected in the placenta 
of pregnant women. These molecular changes may help clarify the 
protective mechanism of placenta on the fetus and progress in the 
treatment of pregnant women in COVID-19. To test this hypothesis, 
we applied proteomics techniques to analyze the proteome of placenta 
in pregnant women with COVID-19and controls. And make a 
targeted analysis of immune-related factors in the peripheral blood 
of pregnant women.

Proteomics can provide valuable diagnostic data to supplement 
genomic information, so that we can increase the knowledge of 
SARS-COV-2 virus induced COVID-19 disease. In this work, we 
used TMT(Tandem Mass Tags TMT) and performed an in-depth 
proteomics analysis of placenta samples collected from Nucleic acid 
positive COVID-19 pregnant women (n=5) and control pregnant 
women (n=5). We identified a large number of differentially expressed 
proteins (n=162), of which 108 were up-regulated and 54 were 
down-regulated. Some of which involved in a landscape of immune 
signaling related to the SARS-CoV-2 infection. Notably, COVID-19 
caused immune cell landscape changes compare with control. 
Most impressively, the prenatal NK cell count of pregnant women 
diagnosed with COVID-19 infection was significantly higher than 
that of the control group. Overall, our work expands our knowledge 
of proteomic immune cell profiling and highlights critical nodes 
between the dysregulated immune system and infects of COVID-19.

Materials and Methods
Patients and samples collection

Pregnant women were divided into positive and negative according 
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to the results of RT-PCR for viral RNA dependent RNA polymerase 
(RdRp) gene. According to the China government's guidelines 
for diagnosis and treatment, they were diagnosed as COVID-19 
(NHCPRC, 2020). All patients were hospital in the outpatient 
department of the Zhongnan Hospital of Wuhan University. Placenta 
samples were collected in the operating room within 20 min of delivery 
of the placenta, snap frozen, transported on dry ice, and stored at 
-80°C until use. The placenta and serum samples were collected with 
written informed consent under the approval of the Ethics committee 
from the Zhongnan hospital of Wuhan university (Ethical number: 
2020004). All experiments were carried out in accordance with the 
standards of the declaration of Helsinki.

Sample preparation for mass spectrometry
Total protein extraction: The samples were ground separately in 

liquid nitrogen and cracked with a cracking buffer containing 100 mm 
NH4HCO3 (pH 8), 8 M urea and 0.2% sodium dodecyl sulfate, and 
then subjected to ultrasonic treatment on ice for 5 minutes. The lysate 
was centrifuged at 12000 g for 15 minutes at 4°C and the supernatant 
was transferred to a clean test tube. The extract of each sample was 
reduced with 10 mm DTT at 56°C for 1 h, and then alkylated with 
sufficient iodoacetamide in the dark at room temperature for 1 h. 
The sample was then completely mixed with 4 times the volume of 
precooled acetone by eddy current and incubated at -20°C for at 
least 2 hours. The samples were then centrifuged and the precipitates 
collected. After washing twice with cold acetone, the particles were 
dissolved by a dissolution buffer containing 0.1 M triethylammonium 
bicarbonate (TEAB, pH 8.5) and 6 M urea (Figure S1A).

Protein quality test
BSA standard protein solution was prepared according to the 

instructions of Bradford protein quantitative kit, and the gradient 
concentration range was 0 g/L - 0.5 g/L. BSA standard protein 
solutions and sample solutions with different dilution multiples were 
added into 96-well plate to fill up the volume to 20 μL, respectively. 
Repeat each gradient three times. The plate was added 180 μL G250 
dye solution quickly and placed at room temperature for 5 minutes, the 
absorbance at 595 nm was detected. Draw the standard curve with the 
absorbance of the standard protein solution and calculate the protein 
concentration of the sample. Use 20 μG protein samples were loaded 
into 12% SDS-PAGE gel electrophoresis, where the concentrated gel 
was carried out at 20 min for 80 V, and the gel was separated at 90 V 
for 120 V. The gel was stained with Coomassie brilliant blue R-250 and 
decolorization until clearly visible bands.

LC-MS/MS analysis
For the construction of the transition library, shotgun proteomic 

analysis was performed using the nlctm 1200 UHPLC system (Thermo 
Fisher) and the Q extractive HF (x) mass spectrometer (Thermo 
Fisher) operating in data correlation acquisition (DDA) mode. Use 1 
μg sample was injected into a self-made C18 nano trap column (2 cm) 
× seventy-five μm, 3 μm. Peptides were separated in a home-made 
analytical column (15 cm × 150 μm, 1.9 μm), using a linear gradient 
elution as listed in Table 1. The separated peptides were analyzed by 
Q extractive HF (x) mass spectrometer (Thermo Fisher), and the ion 
source was nanospray flex™ (ESI), the spray voltage is 2.3 kV, and the 
ion transport capillary temperature is 320°C. The full scan range is 
from M/Z 350 to 1500, the resolution is 60000 (at M/Z 200), and the 
Automatic Gain Control (AGC) target value is 3 × 106, the maximum 
ion implantation time is 20 ms. The first 40 precursors with the 
highest abundance in the full scan were selected and broken by High 
energy Collision Dissociation (HCD) and analyzed by MS/MS, with 
a resolution of 15000 (M/Z 200), a total of 6 clusters (45000 for 10 
plex, m/z 200, the Automatic Gain Control (AGC) target value was 
5 × 104 the maximum ion injection time was 45 ms, a normalized 
collision energy was set as 32%, an intensity threshold was 1.2 × 105. 
The dynamic exclusion parameter is 20s. The original data detected by 
MS is named "raw data".

Bioinformatics analysis
Based on raw files obtained from mass spectrometry, the 

corresponding database was searched, and then protein identification 
was carried out based on the results of database search. Meanwhile, 
the quality of mass spectrometry data was evaluated by analyzing 
the mass tolerance distribution of peptide, protein and parent ion. 
The identified proteins were annotated with common functional 
databases, including COG database, go database and KEGG database; 
then, the quantitative analysis of proteins was carried out, including 
the overall difference analysis of identified proteins, screening of 
differential proteins and clustering analysis of expression patterns. 
A series of functional analysis including GO, KEGG functional 
enrichment analysis and interaction network analysis was carried out 
for the selected differential proteins.

Statistical analysis
Spss20.0 software was used for statistical analysis. The classification 

variables were expressed as percentage (%), and compared by χ2 test or 
Fisher exact test. If continuous variable presents normal distribution, 
it should be expressed as mean value (SD) and compared with t 

Figure 1: Total Protein function annotation and GO. A. Use the database 
to annotate the identified proteins to understand the functional properties of 
different proteins. 6 databases jointly annotated to 2102 proteins. B. GO an-
notation is to analyze the identified proteins using Interproscan software.
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test. Continuous variables, if not normally distributed, should be 
represented as median and Quartile Ranges (IQR) and compared 
using the Mann Whitney U-test.

Results
Proteomic profiling of COVID-19 placenta

We procured a cohort of patients containing 19 COVID-19 
Pregnant woman and 17 controls. All pregnant women collect 
peripheral blood for blood biochemical testing. Take placenta of 
5 pregnant women for proteomics analysis the detailed patient 
descriptions including the sampling date for each patient are shown 
in Table 2. 

Protein function annotation
The data analysis process is shown in Figure 1. The quality 

inspection results show that all samples can be sequenced on the 
computer (Figure S2). The results were analyzed from Pfam, prints, 
ProDom, smart, PROSITE and Panther databases (Figure 1A). Each 
circle in the figure represents the annotation results of one database, 

the overlapping part represents the proteins jointly annotated by 
multiple databases, and the non-overlapping part represents the 
proteins individually annotated by the corresponding database. Six 
databases jointly annotated to 2102 proteins. The results of gene 
ontology include cellular components, molecular functions and 
biological processes (www.geneontology.org).

2597 molecular functional proteins are annotated (Figure 1B). 
The most important is protein binding function, followed by ATP 
binding function. Cluster of Orthologous Groups of proteins (http://
www.ncbi.nlm.nih.gov/COG/)

Represents the functional classification of annotated proteins 
(Figure 2A).

KEGG channel analysis identified the most important biochemical 
metabolic and signal transduction pathways in proteins (http://
www.genome.jp/kegg/) (Figure 2B). Use Interproscan software for 
structural domain annotation (Figure 3A). Cell-mPLOC 2.0 analysis 
of subcellular localization (Figure 3B).

Table 1: Flow cytometric analysis of pregnant women infected with COVID-19 and controls.

Maternal blood COVID-19 (n=19) Control group (n=17) P
On admission Postpartum On admission Postpartum During pregnancy Postpartum

IL-6(pg/ml) 9.16 ± 5.24 6.22 ± 1.53 7.42 ± 5.02 5.59 ± 3.56 0.316 0.733
CD3+Lymphs % 74.0 ± 7.66 75.3 ± 5.17 78.1 ± 8.80 81.4 ± 3.12 0.143 0.12
CD3+Lymphs count(cells/ul) 1175 ± 443.8 1911 ± 495.8 971.9 ± 365.9 1785 ± 488.4 0.155 0.737
CD3+CD4+Lymphs % 39.5 ± 5.26 37.6 ± 9.15 38.5 ± 6.37 42.5 ± 2.45 0.588 0.409
CD3+CD4+Lymphs count(cells/ul) 696.3 ± 433.1 935.8 ± 234.2 471.3 ± 154.0 940.3 ± 293.1 0.057 0.981
CD3+CD8+Lymphs % 32.1 ± 7.56 34.9 ± 5.25 36.6 ± 9.17 38.1 ± 3.61 0.117 0.397
CD3+CD8+Lymphs count(cells/ul) 509.5 ± 209.9 907.2 ± 328.8 464.3 ± 238.0 825.0 ± 186.2 0.555 0.711
CD4+/CD8+ratio 1.32 ± 0.45 1.14 ± 0.51 1.15 ± 0.47 1.12 ± 0.17 0.27 0.969
CD19+Lymphs % 10.6 ± 2.93 8.0 ± 1.1 12.0 ± 8.77 6.15 ± 2.40 0.51 0.172
CD19+Lymphs count(cells/ul) 202.5 ± 169.3 202.4 ± 45.85 168.6 ± 178.0 134.3 ± 69.01 0.154 0.139
NK % 14.4 ± 6.89 15.9 ± 4.99 11.2 ± 7.09 12.0 ± 0.845 0.184 0.234
NK count(cells/ul) 208.4 ± 79.24 420.6 ± 199.4 145.9 ± 118.2 261.0 ± 67.27 0.009* 0.239

*P<0.05

Table 2: Basic characteristics of pregnant women infected with covid19 and control.

  COVID-19 (n=19) Control group (n=17) P
Basic information
      Age(year) 30.4 ± 2.14 32.2 ± 5.56 0.221
      Gravidity 1.63 ± 0.96 1.71 ± 1.16 0.913
      Parity 0.42 ± 0.51 0.24 ± 0.44 0.244
      Gestational age on admission(weeks) 38.6 ± 2.00 39.4 ± 0.85 0.117
      Epidemiological history (%)      
Any comorbidity
      Diabetes (%) 1(5.3%) 3(17.6%) 0.326
      Hypertension (%) 2(10.5%) 0(0) 0.487
      Cardiovascular disease (%) 0(0) 1(5.9%) 0.472
      Chronic obstructive pulmonary disease (%) 0(0) 0(0)  
      Twin pregnancy (%) 1(5.2%) 0(0) 0.528
      Chronic liver disease (%) 0(0) 4(23.5%) 0.040*

Signs and symptoms
      Fever (%) 7(36.8%) 0(0) 0.008*

      Myalgia (%) 0(0) 0(0)  
      Malaise (%) 0(0) 0(0)  
      Chills and rigors (%) 0(0) 0(0)  
      Cough (%) 4(21.1%) 0(0)  
      Dyspnea (%) 0(0) 0(0)  
      Sore throat (%) 3(15.8%) 0(0) 0.231
      Diarrhea (%) 2(10.5%) 0(0) 0.487
      Chest pain (%) 0(0) 0(0)  

*P<0.05

http://www.geneontology.org
http://www.ncbi.nlm.nih.gov/COG/
http://www.ncbi.nlm.nih.gov/COG/
http://www.genome.jp/kegg/
http://www.genome.jp/kegg/
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Quantitative analysis of protein and Repeatability analysis
The results of protein difference analysis showed that a total 

of 5170 proteins were identified, and a total of 162 proteins with a 
multiple of difference greater than 1.2, of which 108 were up-regulated 
and 54 were down-regulated (Figure 4A). Use clustering heat map to 
observe the up-regulation and down-regulation of different proteins in 
different samples to get the same result (Figure 4B). Data repeatability 
results show that the data is credible (Figure S3A).

Cluster analysis of differential protein expression levels
In the KEGG pathway diagram, we found that the immune cell 

landscape was reprogrammed with the infects of COVID-19 and was 
characterized by increased late natural killer cells (Figure 5A and B). 
Notably, the prenatal NK cell count of pregnant women diagnosed 
with COVID-19 infection was significantly higher than that of the 
control group (P=0.009) (Table 1).

Discussion
Pregnant women, as a special population, have different immune 

status and physical function characteristics from the general 
population [14]. They may be in an immunosuppressive state during 

pregnancy, and the gene up regulation, expression and activity of 
Angiotensin Converting Enzyme 2 (ACE2) during pregnancy suggest 
that pregnant women may be more susceptible to COVID-19 [15,16]. 
In order to strengthen the understanding of the origin, virulence 
and pathogenesis of SARS-COV-2, we analyzed the viral proteome 
and the serum immune indexes of COVID-19 pregnant women and 
control group.

The results of protein difference analysis showed that a total 
of 5170 proteins were identified, and a total of 162 proteins with a 
multiple of difference greater than 1.2, of which 108 were up-regulated 
and 54 were down-regulated. In the KEGG pathway, we found that the 
immunization cell landscape was reprogrammed with the infection of 
COVID-19, characterized by increased natural killer cells. Notably, 
the prenatal NK cell count of pregnant women diagnosed with 
COVID-19 infection was significantly higher than that of the control 
group. We show that NK cell-mediated signaling pathway are the 
major class of dysregulated pathways in pregnant women infected 
with SARS-CoV-2.These pathways also play an indispensable role in 
SARS-COV-1 infection.

Figure 2: Protein function annotation with COG and KEGG. A. A certain pro-
tein sequence can be annotated into a certain COG by alignment, and each 
cluster of COG is composed of orthologous sequences, so that the function 
of the sequence can be inferred. B. Pathway analysis can determine the most 
important biochemical metabolic pathways and signal transduction pathways 
involved in protein.

Figure 3: Protein function annotation with COG and KEGG. A. Use pattern 
structure or features to annotate domains of unknown proteins. B. Annotate 
to the subcellular localization of the protein.
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Figure 4: Differential protein volcano map and cluster heat map. A. Take the 
logarithm of each protein difference multiple with 2 as the base, and take 
the absolute value of the logarithm with the P value as the base 10 to make 
a volcano map. B. Perform cluster analysis on the relative content of dif-
ferential proteins in each sample, and use cluster heat maps to observe the 
up-regulation and down-regulation of different proteins when comparing dif-
ferent samples.

Figure 5: Valuable KEGG pathway and differential protein interaction analy-
sis. A. In the KEGG pathway diagram, the differential protein is circled. B. 
Use String DB protein interaction database (http://string-db.org/) to perform 
interaction analysis of identified proteins.

Figure S1: Proteomics profile process and data processing plan. A. Pro-
teomics experiment process. B. Proteomics sequencing data processing 
method.

The prenatal NK cell count in the SARS-COV-2 infection group 
was significantly higher than that in the control group, suggesting 
that pregnant women may have more complex immune functions 
during pregnancy, and the comparison of postpartum changes 
suggests that this immune function may be due to the effect of the 
placenta. It may also be a natural immune response triggered by a 
virus. NK cells are a kind of large granular lymphocytes, which are 
cytotoxic to tumor cells and infected cells [17,18]. At the same time, 
they can produce various cytokines and participate in the regulation 
of adaptive immune responses. The increase of NK cell percentage 
is a risk factor for early pregnancy abortion [19-21]. Excessive NK 
cells may cause the fetus to stop developing [22]. On the one hand, 
abnormal NK cells can cause maternal innate immune disorders, and 
on the other hand, they can attack the villous trophoblast cells, hinder 
the erosion of villi and the establishment of maternal-fetal circulation, 
leading to miscarriage [23]. Studies have pointed out that recurrent 
miscarriage is associated with an increase in the number of NK cells in 
the peripheral blood, and a decrease in the percentage of NK cells in 
the peripheral blood can improve the pregnancy outcome of patients 
with recurrent miscarriage [24]. Pregnant women may be protected 
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Figure S2: Sample quality control. A. Peptide length range distribution map. 
B. Precursor ion mass tolerance distribution. C. Identification of the distribu-
tion of the number of unique peptides in the protein. D. Protein coverage 
distribution. E. Protein molecular weight distribution.

by placental immunity during pregnancy and have special immunity 
to the new coronavirus, which leads to the hidden symptoms of new 
coronavirus pneumonia during pregnancy [25]. However, we should 
pay attention to whether there will be disease progression after 
delivery, as we reported before. Patients, who are asymptomatic but 
have fever after delivery, whether they are diagnosed or suspected, 
should receive attention.

After the outbreak of COVID-19, the information about the 
pathogen is limited, this limits the collection of a large number 
of clinical specimens in this study, mainly because of biosafety 
constraints. However, the sample size is rather small. Future studies 
of placenta from more time points are required for rigorous temporal 
analysis.

In conclusion, this study carried out a systematic proteomic 
study of placental samples from pregnant women and controls in 
COVID-19. Our study comprehensively analyzed the placental 
proteins of SARS-COV-2 infection and revealed a new understanding 
of immune signals.

Highlights
•	 162 proteins show differential expression in COVID-19 

Pregnant woman

•	 Pathway analysis highlights Proteome and immune 
dysregulation in COVID-19 Pregnant woman

•	 A model compose of 36 serum shows that the immune cell 
landscape was reprogrammed with the infects of COVID-19 
and was characterized by increased late natural killer cells
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