
Page 1/22

Alimentary System is Directly Attacked by SARS-
COV-2 and Further Prevents Immune Dysregulation
Caused by COVID-19
Sai Chen 

West China Hospital, Sichuan University
Jing Zhou 

West China Hospital, Sichuan University
Xiaoqi Ou UG 

West China Hospital, Sichuan University
Wei Cheng 

West China Hospital, Sichuan University
Yun Qin 

West China Hospital, Sichuan University
Yingqiang Guo 

West China Hospital, Sichuan University
Yunhan Jiang  (  cs19900512@sina.com )

West China Hospital, Sichuan University https://orcid.org/0000-0003-2759-2328

Research

Keywords: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), Coronavirus Disease 2019
(COVID-19), Alimentary system, Immune dysregulation, Bioinformatic analysis

Posted Date: September 18th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-56005/v2

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at International Journal of Clinical Practice on
December 31st, 2020. See the published version at https://doi.org/10.1111/ijcp.13893.

https://doi.org/10.21203/rs.3.rs-56005/v2
mailto:cs19900512@sina.com
https://orcid.org/0000-0003-2759-2328
https://doi.org/10.21203/rs.3.rs-56005/v2
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/ijcp.13893


Page 2/22

Abstract
Background. SARS-COV-2 causes digestive system symptom, the effect of which remains equivocal.

Methods. Patients with COVID-19 were classi�ed into 4 groups according to symptom. The study traced
the onset and duration of symptoms, compared laboratory examinations and conducted bioinformatic
analysis. Immune indices were further analyzed.

Results. By March 16, 25 patients with COVID-19 and 13 with suspect COVID-19 were admitted to West
China Hospital, Sichuan University. Digestive system symptom group had the highest level of ESR (mm/h,
P 0.0001), serum ferritin (ng/ml, P 0.0001), hepatic enzymes (P 0.05), and retentive lymphocyte
count/percentage (P 0.05) and its subsets (P 0.05). Combined group (respiratory combined with
subsequent digestive system symptom) had the highest level of IL-6 (pg/ml, P=0.0046), CRP (mg/L,
P=0.0004) and moderate lymphocyte depletion. Respiratory system symptom and asymptomatic groups
suffered the most from lymphocyte depletion (P 0.05). Bioinformatic analysis indicated co-expression of
binding related proteins of SARS-COV-2 (ACE2, TMPRSS2 and Furin) in small intestine. CD147 was
extensively expressed in alimentary tract. CTSL, PIKfyve, TPC2 and CTSB could be detected with
≥moderate expressions in a variety of organs including alimentary system.

Conclusions. Alimentary system is directly attacked by SARS-COV-2 other than hyperin�ammation and
immune dysregulation. Involvement of alimentary system might further protect mild and moderate cases
from lymphocyte depletion caused by COVID-19.

Introduction
Since December 2019, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) of unknown
origin was identi�ed to cause pneumonia in about 20% of infective patients(1). Patients generally develop
respiratory system symptom, with digestive system symptom being far from unique, ranging from
1%-50.5%(2). However, the effects of digestive system symptom were equivocally documented. Several
studies concluded that patients with digestive system symptom were clinically severer(3-5), whereas a
case-control study by Nobel YR et al. drew a nearly opposite conclusion that patients with digestive
system symptom had a lower rate of ICU stay and mortality(6). A large cohort published in the New
England Journal of Medicine also echoed that mortality was low in digestive system symptom group(7).
The main limitations of these initial reports were: (a) only reported onset of digestive system symptom in
the medical history with ignorance of speci�c course tracing; (b) lacked detailed grouping and de�nition
of participants.

Emerging evidences suggested that alimentary injury probably resulted from direct virus infection. Initial
results demonstrated existence of virus RNA in stool, although live virus could be hardly detected in it
except two cases reported by Xiao F et al(8). Subsequently, quite a number of studies succeeded in
identifying viral related in�ammatory changes and entry proteins (ACE2, TMPRSS2 and Furin) (9-11) in
alimentary system. Lamers MM et al. used human intestinal organoids to demonstrate in vitro that SARS-
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CoV-2 replicates readily in the gut enterocyte, and produced large amounts of infective virus particles in
the gut(12). However, that digestive injury was caused by direct attack from the virus has been challenged
by the phenomenon that digestive system symptom did not correlate with RNA detection in stool(8, 13).
Furthermore, a recent study found that Faecal calprotectin (FcP), a widespread and sensitive marker for
intestinal in�ammation, was signi�cantly associated with digestive system symptom in patients with
COVID-19(14). Thus, it seems more reasonable that digestive symptom was a result of in�ammation.
Whether this in�ammation was directly caused by the virus or by systemic in�ammation still needs to be
determined.

Researches have established angiotensin I converting enzyme 2 (ACE2) as the primary viral host receptor
of SARS-COV-2, with CD147 recently having been discovered as another host receptor(15). Several
proteins are critical for SARS-COV-2 entry into human cells. TMPRSS2 and Furin have been found
essential to assist membrane fusion after the binding process(9, 10). After binding and membrane fusion,
endocytosis is the primary process for SARS-COV-2 entry(16). Studies con�rmed that PIKfyve, TPC2,
Cathepsin L (CTSL) and Cathepsin B (CTSB) are critical for SARS-CoV-2 entry into human cells(17, 18).
Thus, a wide protein expression pro�le: ACE2, TMPRSS2, Furin, CD147, CTSL, PIKfyve, TPC2, and CTSB
better signals direct in�ltration of SARS-COV-2 into human cells in vivo than pure detection of ACE2,
TMPRSS2 and Furin.

 In this study, we aimed to determine the relationship between digestive system symptom and COVID-19
through speci�c tracing of every patient, and explored another indirect evidence of SARS-COV-2 attacking
our alimentary system using bioinformatical analysis.

 

Methods
STUDY POPULATION

    The study enrolled patients with COVID-19 and suspect COVID-19 who underwent quarantine and
received treatment in West China Hospital, Sichuan University from Jan 22 to March 16, 2020. The 25
patients with COVID-19 [mean age, 45.52 years (19-81)], 11 female and 14 male) were diagnosed
according to the criteria issued by the National Health and Health Commission of China [Diagnosis and
Treatment Guidelines for 2019 Novel Coronavirus Pneumonia (Trial Version 7)](19). All patients were
strictly screened for history of epidemiology, clinical manifestations, blood examinations, radiographic
presentations and con�rmed by real-time PCR test. We divided the patients into 4 subgroups based on
major clinical signs: 3 in digestive system symptom group, 14 in respiratory system symptom group, 4 in
combined group and 4 in asymptomatic group.

STUDY DESIGN
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This retrospective study speci�cally traced epidemiology history and clinical presentations in detail.
Patients with COVID-19 were divided into 4 subgroups according to symptom, and with suspect COVID-19
set as control group. We collected all demographics, laboratory investigations in a data collection form
modi�ed from the standard electronic medical records. Computed tomography (CT) was used to
diagnose infection in the lungs. CT �ndings and pulmonary in�ammation index (PII) were scored by two
experienced radiologists and inconsistency was solved by speci�c discussion between them until
consistency was achieved. Severity was graded according to the Diagnosis and Treatment Guidelines for
2019 Novel Coronavirus Pneumonia (Trial Version 7)(19). Severity of illness scores (MuLBSTA, CURB-65
and PSI grading) were completed by resident physicians. Bioinformatic analysis was performed for
expressions of ACE2, CD147, TMPRSS2, Cathepsin L, Cathepsin B, PIKfyve and TPC2 in different tissues
and organs. Correlation analysis between symptom and location with SARS-Cov-2 positive was
performed.

The study was approved by the Ethics Committee of West China Hospital and strictly followed the
Declaration of Helsinki. Since this was a retrospective study, the committee waived the need for written
consent of patients.

BIOINFORMATIC ANALYSIS

  We gained bioinformatic data from the “TISSUE” units of “THE HUMAN PROTEIN ATLAS”
(http://www.proteinatlas.org/) to analyze mRNA and protein expression pro�les in various human
tissues(20). The mRNA expression were extracted from GTEx dataset and demonstrated in reference to
the normalized consensus dataset(21). “The PROTEIN EXPRESSION SUMMARY” category was chosen
for protein expression scores.

STATISTICAL ANALYSIS

   All data were tested for normality and homogeneity of variance. Continuous variables were presented as
mean ± standard deviation (SD) or median with interquartile range (IQR), and were analyzed by Student-t
test or Wilcoxon signed rank test respectively. Categorical variables were described in number (%) and
compared by Chi-square test or Fisher’s exact test according to the number of events. Correlation was
analyzed by univariate and multivariate logistic regression. P < 0.05 was set as the statistically signi�cant
threshold value. All analyses were conducted by SPSS 23.0 (SPSS inc., Chicago, IL, USA) statistical
software.

 

Results
BASELINE CHARACTERISTICS

A total of 25 patients diagnosed as COVID-19 and 13 suspected cases were enrolled between Jan 23 and
March 16, 2020. The mean age of COVID-19 group was 45.52 ± 16.99 (11 females) with comparison to

http://www.proteinatlas.org/
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35.69 ± 10.89 (6 females) in suspect COVID-19 group (P=0.0433). More than half of the COVID-19
patients (14, 56%) came from or had been to Wuhan recently (�rst generation). COVID-19 patients were
classi�ed into 4 groups based on the severity of the disease in strict accordance with the Diagnosis and
Treatment Guidelines for 2019 Novel Coronavirus Pneumonia (Trial Version 7): 4 (16%) mild, 17 (68%)
moderate, 3 (12%) severe and 1 (4%) critical. One patient (80-year-old, female, 4%) died due to respiratory
failure at the 6th day after admission. A majority of the COVID-19 patients (19, 76%) had underlying
diseases: 7 (28%) hypertension, 2 (8%) cardiovascular disease, 2 (8%) diabetes, 2 (8%) chronic obstructive
pulmonary disease (COPD), 5 (20%) chronic liver disease and 1 (4%) hepatitis B virus (HBV) carrier.
Diverse clinical presentations could be observed among COVID-19 patients at onset and on admission,
albeit respiratory system symptom being the most widely. During hospitalization, digestive (7, 28%),
neuromuscular (6, 24%) and cardiovascular (4, 16%) symptoms have also emerged and occupied a
certain proportion. These data and other basic characteristics were presented in Supplemental Table 1.

CLINICAL CHRACTERISTICS

Patients were divided into 4 groups according to symptom: 3 (12%) in digestive system symptom group,
14 (56%) in respiratory system symptom group, 4 (16%) in combined group and 4 (16%) in asymptomatic
group. Baseline and clinical characteristics were summarized respectively. Digestive system symptom
included diarrhea, nausea and vomiting. All 4 patients in combined group reported respiratory system
symptom �rst, and then digestive system symptom emerged within 48 hours prior to admission. For each
patient, their symptom persisted on admission. Nearly all baseline characteristics did not differ in the 4
groups, neither did clinical characteristics except for length of stay (IOS), where the digestive system
symptom group reported the longest (Supplemental Table 2).

LABORATORY EXAMINATIONS AND CT SCANS

Clinical examinations on admission to hospital (Table 1 and Figure 1) were analyzed. For blood routine
examination, lymphocyte (LYM) count (x109/L, P=0.0101) and percentage (%, P=0.0033) typically
remained near the normal range in digestive system symptom group, in comparison with signi�cant
reductions in other groups, which indicated unaffected systemic immunity in this group. Not surprisingly,
digestive system symptom group suffered the most from alimentary injury, as 3 liver function indexes
(alanine aminotransferase [ALT, U/L, P 0.0001], alkaline phosphatase  [ALP, U/L, P=0.0167] and γ-
Glutamyl transpeptidase [GGT, U/L, P=0.0018]) increased signi�cantly. Two infection related biomarkers,
erythrocyte sedimentation rate (ESR, mm/h, P 0.0001) and serum ferritin (ng/ml, P 0.0001) had the
highest level in this group. ESR generally points to bacterial infection. We believed that intestinal �ora
being interrupted by SARS-COV-2 could not be excluded, as could be observed in other reports(22, 23).
Considering the prevalent liver damage in digestive system symptom group, elevation in serum ferritin
could also be interpreted as affected liver function. Other in�ammatory factors were not notably high in
this group.
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Interleukin-6 (IL-6, pg/ml, P=0.0046) and C-reaction protein (CRP, mg/L, P=0.0004) were remarkably
elevated in combined group, implying a different infective pattern in combined group from other groups.
We emphasized on subsets of LYM cell count and percentage, and reported that CD3+ cell count (106/L,
P=0.0011), CD3+ cell percentage (%, P=0.0014) and CD8+ cell count (106/L, P=0.0021) were in the normal
range in digestive system symptom group, as well as a steady CD8+ cell count (%, P=0.0013) in
combined group, with contrast to signi�cant reductions in respiratory system symptom group.
CD4+/CD8+ did not change much in digestive system symptom group compared to other groups
(P=0.0206). Nearly all laboratory examinations were similar in asymptomatic group to those in respiratory
system symptom group, including immune indices (LYM and its subsets), with a few indicators being less
severe in asymptomatic group. All these data did not support obvious immune dysregulation in digestive
system symptom group, while it seemed the most depressed in the respiratory system symptom and
asymptomatic group, and moderately disturbed in combined group. What needs to be noted, however, is
that the 4 patients in the combined group could �rst be categorized as the respiratory system symptom
group. Then, digestive system symptom emerged within 48 hours prior to admission and they were
grouped into combined symptom. The subsequent digestive system symptom in combined group, which
signaled an emerging local in�ammation(14), as evidenced by elevated IL-6 and CRP in our study,
probably limited immunodepression caused by pneumonia.

Some additional manifestations could be noticed. More frequent proteinuria (P=0.0003) could be
observed in digestive system symptom group, being mildly positive. Glucose (mmol/L, P=0.0152) did not
seem to be affected in digestive system symptom group, as it only remained in the normal range in
digestive system symptom and asymptomatic group. Troponin T (ng/L, P=0.0015) differed but remained
normal among all groups (Supplemental Figure 1).

High-resolution computed tomography (HRCT) of the patients were read by the radiologists who recorded
CT �ndings for each pulmonary lobe and then gave the total CT scores. Scores were not signi�cantly
different among the 4 groups. All patients showed signs of pneumonia on CT scans, although only
respiratory system symptom and combined groups reported respiratory system symptom. Different
evaluation scores were used for severity of illness, and no difference was found among MuLBSTA, CURB-
65, PSI grading and PII (Table 1).

BIOINFORMATIC ANALYSIS

In order to explore the reason why alimentary system was affected in COVID-19, especially in view of
immune response being hardly dysregulated in digestive system symptom group than that in other
groups, we attempted to investigate whether this phenomenon could be a result of direct in�ltration of
SARS-COV-2 through a combination of bioinformatic and clinical analysis. As is known that SARS-COV-2
could be detected in various tissues, we obtained bioinformatic data from the “TISSUE” units of “THE
HUMAN PROTEIN ATLAS” (http://www.proteinatlas.org/) to analyze mRNA and protein expression
pro�les in various human tissues(20). Figure 2 summarized tissue-speci�c expressions of binding and
endocytosis proteins of SARS-COV-2. The main binding protein of SARS-COV-2, ACE2, displayed high
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expressions of protein in kidney, small intestine and testis, and mild expression in adrenal gland and
colon. It’s worth noting that the mRNA expression in small intestine was also the highest. Another protein,
CD147, which was found to be a binding protein of SARS-COV-2 recently, showed ≥ moderate
expressions in the digestive tract (colon, stomach and esophagus and small intestine).

Several proteins assist the binding and endocytic process of SARS-COV-2. Moderate expression of
TMPRSS2 existed in pancreas, salivary gland and small intestine. One of endocytosis proteins of SARS-
COV-2, Cathepsin L (CTSL), exhibited moderate expression in liver, and mild expressions in colon,
pancreas and salivary gland. We also found 3 endocytosis proteins (PIKfyve, TPC2 and CTSB) and 1
binding-related protein (Furin) that were widely expressed in different tissues (Figure 3). The results
revealed ACE2, TMPRSS2 and Furin were co-expressed in small intestine, which strongly suggested small
intestine being a major target of SARS-COV-2. Other binding and endocytosis proteins were widely
expressed in alimentary system, small intestine included. 

We believed that digestive system symptoms were more caused by direct in�ltration of SARS-COV-2 into
alimentary tract than subject to hyperin�ammation or immune dysregulation brought by pneumonia
based on �ndings above: (a) All necessary virus entry and endocytosis proteins could be found in
alimentary system through bioinformatic analysis; (b) Re-elevation of IL-6 and CRP in combined group
might signal an acute “reinfection” in alimentary tract by the virus; (c) Appearance of digestive system
symptom seemed to combat immune dysregulation, rather than be caused by it.

CORRELATION BETWEEN SYMPTOM AND VIRUS LOCATION

    We continued to determine whether the location of SARS-COV-2 positive was associated with symptom
(Supplemental Table 3). Nasal and throat swab were sensitive enough that the virus could be detected
positive regardless of time and symptom. SARS-COV-2 RNA was hardly found in urine, even with
proteinuria being found in digestive system symptom group and all SARS-COV-2 entry proteins being
expressed in the kidney (Figure 2 and 3). Detection of SARS-COV-2 for cerebrospinal �uid (CSF) was
conducted only once and turned out negative. Other locations (sputum, bronchoalveolar lavage �uid,
stool and blood) of SARS-COV-2 were not signi�cantly correlated with symptom (P=0.5281, 0.3865,
0.8454 and 0.5488 respectively).       

Discussion
The current study explored the role of digestive system symptom in patients with COVID-19 in a small
cohort. We proved in an indirect way that digestive injury could be more likely resulted from direct
in�ltration of SARS-COV-2 than hyperin�ammation and immune dysregulation brought by pneumonia.
Furthermore, we suggested that involvement of alimentary system may even protect patients from
immune dysregulation by COVID-19.

Researches on gastrointestinal symptoms for COVID-19 have been ambiguously reported, which was
quite different from respiratory system symptom with nearly consistent results. This phenomenon
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suggested that digestive system symptom might be more complex than expected. We reviewed the
reports on gastrointestinal symptoms for COVID-19, and found most of the researches were cross-
sectional and scarcely traced the onset, duration and disappearance of the symptoms. Digestive system
symptom might have already disappeared on admission or merely appeared after admission. However,
patients were all labeled “a history of digestive system symptom” and blood samples were mostly
collected on admission. In our study, when patients were enrolled, we found that 4 patients with combined
symptom had respiratory system symptom �rst, and then digestive system symptom just appeared within
48 hours prior to admission. For each patient in each group, their symptom still persisted on admission.

SARS-COV-2 could be found in stool, and even remained positive after nasal, throat and sputum swabs
turned negative. Patients were allowed discharge after all tests turned negative, and digestive system
symptom group usually had the longest IOS(24, 25). However, the clinical importance of continued
presence of RNA in the stool is uncertain, since no apparent risk events occurred(5), as was also observed
in our study. In�ammatory and immune indexes except the ESR (might re�ect bacterial infection after
alteration of intestinal �ora) did not signi�cantly alter in digestive system symptom, and this group
suffered the least from immune dysregulation. Serum ferritin, ALT, AST, ALP, GGT was the highest in
digestive system symptom group. Studies have proved that the major functional binding receptor ACE2
has rather limited expressions in hepatocytes and cholangiocytes(11), which was against liver as a
primary SARS-COV-2 target. That gastrointestinal injury itself can cause an increase in liver enzymes
could not be ruled out in this situation(23). Since every patient was identi�ed pneumonia through CT
scans, and immune dysregulation existed even in asymptomatic patients, it seemed that patients with
gastrointestinal injury were against that immune dysregulation.

Researches have established ACE2 as the major binding receptor of SARS-COV-2. Given that SARS-COV-2
was transmitted by droplets and there was a widespread expression of ACE2 on AT2 cells in the lung, it
was not di�cult to understand why pneumonia was the dominant manifestation. It’s worth noting that
the lung is a “frothy” organ and ACE2 is merely expressed on AT2 cells, protein and mRNA expressions of
ACE2 might seem quite trivial compared to those expressed in solid organs. Our study also found trial
mRNA and bare protein of AT2 in the lung, similar to other studies(10, 11). We did, however, assume that
the bioinformatic analysis was more applicable to other solid organs.

SARS-COV-2 entry into host cells is regulated by the spike (S) glycoprotein that forms homotrimers
protruding out from the viral surface(26). S consists of S1 and S2 subunits accounting for binding to the
receptor and fusion between the viral and cellular membranes, respectively(27). S is further cleaved by
host proteases, a process necessary to promote virus-cell fusion(27, 28). Recently, Furin and TMPRSS2
were identi�ed as proteases assisting SARS-COV-2 infection by a number of studies(9, 10). Studies have
suggested co-expression of TMPRSS2 and Furin with ACE2 could be more meaningful as an indicator of
SARS-COV-2 target(9, 10, 29). We found that small intestine might be an important target of SARS-COV-2
since a combination of ACE2, TMPRSS2 and Furin proteins could be detected in small intestine. Other
endocytosis proteins, PIKfyve, TPC2, combined with the protease CBSL, could also be detected in small
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intestine. CD147 protein was found in colon, esophagus, small intestine and stomach. These results
suggested that small intestine was potentially the major target.   

In order to further clarify whether involvement of alimentary system could provide protection from SARS-
COV-2, we systematically compared the clinical results and laboratory examinations on admission, and
combined group attracted our attention. Four patients suffering respiratory system symptom gradually
developed digestive system symptom, and they were grouped into combined group. However, many
indexes differed them from those who purely had digestive system symptoms and those who purely had
respiratory system symptom. Firstly, they had remarkably higher levels of CRP and IL-6, which indicated
an acute infection accompanied by robust immune response. Lin L. et al demonstrated that viraemia
following lung infection was rare(30), consistent with our study where only one patient was detected with
viraemia. They reported that infection in lung may lead to a secondary attack on ACE2 target organs such
as the kidney and the intestine(30). Thus, elevated of IL-6 and CRP in combined group might be attributed
to a subsequent “acute reinfection” through oral route (swallowing upper respiratory secretion etc.), which
agreed with the idea that alimentary could be directly attacked by SARS-COV-2. Secondly, they did not
develop liver damage, which further explained a delayed or slighter infection in alimentary system.
Thirdly, the immunodepression was somewhere between the respiratory group and digestive group. To
sum up, the emergence of digestive system symptom seemed to salvage the immune dysregulation to a
certain extent, which was echoed by what was observed in digestive system symptom group.

We hypothesized that the involvement of alimentary system may provide protection through competitive
inhibition and anti-in�ammatory mechanism. A soluble form of ACE2 that lacks the membrane anchor
and partly circulates in blood can be produced by proteolytic cleavage(31). It has been proposed that the
soluble form of ACE2 competitively inhibits the cellular full-length ACE2 protein so that SARS-COV is
sequestrated(32), limiting infective progression and reducing susceptibility to further infection(33).
Interestingly, the cleavage of ACE2 into the soluble form is mediated by the ADAM17, a TNF-α convertase
upregulated in patients with gastrointestinal injury or in�ammation(34). Moreover, ACE2 has been
demonstrated to participate in reninangiotensin-aldosterone system (RAAS) that includes the classical
ACE2/Ang 1–7/MAS-1 receptor (MAS1-R)(35). Studies have suggested that ACE2/MasR system plays a
critical role in numerous anti-in�ammatory pathways regulating tissue protection(36). However, with
limited number of patients in each group and lack of experimental designs, other studies were warranted
to con�rm this observation in our study.   

LIMITATIONS

    Firstly, the limited number of patients may weaken reliabilities and conclusions. Secondly, lack of
experimental results requires further con�rmation of the observations. Finally, more in�ammatory and
immune indexes are warranted.

Conclusions
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The present study is a single-center study that explores the reason and effect of digestive involvement in
COVID-19. As follows are the major �ndings in our study: 1) Alimentary system is directly attacked by
SARS-COV-2 other than hyperin�ammation and immune dysregulation. 2) Involvement of alimentary
system might further protect mild and moderate cases from lymphocyte depletion caused by COVID-19.
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Table 1. Clinical Indexes of COVID-19 Patients with Different Types of Symptom.

  Combined
group (n = 4)
(mean ± SD)

Respiratory
system
symptom group
(n = 14)

Digestive
system
symptom
group (n = 3)

Asymptomatic
group (n = 4)

P
value

Blood routine
examination

         

WBC count
(x109/L)

6.67 ± 2.61 5.92 ± 1.54 5.03 ± 1.00 4.88 ± 2.19 0.5554

> 10.0, No. (%) 1 0 0 0 0.1405

< 4.0, No. (%) 0 1 1 2 0.1277

NEU count
(x109/L)

4.47 ± 1.86 4.10 ± 1.42 2.89 ± 0.64 3.23 ± 2.08 0.5233

NEU percentage
(%)

66.65 ± 5.63 68.39 ± 8.52 57.23 ± 1.65 60.28 ± 15.7 0.2626

LYM count
(x109/L)

1.46 ± 0.23 1.17 ± 0.27 1.7 ± 0.09 1.15 ± 0.12 0.0101

≥ 1.0, No. (%) 4 11 3 3 0.5974

LYM percentage
(%)

23.88 ± 3.26 20.93 ± 4.08 31.4 ± 0.98 22.7 ± 2.62 0.0033

MON count
(x109/L)

0.61 ± 0.24 0.58 ± 0.20 0.52 ± 0.06 0.42 ± 0.10 0.4772

MON percentage
(%)

9.3 ± 2.32 10.06 ± 2.86 10.5 ± 1.22 9.93 ± 4.5 0.9660

PLT count
(x109/L)

235.25 ± 
59.82

203.21 ± 49.85 249.33 ± 89.46 150.25 ± 
69.64

0.2118

Eosinophils (× 
109/L)

0.02 ± 0.01 0.03 ± 0.04 0.03 ± 0.02 0.01 ± 0.02 0.7767

Eosinophil ratios
(%)

0.23 ± 0.21 0.54 ± 0.78 0.47 ± 0.37 0.13 ± 0.22 0.7033

Haemoglobin
(g/L)

140.5 ± 8.73 148.21 ± 19.97 132.33 ± 25.9 139.75 ± 
14.25

0.5414

NLR 3.42 ± 1.34 3.82 ± 1.86 1.83 ± 0.1 2.67 ± 1.63 0.2633

> 5, No. (%) 1 2 0 1 0.7809

PLR 183.61 ± 
61.66

183.15 ± 55.42 155.42 ± 37.11 124.94 ± 
54.26

0.2927
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> 200, No. (%) 1 5 1 1 0.9653

SII 778.64 ± 
276.96

764.1 ± 371.6 460.01 ± 
174.23

496.14 ± 
525.61

0.4116

> 500, No. (%) 4 9 1 1 0.1269

Infection related
biomarkers

         

PCT (ng/ml) 0.05 ± 0.01 0.04 ± 0.01 0.05 ± 0 0.06 ± 0.02 0.2380

IL-6 (pg/ml) 26.08 ± 19.23 6.11 ± 2.9 6.88 ± 3.37 4.3 ± 2.76 0.0046

≥ 7.0 pg/ml, No.
(%)

4 3 2 1 0.0258

CRP (mg/L) 68.38 ± 45.97 9.63 ± 6.19 8.07 ± 0.8 3.54 ± 2.78 0.0004

> 8 mg/L, No. (%) 4 5 1 1 0.1020

ESR (mm/h) 29.33 ± 38.66 40.75 ± 14.58 57 ± 25.47 23 ± 8 < 
0.0001

> 20 mm/h, No.
(%)

1 13 3 1 0.0047

Serum ferritin
(ng/ml)

312 ± 66.72 219.42 ± 121.57 844 ± 23.37 256.5 ± 
110.36

< 
0.0001

liver function          

ALT (U/L) 18.25 ± 5.40 26.79 ± 6.43 56.67 ± 11.84 23.50 ± 4.50 < 
0.0001

> 40 U/L 0 1 3 0 0.0004

AST (U/L) 16.50 ± 4.77 20.14 ± 7.12 39.00 ± 5.35 21.25 ± 2.49 0.0010

> 40 U/L 0 1 1 0 0.3441

Albumin (g/L) 41.25 ± 4.54 44.23 ± 3.15 42.03 ± 4.63 42.45 ± 2.96 0.4208

TBIL (umol/L) 15.18 ± 4.11 11.6 ± 8.12 12.67 ± 5.12 10.58 ± 6.00 0.7978

DBIL (umol/L) 4.98 ± 1.01 4.03 ± 2.46 4.37 ± 1.68 4.48 ± 3.02 0.9062

ALP (U/L) 64.25 ± 3.96 59.36 ± 11.35 80.67 ± 4.19 57.75 ± 4.97 0.0167

GGT (U/L) 16.50 ± 3.57 30.07 ± 14.92 59.67 ± 16.82 15.00 ± 6.36 0.0018

myocardial injury
markers
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LDH (U/L) 187.50 ± 
50.42

173.86 ± 87.24 171.33 ± 30.88 214.75 ± 
14.04

0.8018

CK (U/L) 65.75 ± 21.55 117.83 ± 90.22 78.33 ± 32.19 158.25 ± 
77.12

0.3951

CK-MB (ng/mL) 1.05 ± 0.53 0.99 ± 0.51 0.90 ± 0.42 0.90 ± 0.14 0.9602

Myoglobin
(ng/mL)

35.38 ± 13.52 33.73 ± 22.80 24.57 ± 4.88 27.90 ± 3.07 0.8223

Troponin T (ng/L) 9.25 ± 3.45 4.78 ± 2.21 8.93 ± 1.19 3.80 ± 0.50 0.0015

α-HBDH (U/L) 151.00 ± 
28.85

138.43 ± 51.10 119.33 ± 8.50 167.25 ± 
10.11

0.5123

kidney function          

Glucose
(mmol/L)

6.31 ± 0.56 7.38 ± 1.36 4.86 ± 0.37 5.88 ± 0.38 0.0152

BUN (mmol/L) 4.90 ± 0.95 3.46 ± 0.96 4.40 ± 0.83 4.25 ± 0.88 0.0527

Cr (µmol/L) 83.75 ± 19.04 77.42 ± 18.55 71.33 ± 8.01 81.25 ± 19.11 0.8108

eGFR
(ml/min/1.73 m2)

82.18 ± 24.16 98.32 ± 14.58 98.32 ± 12.37 91.02 ± 5.76 0.3053

Proteinuria (%)          

Negative 2 14 0 4 0.0003

+ 1 0 3 0  

++~+++ 1 0 0 0  

Hematuria (%)          

Negative 2 13 2 4 0.2224

+ 1 1 0 0  

++~+++ 1 0 1 0  

coagulation
function

         

PT (s) 12.03 ± 0.36 11.03 ± 0.57 11.47 ± 1.44 11.20 ± 0.10 0.0796

APTT (s) 32.53 ± 3.34 30.36 ± 1.72 29.87 ± 3.00 30.35 ± 0.65 0.2872

INR 1.02 ± 0.03 0.94 ± 0.06 0.99 ± 0.13 0.95 ± 0.02 0.1584

FIB (g/L) 3.51 ± 0.74 3.64 ± 0.94 3.86 ± 1.04 3.01 ± 0.11 0.5519
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D-dimer (mg/L
FEU)

0.3 ± 0.18 0.25 ± 0.1 1.52 ± 1.78 1.49 ± 1.47 0.2188

Arterial blood gas          

lactic acid
(mmol/L)

0.94 ± 0.22 0.83 ± 0.12 0.98 ± 0.20 0.92 ± 0.19 0.3509

Electrolyte levels          

Potassium
(mmol/L)

3.81 ± 0.38 3.78 ± 0.34 3.77 ± 0.08 4.23 ± 0.39 0.1520

Sodium (mmol/L) 137.25 ± 3.07 138.01 ± 5.62 138.90 ± 4.4 139.65 ± 0.85 0.8932

Serum Chlorine
(mmol/L)

99.13 ± 2.69 100.00 ± 4.21 101.30 ± 2.60 102.60 ± 1.80 0.5214

Calcium
(mmol/L)

2.16 ± 0.18 2.22 ± 0.08 2.17 ± 0.01 2.26 ± 0.18 0.5859

cytokines          

TNF-a (pg/ml) 4.93 ± 0.73 6.08 ± 1.97 4.2 ± 0.14 4.63 ± 0.72 0.2051

Immunocyte
detection and
absolute count

         

CD3 + cell count
(106/L)

1165 ± 
344.93

726.43 ± 235.73 1475.33 ± 
352.88

710.5 ± 43.59 0.0011

CD3 + cell count
(%)

73.33 ± 3.26 62.04 ± 6.12 72.97 ± 4.29 59.08 ± 3.82 0.0014

CD4 + cell count
(106/L)

400.00 ± 
219.34

546.88 ± 251.91 653.33 ± 
174.81

453.00 ± 
31.00

0.4383

CD4 + cell count
(%)

29.05 ± 6.90 38.83 ± 9.61 35.30 ± 2.76 36.90 ± 0.60 0.2288

CD8 + cell count
(106/L)

358.50 ± 
97.29

252.50 ± 87.93 578.33 ± 
220.38

249.00 ± 
13.55

0.0021

CD8 + cell count
(%)

31.65 ± 8.94 18.46 ± 6.02 30.23 ± 1.64 15.00 ± 3.05 0.0013

CD4+/CD8+ 1.03 ± 0.40 2.56 ± 1.13 1.18 ± 0.16 2.90 ± 0.88 0.0206

B cell (%) 10.78 ± 2.09 12.19 ± 3.67 12.13 ± 0.83 13.08 ± 4.42 0.8481

B cell count
(106/L)

218.75 ± 
75.33

230.21 ± 67.86 260.67 ± 57.62 280.33 ± 
17.21

0.6049
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NK cell (%) 11.78 ± 2.11 12.40 ± 3.84 13.11 ± 3.31 12.98 ± 4.10 0.9639

NK cell count
(106/L)

182.75 ± 
42.66

202.50 ± 50.27 280.67 ± 98.02 192.50 ± 
66.81

0.2316

CT �ndings          

The total CT
score

7.50 ± 6.84 9.36 ± 7.41 9.33 ± 0.47 6.75 ± 4.66 0.9029

Left upper lobe 1.50 ± 1.66 1.43 ± 1.76 3.00 ± 1.41 1.00 ± 1.22 0.5001

Left lower lobe 1.50 ± 1.12 2.57 ± 1.92 2.00 ± 0.82 1.50 ± 0.87 0.5765

Right upper lobe 1.75 ± 1.48 1.64 ± 1.67 0.67 ± 0.47 2.25 ± 1.79 0.4994

Right middle lobe 1.75 ± 1.79 1.71 ± 1.75 2.00 ± 1.63 0.75 ± 1.30 0.3624

Right lower lobe 1.00 ± 1.00 2.00 ± 1.56 1.67 ± 0.94 1.25 ± 1.30 0.6259

Severity of illness
scores

         

MuLBSTA 7.75 ± 2.59 5.36 ± 4.43 6.00 ± 2.16 3.25 ± 1.30 0.4574

CURB-65 0.25 ± 0.43 0.14 ± 0.35 0.33 ± 0.47 0.00 ± 0.00 0.6783

PSI grading 2.00 ± 0.71 1.64 ± 0.72 1.67 ± 0.47 1.25 ± 0.43 0.5381

PII 0.28 ± 0.25 0.38 ± 0.31 0.41 ± 0.07 0.24 ± 0.17 0.7948

COVID-19, Coronavirus Disease 2019; WBC, White blood cell; NEU, Neutrophil; LYM, Lymphocyte; MON,
Monocyte; PLT, Platelet; NLR, Neutrophil-to-lymphocyte ratio; PLR, Platelet-to-lymphocyte ratio; SII,
Systematic in�ammatory index; PCT, Procalcitonin; IL-6, Interleukin-6; CRP, C-reactive protein; ESR,
Erythrocyte sedimentation rate; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; TBIL,
total bilirubin; DBIL, Direct bilirubin; ALP, Alkaline phosphatase; GGT, γ-Glutamyl transpeptidase; LDH,
Lactate dehydrogenase; CK, Creatine kinase; CK-MB, Creatine kinase-MB; α-HBDH, α-Hydroxybutyrate
dehydrogenase; BUN, Blood urea nitrogen; Cr, Serum creatinine; eGFR, Estimated Glomerular Filtration
Rate; INR, International Normalized Ratio; APTT, Activated partial thromboplastin time; PT,
Prothrombin time; PSI, Pneumonia severity index; PII, Pulmonary in�ammation index.
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Figure 1

Laboratory examination differences in each group. (A-D) Differences in liver function. (E-H) Differences in
infection-related indexes. (I-J) Differences in blood routine test. (K-N) Differences in T lymphocyte
subsets.
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Figure 2

Protein and mRNA expression pro�les of binding and endocytosis proteins of COVID-19 in tissue speci�c
organs.
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Figure 3

Extensive protein and mRNA expression pro�les of binding and endocytosis proteins of COVID-19 in non-
tissue speci�c organs.
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