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Evidence of SARS-CoV-2 infection in gallbladder and aggravating 
cholecystitis to septic shock: a case report
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Abstract: Coronavirus disease 2019 (COVID-19) has threatened human health worldwide and could 
lead to multiple organs injury. However, the impact on the virus infecting the biliary system, especially the 
gallbladder, has remained unclear and no pathological evidence has been reported yet. A case of SARS-
CoV-2 infection in a gallbladder with cholecystitis, which progressed rapidly to sepsis and required an 
emergency operation was investigated and reported. Clinical specimens of the COVID-19 patient including 
serum, oropharyngeal swabs, sputum, bile, abdominal drainage fluid, urine, stool, and gallbladder tissue 
were collected and tested for SARS-CoV-2 RNA using a quantitative polymerase chain reaction (qPCR) 
assay. Fresh normal gallbladder tissue and gangrenous gallbladder tissue were also collected for further 
research including hematoxylin and eosin (HE), immunohistochemistry (IHC), and immunofluorescent (IF) 
staining, and compared with the gallbladder from the COVID-19 patient. The bile, as well as the serum, 
oropharyngeal swabs, sputum, abdominal drainage fluid, urine, and rectal swabs were consecutively negative 
for SARS-CoV-2 RNA. The viral host receptor angiotensin-converting enzyme 2 (ACE2) was highly 
expressed in gallbladder epithelial cells, and viral nucleocapsid protein (NP) was visualized in the cytoplasm 
of gallbladder epithelial cells. Immune cells including CD2, CD3, CD4, CD8, CD20, CD38, CD68, and 
MPO were positive in gangrenous gallbladder tissues without SARS-CoV-2 infection, and were relatively 
downregulated in SARS-CoV-2 infective gallbladder tissue. This study provided evidence of SARS-CoV-2 
infection in the gallbladder and verified that the gallbladder was one of the target organs that SARS-CoV-2 
could attack and damage using ACE2 as a cell receptor. Due to the immune dysregulation involved, more 
vigilant management and early assessment is needed for COVID-19 patients with the comorbidity of 
cholecystitis.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by the novel 
virus of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), has spread quickly, posing a serious threat 

to human health worldwide (1-3). It has been clearly 

verified that the virus of SARS-CoV-2 can transmit through 

droplets and person to person contact (4,5). It also has been 

shown that live SARS-CoV-2 can be found in the stool 
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specimens in COVID-19 patients, indicating the potential 
fecal-oral transmission (6). However, the other avenues of 
transmission from other fluids such as bile or digestive juice 
have remained unknown.

It has been demonstrated that SARS-CoV-2 shares 
the same host cell receptor of ACE2 with SARS for entry 
process and could attack multiple organs including the 
lungs, liver, kidneys, and lower gastrointestinal tract (7-11).  
Xiao et al. had observed the intracellular staining of viral 
nucleocapsid protein in gastric, duodenal, and rectal 
epithelia demonstrating SARS-CoV-2 could infect 
gastrointestinal glandular epithelial cells (11). However, the 
impact of the virus infecting the biliary system, especially 
the gallbladder, has remained unclear and no pathological 
evidence has been reported yet. Immune dysregulation, 
such as inflammatory cytokine storm and lymphopenia, has 
been reported and understood to play an important role in 
processes of different pathological damages in COVID-19 
patients (12-14). This case described a COVID-19 patient 
who had the comorbidity of acute calculous cholecystitis, 
and underwent an emergency operation due to biliary 
infection rapidly progressing to sepsis. Although we found 
the negative testing for SARS-CoV-2 in the bile, we verified 
that the gallbladder was one of the target organs that 
SARS-CoV-2 could attack and damage using ACE2 as a 
cell receptor. We first demonstrated the evidence of SARS-

CoV-2 infection in the gallbladder and further investigated 
whether the dual strike of viral and bacterial infection 
precipitating immune dysregulation might aggravate the 
biliary infection towards sepsis. In addition, we confirmed 
that there was no contiguity of bile after double negative 
tests of oropharyngeal swab and stool for SARS-CoV-2 
RNA. We present the following article in accordance with 
the CARE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-4778).

Case presentation

The patient (male, 69 years old) was diagnosed with 
COVID-19 after 2 consecutively positive SARS-CoV-2 
RNA oropharyngeal swab test results on 29 January 2020 
and 3 February 2020. After appropriate treatments, the 
SARS-CoV-2 RNA in oropharyngeal swabs tested negative 
on 17 February 2020 and 19 February 2020, respectively. 
His stool first tested positive on 4 February 2020 and did 
not turn negative until 4 March 2020 (Figure 1). 

Apart from a history of hypertension, the patient had 
asymptomatic gallstones in the gallbladder and common bile 
duct. During his hospital stay for COVID-19 treatment, 
a normal gallbladder without edema and exudation was 
shown on the routine abdominal computed tomography 
(CT) scan on 17 February 2020 (Figure S1). On the night 

Figure 1 Results of quantitative polymerase chain reaction testing for COVID-19, 29 January to 15 March 2020. Red square means positive, 
blue square means negative, and grey square means not tested.
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of 4 March 2020, the patient experienced the first episode 
of slight abdominal pain in the right upper abdominal 
quadrant. The pain reduced and then increased on 5 March 
2020. Meanwhile, the physical examination revealed a body 
temperature of 37.8 ℃, blood pressure of 128/75 mmHg, 
and pulse of 90 beats per minute. Given a history of pre-
existing asymptomatic gallstones, an abdominal CT and 
blood tests were conducted to reassess the abdomen. The 
diagnosis of acute calculous cholecystitis and common 
bile duct stones was confirmed by evident progression 
of a swollen gallbladder with thick wall and exudation, 
associated with common bile duct stones on the CT image 
(Figure S1 and Table 1). 

A day later, the infective situation evolved rapidly to septic 
shock on 6 March 2020, with a high fever of 39.1 ℃, elevated 
heart rate of 130 beats per minute, and low blood pressure 
(91/56 mmHg). The white cell count (22,790 per μL),  
neutrophil count (21,050 per μL), and infection related 
biomarkers, such as procalcitonin (88.2 ng/mL) and 
C-react ive  protein (>367.8 mg/L),  suddenly and 
simultaneously reached their peak (Table 1). The lymphocyte 
count declined to 490 per μL after biliary infection from 

5 March 2020 (Table 1), a Gram-negative bacillus was also 
reported positive in the blood test on 6 March 2020, and 
Klebsiella pneumoniae was later identified in a blood culture.

Since anti-infective therapy did not relieve the infection, 
our multidisciplinary treatment (MDT) discussion resulted 
in the decision that removal of the primary infection 
focus and the common bile duct stones was the ultimately 
effective method for resolving severe acute biliary infection 
and relieving the bile duct pressure caused by symptomatic 
gallstones. We then performed an emergency procedure of 
cholecystectomy plus common bile duct exploration and 
T-tube placement on 6 March 2020. The surgical procedure 
was accomplished according to the guidelines of gallbladder 
stone and common bile duct stone removal (15). The 
gallbladder with acute gangrenous cholecystitis was resected 
and common bile duct stones were extracted successfully. 
An abdominal drainage was placed at the gallbladder fossa 
for postoperative observation. Although the results of 
oropharyngeal swab and stool sample were negative for 
SARS-CoV-2 when the operation was performed, to our 
knowledge there was no evidence of the viral status in bile 
reported, the surgical team performed this operation under 

Table 1 Laboratory data and clinical information

Measure Reference range Feb. 27 Mar. 5 Mar. 6 Mar. 7 Mar. 8 Mar. 9 Mar. 11 Mar. 13 Mar. 15

White cell count (per μL) 3,500–9,500 7,790 18,120 22,790 15,610 18,330 7,920 13,880 12,150 11,730

Neutrophil count (per μL) 1,800–6,300 4,200 16,480 21,050 14,850 16,480 6,450 10,300 8,640 8,500

Neutrophil percentage (%) 40–75 54 90.9 92.4 95.1 89.9 81.5 74.2 71.1 72.4

Lymphocyte count (per μL) 1,100–3,200 2,730 490 850 460 880 1110 1730 2090 1950

Lymphocyte percentage (%) 20–50 35 2.7 3.7 2.9 4.8 14 12.5 17.2 16.6

Procalcitonin (ng/mL) 0–0.5 <0.10 1.61 88.2 60.26 32.02 15.92 2.42 0.43 0.11

C-reactive protein (mg/L) 0–5 – 118.5 >367.8 307.9 195.1 – – – 19.6

Alanine aminotransferase (U/L) 9–50 25.1 18 21.1 32.5 28.2 24.7 28.5 27.5 30.7

Aspartate aminotransferase (U/L) 15–40 21.8 23.9 32.2 62.3 35.6 24.7 28.9 26.3 29

Total bilirubin (μmol/L) 3–24 4.73 15.89 23.18 17.45 10.08 10.18 14.3 12.38 12.46

Direct bilirubin (μmol/L) 0–8 2.47 7.27 19.82 14.54 7.24 5.75 10.3 8.13 7.61

Albumin (g/L) 40–55 36.5 39.5 32.9 32.6 31.9 36.6 33.8 39 39.3

Prothrombin time (s) 9.4–12.5 – 11.8 15.6 13.3 11.8 10.9 12.1 12 12.2

Creatinine (μmol/L) 57–111 158.2 147.1 217.7 210.3 151 130.1 117.7 109.5 115.4

Body temperature (℃) 36–37 36.7 37.8 39.1 36.6 36.7 36.5 36.6 36.2 36.4

Heart rate (beat/min) 60–100 90 90 130 101 80 85 84 85 82

Blood pressure (mmHg) 90–140/60–90 152/97 128/75 91/56 124/74 120/75 148/71 126/82 141/94 141/87
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the highest level of personal protective protocol (16).
After the emergency operation, the patient’s vital 

signs stabilized and their situation gradually improved. 
The white cell count, neutrophil count, and infection-
related biomarkers improved effectively (Table 1). A T-tube 
cholangiography was performed to evaluate clearance of the 
common bile duct stones on 20 March 2020 (Figure S1).  
The patient was discharged on 16 March 2020 and the 
T-tube was removed on 1 April 2020.

Specimen collection

The clinical specimens of the COVID-19 patient including 
serum, oropharyngeal swabs, sputum, bile, abdominal 
drainage fluid, urine, stool, and gallbladder tissue were 
collected in accordance with the Chinese Center for Disease 
Control and Prevention (CDC) guidelines. A fresh normal 
gallbladder tissue sample (female, 50 years old) was taken 
from the liver of a deceased donor after brain death donation 
for liver transplantation. A gangrenous gallbladder tissue 
sample was obtained from a patient (male, 50 years old)  
with acute gangrenous cholecystitis who underwent 
cholecystectomy on the same day. 

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee(s) 
and with the Helsinki Declaration (as revised in 2013). 
Written informed consent was obtained from the patient for 
publication of this case report and accompanying images. 
A copy of the written consent is available for review by the 
editorial office of this journal. 

Quantitative polymerase chain reaction assay

Clinical preoperative and postoperative specimens from the 
COVID-19 patient, including serum, oropharyngeal swab, 
sputum, bile, abdominal drainage fluid, urine, rectal swab, 
and stool, were collected and tested for SARS-CoV-2 RNA 
using the China CDC-standardized quantitative polymerase 
chain reaction (qPCR) assay (17). 

Hematoxylin-eosin (HE), immunohistochemistry (IHC), 
and immunofluorescent staining 

The gallbladder tissues were stained with HE and 
embedded with paraffin, and IHC was performed using 
the PV-9000 2-step Polymer Detection System (ZSGB-
Bio., Beijing, China) and a Liquid DAB Substrate Kit 

(Invitrogen, San Francisco, CA, USA) was used according 
to the manufacturer’s instructions, as described in our 
previous studies (18). Detailed information of primary 
antibodies used in this study is shown in Table S1. We 
detected 5 hot zones of the positive immune cells in the 
images and scored the positive immune cells using an 
automated quantitative pathology imaging system with 
CaseViewer 2.2 (3DHISTECH, Budapest, Hungary). The 
steps of immunofluorescent imaging (IF) were performed 
as described previously (11). Briefly, 4 μm thick sections 
were incubated with 10% goat serum in phosphate-buffered 
saline/Tween (PBST) for 1 h at room temperature and then 
incubated overnight at 4 ℃ with primary antibodies (anti-
ACE2, Santa Cruz Biotechnology, Santa Cruz, CA, USA, 
sc-390851, 1:200; anti-NP, Sino Biological, Beijing, China; 
40143-T62, 1:500). Then, the sections were visualized 
with secondary antibodies (Alexa Fluor647-conjugated 
goat anti-rabbit IgG, bs-0296G-AF647, Bioss, Woburn, 
MA, USA, 1:100; Dylight488-conjugated goat anti-mouse 
IgG, A23210, Abbkine, Wuhan, Hubei, China, 1:100) for 
1 h at room temperature. Nuclei were then counterstained 
with 4’,6-diamidino-2-phenylindole (DAPI) after washing 
with PBST. Slides were analyzed using a laser scanning 
confocal microscope (LSM880, Carl Zeiss MicroImaging, 
Oberkochen, Germany).

Specimen testing for SARS-CoV-2

As shown in Figure 1, the bile, as well as the serum, 
oropharyngeal swabs, sputum, abdominal drainage fluid, 
urine, and rectal swabs were consecutively collected after 
the operation and all tested negative for SARS-CoV-2 RNA 
from 6 March 2020 to 15 March 2020.

 SARS-CoV-2 infection in the gallbladder epithelial cells

To further explore the evidence of SARS-CoV-2 gallbladder 
infection, a normal gallbladder and a gangrenous gallbladder 
were collected and compared by HE and IF staining, 
respectively (Figure 2). We conducted IF staining of ACE2 
and viral nucleocapsid protein (NP) expression in these 3 
gallbladder tissue samples. The results showed that ACE2 
was highly expressed in the gallbladder epithelial cells of all 
3 gallbladder tissues, and the positive staining of viral NP 
was visualized in the cytoplasm of gallbladder epithelial cells 
with SARS-CoV-2 infection, while the normal gallbladder 
and the gangrenous gallbladder without SARS-CoV-2 
infection had negative in NP expression (Figure 2).

https://cdn.amegroups.cn/static/public/ATM-21-4778-Supplementary.pdf
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Figure 2 Images of histological and immunofluorescent staining of gallbladder tissues (scale bars, 50 μm). HE, hematoxylin and eosin; IHC, 
immunohistochemistry; IF, immunofluorescent; ACE2, angiotensin-converting enzyme 2; NP, nucleocapsid protein; DAPI, 4’,6-diamidino-
2-phenylindole.
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Figure 3 Images of immunohistological staining of gallbladder tissues. Images of immunohistological staining of the normal gallbladder, 
gangrenous gallbladder, and the gallbladder from the COVID-19 patient (scale bars, 50 μm). Histograms displayed on the right side of 
the image show the average positive percentage of the immunological cells in the normal gallbladder tissues (CD2: 10.32%; CD3: 9.54%; 
CD4: 1.42%; CD8: 3.14%; CD20: 2.36%; CD38: 4.40%; CD68: 7.52%; MPO: 6.08%), the gangrenous gallbladder (CD2: 24.04% CD3: 
36.73%; CD4: 17.86%; CD8: 21.65%; CD20: 28.03%; CD38: 22.23%; CD68: 62.51%; MPO: 51.64%) and the gallbladder tissues from 
the COVID-19 patient (CD2: 19.89%; CD3: 24.56%; CD4: 8.77%; CD8: 16.81%; CD20: 19.41%; CD38: 15.84%; CD68: 42.29%; MPO: 
40.85%).
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Immune cells in the gallbladder tissue with SARS-CoV-2 
infection

The total lymphocyte count and lymphocyte subpopulations 
in peripheral blood, such as CD3+, CD3+CD4+, and 
CD3+CD8+ lymphocytes, were observed to dramatically 
decline after biliary infection in the COVID-19 patient 
(Table 1 and Table S2). As shown in Figure 3, the immune 
cells including CD2, CD3, CD4, CD8, CD20, CD38, 
CD68, and MPO exhibited positive staining in gallbladder 
tissues with gangrenous cholecystitis (no matter with or 
without SARS-CoV-2 infection) while negative in normal 
gallbladder tissues. Notably, we found that the positive 
expressions of the stained immune cells were relatively 
downregulated in gallbladder tissue with SARS-CoV-2 
infection (CD2: 19.89%; CD3: 24.56%; CD4: 8.77%; CD8: 
16.81%; CD20: 19.41%; CD38: 15.84%; CD68: 42.29%; 
MPO: 40.85%) when compared with the gangrenous 
gallbladder without SARS-CoV-2 infection (CD2: 24.04%; 
CD3: 36.73%; CD4: 17.86%; CD8: 21.65%; CD20: 
28.03%; CD38: 22.23%; CD68: 62.51%; MPO: 51.64%).

Discussion

In our study, we first demonstrated that viral host receptor 
ACE2 was highly expressed in gallbladder epithelial cells, 
and viral NP was visualized in the cytoplasm of gallbladder 
epithelial cells, which was considered direct evidence of 
SARS-CoV-2 infection in the gallbladder. This finding 
verified that the gallbladder was one of the target organs 
which SARS-CoV-2 could directly attack and damage 
using ACE2 as a host cell receptor (7,8,19). In addition, 
for this special case, the stool first tested positive on 4 
February 2020 and did not turn negative until 4 March 
2020, indicating that detoxification of the virus in the 
digestive system could exist for up to a month. This 
result was consistent with a previous study showing the 
prolonged presence of SARS-CoV-2 viral RNA in stool (20). 
Moreover, recent studies have reported that a positive test 
of viral RNA could relapse and the virus could remain in 
the lung tissues of recovered COVID-19 patients (21,22). 
In this case, although the viral NP was positive in the 
cytoplasm of gallbladder epithelial cells, the bile obtained 
postoperatively from the T-tube tested negative for SARS-
CoV-2 RNA. We considered that oropharyngeal swab 
and stool testing negative for the virus, which we called 
“double negative”, may be a reliable criterion of recovery 
from COVID-19 and a valid indicator of non-transmission 

through bile. Therefore, the highest defensive strategy of 
surgery in this case may not have been necessary. It is worth 
noting that confirmed COVID-19 patients with pre-existing 
gallstones may develop severe biliary infection which 
requires vigilant management and appropriate interventions 
including emergency surgery in the case of septic shock.

It has been verified that immune response could play a 
fundamental role in patients with SARS-CoV-2 infection (23).  
Cytokine storm was confirmed to be associated with 
over-exaggerated immune response and uncontrolled 
inflammatory response, which resulted in multiple organs 
damages in COVID-19 patients. Chen et al. indicated that 
immunologic cells including CD4+ and CD8+ T cells were 
markedly decreased in critical patients with COVID-19 (24). 
Given that patients with COVID-19 with gastrointestinal 
symptoms had reduced levels of circulating cytokines 
associated with inflammation and tissue damage (25), 
immune dysregulation might be the main cause aggravating 
cholecystitis to septic shock. According to our study, a 
dramatic decline in lymphocyte count and lymphocyte 
subpopulations were observed and the patient rapidly 
progressed into a severe acute biliary infection with sepsis, 
which demonstrated that viral infection in gallbladder 
might have been the original trigger, inflammation caused 
by immune dysregulation may play a more important 
role in this process of aggravation. The immune cells 
including CD2, CD3, CD4, CD8, CD20, CD38, CD68, 
and MPO were positive in gangrenous gallbladder tissues 
without SARS-CoV-2 infection, and were relatively 
downregulated in SARS-CoV-2 infective gallbladder 
tissue. We hypothesized that a strongly positive immune 
system response was the reasonable consequence after the 
gallbladder had been attacked by bacterial infection only; 
however, an additional SARS-CoV-2 viral infection may 
inhibit or destroy this positive immune response, which 
led to a more vulnerable status and aggravated the biliary 
infection to sepsis. Therefore, immune dysregulation 
caused by biliary infection of SARS-CoV-2 and comorbidity 
with acute calculous cholecystitis requires more vigilant 
management as well as early assessment and appropriate 
intervention, even in the early recovery stage or after 
hospital discharge.

This study provided evidence of SARS-CoV-2 infection 
in the gallbladder and verified that the gallbladder was one 
of the target organs that SARS-CoV-2 could attack and 
damage using ACE2 as a cell receptor. Due to the immune 
dysregulation involved, more vigilant management and 
early assessment is needed for COVID-19 patients with the 
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comorbidity of cholecystitis.
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