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Background. Currently, there is no direct evidence to prove the active replication of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) in the intestinal tract and relevant pathological changes in the colon and rectum. We investigated the presence
of virions and pathological changes in surgical rectal tissues of a patient with clinically confirmed coronavirus disease 2019 (COVID-
19) with rectal adenocarcinoma.

Methods. 'The clinical data were collected during hospitalization and follow-up of this patient. Quantitative reverse transcriptase—
polymerasechain reaction (RT-PCR) was performed on the rectal tissue specimens obtained from surgical resection, succus entericus
and intestinal mucosa of ileostomy, and rectal mucosa during follow-up after recovery. Ultrathin sections of surgical samples were ob-
served for SARS-CoV-2 virions using electron microscopy. Histopathological examination was performed using hematoxylin-eosin stain.
Immunohistochemical analysis and immunofluorescence were carried out on rectal tissues to evaluate the distribution of SARS-CoV-2
antigen and immune cell infiltrations.

Results.  The patient had fever and cough on day 3 postoperatively, was diagnosed with COVID-19 on day 7, and was discharged
from the hospital on day 41. RNA of SARS-CoV-2 was detected in surgically resected rectal specimens but not in samples collected
37 days after discharge. Notably, coincident with rectal tissues of surgical specimens testing nucleic acid positive for SARS-CoV-2,
typical coronavirus virions in rectal tissue were observed under electron microscopy. Moreover, abundant lymphocytes and macro-
phages (some were SARS-CoV-2 positive) infiltrating the lamina propria were found with no significant mucosal damage.

Conclusions. We first report the direct evidence of active SARS-CoV-2 replication in a patient’s rectum during the incubation
period, which might explain SARS-CoV-2 fecal-oral transmission.
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The current coronavirus disease 2019 (COVID-19) identified in
2019, caused by a novel coronavirus, has become a global public
health problem [1, 2]. As of 27 May 2020, a total of 5451 532
cases of COVID-19 have been confirmed globally, including
345 752 deaths [3]. There are many reports suggesting that se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
RNA can be detected and identified in anal/rectal swabs [4, 5]
and stool specimens [6, 7]. In fact, 1 recent small-sample study
found that RNA was consistently detected in rectal swabs, even

Received 8 June 2020; editorial decision 26 June 2020; accepted 30 June 2020; published
online July 8, 2020.

“These authors contributed equally to this work.

Correspondence: C. Jiang, Zhongnan Hospital of Wuhan University, Wuhan 430071, China
(wh002554@whu.edu.cn).

Clinical Infectious Diseases® 2021;73(3):361-6

© The Author(s) 2020. Published by Oxford University Press for the Infectious Diseases Society
of America. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
DOI: 10.1093/cid/ciaad25

after viral clearance from the upper respiratory tract, indicating
extended duration of viral shedding in fecal samples and raising
the possibility of fecal-oral transmission of SARS-CoV-2 [5].
Similar results were reported in another study with more cases
involved, raising the possibility of prolonged presence of SARS-
CoV-2 in stools. Notably, fecal samples remained positive for
SARS-CoV-2 RNA nearly 5 weeks after the viral clearance from
the upper respiratory tract in patients with COVID-19 [8].
Considering a high degree of sequence homology between the
SARS-CoV-2 and SARS-CoV, angiotensin-converting enzyme
2 (ACE2) has been identified as the entry receptor of SARS-
CoV-2. Since this receptor is highly expressed on the epithelial
cells from the ileum and colon [9], the intestinal tract may be
a potential route for SARS-CoV-2 infection and transmission.
Patients with cancer are considered to be more suscep-
tible to SARS-CoV-2 [10, 11]. One patient with rectal cancer
was admitted to Zhongnan Hospital of Wuhan University for
radical surgery. On postoperative day 3, the patient began to
develop cough and fever; chest computed tomography (CT)
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revealed radiologic features characteristic of viral pneu-
monia. On postoperative day 7, the patient was confirmed
to be infected with SARS-CoV-2. Although live SARS-CoV-2
had been successfully isolated from the fecal sample of a pa-
tient with laboratory-confirmed SARS-CoV-2 [12], until
now there has been no direct evidence to prove active SARS-
CoV-2 viral replication in the intestinal tract. It remains
unknown whether there are pathological changes related to
SARS-CoV-2 infection existing in colorectal mucosa in pa-
tients with COVID-19. To clarify the above questions, we
performed a retrospective study to detect the presence of
SARS-CoV-2 virions and determine the pathological changes
in rectal tissues of this patient.

METHODS

Patient and Associated Procedures

The patient’s clinical information is described in Supplementary
Table 1. The small pieces of stored rectal tissues obtained from
surgical specimens during the operation on 16 January 2020
were used for retrospective detection. This study was approved
by the Ethics Committee of Chinese Clinical Trial Registry (ref-
erence number: ChiECRCT20200116).

Real-time Reverse Transcriptase—Polymerase Chain Reaction

Samples of rectal tissues, succus entericus and intestinal mucosa
of ileostomy, and rectal mucosa were tested for SARS-CoV-2
nucleic acid using quantitative reverse transcriptase—poly-
merase chain reaction (qQRT-PCR). The qRT-PCR analyses
were performed following a previously described method [13].
The qRT-PCR test kits (BioGerm) were recommended by the
Chinese Center for Disease Control and Prevention.

Electron Microscopy

The rectal tissue obtained by resection was soaked in RNAlater
solution Ambion company overnight, the solution was dis-
carded, and the tissue was frozen at —80°C. The rectal tissue was
cut into 1-mm-thick sections and fixed in 2.5% glutaraldehyde
and 1% osmium tetroxide in a biosafety cabinet with level 2 pro-
tection, and subsequently dehydrated using different ascending

concentrations of alcohol (30% to 100%), and immersed and
embedded in epoxy resin. Ultrathin sections (80-100 nm) were
prepared on formvar-coated copper grids (200 mesh) Yasheng
Electronic Technology Co., Ltd. The virions were observed
with a Tecnai G2 20 Twin electron microscope (FEI Company)
under 200 kV.

Immunochemistry and Inmunofluorescence Assay
Immunohistochemical staining was performed on formalin-
fixed and paraffin-embedded tissue sections (4 um). Sections
of rectal tissues were immunostained to evaluate the expression
and distribution of the SARS-CoV-2 antigen. Briefly, sections
were deparaffinized with xylene and alcohol and subsequently
heated in citrate buffer (pH 6.0) for antigen retrieval. After
blockage with 3% bovine serum albumin (BSA) in PBS for 30
minutes, a rabbit antibody against Rp3 NP protein (kindly pro-
vided by Dr Zhengli Shi, Wuhan Institute of Virology, Chinese
Academy of Science [14]) was incubated with the sections over-
night at 4°C. For the immunochemistry study, the slides were
subsequently incubated with horseradish peroxidase (HRP)-
conjugated goat anti-rabbit immunoglobulin G (IgG) (Promoter
Biotech, China) for 1 hour at 37°C. Then, sections were stained
with 3, 3 -diaminobenzidine (DAB) and hematoxylin. For im-
munofluorescence assay, Cy3-conjugated goat anti-rabbit IgG
(Abcam, USA) was used as a secondary antibody. Images were
acquired using a Panoramic scanner (3D-Histech, Hungary)
or a fluorescence microscope (Olympus IX51). CD117 (rabbit
polyclonal anti-human) and CD20(L26) were stained on the
Leica Bond-Max autostainer (Lecia Microsystems, Chicago, IL),
and CD3(P7.2.28), CD4(4B12), CD5(4C7), CD8(C814423),
CD38(SP149), and CD68(KP1) were stained on a DAKO
Autostainer Link48.

RESULTS

The timeline of SARS-CoV-2 infection after rectal cancer
surgery is shown in Figure 1. The patient’s clinical informa-
tion is shown in Supplementary Table 1. On 16 January 2020,
the patient underwent rectal surgery. The surgically removed
tissue was used for pathological diagnosis. A small portion

Hospitalized Operation ’_ Symptoms of COVID-19 _| Discharge
Day of operation | -3 0 3 4 5 6 7 8 b 13 14 18 24 25 37 38 41
Temperature('C) 39 39.5 382 385 38.3
Fever
Dry cough
COVID-19RNA + - + + - -
Figure 1. Timeline of SARS-CoV-2 infection after rectal cancer surgery. Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syn-

drome coronavirus 2.
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Figure 2. Chest CT of the patient. A, On day 2 before the operation, no abnormal-
ities in the lung. B, On day 3 after the operation, infection was found in the bilateral
lower lung fields but without radiologic characteristics of the SARS-CoV-2 infection.
C, On day 7 after the operation, the blue arrows show the ground-glass opacities
affecting bilateral, subpleural lung parenchyma, which are radiologic characteris-
tics of the SARS-CoV-2 infection. D, On day 14 after the operation, the blue arrow
shows the ground-glass opacities and the consolidation dissipated into irregular
linear fibrosis and irregular fibrosis foci. Abbreviation: SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.

of the remaining tissue was soaked with RNAlater solution
for 24 hours and transferred to a —80°C freezer. On day 3
postoperatively, the patient presented with fever and cough.
On day 7 postoperatively, chest CT scan showed typical viral
pneumonia with ground-glass opacity (Figure 2). At the same
time, the SARS-CoV-2 infection was confirmed by real-time
qRT-PCR assay using throat-swab samples, and the patient was
transferred to an isolation ward for treatment. The patient was
discharged on day 41 after 2 consecutive negative qRT-PCR

test results plus absence of clinical symptoms and radiological
abnormalities. In the middle of March, we conducted a retro-
spective study on the patients surgically removed tissue. First,
SARS-CoV-2 nucleic acid detection was performed on the sur-
gical specimens of rectal tissues, which were positive for SARS-
CoV-2. In addition, throat swab, rectal swab, terminal ileum
mucosa, and succus entericus samples were collected on day 72
during follow-up and tested for SARS-CoV-2 nucleic acid; all of
these were found to be negative for SARS-CoV-2.

To explore the direct evidence of SARS-CoV-2 infection and
replication in the rectal tissues of surgical specimens, ultrathin
sections of rectal tissues were prepared, and virus particles were
found in the cytoplasm of intestinal epithelial cells. Under elec-
tron microscopy, the virions showed typical morphology of co-
ronavirus (Figure 3).

Pathological changes of rectal mucosa with SARS-CoV-2 in-
fection and replication are shown in Figure 4. Hematoxylin-and-
eosin-stained rectal mucosa showed prominent lymphocytes
and macrophages infiltrating the lamina propria without sig-
nificant mucosal damage (Figure 5). T lymphocytes and macro-
phages were found to be more numerous than B lymphocytes
in the lamina propria, as demonstrated on immunostaining. No
viral inclusion body were observed in the tissues.

To further confirm the SARS-CoV-2-specific infection and
replication in the rectum, we conducted immunohistochemistry
and immunofluorescence using the rabbit anti-SARS-CoV-2
NP antibody. SARS-CoV-2 antigens were confirmed to be ex-
pressed on intestinal epithelial cells, lymphocytes, and macro-
phages in the lamina propria (Figure 6).

DISCUSSION

In this study, we found, for the first time, that SARS-CoV-2 had
already replicated in the patient’s rectum during the incubation

Figure 3. SARS-CoV-2 virions in the intestinal tissue. The intestinal tissue was used to prepare ultrathin sections. Aand B, The viral particles were observed under electron
microscope at 200 kV. The arrows in A indicate the viral particles. The insert in B means the magnification of virus particle, which shows the typical morphology of coronavirus.

Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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Figure 4.  Pathological changes of the rectal mucosa. A and B, The abundant lympho-plasma cells in the lamina propria with intact mucosal architecture.

period, with no obvious intestinal pathological damage. In this
case, the patient developed a dry cough and fever (39.2°C) in
the early stage after the operation (postoperative day 3). At the
same time, an atypical pulmonary inflammation was revealed
by the chest CT. Fever and pulmonary infection are common
complications after surgery. However, numerous possible
causes of these clinical manifestations to some extent led to a

challenge in the differential diagnosis between SARS-CoV-2-
related fever and postoperative fever. Initially, when the patient
started developing fever, the throat swab was not tested for
SARS-CoV-2.

Here, we observed typical SARS-CoV-2 virus particles in the
intestinal epithelial cells of a patient under electron micros-
copy and obtained direct evidence of active SARS-CoV-2 viral

Figure 5. H&E staining and immunostaining of rectal mucosa. The field in the tissue shown is the same as in Figure 4. A, H&E staining shows abundant lympho-plasma
cells in the lamina propria. B, CD4-positive T cells in the lamina propria. C, CD8-positive T cells in the epithelium and the lamina propria. O, CD68-positive macrophages in the
lamina propria. £, CD3-positive T cells in the epithelium and the lamina propria. £, CD5-positive T cells in the epithelium and the lamina propria. G, CD38-positive plasma cell.
H, Minimal CD20-positive B cells in the lamina propria. /, Minimal CD117-positive mast cells in the lamina propria. Abbreviation: H&E, hematoxylin and eosin.
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Figure 6. SARS-CoV-2 infection in the intestinal tissue. A and B, Inmunochemistry image with the SARS-CoV-2 antigen. C, Inmunofluorescence image with the SARS-
CoV-2 antigen. Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

replication in the intestine. Meanwhile, we detected the viral com-
ponents of SARS-CoV-2 in the intestine. It is worth mentioning
that virus particles were found in intestinal epithelial cells, but
the results of immunofluorescence and immunohistochemistry
showed that the viral components were mainly present in intes-
tinal lymphocytes and macrophages, in addition to the intestinal
epithelial cells. To explain this seemingly self-contradictory phe-
nomenon, we need to understand the scientific question of how
the virus spreads from the lungs to other nonpulmonary tissues.
With regard to this issue, some research has been carried out in
the influenza virus and several studies have shown that influenza
viruses can be transported by immune cells and can spread from
the lungs to other tissues [15-17]. These “virus-carrying” im-
mune cells contain professional antigen-presenting cells, such as
macrophage, monocytes, and dendritic cells [18-21]. Influenza
virus RNA carried by immune cells includes viral RNA frag-
ments (majority; these cannot infect other cells) and whole
RNA virions (minority; these can infect other cells). These are

jointly called the influenza virus transcriptome. Several studies
have strongly supported the concept that the influenza virus
transcriptome can be transported by the immune cells within
the systematic circulation, following which the viral transcrip-
tome could spread to distant organs such as the intestine [21].
We speculate that the SARS-CoV-2 virus uses the same strategy
as the influenza virus to spread from the lung to the distant or-
gans. Therefore, a large number of noninfectious components of
SARS-CoV-2 in intestinal lymphocytes and macrophages were
found, with few components in the intestinal epithelial cells. Of
course, further experiments are needed to verify this hypothesis.

Our study provides further evidence to support the fecal-
oral transmission route of SARS-CoV-2 and that the intestine
represents a target organ of SARS-CoV-2 [22]. A recent study
indicated the persistent presence of SARS-CoV-2 RNA in stool
samples of SARS-CoV-2-positive patients with moderate di-
sease, even 5 weeks after onset of symptoms [8]. However, in
this study, no SARS-CoV-2 RNA was detected in samples from
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the gastrointestinal tract in this case on day 37 after hospital
discharge. To explore the mechanism of high viral load and per-
sistence of SARS-CoV-2 RNA in the intestinal tract of some pa-
tients when SARS-CoV-2 nucleic acid tests on throat swabs are
negative and clinical indicators are normal, further studies with
large sample sizes are needed.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
corresponding author.
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