CASE REPORT

Persistent SARS-CoV-2 Nucleocapsid Protein Presence in the
Intestinal Epithelium of a Pediatric Patient 3 Months After
Acute Infection

Dalia Arostegui, MD, Kenny Castro, MD, Steven Schwarz, MD, Katherine Vaidy, MD,
Simon Rabinowitz, MD, and Thomas Wallach, MD

Abstract: In addition to the severe impact of acute respiratory disease during
the SARS-CoV-2 pandemic, the issue of “Long COVID” illness has impacted
large numbers of patients following the initial infection. Wide ranges of Long
Covid incidence have been reported, ranging from 30 to 87%. Long COVID
has a variety of clinical manifestations, including gastrointestinal symptoms.
Here, we report a case of persistent abdominal pain, 3 months following a
SARS-CoV-2 diagnosis, associated with chronic colonic inflammation and
the presence of mucosal SARS-CoV-2 virions.
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INTRODUCTION

The coronavirus SARS-CoV-2 is a novel single-stranded RNA
beta-coronavirus identified in Wuhan, China, in December 2019 (1).
The rapid spread of SARS-CoV-2 disease has resulted in >4 mil-
lion deaths worldwide (2). In addition to respiratory compromise,
SARS-COV-2 may induce gastrointestinal symptoms such as diar-
rhea and vomiting (3). Beyond the acute viral illness, so called “long
COVID” (LC) disease has been described, with symptoms persisting
well beyond the initial period of infection (4). Variations of LC may
impact over 80% of patients (5). The pathophysiology behind this
latter phenomenon is unclear, although hypothesized to be similar
to postviral syndromes driven by agents such as Epstein-Barr and
Herpes Simplex viruses (6-8). Others suggest LC may represent the
effects of persistent viral presence after acute infection (9,10).

The report herein describes the case of an 11-year-old female
with chronic abdominal pain following a PCR-positive COVID infec-
tion. Because of continued symptoms, upper gastrointestinal tract
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endoscopy and colonoscopy were performed 3 months following her
initial SARS-CoV-2 diagnosis. Histopathology of biopsied colonic
tissue demonstrated a dense lymphocytic infiltrate, and immunohis-
tochemical staining identified SARS-CoV-2.

CASE PRESENTATION

An 11-year-old female with a history of SARS-CoV-2 infec-
tion, confirmed by a positive polymerase chain reaction (PCR),
presented to the pediatric gastroenterology clinic at the Children’s
Hospital at Downstate, SUNY-Downstate Health Sciences Univer-
sity, with intermittent periumbilical, right upper and lower quadrant
abdominal pain worst after eating. These symptoms began during
an acute SARS-CoV-2 infection 3 months earlier. She described the
pain as cramping or burning, that attenuates with stooling or eating,
and ranging in intensity from 5 to 7/10. Review of symptoms noted
associated nausea but denied emesis, weight loss, fever, diarrhea,
hematochezia, joint pains, or skin changes.

Physical examination noted periumbilical and epigastric ten-
derness but no other notable findings. The patient was initially given
a proton pump inhibitor (PPI) therapeutic trial. Laboratory workup
included a complete blood count, comprehensive metabolic panel,
vitamin D level, erythrocyte sedimentation rate, C-reactive protein,
tissue transglutaminase antibody IgA, total IgA level, fecal H. pylori
antigen and calprotectin. All studies were within normal limits, with
the exception of vitamin D deficiency (14 ng/mL; normal >30) and
an elevated fecal calprotectin (358 pg/g; normal <100). After 3 weeks
of therapy, her abdominal pain was unresolved. Due to continued
symptoms and elevation in fecal calprotectin, an esophagogastro-
duodenoscopy (EGD) and colonoscopy were performed. The EGD
was endoscopically and histologically normal, while the colonoscopy
demonstrated friability throughout the colon on visual examination.
All upper gastrointestinal biopsies were unremarkable. However,
colonic mucosal biopsies demonstrated a widespread lymphocytic
infiltrate without other stigmata of inflammation or glandular distor-
tion. Magnetic resonance enterography was obtained and was deter-
mined to be normal. Given her history of SARS-CoV-2, prolonged
symptoms and colonic histological changes consistent with an ongo-
ing viral diathesis, immunohistochemical staining for SARS-CoV-2
in the colon was performed as previously described, using a rabbit
monoclonal SARS-CoV-2 nucleocapsid antibody (GTX635686,
1:10,000) (11). SARS-CoV-2 virions were identified in the cecum
(Fig. 1). This finding demonstrates SARS-CoV-2 nucleocapsid pro-
teins in the intestinal lamina propria 3 months after infection, sug-
gesting a role for persistent viral infection in the pathogenesis of
gastrointestinal LC.

DISCUSSION

The present case demonstrates continued presence of SARS-
COV-2 virions in the colon 3 months after acute infection, potentially
linked to symptoms of chronic abdominal pain and the laboratory
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finding of an elevated fecal calprotectin. The presence of a dense
lymphocytic infiltrate in colonic biopsies may therefore represent
a response to persistent SARS-COV-2 infection, and strongly sug-
gest ongoing viral colonization is involved in the etiopathogenesis of
gastrointestinal-predominant LC.

Infection with SARS-COV-2 has been associated with effects
both on the innate and on the adaptive immune systems (12), Virally
induced release of IL-2, IL-7, TNF-alpha, granulocyte colony-stimu-
lating factor, and interferon gamma (13), are well known to mediate
a GI inflammatory response and its attendant symptoms (14). In our
patient, GI inflammation was evidenced both by an elevated fecal
calprotectin and by the histologic finding of a significant lymphocytic
reaction, consistent with an active viral process.

SARS-CoV-2 enters host cells primarily via two receptors, the
metallopeptidase angiotensin converting enzyme 2 receptor (ACE2),
and a protein coding gene called transmembrane serine protease 2
(TMPRSS2) (15). After viral binding to ACE2 receptors, TMPRSS2
allows for cleavage of the spiked glycoprotein on the viral envelope
and will therefore allow penetration of the virus into host cells (16).
ACE2 receptors are present in a range of human cell types vulner-
able to viral infection, including not only the lung epithelium, but
also small intestinal and colonic enterocytes, neuronal and glial cells

(17-19). SARS-CoV-2 has been shown to replicate in an in vitro
model of the human intestinal tract using C2BBel intestinal cells,
which are known to express high levels of TMPRSS2 (20). In aggre-
gate, these findings suggest the potential capacity of SARS-CoV-2 to
infect intestinal epithelial cells long-term, as one possible source of
persistent SARS-CoV-2 presence (20).

As previously discussed, ACE2 receptors also allow for SARS-
CoV-2 infection of neurons. As SARS-CoV-2 has shown to be able
to both infect neuronal tissue (21) and directly impact ENS function
(22,23), we speculate prolonged gastrointestinal symptoms following
SARS-CoV-2 infection are driven by viral persistence in ENS cells.
Multiple viruses have demonstrated the capacity to create latent or
chronic infection in ENS cells, leading to intestinal inflammation and
dysfunction (24,25). As the ENS is directly connected to the intesti-
nal epithelium via enterochromaffin cells (26), sparse reinfection of
the intestinal epithelium and intestinal motor and sensory dysfunction
could drive this patient’s symptoms and mild inflammatory picture.

The case described in this report strongly suggests that pro-
longed gastrointestinal symptoms following SARS-CoV-2 diagnosis,
with evidence of chronic inflammation 3 months post-diagnosis, are
the direct consequence of SARS-CoV-2. Such long-term, symp-
tomatic SARS-CoV-2 infection may demonstrate the need for LC

FIGURE 1. SARS-CoV-2 positive staining in colonic mucosa. A) Cecal biopsy after completion of hematoxylin and eosin staining
as well as immunohistochemical staining with rabbit monoclonal SARS-CoV-2 nucleocapsid antibody. Brown staining indicates
SARS-CoV-2 nucleocapsid presence. B) Negative control slide from the same cecal tissue block, prepared identically but without
addition of primary SARS-CoV-2 nucleocapsid antibody demonstrating absence of staining. C) Positive control for SARS-CoV-2
nucleocapsid antibody stain in known SARS-CoV-2 positive placental tissue. D) Negative Control in known SARS-CoV-2 negative

placental tissue.
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therapeutic interventions, including vaccination (27), monoclonal
antibody therapy (28,29), or corticosteroid therapy (30). Certainly,
further studies are needed to evaluate the impact and frequency of
persistent gastrointestinal SARS-CoV-2 infection, and to correlate
symptoms with the severity of disease.

10.

11.

12.

13.

14.

REFERENCES

. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019

novel coronavirus in Wuhan, China. Lancet. 2020;395:497-506.

. Kosek M, Bern C, Guerrant RL. The global burden of diarrhoeal disease, as

estimated from studies published between 1992 and 2000. Bull World Health
Organ. 2003;81:197-204.

. Tian Y, Rong L, Nian W, et al. Review article: gastrointestinal features in

COVID-19 and the possibility of faecal transmission. Aliment Pharmacol
Ther. 2020;51:843-851.

. Sykes DL, Holdsworth L, Jawad N, et al. Crooks MG. Post-COVID-19

symptom burden: what is long-COVID and how should we manage it? Lung.
2021;199:113-119.

. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, et al. More than 50 Long-

term effects of COVID-19: A systematic review and meta-analysis. Sci Rep.
2021;11:16144.

. Meeting the challenge of long COVID. Nature Medicine. 2020;26:1803-1803.
. Khoury-Hanold W, Yordy B, Kong P, et al. Viral spread to enteric neurons links

genital HSV-1 infection to toxic megacolon and lethality. Cell Host Microbe.
2016;19:788-799.

. Nalbandian A, Sehgal K, Gupta A, et al. Post-acute COVID-19 syndrome.

Nature Medicine. 2021;27:601-615.

. Jacobs JJL. Persistent SARS-2 infections contribute to long COVID-19. Med

Hypotheses. 2021;149:110538.

Kalkeri R, Goebel S, Sharma GD. SARS-CoV-2 shedding from asymptom-
atic patients: Contribution of potential extrapulmonary tissue reservoirs. Am J
Trop Med Hyg. 2020;103:18-21.

Levitan D, London V, McLaren RA, et al. Histologic and immunohistochemi-
cal evaluation of 65 placentas from women with polymerase chain reaction-
proven Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
Infection. Arch Pathol Lab Med. 2021;145:648-656.

Li G, FanY, Lai Y, et al. Coronavirus infections and immune responses. J Med
Virol. 2020;92:424-432.

Mehta P, McAuley DE, Brown M, et al. COVID-19: consider cytokine storm
syndromes and immunosuppression. Lancet. 2020;395:1033-1034.

Gu J, Han B, Wang J. COVID-19: Gastrointestinal manifestations and poten-
tial fecal-oral transmission. Gastroenterology. 2020;158:1518-1519.

www.jpgn.org

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

. Walls AC, Park YJ, Tortorici MA, et al. Structure, Function, and Antigenicity

of the SARS-CoV-2 Spike Glycoprotein. Cell. 2020;181:281-292.¢6.

. Marasco G, Lenti MV, Cremon C, et al. Implications of SARS-CoV-2 infec-

tion for neurogastroenterology. Neurogastroenterol Motil. 2021;33:¢14104.

. Findriks L. The angiotensin II type 2 receptor and the gastrointestinal tract. J

Renin Angiotensin Aldosterone Syst. 2010;11:43-8.

. Féndriks L. The renin-angiotensin system and the gastrointestinal mucosa.

Acta Physiol (Oxf). 2011;201:157-167.
Garg M, Angus PW, Burrell LM, et al. Review article: the pathophysiologi-

cal roles of the renin-angiotensin system in the gastrointestinal tract. Aliment
Pharmacol Ther. 2012;35:414-428.

Lee S, Yoon GY, Myoung J, et al. Robust and persistent SARS-CoV-2 infection
in the human intestinal brush border expressing cells. Emerg Microbes Infect.
2020;9:2169-2179.

Reza-Zaldivar EE, Hernandez-Sapiéns MA, Minjarez B, et al. Infection mech-
anism of SARS-COV-2 and its implication on the nervous system. Frontiers in
Immunology. 2021;11:621735.

Esposito G, Pesce M, Seguella L, et al. Can the enteric nervous system be an
alternative entrance door in SARS-CoV2 neuroinvasion? Brain Behav Immun.
2020;87:93-94.

Akiho H, Thara E, Motomura Y, et al. Cytokine-induced alterations of gas-
trointestinal motility in gastrointestinal disorders. World J Gastrointest
Pathophysiol. 2011;2:72-81.

Brun P, Qesari M, Marconi PC, et al. Herpes simplex virus Type 1 infects
enteric neurons and triggers gut dysfunction via macrophage recruitment.
Frontiers in Cellular and Infection Microbiology. 2018;8:74.

Gershon M, Gershon A. Varicella-zoster virus and the enteric nervous system.
The Journal of Infectious Diseases. 2018;218:S113-S119.

Bellono NW, Bayrer JR, Leitch DB, et al. Enterochromaffin cells are gut
chemosensors that couple to sensory neural pathways. Cell. 2017;170:185—
198.el6.

Tande AJ, Pollock BD, Shah ND, et al. Impact of the COVID-19 vaccine on
asymptomatic infection among patients undergoing pre-procedural COVID-19
molecular screening [published online ahead of print March 10, 2021]. Clin
Infect Dis. doi: 10.1093/cid/ciab229.

Aleem A, Slenker AK. Monoclonal Antibody Therapy For High-Risk
Coronavirus (COVID 19) Patients With Mild To Moderate Disease
Presentations. StatPearls. Treasure Island (FL): StatPearls Publishing
Copyright © 2021, StatPearls Publishing LLC., 2021.

Deb P, Molla MMA, Saif-Ur-Rahman KM. An update to monoclonal antibody
as therapeutic option against COVID-19. Biosaf Health. 2021;3:87-91.

Horby P, Lim WS, Emberson JR, et al. Dexamethasone in hospitalized patients
with Covid-19. N Engl J Med. 2021;384:693-704.



