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Abstract

Patients with coronavirus disease 2019 (COVID-19) predominantly present with
the pulmonary symptoms such as fever, cough, and shortness of breath. We
present a case of an 83 years old patient with COVID-19 who presented with only
gastrointestinal symptoms without respiratory complaints. Our case raises the
concern regarding our current lack of understanding of extrapulmonary
manifestations of COVID-19. Given genetic homology between 2019 severe acute
respiratory syndrome coronavirus (SARS-CoV) 2 and SARS-CoV, our case
underscores the urgent need for further studies to understand the role of the
gastrointestinal system in 2019 SARS-CoV-2 transmission and COVID-19
pathogenesis.

Key words: COVID-19; SARS-CoV-2; Coronavirus; Gastrointestinal; Diarrhea; Pandemic
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Core tip: We present a case of an 83 years old patient with coronavirus disease 2019
(COVID-19) who presented with only gastrointestinal symptoms without respiratory
complaints. Our case raises the concern regarding our current lack of understanding of
extrapulmonary manifestations of COVID-19 and underscores the urgent need for
further studies to understand the role of the gastrointestinal system in 2019 severe acute
respiratory syndrome coronavirus 2 transmission and COVID-19 pathogenesis.

Citation: Kant R, Chandra L, Antony MA, Verma V. Case of COVID-19 presenting with
gastrointestinal symptoms. World J Virol 2020; 9(1): 1-4

URL: https://www.wjgnet.com/2220-3249/full/v9/i1/1.htm

DOI: https://dx.doi.org/10.5501/wjv.v9.il.1

May 25,2020 | Volume9 | Issuel |



https://www.wjgnet.com
https://dx.doi.org/10.5501/wjv.v9.i1.1
http://orcid.org/0000-0002-9599-8082
http://orcid.org/0000-0003-2836-5434
http://orcid.org/0000-0002-2232-0078
http://orcid.org/0000-0001-5370-3146
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
mailto:kant.ravi.md@gmail.com

Kant R et al. COVID-19 with gastrointestinal symptoms

E-Editor: Li X

TO THE EDITOR

Coronavirus disease 2019 (COVID-19) pandemic has resulted in a public health
emergency unlike we have seen in generations. Patients with COVID-19
predominantly present with pulmonary symptoms such as fever, cough, and
shortness of breath!l. We present a case of COVID-19 who presented with only
gastrointestinal (GI) symptoms without any respiratory complaints.

An 83 years old African American woman with a prior history of hypertension,
type-2 diabetes mellitus and chronic kidney disease presented to the emergency
department with diarrhea and nausea for 3 d. The patient reported 3-5 episodes/d of
watery, non-mucoid, and non-bloody diarrhea. Her GI symptoms progressively
worsened warranting a visit to the emergency department. The patient denied fever,
cough, chills, rigors, night sweats, headache, sore throat, rhinorrhea, dyspnea,
orthopnea, recent travel or sick contact. Patient was hemodynamically stable [blood
pressure 116/56 mmHg, heart rate 63 beats per minute, respiratory rate 19 per
minute, temperature 100.3 , and oxygen saturation (O, sat) 94%], but noted to have O,
sat of 90%-91% on room air (RA) with ambulation. Labs showed normal white blood
cells of 5.6 K/pL (Ref: 4.3 -11.1 K/uL) with differential showing normal lymphocyte
of 25% (Ref: 13%-44%) and procalcitonin level of 0.10 ng/mL (Ref: < 0.50 ng/mL). On
further evaluation, chest X-ray revealed evidence of multifocal opacities suspicious
for pneumonia. Computed tomography chest, abdomen and pelvis showed bilateral
ground glass opacities (Figure 1). No acute pathologic findings were identified in the
abdomen or pelvis including colitis, diverticulitis, appendicitis or small bowel
obstruction.

Patient was admitted under droplet, contact and airborne isolation. Given high
suspicion of COVID-19 with superimposed community bacterial pneumonia, she was
treated with intravenous ceftriaxone (1 mg daily) and azithromycin (500 mg daily) for
7 d. Meanwhile, emergent disease panel (reverse transcription polymerase chain
reaction on nasopharyngeal and oropharyngeal swab) performed by the Department
of Health and Environmental Control tested positive for COVID-19. During the
hospital stay, patient stayed afebrile without any respiratory distress. She had a
benign hospital course and was discharged after 7 d of intravenous antibiotics. Her O,
sat was 98% on RA at rest and 94%-96% on RA with ambulation, and the GI
symptoms resolved by discharge.

Our case had a unique presentation with digestive symptoms and raises the
concern regarding our current lack of understanding of extrapulmonary
manifestations of COVID-19. Diagnosis of COVID-19 cases with predominant
extrapulmonary symptoms may be delayed as these symptoms currently may not be
on the clinician’s radar. A recent report on 204 patients positive for COVID-19 in
Hubei, China showed that approximately 18% of patients had digestive symptoms
such as abdominal pain, diarrhea or vomiting!”. In fact, 6 patients presented just with
GI symptoms without respiratory complaints, similar to our patient. In addition,
patients with GI symptoms had a longer time from illness onset to admission
compared to patients without GI symptoms (8.95 £ 5.40 d vs 7.26 + 4.20 d)©.

Genome sequences of 2019 severe acute respiratory syndrome coronavirus 2 (2019
SARS-CoV-2) have demonstrated 79% sequence identity with the severe acute
respiratory syndrome-like coronaviruses (SARS-CoV) and 50% sequence identity with
the Middle East respiratory syndrome-like coronaviruses'’. Patients infected with
SARS-CoV and Middle East respiratory syndrome-like coronaviruses are known to
have digestive symptoms!*“l. Similar to SARS-CoV, the 2019 SARS-CoV-2 uses the
angiotensin-converting enzyme 2 receptors!’l. Presence of angiotensin-converting
enzyme 2 protein on small intestine erythrocytes along with epithelia of lung also
supports the hypothesis that SARS-CoV-2 may shed through GI tract!®. Moreover,
SARS-CoV-2 was present on fecal swabs and blood samples from patients positive for
COVID-19"! Intestinal biopsy specimens of patients with SARS have also shown
active viral replication suggesting the role of fecal-oral route in SARS-CoV
transmission"’.

Several antiviral and antimicrobial drugs such as hydroxychloroquine, remdesivir,
lopinavir-ritonavir, and favipiravir are currently being studied for efficacy in patients
with COVID-19 but at present, no drug is approved by United States Food and Drug
Administration for COVID-19!"""4. Supportive treatment is the mainstay of COVID-19
management. Azithromycin has been used in some protocols as adjunct therapy, and
may benefit from its immunomodulatory properties and/or by preventing bacterial
superinfection'!],

Given genetic homology and other similarities between 2019 SARS-CoV2 and
SARS-CoV, our case underscores the urgent need for further studies to understand
the role of the GI system in 2019 SARS-CoV-2 transmission and COVID-19
pathogenesis. During these unprecedented times, where the primary focus is to screen
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Figure 1 Computed tomography chest showing bilateral ground glass opacities.

patients with respiratory symptoms for COVID-19, our case also underscores the
importance of maintaining a low threshold of suspicion for COVID-19 in patients
presenting with GI symptoms which will not only help with early diagnosis and
intervention but may also reduce its associated morbidity and mortality.

REFERENCES

1

10

Raishidengs  WJV | https://www.wjgnet.com

Arentz M, Yim E, Klaff L, Lokhandwala S, Riedo FX, Chong M, Lee M. Characteristics and Outcomes of
21 Critically Ill Patients With COVID-19 in Washington State. JAMA 2020 [PMID: 32191259 DOI:
10.1001/jama.2020.4326]

Pan L, Mu M, Yang P, Sun Y, Wang R, Yan J, Li P, Hu B, Wang J, Hu C, Jin Y, Niu X, Ping R, Du 'Y, Li
T, Xu G, Hu Q, Tu L. Clinical Characteristics of COVID-19 Patients With Digestive Symptoms in Hubei,
China: A Descriptive, Cross-Sectional, Multicenter Study. Am J Gastroenterol 2020; 115: 766-773
[PMID: 32287140 DOL: 10.14309/aj2.0000000000000620]

Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, Wang W, Song H, Huang B, Zhu N, Bi Y, Ma X, Zhan F,
Wang L, Hu T, Zhou H, Hu Z, Zhou W, Zhao L, Chen J, Meng Y, Wang J, Lin Y, Yuan J, Xie Z, Ma J,
Liu WJ, Wang D, Xu W, Holmes EC, Gao GF, Wu G, Chen W, Shi W, Tan W. Genomic characterisation
and epidemiology of 2019 novel coronavirus: implications for virus origins and receptor binding. Lancet
2020; 395: 565-574 [PMID: 32007145 DOI: 10.1016/S0140-6736(20)30251-8]

Chiu YC, Wu KL, Chou YP, Fong TV, Tsai TL, Kuo CM, Kuo CH, Chiu KW, Liu JW, Eng HL, Jawan B,
Cheng YF, Chen CL. Diarrhea in medical care workers with severe acute respiratory syndrome. J Clin
Gastroenterol 2004; 38: 880-882 [PMID: 15492605 DOI: 10.1097/00004836-200411000-00009]

Assiri A, Al-Tawfiq JA, Al-Rabeeah AA, Al-Rabiah FA, Al-Hajjar S, Al-Barrak A, Flemban H, Al-Nassir
WN, Balkhy HH, Al-Hakeem RF, Makhdoom HQ, Zumla AI, Memish ZA. Epidemiological,
demographic, and clinical characteristics of 47 cases of Middle East respiratory syndrome coronavirus
disease from Saudi Arabia: a descriptive study. Lancet Infect Dis 2013; 13: 752-761 [PMID: 23891402
DOI: 10.1016/S1473-3099(13)70204-4]

Dawson P, Malik MR, Parvez F, Morse SS. What Have We Learned About Middle East Respiratory
Syndrome Coronavirus Emergence in Humans? A Systematic Literature Review. Vector Borne Zoonotic
Dis 2019; 19: 174-192 [PMID: 30676269 DOTI: 10.1089/vbz.2017.2191]

Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin HJ, Tan KS, Wang DY, Yan Y. The origin,
transmission and clinical therapies on coronavirus disease 2019 (COVID-19) outbreak - an update on the
status. Mil Med Res 2020; 7: 11 [PMID: 32169119 DOI: 10.1186/s40779-020-00240-0]

Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor H. Tissue distribution of ACE2
protein, the functional receptor for SARS coronavirus. A first step in understanding SARS pathogenesis. J
Pathol 2004; 203: 631-637 [PMID: 15141377 DOI: 10.1002/path.1570]

Zhang W, Du RH, Li B, Zheng XS, Yang XL, Hu B, Wang Y'Y, Xiao GF, Yan B, Shi ZL, Zhou P.
Molecular and serological investigation of 2019-nCoV infected patients: implication of multiple shedding
routes. Emerg Microbes Infect 2020; 9: 386-389 [PMID: 32065057 DOI:
10.1080/22221751.2020.1729071]

Leung WK, To KF, Chan PK, Chan HL, Wu AK, Lee N, Yuen KY, Sung JJ. Enteric involvement of

3 May 25,2020 | Volume9 | Issuel |


http://www.ncbi.nlm.nih.gov/pubmed/32191259
https://dx.doi.org/10.1001/jama.2020.4326
http://www.ncbi.nlm.nih.gov/pubmed/32287140
https://dx.doi.org/10.14309/ajg.0000000000000620
http://www.ncbi.nlm.nih.gov/pubmed/32007145
https://dx.doi.org/10.1016/S0140-6736(20)30251-8
http://www.ncbi.nlm.nih.gov/pubmed/15492605
https://dx.doi.org/10.1097/00004836-200411000-00009
http://www.ncbi.nlm.nih.gov/pubmed/23891402
https://dx.doi.org/10.1016/S1473-3099(13)70204-4
http://www.ncbi.nlm.nih.gov/pubmed/30676269
https://dx.doi.org/10.1089/vbz.2017.2191
http://www.ncbi.nlm.nih.gov/pubmed/32169119
https://dx.doi.org/10.1186/s40779-020-00240-0
http://www.ncbi.nlm.nih.gov/pubmed/15141377
https://dx.doi.org/10.1002/path.1570
http://www.ncbi.nlm.nih.gov/pubmed/32065057
https://dx.doi.org/10.1080/22221751.2020.1729071

Kant R et al. COVID-19 with gastrointestinal symptoms

severe acute respiratory syndrome-associated coronavirus infection. Gastroenterology 2003; 125: 1011-
1017 [PMID: 14517783 DOI: 10.1016/s0016-5085(03)01215-0]

11 Smith T, Bushek J, LeClaire A, Prosser T. COVID-19 Drug Therapy — Potential Options. Elsevier ©,
2020. Available from: http://www.aesculapseguridaddelpaciente.org.mx/alianzapsqx/docs/informacion-
cientifica/clinicadiagnostico/COVID-19-Drug-Therapy Mar-2020.pdf

12 Singhal T. A Review of Coronavirus Disease-2019 (COVID-19). Indian J Pediatr 2020; 87: 281-286
[PMID: 32166607 DOI: 10.1007/512098-020-03263-6]

Reishidenge WJV | https:/ /www.wjgnet.com 4 May 25,2020 | Volume9 | Issuel |


http://www.ncbi.nlm.nih.gov/pubmed/14517783
https://dx.doi.org/10.1016/s0016-5085(03)01215-0
http://www.aesculapseguridaddelpaciente.org.mx/alianzapsqx/docs/informacioncientifica/clinicadiagnostico/COVID-19-Drug-Therapy_Mar-2020.pdf
http://www.aesculapseguridaddelpaciente.org.mx/alianzapsqx/docs/informacioncientifica/clinicadiagnostico/COVID-19-Drug-Therapy_Mar-2020.pdf
http://www.aesculapseguridaddelpaciente.org.mx/alianzapsqx/docs/informacioncientifica/clinicadiagnostico/COVID-19-Drug-Therapy_Mar-2020.pdf
http://www.ncbi.nlm.nih.gov/pubmed/32166607
https://dx.doi.org/10.1007/s12098-020-03263-6

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wijgnet.com
Help Desk:https:/ /www.f6publishing.com/helpdesk

https://www.wjgnet.com

© 2020 Baishideng Publishing Group Inc. All rights reserved.



mailto:bpgoffice@wjgnet.com

Virology

Baishideng Publishing Group Inc



(]' V World Journal of

Virology

Contents Irregular Volume 9 Number 2 August 25, 2020
MINIREVIEWS
5 Geometric architecture of viruses
Parvez MK

WIV | https://www.wjgnet.com I August 25,2020 | Volume9 | Issue2 |

Jaishideng®



World Journal of Virology

Contents
Irregular Volume 9 Number 2 August 25, 2020

ABOUT COVER

Editorial board member of World Journal of Virology, Dr. Leyi Wang is Clinical Assistant Professor of Veterinary
Clinical Medicine and Virology Section Head of the Veterinary Diagnostic Laboratory, College of Veterinary
Medicine at University of Illinois at Urbana-Champaign (United States). In addition, he is a certified Veterinary
Virologist by the American College of Veterinary Microbiologists. He has co-authored 70 peer-reviewed articles
and 5 book chapters. He serves as a grant reviewer for the National Institutes of Health (NIH) and National Pork
Board. Dr. Wang’s significant contributions to the field of veterinary virology include the first identifications of
variant porcine endemic diarrheal virus (PEDV), deltacoronavirus in diarrheic pigs, novel sparrow
deltacoronavirus, novel Bottlenose dolphin coronavirus, and SARS-CoV-2 in a tiger at the Bronx Zoo (NY, United
States). (L-Editor: Filipodia)

AIMS AND SCOPE

The primary aim of World Journal of Virology (W]V, World | Virol) is to provide scholars and readers from various
fields of virology with a platform to publish high-quality basic and clinical research articles and communicate their
research findings online.

W]V mainly publishes articles reporting research results obtained in the field of virology and covering a wide
range of topics including arbovirus infections, viral bronchiolitis, central nervous system viral diseases, coinfection,
DNA virus infections, viral encephalitis, viral eye infections, chronic fatigue syndrome, animal viral hepatitis,
human viral hepatitis, viral meningitis, opportunistic infections, viral pneumonia, RNA virus infections, sexually
transmitted diseases, viral skin diseases, slow virus diseases, tumor virus infections, viremia, and zoonoses.

INDEXING/ABSTRACTING

The W]V is now abstracted and indexed in PubMed, PubMed Central, China National Knowledge Infrastructure
(CNKI), and Superstar Journals Database.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yan-Xia Xing, Production Department Director: Xiang Li; Editorial Office Director: Jia-Ping Yan.

ISSN 2220-3249 (online)

LAUNCH DATE
February 12, 2012

FREQUENCY
Trregular

EDITORS-IN-CHIEF
Mahmoud El-Bendary, En-Qiang Chen

EDITORIAL BOARD MEMBERS

https:/ /www.wignet.com/2220-3249/editotialboard. htm

PUBLICATION DATE
August 25, 2020

COPYRIGHT
© 2020 Baishideng Publishing Group Inc

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS
World Journal of Virology https:/ /www.wijgnet.com/bpg/gerinfo/204
ISSN GUIDELINES FOR ETHICS DOCUMENTS

https:/ /www.wjgnet.com/bpg/Gerlnfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

https:/ /www.wignet.com/bpg/gerinfo/240
PUBLICATION ETHICS

https:/ /www.wijgnet.com/bpg/Gerlnfo/288

PUBLICATION MISCONDUCT

https:/ /www.wijgnet.com/bpg/gerinfo/208
ARTICLE PROCESSING CHARGE

https:/ /www.wijgnet.com/bpg/getinfo/242
STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wignet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJV | https://www.wjgnet.com 1I August 25,2020 | Volume9 | Issue2


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2220-3249/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

V

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5501/ wjv.v9.i2.5

World Journal of
Virology

World ] Virol 2020 August 25; 9(2): 5-18

ISSN 2220-3249 (online)

MINIREVIEWS

Geometric architecture of viruses

Mohammad Khalid Parvez

ORCID number: Mohammad Khalid
Parvez 0000-0002-7154-9151.

Author contributions: Parvez MK
conceptualized, planned and wrote
the manuscript.

Conflict-of-interest statement:
Authors declare no conflict of
interests for this article.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ / creativecommons.org/ licenses
/by-nc/4.0/

Manuscript source: Unsolicited

manuscript

Received: April 7, 2020
Peer-review started: May 9, 2020
First decision: June 20, 2020
Revised: July 2, 2020

Accepted: July 19, 2020

Article in press: July 19, 2020
Published online: August 25, 2020

P-Reviewer: Laassri M, Sotelo ]

Jaishideng®

WJV | https://www.wjgnet.com 5

Mohammad Khalid Parvez, Department of Pharmacognosy, College of Pharmacy, King Saud
University, Riyadh 22451, Saudi Arabia

Corresponding author: Mohammad Khalid Parvez, PhD, Associate Professor, Department of
Pharmacognosy, College of Pharmacy, King Saud University, P.O. Box 2457, Riyadh 11451,
Saudi Arabia. khalid parvez@yahoo.com

Abstract

In the current SARS-CoV-2 disease (COVID-19) pandemic, the structural
understanding of new emerging viruses in relation to developing effective
treatment and interventions are very necessary. Viruses present remarkable
differences in geometric shapes, sizes, molecular compositions and organizations.
A detailed structural knowledge of a virion is essential for understanding the
mechanisms of capsid assembly/disassembly, antigenicity, cell-receptor
interaction, and designing therapeutic strategies. X-ray crystallography, cryo-
electron microscopy and molecular simulations have elucidated atomic-level
structure of several viruses. In view of this, a recently determined crystal structure
of SARS-CoV-2 nucleocapsid has revealed its architecture and self-assembly very
similar to that of the SARS-CoV-1 and the Middle-East respiratory syndrome
virus (MERS-CoV). In structure determination, capsid symmetry is an important
factor greatly contributing to its stability and balance between the packaged
genome and envelope. Since the capsid protein subunits are asymmetrical, the
maximum number of inter-subunit interactions can be established only when they
are arranged symmetrically. Therefore, a stable capsid must be in a perfect
symmetry and lowest possible free-energy. Isometric virions are spherical but
geometrically icosahedrons as compared to complex virions that are both
isometric and helical. Enveloped icosahedral or helical viruses are very common
in animals but rare in plants and bacteria. Icosahedral capsids are defined by
triangulation number (T =1, 3, 4, 13, efc.), i.e., the identical equilateral-triangles
formed of subunits. Biologically significant defective capsids with or without
nucleic acids are common in enveloped alpha-, flavi- and hepadnaviruses. The
self-assembling, stable and non-infectious virus-like particles have been widely
exploited as vaccine candidates and therapeutic molecules delivery vehicles.

Key words: Virus; Virion; Capsid structure; Icosahedron; Triangulation number
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Core tip: A detailed structural knowledge of a pathogenic virus is essential for
understanding the mechanisms of capsid assembly, antigenicity, cell receptor interaction,
and designing therapeutic strategies. X-ray crystallography, cryo-electron microscopy and
molecular simulations have elucidated atomic-level structures of several viruses. Notably,
a recently determined crystal structure of SARS-CoV-2 capsid has revealed its close
similarity to that of SARS-CoV-1 and MERS-CoV. Capsid symmetry greatly contributes
to virion stability and balance between genome. Enveloped icosahedral viruses are very
common in animals, and rare in plants. Several of self-assembled, stable and non-
infectious virus-like particles have been widely exploited as vaccine candidates and
therapeutic molecules delivery vehicles.
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INTRODUCTION

In the current severe acute respiratory syndrome virus-2 (SARS-CoV-2) disease
(COVID-19) pandemic, detailed structural knowledge of new emerging viruses in
relation to developing effective treatment and interventions are very necessary!l. Of
the previous pandemics caused by emerging or re-emerging pathogenic viruses, the
1918 “Spanish Flu” pandemic had exerted a big toll on public health and world
economy!. Viruses are complex “biomolecule capsules” with genomic nucleic acid
(Deoxyribonucleic acid/Ribonucleic acid) and associated protein(s). Unlike most other
microorganisms, viruses are obligate intracellular parasites that must invade live cells
and hijack the host biochemical machinery to perpetuate. Though, viruses have been
debated for being classified as living or non-living, they are the most populated life-
forms following the prokaryotes. After the discovery of the three different ribosomes,
the cellular organisms have been placed together in a universal “phylogenetic tree”.
Interestingly, all viruses that do not synthesize ribosomes are re-classified into the
phylogenetic tree. The International Committee on Taxonomy of Viruses however, has
established a unified taxonomy for all viruses that includes 3 orders, 56 families, 9
subfamilies, and 233 genera of about 1550 speciesl”l.

Since the early 19" century, information on the biology of viruses and their
structures has remarkably advanced with experimental and computational tools and
techniques. Although viruses were defined as filterable infectious agents, knowledge
on their shape, size and physiochemical properties remained unknown until the
isolation and characterization of tobacco mosaic virus (TMV), using a polarizing light
microscope in 1953". The TMV particles were further examined using X-ray
diffraction concluding viruses as homogenous substances with a “protein capsid” of a
definite shape and sizel’l. The capsid, also called as “core”, “coat” or “nucleocapsid”
protects the viral genome against a hostile environment and delivers it to the host
cells. The continuation of the TMV work in different laboratories subsequently
confirmed its capsid’s structural subunits®). High-resolution crystallography of the
self-assembled protein subunits further improved the structural knowledge of its
virions"l. Morphologically, the assembly units of a capsid seen under electron
microscope (EM) are called “capsomers” that may or may not be equal to the number
of protein subunits.

Fluorescence and interferometry based microscopy are the common approaches to
track the virion’s cell-surface/receptor attachment, entry, cytoplasmic motility,
uncoating, genome delivery and host-protein interactionsl’). In recent decades,
advancements in molecular and computational biology, high-resolution X-ray
crystallography, cryo-EM and molecular dynamics simulation have elucidated atomic-
level structures of several important viruses towards understanding of their virion
compositions, capsid assembly or disassembly, cell-receptor interactions, antigenicity
and developing antiviral strategies”'l. This article presents the basics of virus
structures and principles underlying capsid formation as well as therapeutic
implications.
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VIRION ARCHITECTURE

Structurally, viruses present remarkable differences in their shapes, sizes, molecular
compositions and organizations. Their geometric shapes may be spherical, polyhedral,
elliptical, rod-like, and pleomorphic ranging between 20-400 nm sizes (Figure 1). While
the simplest known capsids are composed of one oligomeric protein, complex capsids
also contain different proteins organized in sub-structural assemblies (e.g., portals,
tails, fibers or spikes etc.). A key structural basis of classification of a virus is whether
the virion has a lipid “envelope” or “shell” (enveloped viruses) or not (non-enveloped
viruses). Further, in some “enveloped viruses”, the shell may have further complex
structures made of other glycoproteins and/or nucleoproteins. Enveloped viruses
have a further level of classification by describing the morphology of their
nucleocapsids- either isometric or helical. In non-enveloped viruses, capsids are
defined as isometric, filamentous, and complex. An isometric virion is
morphologically spherical but geometrically an icosahedron or icosadeltahedron, a
universally adopted structure in human art and culture since antiquity (Figure 2).
Filamentous or rod-like virions are relatively simple and helical. The complex virions
are on the other hand, neither isometric nor helical, but an intricate combination of
both (e.g., T2 bacteriophage)!"l. Enveloped icosahedral and helical viruses are very
common in animals and rare in plants and bacteria. Comparatively, while there are
relatively few purely icosahedral bacteriophages, plants almost exclusively have non-
enveloped helical viruses.

In virion structure determination, capsid symmetry is an important factor.
Inherently, a capsid’s geometric symmetry greatly contributes to its stability and
balance between the packaged genome (deoxyribonucleic acid/DNA or ribonucleic
acid/RNA) structure and/or the labile envelope that should melt out in a cytoplasm at
a precise location and time. The physical condition for any geometrical structure’s
stability is the necessity of minimum free-energy state. In view of this, the maximum
number of strong interactions formed between the capsid subunits is required to attain
minimum free-energy and to hold its structural integrity!”. The MDS and Cryo-EM
approaches appear to predict near experimental results on capsid stability and the
structural role of packaged genome. Following the first atomic-resolution structure of
TMYV, a number of computational studies, such as highly coarse grained simulations
and long timescale assessments on a range of capsids structures and stability have
been performed™!. As compared to non-enveloped capsids, there have been fewer
simulation studies on enveloped capsids. In the relatively large sized enveloped
viruses, greater structural complexity and lack of symmetry in the envelope bilayer,
simulation of all components becomes relatively very complex. Nonetheless, structure
of the mature enveloped human immunodeficiency virus native capsid has been
recently determined using Cryo-EM and MDSI".,

CAPSID TRIANGULATION NUMBER

Viral capsid is described as empty and symmetric oligomers of one or polymers of
different types of protein subunits in which viral DNA/RNA is packaged!. In a given
capsid, the minimum number of protein subunits is determined by the symmetry of
the face (i.e. triangle, square, tetrahedron etc.), and multiplying it by the number of all
faces gives the total number of subunits. The triangulation number (T) is the smaller,
identical equilateral-triangles that compose each triangular face, and is calculated
using the law of solid geometry (T = Pf%; where P is a positive integer i.e., 1, 3 and 7;
and f is face number i.e., 1, 2, 3, 4, etc.). The minimum number of subunits (n) is thus 3
for triangle, 4 for square, 12 for tetrahedron, 24 for octahedron, and 60 for
dodecahedron or icosahedron. For instance, in an icosahedral capsid, the triangulation
number allows to determine the number of subunits as n = 60T. A capsid volume can
be increased by either increasing T value or adding equatorial capsomers. Generally,
spherical viruses with capsids T > 1 tend to be of larger sizes.

CANONICAL CUBIC SYMMETRY

In solid geometry, the cubic symmetry is the characteristic of canonical polyhedral
structures like, tetrahedron, cube, octahedron, icosahedron and dodecahedron formed
of three or more identical faces, identical vertices and identical edges (Figure 3A). For
example, a cube has 6 identical square faces, 8 identical vertices and 24 edges. Further,
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Figure 1 The structural and morphological diversity of viruses. A: Electron micrograph of some representative animal, plant, fungal and bacterial
viruses; B: Cartoon representation of virions showing their sizes (20-400 nm) and shapes (spherical, polyhedral, elliptical, rod-like efc.).
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a cube has twofold rotational symmetry axes passing through the centers of the
opposite faces and threefold axes along the diagonals passing through each of the
vertices. The combination of these two rotational symmetry elements gives rise to
additional 3 fourfold symmetry axes going through centers of the opposite faces and 6
twofold symmetry axes going through the midpoints of opposite edges. A cube with
four-, three-, and twofold symmetry axes thus, allows placement of 12 identical units.

In viruses, the polyhedral capsids with inherent cubic symmetry have at least 4
threefold rotational axes.

ICOSAHEDRAL SYMMETRY

Icosahedral virions follow exclusive pathways of capsid assembly and maturation
regulated by symmetry principles having three axes of symmetry: Fivefold, threefold,
and twofold or 5-3-2 symmetry (Figure 3B). For example, a T =1 icosahedron has 5-3-2
symmetry with n = 60. Notably, though most of the plant satellite viruses icosahedral
capsids have n = 60, many spherical viruses have n > 60 produced by one or more
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Influenza

Figure 2 Morphologically spherical but geometrically polyhedral formations. A: The virion-like universally adopted structures in human art and
culture: 1. Ancient wood carving, Ephesus, Turkey; 2. Ancient Roman dodecahedron, Gallo-Roman Museum of Tongeren, Belgium; 3. Ancient petroglyph, Osirian
Temple, Abydos, Egypt; 4. Neolithic stone spheres, Scotland, United Kingdom; 5. Guardian lion or Shishi, Yonghe Temple, Beijing, China; 6. Amazon Sphere,
Seattle, United States; and 7. Tianjin Binhai Library, Tianjin, China; B: Spherical viruses with icosahedral capsids. PAV: Parvovirus; CMV: Cytomegalovirus; NV:
Norovirus; HBV: Hepatitis B virus; 29': bacteriophage; SARS-CoV-2: Severe acute respiratory syndrome virus-2; BTV: Bluetongue virus; SV40: Simian virus 40;
HSV-1: Herpes simplex virus; MLV: Murine leukemia virus; HIV-1: Human immunodeficiency virus-1; Influenza: Influenza virus.

JBaishideng®

genes. Moreover, an icosahedral capsid consists of f = 20 (5 on top, 5 at bottom and 10
in middle) and 12 vertices. While there are rings of five subunits (pentamers) at the
vertices of each of the original faces, there are rings of six subunits (hexamers) at all the
new vertices generated (Figure 4). The icosahedral capsids with pentamer and
hexamer subunits are called “quasi-equivalent” that however, remains in the
minimum free-energy state. Following tomato bushy stunt virus (TBSV)!"), turnip
yellow mosaic virus was the second spherical virus whose icosahedral capsid was
determined, using X-ray crystallography!’.

Further, not only icosahedrally symmetric capsids have > 60 identical subunits, in
several cases it is formed by subunits of different gene products. Therefore, based on
their T numbers, icosahedral capsids are categorized into different classes (Figure 5).

T =1 icosahedron

The smallest and simplest known viruses have T = 1 capsids made of a single
symmetrical protein. The small plant satellite viruses, like satellite tobacco necrosis
virus (STNV) icosahedronis T =1, n = 601",

T =3 icosahedron

Some virus capsids have T = 3, n = 180 structure where in each triangular face (1 = 3),
the subunits are asymmetrical (e.g., pentamers or hexamers). For example, in TBSV (T
= 3, n = 180), each triangle is made of three identical subunits but in different
conformations to accommodate the quasi-equivalent assembly!‘. In contrast,
picornavirus icosahedral capsids are made of 60 copies of each of four subunits (VP1 =
60, VP2 = 60, VP3 = 60 and VP4 = 60)!"").

T =7 icosahedron
Bacteriophage T7 icosahedron is composed of 12 pentamer and 60 hexamers witha T =
7 symmetry™®*,
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Figure 3 Cubic symmetry, the inherent characteristic of polyhedrons. A: Tetrahedron, cube, octahedron, icosahedron and dodecahedron formed of
three or more identical faces, identical vertices and identical edges; B: Icosahedral capsid (e.g., T = 1, 3, 4) with principle of axes of symmetry (e.g., 2-3-5 symmetry).

Figure 4 Icosahedral capsid formation. Capsid formation with rings of five subunits i.e., pentamers or six subunits i.e. hexamers at the vertices of each of the
faces (Left panel; Penta-/hexameric artifacts, Gallery Mall, Riyadh, Saudi Arabia).

T =13 icosahedron

The reoviruses have double-shelled isometric capsids i.e. a capsid within a capsid. The
outer capsid has a T = 13, n = 780 symmetry while the inner capsid hasa T =2, n =120
symmetry!”'l.

T = 16 icosahedron
The herpes simplex virus (HSV) capsid has a T = 16, n = 960 symmetry!*.
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Figure 5 Schematic presentation of icosahedral capsids. A: A Clug model of icosahedral capsid assembly; B: Formation of icosahedral T = 1 (subunit ,),
T =3 (subunits ,, s and ;) and T = 4 (subunits ,, g,  and p) capsids.
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T = 25 icosahedron
In highly complex adenovirus icosahedrons, the T = 25, n = 1500 structure is made of
12 pentameric and 240 hexameric subunits, including a fiber of different proteins®.

T = 147 icosahedron
The insect chilo iridescent virus icosahedral capsid consists of 12 pentamericand 1460
hexamericcapsomers, arranged with T = 147 symmetry*l.

T =219 icosahedron

The marine algae Phaeocystis Pouchetii virus (PpV01) has the largest capsid diameter
and T number of any icosahedral DNA virus studied™). PpV01 capsid consists of 2180
trimeric and 12 pentameric capsomers arranged with T = 219 quasisymmetry. Above
the capsid 60 fiber-like structures project, having nearly uniform distribution on the
surface.

Further, based on T numbers, three classes of icosahedron are also proposed. Of
these, the two classes that follow T = Pf2, n = 60 are also referredtoasP=1and P =3
classes. The third one is “prolate” class of icosahedron found in T7*" and 29™! phages
and as well as aberrant flock house virus”l. Geometrically, prolate icosahedra are
stretched along one of the axes and therefore, defined as n = 30 (T + Q) where Q is
“elongation number” and Q > T. On the other hand, while an icosahedron is “obate”
when Q < T and “isometric” when T = Q.

HELICAL FILAMENT OR ROD SYMMETRY

Majority of helical filamentous or rod-shaped capsid structures and assemblies belong
to either plant viruses or bacteriophagesl’l. In TMV, the rod-shaped capsid is made of
asymmetrical subunits or capsomers in a high-aspect-ratio geometry. The subunits (n
= approximately 2130) are joined in a helical circle to form symmetrical discs that are
stacked on top of another, resulting in a hollow tube or rod.

HEAD-TAILED SYMMETRY

In the head-tail architecture, an isometric “icosahedral” head is attached with a
“helical” tail. Though the head-tail is an inherent feature of bacteriophages e.g. T7
phage!’, many have other morphologies, too. The tails can be short, long and non-
contractile or complex and contractile, and may have additional appendages such as
“base-plates” and “collars”.
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ENVELOPED-ISOMETRIC SYMMETRY

The Sindbis virus is the only known enveloped virus to have a geometrically
symmetric virion. Its single protein, isometric icosahedral core (T = 3, n = 180) is
covered by an isometric glycolipid envelope (T = 4, n = 240) from which trans-
membrane glycoprotein “spikes” protrude.

ENVELOPED-HELICAL SYMMETRY

In animal enveloped viruses, like retroviruses (e.g., human immunodeficiency virus,
HIV), paramyxoviruses (measles and mumps viruses), orthomyxoviruses (influenza
viruses), and rhabdoviruses (e.g., vesicular stomatitis virus, VSV; rabies virus, RBV) as
well as plant viruses, the segmented genome is packaged in multiple compact
helical/coiled filamentous nucleocapsids®). In influenza virus, its eight rod-shaped
RNA individually encapsidated in separate cores made of matrix protein and
nucleoprotein, are all contained within a spherical envelope dotted with
hemagglutinin and neuraminidase spikes. In contrast, rhabdoviruses are non-isometric
with bullet-shaped helical core made of nucleoprotein only. However, the structural
geometry involved in the formation of rhabdovirus core still remains elusive.

ENVELOPED-SPINDLE SYMMETRY

Hyperthermophilic archaeal fuselloviruses have spindle/lemon-shaped virions with
short tail-fibers attached to one end of the envelope. In sulfolobus spindle-shaped
virus, for example, the capsid is made of three core proteins VP1, VP3 and VP4,
including a nucleoprotein VP2,

VIROIDS, VIRUSOIDS OR SATELLITES

Owing to their similarities with conventional viruses, viroids, virusoids or satellites
are often referred to as sub-viral particles. Viroids are the smallest phytopathogens
with rod or dumb-bell shaped unencapsidated infectious RNA that however, do not
synthesize any proteins". Viriods do not have a capsid or outer envelope, but, as with
viruses, can reproduce only within a host cell. The potato spindle tuber viroid was the
first viroid discovered in 19711, The hepatitis D virus is a viroid or satellite virus that
requires hepatitis B virus (HBV) co-infected cells to replicate its RNAML Its only
synthesized core utilizes HBV envelope protein for infectious virion maturation.

CAPSID ASSEMBLY

In a capsid assembly, protein subunits are joined by maximal hydrophobic contacts
and/or non-covalent interactions, and sometimes by covalent bonds. Structurally,
most capsid proteins can be ascribed to a very limited number of conformational
motifs i.e., “jelly-roll/antiparallel 3 barrel” and “HK97” leading to their perfect
oligo/ polymerization, stability and dynamics, formation of assembly intermediates,
genome packaging and maturationl. While many viruses from the small STNV to the
largest known Acanthamoeba polyphaga mimivirus utilize the jelly-roll motif, some
mammalian DNA viruses like, HSV use HK97 motif in their capsids™. Evolutionarily,
a capsid structure is less dynamic than the proteins of its specific motif. Also, the
preference of HK97 in prokaryotic capsids and jelly-roll in eukaryotic capsids might
suggest its early existence.

Since the capsid subunits are asymmetrical, the maximum number of inter-subunit
interactions can be established only when they are arranged symmetrically. Therefore,
in an ideally stable geometry, the capsid must be in a perfect symmetry and lowest
possible free-energy. Watson and Crick first suggested the capsid formation by the
association of multiple copies of the capsid protein(s), and the spherical viruses with
cubic symmetry involving at least 4 threefold rotational symmetry axes™. The
simplest helical capsid is assembled by first encircling the asymmetrical protein
subunits to form symmetrical discs or rings, and lying one on the top of another
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resulting in a hollow filament or rod-like structure. In complex arrangements, the
smallest number of protein subunits are placed around the vertices of a cube i.e. 12
regular pentagonal subunits to form a tetrahedron, octahedron and dodecahedron
while 20 equilateral triangular subunits to form an icosahedron (Figure 6).
Computationally, a non-symmetric spherical capsid can be formed using at least 12
protein subunits with substantial energy difference, favoring the symmetrical 12-mer
over near/complete structure. Conversely, the relatively larger subunits i.e., 40-mer
because of minor difference between their uniform sized complexes may not
necessarily satisfy an icosahedral symmetry!”**. While there is limited knowledge on
complex quaternary capsid structures, most viruses have icosahedral or helical
symmetry. Notably, while nearly 50% of the virus families have icosahedral capsids,
about 10% have helical capsids.

Notably, the X-ray precession image of TBSV was the first experimental evidence of
icosahedral symmetry in a spherical virus!’. Further advancements in Cryo-EM
assisted structure determination of icosahedral capsids became a turning point in
structural biology. The first reported MDS study on capsid self-assembly employed
simple triangular shaped subunits (T = 3) with only two types of spherical virions™..
Generally, the icosahedral capsid assembly is described by two timescales- nucleation
and elongation. Icosahedral reconstruction is a type of single particle three
dimensional (3D) image reconstruction. Using Cryo-EM and image reconstruction, the
HBV icosahedral core secondary structure has been deduced, revealing a new fold for
a viral protein where in vitro expressed HBV capsid assembled to yield T =3 as well T
= 4 icosahedrons!**?l.

DEFECTIVE VIRIONS OR PARTICLES

Correct and strong interactions between protein-subunits as well as other
macromolecules allow assembly of stable capsids whereas weak interactions lead to
unstable or defective capsids. Formations of defective capsids are mainly reported
from enveloped icosahedral alphaviruses, flaviviruses and hepadnaviruses, including
irregular non-icosahedral capsids of some immature retroviruses!*’l. Such defects may
arise as scars at the beginning of capsid assembly to the completion where it may be
incorporated stochastically during self-assembly or imposed by interactions with viral
or host factors. Nonetheless, defective virions are not necessarily replication-
incompetent or infectious. In HBV, for example, the newly assembled pleomorphic
capsids (T = 3 and T = 4) may or may not contain viral DNA, and therefore, may or
may not be infectious. In contrast, though the alphavirus capsids (T = 4) and envelope
proteins appear to be well structured, a substantial fraction of Ross river virus capsid
is shown to have defects!*!.

Though icosahedral viruses are inherently symmetric, the imposed asymmetry can
be regular, irregular or dynamic. The asymmetric or symmetric capsid modifications
have both structural and biological advantages in many viruses. In regular asymmetry,
the well-defined modification incapsids symmetry strengthens polymerase activities of
HBYV and cytoplasmic polyhedrosis virus*!, whereas enhances canine parvovirus
and MS2 phage binding to their host cell-receptors!”**l. Conversely, irregular
asymmetry is stochastic, caused by defects trapped during capsid assemblies as
observed in HBV and Ross river virus!*~’..

Biologically, identification of selective advantage of structural defects in a
symmetric capsid allows the virions to better respond to their environment and
exposure to internal components'l. In both cases, such defects may facilitate capsid
structural transitions, uncoating, regulated genome release, intracellular trafficking or
accessibility of cellular factors. The dynamic asymmetry in capsid intermediates arises
due to Brownian dynamics when internal components are exposed to the surfacet*'.
Notably, the inter-subunit hydrophobic interactions represent the primary driving
force behind the thermodynamics of capsid self-assembly akin to surfactant micelle
formation. Analogously, while the inter-subunit electrostatic interactions can oppose
hepadnavirus capsid assembly where its stability increases with ionic strength, the
alphavirus capsids that appear uniformly assembled are extremely sensitivity to
solution conditions!”.

WIV | https://www.wjgnet.com 13 August 25,2020 | Volume9 | Issue2 |



Parvez MK. Geometric architecture of viruses

Protein- Triangular oligomer with Coupled triangles with twofold Capsid nucleation Capsid assembly  Icosahedral capsid (T = 1)
subunit threefold axis at center axis at joining lines

=1;,9-3 A-29-5 = 20;9 = 60 ; A-309-%

Figure 6 A cartoon presentation of an icosahedral capsid assembly. A: Construction of a polyhedral shade with equilaterally triangular glass panes
(Metro Rail Project, Riyadh, Saudi Arabia); B: Assembly of an icosahedral (T = 1) capsid of a spherical virus.

VIRUS-LIKE PARTICLES

Though a nucleocapsid stability also depends on its strong interaction with the viral
genome, several stable native capsidsor sub-viral particles are also formed without it,
and are called virus-like particles (VLPs). The self-assembled non-infectious VLPs
present the overall structure of the viral capsid or virion. For example, in hepatitis E
virus (HEV), in vitro expressed capsid assembly™, followed a high resolution Cryo-EM
reconstruction for its VLPs™.. Notably, the in vitro produced HEV-VLPs are much
smaller than the authentic infectious virions, and are never detected in infected
individuals. As compared to the larger native icosahedral virions (T = 3, n = 180), the
HEV-VLPs display T = 1, n = 60 symmetry where T = 1 projection however, appears as
spikes decorated with spherical rings akin to native virions". The observed T =1
VLPs instead of T = 3 has been suggested because of its energetically unfavorable
configuration in the absence of genomic RNA. Moreover, similar to plant T = 3
capsids, the HEV-VLPs display threefold protrusions formed by P1 and twofold spikes
made of P2 adopting the jelly-roll motif. Also, based on the T =1 VLP structure,a T =3
capsid of HEV has been modeled by using the quasi-equivalent capsid of TBSVFl.

THERAPEUTIC APPLICATIONS

A detailed 3D image of a virus particle is essential for understanding the mechanisms
of capsid assembly/disassembly, antigenicity, interaction with host cell-receptors, and
for designing therapeutic strategies™*l. The self-assembled, non-infectious VLPs
mimic the real virus and present its structural immunogenic proteins as vaccine
candidates. The different stages of therapeutic VLP design and development includes
selection of antigenic protein or component (epitope), its expression in prokaryotic or
eukaryotic system, purification and immune assays. However, to further maximize the
magnitude and duration of the immunity, most of the licensed VLP-based vaccines
also utilize adjuvants like, liposomes, agonists of pathogen recognition receptors,
polymeric particles, emulsions, cytokines and bacterial toxins®”. For example, some
licensed prophylactic vaccines against HEV, human papilloma virus, and porcine
circovirus are VLP-based vaccines. VLP technology combined with synthetic biology
allows for more precise and predictable control over the composition and assembly of
the capsids towards generating multivalent or cross-protective vaccines*’l. Moreover, a
broad range of molecular manipulations such as encapsulation, chemical conjugation
and genetic engineering further present VLPs as promising delivery agents for
targeted gene therapy!'.

In addition, several viral capsid and envelope glycoproteins are exploited as drug-
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delivery vehicles in vitro and in vivol**l. For example, brome mosaic virus (B MV)
capsid assembles into different-sized therapeutic nanoparticles®l. Recently,
determination of a 1.4 A resolution crystal structure of the novel SARS-CoV-2
nucleocapsid’s N2b domain has been determined, revealing its compact, intertwined
architecture and self-assembly properties very similar to that of SARSCoV-1 and
MERS-CoV!™. Further, cryo-EM structure of its “spike” glycoprotein ectodomain-
trimer has been also elucidated towards designing of vaccines and inhibitor candidates
of viral entry*’l. Likewise, therapeutic virosomes are hybrid drug-delivery system that
can carry genetically-modified nucleic acids, peptides, proteins and small organic
molecules. A number of such prophylactic and therapeutic virosomes, especially anti-
cancer products with high safety profiles are currently commercially available!*’.

Compared to other enveloped icosahedral viruses, the adenovirus capsid surface
has remarkable long, thin fibers primarily responsible for tethering of the viral capsid
to the cell-receptor. Adenoviral capsid vectors have therefore, achieved substantial use
in broad ranging therapeutic applications (e.g. hemophilia, cancer, and cystic fibrosis)
in preclinical animal models and human trialsll. Adeno-associated virus has been
developed as gene therapy vector®l. In addition, reconstituted pseudovirions of
fusion-competent Sendai virus and influenza virus have been used as therapeutic gene
delivery vehicles or nanoparticles. Moreover, phage T4 capsid nanoparticles
carrying reporter genes, vaccine candidates, enzymes, and ligands have been
efficiently delivered in vitro and in vivol”'l.

CONCLUSION

Viruses have remarkable differences in their geometric shapes, sizes and biomolecular
compositions. Advances in molecular biology, X-ray crystallography, Cryo-EM and
MDS have elucidated atomic-level understanding the structures of virions, including
mechanisms of capsid assembly/disassembly, antigenicity, cell-receptor interaction,
and designing therapeutic interventions. Cryo-EM combined with image analysis has
provided 3D structures of icosahedral capsids that fail to form large crystals. Also, the
structural details of influenza virus hemagglutinin and neuraminidase spikes, and
adenovirus hexon unit are now known. These structures have further enhanced the
information on antigenic surface for neutralizing antibodies, the cell-receptor site and
fusion, polyprotein processing during maturation and egress as well as the interfering
molecules of capsid functionality. In addition, several viral envelope and capsid
proteins are exploited as targeted drug/gene-delivery vehicles. Because viral
surface/envelope protein glycosylation influences antigenicity, further incorporating
models of their glycan moieties would be a key to enhance full-scale virion
simulations. This may further provide crucial insights into capsid assembly/
disassembly, nucleation of other components, viral genome packaging, antigenicity,
interaction with cell-receptors, and therefore, exploiting for therapeutic strategies.
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Abstract

High genetic variability of human immunodeficiency virus (HIV) has been a
major intractable challenge to the practical design of vaccines. But a recent pioneer
study published in PNAS Xenobots, is likely to revolutionize HIV prevention as it
presented the world's first living robot made of cells. In the advent of this
discovery, we herein discuss the possibility of using living biological cell robots to
target HIV-infected T lymphocytes, and the prospects of this approach being a
new HIV vaccine. We capture the current research status and trend of advances in
biological cell robots' design as a new HIV vaccine. The key differences between
this novel vaccine and other HIV vaccines are highlighted.

Key Words: Human immunodeficiency virus; New vaccine; Biologically inspired
microrobots; Human immunodeficiency virus target cell surrogate; CD4
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Core Tip: In February 2020, the birth of the world's first live-cell robot has brought hope
for the artificial design of human live cells. Therefore, herein we propose a hypothesis:
Can we artificially design a cell as an alternative target cell for human immunodeficiency
virus (HIV) infection and use it as a new acquired immune deficiency syndrome vaccine to
prevent HIV infection.
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INTRODUCTION

While preventive human immunodeficiency virus (HIV) vaccine development has
been a constant goal since the discovery of HIV, interest in a therapeutic vaccine for
HIV-infected people has fluctuated. Many people thought that therapeutic vaccines
were impossible because until recently there were no examples of such vaccines being
used for other diseases. With the emergence of more capable, simple, and relatively
non-toxic combination drug therapies, there have been fewer calls for the development
of a therapeutic acquired immune deficiency syndrome (AIDS) vaccine. However, the
world's first living somatic cell robot has rekindled interest in a therapeutic vaccine.
The vaccine can not only be used as a stand-in for HIV target cells, through alternative
ways to protect the body's healthy immune cells, but can also enhance immune-
mediated clearance of virus-producing cells and/or assist in the destruction of the
reservoir of latently infected cells that drug therapy alone does not seem to be able to
eliminatel'l. So, herein we propose a hypothesis that artificial design of the live-cell
robot can be considered as a new AIDS vaccine.

CURRENT STATUS OF HIV VACCINES

Since the discovery of AIDS in 1981, massive resources have been directed at research
aimed at developing preventive and curative agents for affected patients. Nearly 40
years later, AIDS has become a global public health threat claiming many lives. A few
years ago, a meeting was held in Keystone Symposia (March 21 to 26, 2012) to focus on
basic aspects of immunology and HIV-1 virology to highlight issues that challenge the
field. The genetic diversity of circulating HIV-1 variants puts extreme demands on the
quality of the response that a prophylactic vaccine will need to elicit. The recent trials
of therapeutic HIV vaccines were introduced and the results of therapeutic vaccines in
non-human primate models were discussed. It is clear that therapeutic vaccine
development trials and studies follow a standard preventive vaccine development
path. After conceptualizing the product, 10 to 15 years of animal model testing are
performed prior to 4 to 6 years of GMP product development, allowing another 5 to 10
years of phase I, phase II, and then phase III clinical trials for licensing and distribution
of specific vaccine candidate products before they occur. We can see that this path is
frustratingly slow and may not be the best way to address several of the key issues to
be discussed in the development of therapeutic vaccines. It is risky for researchers to
try to design a vaccine that solves such a complex problem by reasoning through
aspects of the final product before testing it. At the end of a long trial, however, it is
likely to fail completely because it does not contain a necessary ingredient or contains
unnecessary ingredients that undermine the overall efficacy. We have long believed
that it is postulated that the HIV vaccine is the most effective approach to control the
AIDS pandemic. Although much progress has been made to achieve this goal"*, no
licensed HIV vaccine has been put on the market to prevent HIV infections. It was
clear that therapeutic HIV vaccine development requires addressing several very
different issues including: (1) How to correctly understand the mechanism of HIV
infection? (2) How does the vaccine respond to HIV mutations? and (3) How to choose
the optimal way to block HIV infection?

MECHANISM BY WHICH HIV INFECTS HOST CELLS

HIV selectively infects helper T lymphocytes, dendritic cells, and macrophages
because these cells express CD4 molecules. The HIV infection process is complex, with
several stages: Adsorption, entry, uncoating, reverse transcription, integration,
replication, transcription, translation, assembly, and maturation (Figure 1). Current
research provides evidence that HIV infection requires not only CD4 molecules and
helper receptors (CXCR4 and CCR5), but also proteins encoded by HIV genes, such as
gp120 and gp41. A detailed list of proteins encoded by genes associated with HIV
infection in host cells is provided in Table 1. When HIV enters the human
bloodstream, it selectively invades host cells expressing CD4 molecules on their cell
surface. HIV binds to the CD4 receptor on the surface of the host cell via its surface
envelope protein gpl20". Upon binding, gp120 protein undergoes structural
alterations exposing another envelope protein gp41l. Meanwhile, the gp120-CD4
dimers formed to interact with the host's cell surface auxiliary receptor CXCR4/CCR5
to create three molecular complexes constituting gp120-CD4-CXCR4/CCR5. These
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Table 1 Human immunodeficiency virus-related genes and their coding proteins, specific functions, and host-cell related proteins

Gene Encoding protein Protein function Host cell-related proteins

Structural genes

gag MA Matrix proteins Karyopherins, HO3, Calmodulin,
VAN/NAFI, TRIM5a, CyPA
CA Capsid protein HP68/RNase L inhibitor, Actin
NC Nucleocapsid protein ESCRT, Tsg-101, AIP-1, Nedd4,
Ubiquitin
pé Nucleocapsid protein -
pol RT A viral genome that can be transcribed and -
copied
PR Cut polymerized protein -
IN Integrate viral DNA with cellular DNA INI1/hSNF5, LEDGF/ p75, BAF,
HMGal, ATR,

ATM, Karyopherins, XRCC5

env gp120 Attach the virus to the surface of the cell CD4, CCR5. CXCR4, DC-SIGN, DC-
SIGNR, MR, CD207

gp4l Fusion with host cells -

Necessary regulatory genes

tat Tat Trans-activated proteins that activate HIV gene NF-xB, cyclin T, CDK9, Med28
transcription
rev Rev A regulator of viral protein expression that TNPO3, importin 3, Crm1, Ran

regulates mRNA splicing and promotes mRNA GTPase, Sam68, p32
transport to the cytoplasm

Nonessential regulatory genes

nef Nef Negative regulatory factors, which change cell PACS-1, ASK1, PAK, PI3-K, Lck,
signals, reduce the expression of CD4 and VAN/NAFI
MHC-I molecules, and reduce the killing of
HIV infected cells by CTL, representing
essential factors in the development of infection

into AIDS

vif Vif Viral infectious factors that promote viral APOBEC3G
assembly and maturation

upr Vpr Viral protein regulatory, which transports viral ~Karyopherins, Uracil-DNA
DMA to the nucleus and inhibits cell growth glycosylase, Weel

upu Vpu Viral protein U that promotes the release of the CD317 (Tetherin, BST-2)
virus

HO3: Heme oxygenase-3; TRIM5a: TRIpartite motif-5a; CyPA: Cyclophilin A; ESCRT: Endosomal sorting complex required for transport; Tsg-101: Tumor
susceptibility gene-101; AIP-1: Apoptosis-linked gene-2-interacting protein 1; Nedd4: Neural precursor cell expressed, developmentally down-regulated 4;
INI1: Integrase interactor 1; BAF: Barrier-to-autointegration factor; ATR: Ataxia telangiectasia and RAD3-associated kinase; ATM: Ataxia telangiectasia-
mutated gene; SIGN: Specific intercellular adhesion molecule-3-grabbing nonintergrin; DC-SIGNR: Dendritic cell-specific intercellular adhesion molecule-
3-grabbing nonintergrin receptor; MR: Mannose receptor; HIV: Human immunodeficiency virus; NF-xB: Nuclear factor-xB; CDK9: Cyclin-dependent
protein kinase 9; Med28: Mediator of RNA polymerase II transcription, subunit 28 homolog; TNPO3: Transportin-3; Crm1: Chromosome maintenance
protein 1; Ran: Ras-related nuclear protein; Sam68: Src mitogen-associated protein 68 kDa; Nef: Negative regulate factor; CTL: Cytotoxic T lymphocytes;
AIDS: Acquired immune deficiency syndrome; ASK1: Apoptotic signal-regulated kinase 1; PAK: p21 activated kinases; PI3-K: Phosphatidylinositol 3-
kinases; Lck: Lymphocyte-specific protein-tyrosine kinase; VAN/NAF1: Virion associated nuclear shuttling protein/nef-associated factor 1; Vif: Viral
infectivity factor; Vpr: Viral protein regulatory; Weel: Weel kinase is an important regulator to cell cycles; Vpu: Viral protein U.

complexes expose the host cell membrane and the envelope protein gp41, which is
hydrophobic, enabling the HIV to be coated with the host cell membrane followed by
HIV and host cell fusion. Finally, HIV nucleic acid is released into the host cell
(Figure 2).
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Figure 1 The mechanism by which human immunodeficiency virus attacks a target cell. HIV: Human immunodeficiency virus.

HIV IS HIGHLY VARIABLE

HIV is the most complex of all retroviruses. Its genetic material ranges between 9.2
and 9.8 kb of RNA. Structurally, it is not very stable and has a high mutation rate.
Once HIV is coated and fused with the host cell membrane, it releases its capsid
protein HIV p24, which is gradually degraded within the host cell to release HIV RNA
and reverse transcriptasel’. The reverse transcriptase uses the RNA as a template to
synthesize viral DNA. The HIV DNA is integrated into the host cell nucleus
chromosome by the integrase enzyme. Subsequently, the viral DNA uses existing host
cell gene copies and protein replication machinery to synthesize its proteins.
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Activation of HIV-infected cells triggers the transcription of pre-viral DNA into viral
RNA, further translated into structural proteins of HIV. These proteins assemble in the
cytoplasm, forming several new viral particles. Eventually, viral particles are exported
to the cell surface in the form of buds, which recognize and attack other target cells.
Currently, it is known that HIV exhibits high RNA variability. More importantly, the
reverse transcriptase of HIV is prone to the problem of base mismatch in the reverse
transcriptase synthesis of DNA using RNA as a template, because the reverse
transcriptase lacks base proofreading. This leads to a failure to remove the mis-
introduced nucleotides in time for replication. An error occurs about once in every
replication cycle, causing the virus to replicate with random mutations that are high-
frequency and non-directional. The high genetic variability translates to high
variability in the encoded proteins. A comparison of antigens extracted from wild type
strains of HIV with those from AIDS patients in which HIV has already undergone
many replications reveals that the structure and amino acid sequence of proteins from
these two groups are different. It has been observed that the injection of vaccines based
on HIV antigen into AIDS patients fails to induce the formation of immune cells and
antibodies to neutralize HIV. This is because HIV surface antigen molecules undergo
rapid mutations that help HIV-infected cells to escape immune recognition due to
decreased affinity of produced antibodies for the mutant HIV antigens.

ALTERNATIVE TARGET CELLS FOR HIV INFECTION

We analyzed the recently reported world's first living bio-robot, which we believe
could be a new HIV vaccine. This vaccine differs significantly from conventional
vaccines. We know that HIV has a high degree of antigenic variability. For this reason,
HIV samples used for vaccine development contain mutated versions of HIV, hence
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such vaccines are not sufficient for controlling AIDS. This has been the biggest
challenge hindering HIV vaccine research and development. Notably, we have
observed that despite its many variants, HIV always targets cells expressing CD4
molecules, and the expression of the vast majority of CD4 particles is conserved;
variations are rare. This means that human CD4 units are the primary receptors for
HIV infection. Based on the recent publication by Kriegman et al’l, we believe that a
living biological cell robot can be designed to target CD4 molecules.

The surface molecules of this bio-bot are highly similar to the target cells, which not
only express CD4 molecules but also other helper receptors needed for HIV infection
(CXCR4/CCRS5). We believe that this somatic cell robot can be an alternative target cell
for HIV infection. This robot can be programmed using supercomputers and gene
recombination technologies, to shorten its lifespan and make it undergo rapid
apoptosis after HIV infection. Other cellular automata that are not infected with HIV
will also degrade themselves within a short time, to avoid unnecessary immune
responses. We can also enzymatically engineer the cell robot to synthesize HIV-RNase
in the cell, degrade the HIV-RNA that enters the battery, or make the cell robot carry
drugs that inhibit HIV replication (Figure 3). In this way, the reproduction of HIV in
host cells can be immediately suppressed. To improve the binding rate of HIV to the
cell robot, the target cells should be selectively and temporarily sealed with CD4
molecules in the original body using antibodies with radioactive isotopes. Blocking
immune cells with CD4 molecules carrying the antibodies may reduce immunity in
HIV-infected people, but only temporarily. A recent study showed that the use of live-
cell robots as alternative target cells for HIV infection, combined with HIV fusion
inhibitors, may reduce the use of CD4 blocking antibodies, which will indirectly
enhance the new vaccine's effect without reducing the function of the patient's
immune system. Besides, HIV fusion inhibitors can block the entry of HIV into human
cells. This novel mechanism requires further research. Strategies that inhibit HIV
fusion hold massive promise in solving the problem of HIV resistance. Such agents can
be used as adjuvant treatments to the new vaccine, given after vaccination to reduce
the adverse reactions of the new vaccine (Figure 4).

RESULTS AND DISCUSSION

The new live-cell robot vaccine is still in the developmental stage and may remain an
idea that requires further research. However, we note that it is a better alternative to
other HIV vaccines because it overcomes the high variability of HIV. Traditional HIV
vaccines currently being studied are primarily based on subunit vaccines, live
attenuated vaccines, and inactivated vaccines. But these approaches are proving
difficult due to the high antigenic variability of HIV, which hinders the identification
of crucial representative genotypes or specific protein antigens. Live attenuated
vaccines are associated with safety concerns. In a rhesus monkey model, the simian
immunodeficiency virus (SIV) mutant strain lacking the nef gene prevents attack by
pathogenic SIV. It protects monkeys from developing AIDS, but it cannot safeguard
vaccinated monkeys against the over-infection of wild-type virus. Moreover, SIV
without the nef gene can still cause AIDS, especially when given orally to young
monkeys. Of note, genetic mutations or deletions in HIV may attenuate viral
reproduction, but at the cost of reducing the vaccine's effectiveness. For inactivated
vaccines, physical or chemical methods are needed to kill the virus, which requires
that the antigenic nature of HIV be changed. These inactivated HIV antigens cannot
effectively activate the body's immune system to produce immune responses, and the
produced antibody titers are also very low!l. This calls for collaborative research
between computer science and biological science. In natural sciences, cellular
simulations based on the ability of HIV to recognize and bind to CD4 receptors in host
cells should be developed. Such simulations should consider some conserved proteins
such as gp120 and gp41 to design alternative target cells for HIV infection. In
computer science, supercomputers with well-designed evolutionary algorithms,
through trial and error approaches, should be employed to program cell robots!”. The
development of "surrogate target cells" for HIV infections will lead to "HIV suicide"
because they cannot replicate and reproduce!*.
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Figure 3 Functions of a living biological cell robot. After entering the body, the living cell robot mediates human immunodeficiency virus (HIV) infection by
the high-affinity receptor expressed on the cell surface, and HIV is killed by drugs or RNase carried by the cell. HIV: Human immunodeficiency virus.

Figure 4 A simulation of human immunodeficiency virus infecting a surrogate target cell by the alternative infection. By blocking the receptor
on the T cell surface with the blocking antibody, the probability of human immunodeficiency virus infection surrogate target cell will increase. HIV: Human
immunodeficiency virus.

CONCLUSION

However, we note that the new cell robot vaccine is still in the early stages of
development, and many fundamental questions need to be addressed before it can be
put into practical use. If cell robots can be made from patients' cells, the technology
could be used for drug delivery in humans. Otherwise, it may elicit problematic
immune responses. The most successful HIV vaccine is still in early trial stages at the
population level. Although the results are promising, further large-scale clinical trials
are needed before it can be deemed suitable for clinical application. The HIV vaccine
induces antibody response in the body, but it does not show that it can effectively fight
HIV and prevent AIDS. HIV mainly attacks the body's immune system, and the
production of antibodies in traditional vaccines is inseparable from the immune
system, which often causes failure of vaccination. So far, there has not been a single
HIV self-healing case, suggesting that our immune system alone cannot suppress or
eliminate HIV. More importantly, the primary defense against HIV in humans relies
on cytotoxic T lymphocytes (CTL), which secrete a variety of cytokines involved in
immune function. In the fight against HIV, the central role of CTL is to kill cells that
have been invaded by the virus, thereby halting the reproduction of HIV. However,
none of the vaccines developed so far are effective at activating CTL. Another
challenge in vaccine development is the long incubation period of HIV/AIDS, which
can last for years or decades. As a result, highly active antiretroviral therapy remains
by far the most popular treatment for HIV, and we are still a long way from a truly
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widespread HIV vaccine.
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Abstract

The pandemic severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection has garnered the attention of scientists worldwide in the search for an
effective treatment while also focusing on vaccine development. Several drugs
have been used for the management of coronavirus disease 2019 (COVID-19),
which has affected many hospitals and health centers worldwide. Statistically
significant results are lacking on the effectiveness of the experimented drugs in
reducing COVID-19 morbidity or mortality, as there are very few published
randomized clinical trials. Despite this, the literature offers some material for
study and reflection. This opinion review attempts to address three burning
questions on COVID-19 treatment options. (1) What kind of studies are currently
published or ongoing in the treatment of patients with COVID-19? (2) What drugs
are currently described in the literature as options of treatment for patients
affected by the infection? And (3) Are there specific clinical manifestations related
to COVID-19 that can be treated with a customized and targeted therapy? By
answering these questions, we wish to create a summary of current COVID-19
treatments and the anti-COVID-19 treatments proposed in the recent clinical trials
developed in the last 3 mo, and to describe examples of clinical manifestations of
the SARS-CoV-2 infection with a cause-related treatment.
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Core Tip: The pandemic spread of coronavirus disease 2019 (COVID-19) has led to the
need to standardize a therapeutic approach in order to offer the same indications for all
patients admitted to the hospital admissions for severe acute respiratory syndrome
coronavirus 2 infection. However, no specific drug or drug regimen has been approved for
treatment. This opinion review describes the recent literature on this topic and summarizes
the treatment strategies currently in use for COVID-19 related complications.

Citation: Di Franco S, Alfieri A, Petrou S, Damiani G, Passavanti MB, Pace MC, Leone S,
Fiore M. Current status of COVID-19 treatment: An opinion review. World J Virol 2020; 9(3):
27-37

URL: https://www.wjgnet.com/2220-3249/full/v9/i3/27 .htm

DOI: https://dx.doi.org/10.5501/wjv.v9.i3.27

INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, defined
as coronavirus disease 2019 (COVID-19), was originally discovered and identified as
the cause of numerous viral pneumonia cases occurring in Wuhan (Hubei Province,
China)™. It has now spread worldwide with recent epidemiological data reporting
18614177 infected and 702642 deaths”. In the context of a growing global health
emergency, medical professionals demand a need for up-to-date guidelines for the
management and treatment of this novel infection. Currently, there are multiple
approved treatments (drugs, monoclonal antibodies, vaccines) for COVID-19.
According to the WHO Interim Guidance on the 2019 coronavirus, early treatment is
suggested if patients have confirmed diagnosis with mild symptoms associated with
co-morbidities, increased risk of mortality, or moderate-severe clinical manifestations.
Due to the swab time delay for confirmation of results, in the presence of a strong
suggestive clinical presentation it is reasonable to start antiviral treatment as soon as
possiblel’l. Due to the severity of clinical symptoms and no statistically significant
recommended treatment regimen, experimental use of a drug not yet approved may
be necessary to improve patients’” outcomes. To get more oriented among the
numerous options of treatments proposed, this opinion review will summarize and
clarify the role of each drug that has been used against COVID-19 in the clinical
practice and those now under scientific examination.

WHAT KIND OF STUDIES ARE CURRENTLY PUBLISHED OR ONGOING IN
THE TREATMENT OF PATIENTS WITH COVID-19?

The treatments proposed in the literature for COVID-19 are mainly based on the
results of retrospective or observational studies, making it more difficult to
hypothesize evidence-based therapies. Due to the need for more reliable data, the
number of ongoing clinical trials are increasing. According to the International Clinical
Trial Registry Platform database there are 1918 reported studies, with 1744 ongoing on
COVID-19 patients!’. Of these studies, 1661 are specific for the treatment of SARS-
CoV-2 infection.

The most common classes of drugs used include antimalarial drugs,
immunomodulators, convalescent plasma (CP), antiretrovirals, antibacterial drugs,
lipid-lowering medications, anticoagulants and recently ivermectin. In this context, a
large volume of data will soon be available and provide valuable novel
recommendations regarding pathogenesis, treatment and prognosis!.
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WHAT DRUGS ARE CURRENTLY DESCRIBED IN THE LITERATURE AS
OPTIONS OF TREATMENT FOR PATIENTS AFFECTED BY SARS-COV-2
INFECTION?

There is currently no therapy for COVID-19 infection whose efficacy has been proven.
Nonetheless due to the current global crisis, it is crucial to be able to formulate an
effective therapeutic strategy based on the evidence existing in the literature. From the
analysis of all of the clinical trials designed on COVID-19 infection, we found a wide
number of drugs employed in a multimodal treatment.

Hydroxychloroquine, an old anti-malaria drug, displayed the ability to inhibit
coronavirus replication in vitro. Real-life data are currently discordant in recognizing
its anti-SARS-CoV-2 claimed effect!®”]. Since the virus was found to utilize the cell
surface receptor angiotensin-converting enzyme 2 (ACE2) expressed in the lung, heart,
kidney, and intestinel, it has been hypothesized that hydroxychloroquine may also
interfere with ACE2 receptor glycosylation, thus preventing SARS-CoV-2 binding to
target cells’l. In addition, hydroxychloroquine can inhibit the acidification of
lysosomes and endosomes, interfering with the fusion process of the virus with the
host!"”. The results of the Phase 3 clinical trial NCT: 04315948 may clarify the role of
hydroxychloroquine in COVID-19 patients” prognosis.

Chloroquine alone or in combination with remdesivir and/or tocilizumab (under
investigation by the clinical trial NCT: 04303507) may be effective against COVID-19
despite the more dangerous side effects than compared to hydroxychloroquine!"'l.

Among the drugs that seem to possess immunomodulatory benefits and reduce
SARS-CoV-2 cell penetration, there are statins (the most prescribed ones are the
atorvastatin 20 mg/d or an equivalent dose of rosuvastatin 40 mg/d). Statins act by
reducing chemokine release, adhesion molecules, and modulating T-cell activity.
Rosuvastatin, in particular, appears to have direct antiviral properties by binding and
inhibiting the active site of the main protease enzyme (Mpro) of SARS-CoV-2. In a
retrospective analysis Zhan et all'J found that statin treatment among 13981 patients
with COVID-19 was associated with a lower risk of all-cause mortality. Furthermore,
the addition of ACE inhibitors or angiotensin II receptor blockers did not affect statin-
associated outcomes in the studied cohort!"”.

Remdesivir is a nucleoside analogue with a promising virus-inhibitory effect. It
exhibits in vitro antiviral activity against coronaviruses!"”! and in vivo has been shown
to curb severe acute respiratory syndrome caused by coronavirus infection!"l. The
drug can also inhibit viral replication interfering with the nascent viral-RNA chain
resulting in its premature termination!”. In a Phase 1 clinical trial the security and
pharmacological effects of remdesivir were assessed!'”l. Recently, in patients with
severe COVID-19 receiving remdesivir clinical improvement was observed in 68% of
cases (36 of 53 patients)”l. However in a randomized, double-blind, placebo-
controlled, multicenter trial, remdesivir was not associated with statistically significant
clinical benefits". Ongoing clinical trials (NCT: 04292899 and 04292730) should
provide additional data on its effectiveness.

Azithromycin has shown in vitro antiviral activity against SARS-CoV-2, documented
in literature at dosages similar to those used to treat bacterial pneumonial**. The
mechanism of action is not well understood. It is believed to interfere with the
acidification processes of lysosomes and endosomes”! or amplification of the antiviral
action of interferon in the host™. The use of azithromycin in combination with
chloroquine/hydroxychloroquine has been described in the treatment of COVID-19
but the available clinical data is derived from retrospective, observational or
uncontrolled studies”*1. The randomized telemedicine-based trial NCT: 04332107,
now in Phase 3, may elicit further information.

Lopinavir and ritonavir are protease inhibitors used in HIV infections. Their use in
combination allows the increase in half-life of lopinavir by enzymatic induction™. It
has demonstrated in vitro antiviral activity for SARS-CoV™ and MERS-CoV through
inhibition of the 3-chymotrypsin-like proteasel”!. Currently, there is no statistically
significant evidence of its efficacy against SARS-CoV-2 in vitro. The studies available
on the use of the lopinavir/ritonavir combination for the treatment of COVID-19 are
mainly reports or retrospective studies, making it difficult to evaluate its effectiveness.
In a randomized, controlled, open-label Chinese trial, no benefit was observed with
lopinavir-ritonavir treatment”. There are several ongoing clinical trials. Among them
NCT: 02735707 in its recruiting phase, is structured to compare the administration of
lopinavir-ritonavir with no antiviral treatment.

Tocilizumab and sarilumab are monoclonal antibodies directed against the
interleukin 6 (IL-6) receptor in which COVID-19 appears to target in the severe
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inflammatory process and cytokine storm causing critical damage to the lungs and
other organs**". Tocilizumab appears to be a viable treatment strategy in COVID-19
patients with risk of developing cytokine storm!™. Studies supporting this thesis are
mainly case-reports and retrospective analyses. There are a few randomized clinical
trials (RCTs) in development (ChiCTR: 200002976, EuCTR: 2020-001110-38 NCT:
04320615) for the evaluation of the efficacy and safety of Tocilizumab, alone or in
combination, in the treatment of severe pneumonia in COVID-19 hospitalized patients.
Sarilumab is currently being studied in a multicenter Phase 2-3 study for the treatment
of severe forms of COVID-19 (NCT: 04315298).

Anakinra is another monoclonal antibody used in the treatment of patients in
critical condition. (NCT: 04330638). By blocking the IL-1 receptor, the drug could help
reduce the cytokine storm triggered by the virus™l.

The monoclonal antibody eculizumab, which prevents the cleavage of the C5
fraction of the complement in the C5a and C5b, could also reduce this cytokine
cascade. Currently, an encouraging case series has been published on the topic by
Diurno et al* (2020) and we are looking forward to the results NCT: 04288713.

Among the immunomodulatory drugs with a possible action in reducing cytokine
storm, colchicine has also been used. It is a non-selective inhibitor of NLRP3
inflammasome, and inhibitor of microtubule polymerization and leukocyte
infiltration”. The COLCORONA trial is now ongoing in the recruiting phase (NCT:
04322682), while the GRECCO-19 study (NCT: 04326790) of 189 patients has recruited
the necessary samples™.

Several studies have analyzed the role of corticosteroids. Such drugs could
theoretically act as immunomodulators. Wang et al™ completed a randomized
controlled trial, albeit with few patients, on the use of methylprednisolone
highlighting that the short-term administration of the drug could be beneficial. In
February 2020, Villar et al! published a randomized clinical study (NCT: 01731795) of
277 patients that defined the usefulness of the early administration of dexamethasone
in reducing days of endotracheal intubation and overall mortality. Although these
studies seem encouraging, further evidence of efficacy is needed"™!.

In addition, CP has frequently been used as supplement therapy. It is a classic
adaptive immunotherapy that was successfully and safely used in the treatment of
infections caused by viruses similar to SARS-CoV-2", such as SARS, MERS, and in the
2009 H1IN1 pandemic*l. Data from the meta-analysis conducted By Mair-Jenkins
et all reported that this treatment can reduce the mortality of patients with COVID-19
especially if administered early to the onset of symptoms. The limitation of this
treatment is the scarce availability of donor plasma considering that only recovered
COVID-19 patients with neutralizing antibody titers above 1:640 are considered good
plasma donors. Once the plasma is collected from donors, it is adequately treated and
then infused into clinically symptomatic patients. A single 200 mL transfusion of CP is
generally well tolerated and followed by improvement of the clinical symptoms. There
is a subsequent increase of oxyhemoglobin saturation within 3 d and a rapid
neutralization of the viremia"'. The clinical trial NCT: 04321421 would clarify the
usefulness of this treatment.

Among the integrative treatments, vitamin C infusion may produce an increase in
the synthesis of norepinephrine and vasopressin!*’, reduce cytokine levels!"’), and
prevent neutrophil activation and trap formation promoting vascular injury™*. Its role
is being investigated by the clinical trial NCT: 04264533.

Due to the increased incidence of thrombo-inflammation and hypercoagulability
related to COVID-19, enoxaparin which inhibits factor Xa and thrombin is frequently
present in almost all the clinical practice protocols of treatment!. The clinical trial
identified as NCT: 04367831 is investigating the role of enoxaparin in COVID-19 and is
currently ongoing.

There has also been an increase in tumor necrosis factor alpha (TNF-a) and IL-17 in
peripheral blood samples of COVID-19 patients, but evidence in customized treatment
is still lacking. Encouraging results arrived from real-life data in a large cohort of
psoriatic patients on biologic agents. They demonstrated an increased risk of infection
rates but without an increased risk of intensive care unit hospitalization or death!*".
Two trials were registered in the Chinese Clinical Trial Registry (ChiCTR2000030089,
ChiCTR2000030703) that evaluate the potential use of adalimumab (anti-TNF-a) and
ixekizumab (anti-IL-17) in the armamentarium to treat severe COVID-19 patients.
Apremilast, a phosphodiesterase type 4 inhibitor, was a candidate treatment because it
demonstrated inhibition of neutrophil, monocyte and lymphocyte migration during
lung inflammation and decreased pro-inflammatory cytokine production®.

A wide array of drugs used in current clinical practice but not yet approved and
investigated by more than three ongoing clinical trials are presented in Table 1.
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f 8 f Ongoin L Route of Co A YT
Therapeutic agent  Mechanism of action . going Associations Suggested dosage .. . Principal side effects Ref. NCT identifier
trials, n administration
Hydroxychloroquine  Changes the pH of endosomes, 224 Azithromycin, tocilizumab, 200 mg BID or TID (10 d) Oral-intravenous Retinal toxicity, QT prolongation, 1 NCT04315948
prevents viral entry, transport and lopinavir-ritonavir nausea
post-entry replication
Chloroquine Increases the endosomal pH 225 Remdesivir, tocilizumab 25g((3d) Oral-intravenous Retinal toxicity, QT prolongation, [ NCT04303507
interfering with the process of nausea
virus/ cell fusion
Convalescent plasma  Adaptive immunotherapy 129 Remdesivir, Interferon-alpha, 200 ml single dose Intravenous Evanescent facial red spot P71 NCT04321421
(neutralizing antibody tiers above oseltamivir, antibacterial and
1:640) antifungal frugal drugs,
methylprednisolone
Lopinavir/Ritonavir ~ Inhibition of the HIV 67 Hydroxychloroquine, 200 mg/50 mg BID Oral Gastrointestinal upset, augmented B2 NCT02735707
protease/inhibition of CitP450- azithromycin, dexamethasone plasmatic concentration of colchicine
is03A4 and augmented plasmatic
concentration of lopinavir And HGAM-CoA reductase inhibitors
Azithromycin Prophylaxis of bacterial super- 59 Hydroxychloroquine, tocilizumab, 500 mg Oral-intravenous QT prolongation B2 NCT04332107
infection atovaquone
Tocilizumab Monoclonal antibody which targets 50 lopinavir-ritonavir, remdesivir, Dosing according to weight  Intravenous Runny or stuffy nose, sinus pain, sore (B NCT04320615
the IL-6 receptor chloroquine, hydroxychloroquine  range throat, headache, gastrointestinal upset,
urinary tract infection
Ivermectin Suppression of SARS-CoV-2 viral 30 Hydroxychloroquine 600 meg/kg Oral Tiredness, loss of energy, stomach pain, [ NCT04381884
replication in cell cultures (in vitro) loss of appetite, nausea, vomiting,
Dutasteride diarrhea, dizziness
Azithromycin
Proxalutamide
Statin Reduces chemokine release, 23 Standard of care; colchicine + 20 mg/d atorvastatin Oral rabdomiolisis = NCT04472611
adhesion molecules, and rosuvastatin Rosuvastatin 40 mg/d or
modulating T cell activity equivalent
Remdesivir Nucleotide analogue that is 20 Hydroxychloroquine, chloroquine, 200 mg 1 day - 100 mg (10  Intravenous Phlebitis, constipation, headache, U151 NCT04292899
incorporated into the nascent viral tocilizumab, convalescent plasma  d) ecchymosis, nausea, pain in extremities
RNA chain resulting in its
premature termination
Methylprednisolone Immunosuppression against 17 Siltuximab, tacrolimus 40 mg BID (5 d) - f 1-2 Oral-intravenous Headache, nausea, weight gain, (£ NCT04323592
cytokine storm mg/kg/d (5-7 d) excitement, infections
Sarilumab Monoclonal antibody which targets 17 Not available 400 mg or 200mg single dose  Intravenous Neutropenia, increased ALT, injection b1 NCT04315298
the IL-6 receptor site redness, upper respiratory
infections, nasal congestion, sore throat,
urinary tract infections,
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Colchicine

Heparin

Anakinra

Dexamethasone

Enoxaparin

Eculizumab

Vitamin C

Non-selective inhibitor of NLRP3 17
inflammasome, inhibitor of

microtubule polymerization and
leukocyte infiltration

Inhibition of Xa factor and thrombin 15

Monoclonal antibody which targets 11
the IL-1 receptor

Immunosuppression against 10
cytokine storm

Inhibition of Xa factor and thrombin 5

Monoclonal antibody which targets 3
C5 inhibiting its cleavage in C5a and
C5b

Antioxidant, increases the synthesis 3
of norepinephrine and vasopressin,
attenuate increases in cytokine

levels

Not available

Methylprednisolone

Siltuximab or tocilizumab (single

i.v. injection)

Not available

Not available

Hydroxychloroquine, lopinavir-
ritonavir, ceftriaxone, vitamin C

All mentioned drugs

0.5 mg per os (BID) for 3 d -
then once daily for the last 27
d

Dosed to target activated
partial thromboplastin time
(aPTT) between 1.5-2.0 times
the normal value

1 injection a day (max 28 d)

20 mg/d (5 d) then 10 mg/d
Gd)

4000 UI/d or 100 Ul/kg

3600 mg/wk (8-22 wk)

12 g/12'h (7 d) or 50
mg/kg/6h (4 d)

Oral-intravenous

Subcutaneous
injection

Subcutaneous
injection

Intravenous

Subcutaneous
injection

Intravenous

Oral-intravenous

thrombocytopenia

Gastrointestinal upset, low blood cells
count and rhabdomyolysis

Reduced creatinine clearance

Gastrointestinal upset, headache, joint
pain, flu symptoms, redness-bruising-
pain in the injection site

Headache, weight gain, excitement,
infections

Skin irritation in injection site, bleeding,
heparin-induced thrombocytopenia,
fatigue, fever

Fever, headache, nausea and vomiting,
body aches, confusion, increased

sensitivity to light, stiffness

Gastrointestinal upset

[33-34]

[43]

[30,31]

[36]

[43]

[42-44]

NCT04322682

NCT04485429

NCT04330638

NCT04325061

NCT04367831

NCT04288713

NCT04264533

In this table are the most utilized and investigated drugs for the treatment of coronavirus disease 2019. It provides the name of the therapeutic agent, mechanism of action, number of ongoing trials, drug association if available, suggested

dosage and maximum period of time the drug should be administered, route of administration, principal side effects, a reference on the drug, and an example of randomized clinical trial (RCT) identified by the national clinical trial
number. Drugs investigated in less than three RCTs have been excluded. BID: Bis in die; IL-1: Interleukin 1; NCT: National clinical trial; RCT: Randomized clinical trial; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; TID:

Tris in die.

JBaishideng®
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Among these drugs is Ivermectin, an FDA-approved anti-parasitic. This drug showed
to have broad-spectrum anti-viral activity only in vitro", and results of a Phase 1
study are absolutely needed before using ivermectin. There are not enough data to
support a recommendation for its use in a higher-than-approved dosage.
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ARE THERE SPECIFIC CLINICAL MANIFESTATIONS RELATED TO
COVID-19 THAT CAN BE TREATED WITH A CUSTOMIZED AND
TARGETED THERAPY?

The pathogenesis of the damage induced by the SARS-CoV-2 virus is presently being
analyzed. There are two clinical manifestations that are most frequently found in
infected patients, namely respiratory failure and systemic coagulopathy. Currently it
appears, according to a report by Magro et al*’, that the multiple district damage
induced by the infection is caused by a hyper-activation of the complement system
and exacerbation of the cytokine cascade. On histological samples of patients” lung
and skin tissue who died from COVID-19, there was a discernable deposit of C5b9,
C4d, and the mannose-binding lectin-associated serine protease 2. These proteins are
the residual products of complement activation®!. Once the host’s barriers are
overcome, the virus stimulates the innate immunity and enters the cell by binding to
the ACE2 receptor. It goes on to destroy the endothelial cells of all organs whose cells
express the ACE2 receptor widely. The same cell destruction increases tissue
permeability and facilitates the systemic release of the virus. This results in
hyperproduction of interleukins (cytokine storm and intracellular activation of the
inflammasome) and hypercoagulability with diffuse thrombosis in the
microcirculation.

Due to the unproven efficacy of antiviral drugs alone, there is strong reason to
believe it useful to administer other drug treatments to facilitate meaningful recovery.
Drugs such as eculizumab, which act by blocking the cleavage/activation of
complement factor C5; tocilizumab, sarilumab, and anakinra which block the
interleukin receptors by limiting the cytokine cascade; colchicine which acts by
interfering with the inflammasome NLRP3; vitamin C which may reduce the
activation of neutrophils and stimulate the endogenous production of vasopressors;
and enoxaparin which assists in the prevention and treatment of hypercoagulation
thrombosis. The mechanisms of drug action according to cell damage, complement
activation and cytokine storm are described in Figure 1.

CONCLUSION

Although a short period of time has passed since the novel coronavirus was initially
described, several treatment options have been introduced. To simplify the current
therapeutic armamentarium, Table 1 summarizes the most investigated options for the
treatment of COVID-19 in decreasing order by number of ongoing RCTs. Nonetheless
there is still no proven evidence based therapeutic plan that can offer the best survival
chance to patients infected. The inconsistent results presented in the literature on the
treatment of SARS-CoV-2, is likely due to the lack of well-controlled studies with an
adequate sample size. A meticulous understanding of the pathophysiology and
immunological response of the host is also still necessary. Additional data are required
to provide a proper risk stratification for patients and an adequate place in therapy of
current investigational options.
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Figure 1 Severe acute respiratory syndrome coronavirus 2 infection, consequences and rationale of treatment. A: The virus in the alveolus
induces the production of a protein rich fluid interfering with ventilation gas exchanges; B: Description of what happens in the alveolus after the infection and drugs
involved in this phase. The virus binds the angiotensin-converting enzyme 2 (ACE2) receptor and replicates in the Type 2 pneumocyte (P2), leading to apoptosis
(accumulation of cellular dendrites), activation of alveolar macrophages, dendritic cells, lymphocytes T, and neutrophils. There is an augmentation of cytokines levels,
especially interleukin 6 (IL-6), IL-1, and tumor necrosis factor (TNF). The inflammatory process leads to damage of the alveolar barrier and to the formation of the
hyaline membrane between the alveolar side and the blood vessels. In this phase, chloroquine reduces the levels of TNF; vitamin C reduces the levels of TNF, IL-1,
and IL-6; anakinra inhibits IL-1 binding to its receptor; tocilizumab and sarilumab inhibit IL-6 binding to its receptor; and colchicine, apremilast, and corticosteroids
reduce the migration of lymphoid cells into the alveolus; C: Synthesis of the intra-cellular replication of the virus. Hydroxychloroquine reduces the exposition of ACE2
receptors on the surface of P2, and as azithromycin reduces the pH in lysosomes and endosomes. Remdesivir and lopinavir/ritonavir interfere with viral replication; D:
The virus is capable of activating the complement system that can be inhibited by eculizumab. E: Enoxaparin may be effective against the typical thromboembolism
induced by the virus. Furthermore, in the plasmatic torrent, the high levels of TNF-alpha and IL-17 can be reduced by selective binders such as adalimumab and
ixekizumab, respectively. Original picture by Di Franco S and Alfieri A (2020).
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Abstract

BACKGROUND

The outbreak of coronavirus disease 2019 (COVID-19) happened in early
December and it has affected China in more ways than one. The societal response
to the pandemic restricted medical students to their homes. Although students
cannot learn about COVID-19 through clinical practice, they can still pay attention
to news of COVID-19 through various channels. Although, as suggested by
previous studies, some medical students have already volunteered to serve
during the COVID-19 pandemic, the overall willingness of Chinese medical
students to volunteer for such has not been systematically examined.

AIM
To study Chinese medical students’ interest in the relevant knowledge on COVID-
19 and what roles they want to play in the pandemic.

METHODS
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Medical students at Peking Union Medical College were surveyed via a web-
based questionnaire to obtain data on the extent of interest in the relevant
knowledge on COVID-19, attitude towards volunteerism in the pandemic, and
career preference. Logistic regression modeling was used to investigate possible
factors that could encourage volunteerism among this group in a pandemic.

RESULTS

A total of 552 medical students responded. Most medical students showed a huge
interest in COVID-19. The extent of students” interest in COVID-19 varied among
different student-classes (P < 0.05). Senior students had higher scores than the
other two classes. The number of people who were ‘glad to volunteer” in COVID-
19 represented 85.6% of the respondents. What these students expressed
willingness to undertake involved direct, indirect, and administrative job
activities. Logistic regression analysis identified two factors that negatively
influenced volunteering in the pandemic: Student-class and hazards of the
voluntary job. Factors that positively influenced volunteering were time to watch
COVID-19 news, predictable impact on China, and moral responsibility.

CONCLUSION

More innovative methods can be explored to increase Chinese medical students’
interest in reading about the relevant knowledge on COVID-19 and doing
voluntary jobs during the pandemic.

Key Words: COVID-19; Chinese medical students; Volunteer; Medical education; Public
health emergency of international concern

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our survey of Chinese medical students showed an overall strong initiative for
volunteerism in the coronavirus disease 2019 (known as COVID-19) pandemic. These
students were willing to play direct, indirect, or administrative roles. Student-class and
hazards of the voluntary job were the negative influencing factors of volunteering in the
pandemic; thus, reducing students’ fear of being infected, such as by providing strong
personal protection, can improve their willingness to volunteer. As for their future career
preference, nearly half of the students expressed reluctance to engage in pandemic-related
specialties, which could imply measures needed to attract potential practitioners in the
future.

Citation: Yu NZ, Li ZJ, Chong YM, Xu Y, Fan JP, Yang Y, Teng Y, Zhang YW, Zhang WC,
Zhang MZ, Huang JZ, Wang XJ, Zhang SY, Long X. Chinese medical students’ interest in
COVID-19 pandemic. World J Virol 2020; 9(3): 38-46

URL: https://www.wjgnet.com/2220-3249/full/v9/i3/38.htm

DOI: https://dx.doi.org/10.5501/wjv.v9.i3.38

INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2), broke out in Hubei Province, China in December 2019!".
The World Health Organization later declared this outbreak a pandemic, due to its
rapid spread across the world”. Wuhan, the capital of Hubei Province, was locked
down on January 23, 2020. As of March 8, 2020 — according to data published by the
National Health Commission of China — about 42000 medical staff had been
dispatched to different regions of Hubei during the lock-downl’. Among these was a
multidisciplinary team of 186 doctors and nurses from Peking Union Medical College
(PUMC) hospital, who managed an intensive care unit (referred to as ICU) from
February 4 to April 12 in the Sino-French New City Branch of Tongji Hospital
(Wuhan), a designated hospital for COVID-19. No medical student was included in
this medical team.

Because the outbreak of COVID-19 coincided with the Chinese Spring Festival, most
of the medical students in China were scattered across the country and consequently
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self-quarantined in their hometowns. The global outbreak has affected medical
students worldwide, in many different ways. In the Chinese medical education
system, medical students learn basic sciences and clinical medical courses in their
junior and middle class-years, respectively; each class has very limited access to
clinical practice during this time. Senior class students, on the other hand, enter
hospitals for clerkship, internship, or clinical rotation as residents. With the help of
various Internet-based learning technologies, the coursework of junior and middle
class-year medical students was hardly affected by the pandemic lock-down.
However, the clinical practice of senior students had to be suspended.

This disruption in medical school training was not exclusive to China. Medical
students at Oxford University Hospitals faced a similar situation!. While their medical
training was nearly completely suspended, medical students embarked on laboratory
jobs and administrative tasks to alleviate the general understaffing burden brought on
by the pandemic. Some scholars have advocated such involvement of medical students
in the pandemic®. Yet, there is little data to show medical students” willingness,
particularly for those in China. Thus, we designed and carried out a survey to assess
Chinese medical students” willingness to know more about COVID-19 and participate
in the pandemic, and investigate whether COVID-19 had increased their interest in
specialties related to the prevention and treatment of severe infectious diseases.

MATERIALS AND METHODS

Questionnaire design

An 18-item questionnaire was designed to evaluate Chinese medical students’
involvement in reading the relevant knowledge of COVID-19, their willingness to
volunteer in the pandemic, and whether the outbreak of COVID-19 had any impact on
their career choice. The design was adapted from a questionnaire verified by
Mortelmans et al'”), inspired by surveys of the influenza pandemic!” and Middle East
respiratory syndrome”'”), and based on a psychological survey conducted in the early
stage of the COVID-19 outbreak!"!l. The majority of items — including willingness to
learn about COVID-19, interest level in the relevant knowledge on COVID-19,
perceived personal and nationwide impact of COVID-19, and preference of
professional choices - were evaluated using a Likert 5-point scale, with 1 being
strongly disagree/unwilling and 5 being strongly agree/willing. For other items, the
5-point qualitative scale was as follows: 1-2: “a little”; 3: “moderate”; and 4-5: “very
much”. Further, interviewees answered “Yes” or “No” to the question “Are you
willing to be a volunteer in the COVID-19 pandemic?”, and selected their access to
pandemic information and the type of pandemic-relevant department that they were
willing to join. Before distribution, the questionnaire was assessed by an internal
consistency test, and the Cronbach-a coefficient was determined to be 0.802. All
information was anonymous and informed consent was obtained from respondents.
The study was approved by the Medical Ethics Committee of PUMC Hospital.

Participants

A total of 916 medical students at PUMC, distributed among eight student classes,
were invited to fill out the web-based questionnaire. Respondents could submit only a
single time and had to answer each question under the platform system settings. From
April 10 to April 18, the invitation to fill out the questionnaire was delivered three
times, to make sure that every student received the message and with the ultimate
goal of maximizing the response rate. By that time, the pandemic crisis-level had been
downgraded in China and the lock-down of Wuhan had been lifted (on April 8); the
new semester had not yet started at PUMC and the students had been restricted to
their homes for more than 2 mo.

Statistical analysis

All analyses were carried out with the SPSS statistical software package (v23; IBM
Corp., Armonk, NY, United States). Quantitative data are expressed as the mean + SD.
Qualitative data are described as constituent ratios. Kruskal-Wallis test was applied
for difference analysis between student-class and interest in the relevant knowledge on
COVID-19. Logistic regression modeling was used for influencing-factor analysis of
willingness to be a volunteer in the COVID-19 pandemic. A P value less than 0.05 was
considered as the threshold for statistical significance.

WIV | https://www.wjgnet.com 40 September 25,2020 | Volume9 | Issue3 |



Jaishideng®

Yu NZ et al. A survey of mainland Chinese medics

RESULTS

A total of 552 questionnaires (response rate of 60.3%) were returned from 33 provincial
administrative regions of China during the 8-d survey period (Figure 1). Among all the
responders, 57.8% were female and 42.2% were male. The total respondent pool was
divided into three groups according to their curriculum setups, as follows: Junior
students, whose coursework involved basic sciences and little medical knowledge;
middle-grade students, who received medical education but had no access to clinical
practice; and senior students who were currently in clinical rotations. The respondent
distribution and the response rate of each group are provided in Table 1.

Involvement in reading about COVID-19

Seventy-one percent of the respondents showed willingness to follow the progress of
the COVID-19 pandemic and sixty-eight percent of them reported that they spent 15-
60 min per day on it. The most popular way to access the relevant information was
social media (90.9%), followed by news app (67.4%) and television (52.0%). The
question “Which aspect of the relevant knowledge on COVID-19 do you know best?”
is designated to determine students’ involvement in reading about COVID-19 upon
they were self-quarantined at home and to assess which aspect of COVID-19 they will
be most interested in when they followed news. Table 2 shows that medical students
were most interested in preventive measures in daily life (4.38 + 0.65) but less
interested in diagnostic criteria and treatment procedures (3.12 + 0.95). The medical
students’ preference varied among the different classes. The senior students showed a
greater interest in clinical knowledge, such as in-hospital prevention and diagnosis
and treatment procedures of COVID-19, followed by middle-grade students (P < 0.05),
while the junior students appeared to have the least interest to these aspects. There
was no statistically significant difference between the different classes for interest in
pathogenesis. As for prevention in daily life, there was a tendency for the seniors to be
more into protecting themselves in daily routine than the junior students (P = 0.05)
(Table 2).

Attitude towards volunteering in pandemic

The number of people who were willing to offer spontaneous support and help in
COVID-19 accounted for 85.6% of the respondents. The questionnaire was set up with
some items about the role that medical students would prefer to play as a volunteer in
the pandemic. Students could arbitrarily choose the task that they wanted to
undertake, without being restricted to choose only one item. One-half (50.2%)
expressed willingness to provide direct medical services, mainly involving
management of patients under the guidance of superior physicians; importantly, this
service has a possibility of direct clinical exposure. Indirect medical activities were
more popular (69.4%), including working on the clinical front-line but not directly
treating the patient. The majority of students (80.4%) expressed willingness to assist in
administrative work, such as managing paper files and designing community
pamphlets; this work carries the lowest risk of infection.

The incentives cited by the respondent Chinese medical students to volunteer in a
pandemic are summarized in Table 3. Binary logistic regression modeling was used to
investigate possible factors that could affect medical students” willingness to
volunteer. Female medical students were found to be more likely to volunteer than
their male counterparts. Notably, willingness to volunteer decreased with seniority.
Next, it was remarkable that students were more willing to be a volunteer with
increasingly more time spent on watching news and stronger will to learn about
COVID-19. Not surprisingly, students who held the opinion that COVID-19 exerted a
huge impact on China and those who thought that doctors volunteer because of moral
obligation were more inclined to volunteer. Sixty-three percent of the respondents
agreed or strongly agreed that health care professionals have a moral obligation to
voluntarily provide medical services in a pandemic such as COVID-19. These medical
students were significantly more willing to volunteer as well.

COVID-19 pandemic and career preference

How the pandemic was affecting career preference of medical students is illustrated in
Figure 2. When asked to rate their inclination to join pandemic-related specialties
(more than one option was available), nearly half of the students expressed reluctance.
Public health specialties were the most popular among all related specialties, followed
by ICU. Among the students who were interested in COVID-19-related specialties,
only 18% chose infectious disease, making it the least popular option.
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Table 1 Chinese medical student respondents

Characteristic Junior Middle Senior Total
Study sample, n 268 173 475 916
Returned questionnaire, n 157 134 261 552
Response rate 58.6% 77.5% 54.9% 60.3%

Table 2 Interest level of Chinese medical student respondents in relevant knowledge on coronavirus disease 2019

Junior Middle Senior Total
Item P value
Mean SD Mean SD Mean SD Mean SD
Pathogenesis 345 0.87 3.53 0.91 3.62 0.85 3.55 0.87 0.098
Prevention in life 429 0.68 437 0.61 444 0.65 438 0.65 0.05
In-hospital prevention 3.23 1.08 343 0.92 3.84 0.87 3.57 0.98 <0.001
Diagnosis and treatment 2.85 0.97 2.99 0.95 3.34 0.87 3.12 0.95 <0.001
SD: Standard deviation.
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It has been debated whether medical students should serve in a pandemic such as
COVID-19, owing to the possibility of their getting infected during the clinical practice
activities and their lack in knowledge about severe infectious diseasel*'"l. So far, the
different countries affected by COVID-19 have reacted differently. Portugal declared
the closure of medical schools after 31 cases were confirmed!"”. On March 17, 2020, the
American College of Medicine Association (United States) recommended suspension
of all direct patient contact responsibilities for medical students!"”! but policies differed
among districts. New York University offered voluntary opportunities for senior
students who met all graduation requirements to graduate in advance of the
pandemic, and planned to have them in internal medicine and emergency
departments!™l.

At the same time, some medical students were also enthusiastic to offer their help
during the pandemic. Compared with clinical jobs, non-clinical jobs seemed to be more
acceptable. Medical students at Columbia University (New York, NY, United States)
initiated a virtual volunteer group to perform the necessary chores for hospital staff
and to participate in a COVID-19 laboratory program’.. More than 500 medical
students at Harvard Medical School (Boston, MA, United States) spontaneously
formed volunteer teams to fulfill their potential through community mobilization!'"l.
To our relief, the study conducted at PUMC showed that Chinese medical students
were also likely to offer support and help in a pandemic. This trend was more obvious
when students sensed the threat of COVID-19 to China.

The self-assessment of results from PUMC, presented herein, indicate that students
showed preference to know COVID-19 daily life prevention than hospital settings. Not
surprisingly, the senior medical students had higher scores than their junior class
counterparts for interest in disease prevention. This suggests that younger volunteers,
who still lacked sufficient working experience in hospital, have not been aware of the
significance of disease prevention yet, thus indicating that more consciousness and
knowledge about self-protection can be instilled into these younger students.

According to our survey, several factors influenced the Chinese medical student’s
willingness to serve in a pandemic. It seems that senior students are more reluctant to
volunteer. This may be because most of the senior students have their specialty of
choice already. Moreover, the possibility of getting infected may have deterred them.
Other influencing factors have been seen in previous studies, in which several lines of
evidence have been obtained to suggest that inefficiency, prior training, financial
security, and access to protective equipment can affect medical students' enthusiasm to
be volunteers!"”l. Ultimately, focusing on these collective factors will not only improve
medical students’ volunteerism but their protection as well.

This study also indicated that medical students preferred to get information from
social media and news apps. According to data published by the China Internet
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Table 3 Odds ratios for willingness to volunteer in the coronavirus disease 2019 pandemic

ltem n (%) OR (95%Cl)
Sex Male 233 (42.2) 1

Female 319 (57.8) 1.52 (0.86-2.72)
Student class Junior 157 (28.4) 1

Middle 134 (24.3) 0.79 (0.36-1.73)

Senior 261 (47.3) 0.59 (0.29-1.21)
Time to watch news <15 min 125 (22.6) 1

15-30 min 265 (48.0) 1.4 (0.7-2.81)

30-60 min 111 (20.1) 2.13 (0.86-5.26)

> 60 min 51(9.2) 2.13 (0.65-6.95)
Willingness to know Little 160 (29.0) 1

Moderate 242 (43.8) 1.65 (0.86-3.18)

Very much 150 (27.2) 0.85 (0.38-1.88)
Impact on personal life Little 85 (15.4) 1

Moderate 155 (28.1) 0.49 (0.16-1.57)

Very much 312 (56.5) 0.62 (0.18-2.08)
Impact on China Little 97 (17.6) 1

Moderate 163 (29.5) 1.55 (0.6-4.05)

Very much 292 (52.9) 2.16 (0.81-5.76)
Doctors' obligation Little 202 (36.6) 1

Moderate 216 (39.1) 4.29 (2.25-8.16)

Very much 134 (24.3) 28.22 (6.03-131.98)
Hazards of voluntary job Little 236 (42.8) 1

Moderate 256 (46.4) 0.43 (0.22-0.85)

Very much 60 (10.9) 0.24 (0.1-0.58)

Odds ratio and 95% confidence interval in binary logistic regression modeling were used for assessing a “Yes” answer to the question “Are you willing to
be a volunteer in the COVID-19 pandemic?” OR: Odds ratio; CI: Confidence interval.

Jaishideng®

Network Information Center at the end of March of this year, 265 million students
turned to online education. The number of online education users in China reached
423 million, equating to an increase of 110.2% from the end of 20180l After the
pandemic, schools can still consider a combination of in-class learning and some
online learning modalities!'”l. Our findings also confirmed the popularity and
feasibility of this way. It can be a good chance for schools to penetrate into students'
social circles and raise their intention of being volunteers by means of, for instance,
posting high-quality videos about COVID-19 on social media™.

The outbreak of COVID-19 also exposes the potential understaffing. It is imperative
to take measures to appeal more practitioners. Although preventive medical courses
are provided to students, there is no curriculum about public principles in response to
emerging infectious diseases, and gradually students are reluctant to become doctors
related to epidemic control”!. It is reassuring that even not in clinical practice, medical
students take a vivid public health course through COVID-19, which may increase
students' emphasis on epidemic-related specialties. Although it remains unclear to
know what extent their plans to specialize in a specialty relevant to the pandemic was
altered by the pandemic, nearly 80% of students believed that this outbreak improved
their interest and understanding of public health, which can be a good sign. Thus far,
previous studies have revealed a correlation between lack of incentive mechanisms,
little perception of public health, and students' choice of community medicine™. This
suggests that students should be made clear of the significance of epidemic-relevant
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Figure 1 Distribution of medical students participating in this survey across China (n = 552).
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Figure 2 Career choice of medical students about pandemic-related specialties. ICU: Intensive care unit.

specialties, and encouraged by role models who have worked in epidemic areas.

This study has several limitations that must be considered when interpreting our
findings. First, for the purpose of a higher response rate, only students at PUMC were
surveyed; thus, the data collected might not be representative of the entire student
population in China. However, despite studying at the same college (PUMC), the
students involved in our study originated from across the entire country.
Undoubtedly, our findings should be further confirmed by a multi-center study. A
web-based questionnaire also has particular benefits for our study population, as it
complements the geographic restriction caused by the pandemic. Second, the
questionnaire was delivered in early April, when the pandemic in China had been
basically controlled, and students were inherently more familiar with COVID-19.
Hence, the results might be less optimistic if it had been conducted at an earlier stage

of the pandemic.

CONCLUSION

In this study, a web-based questionnaire was used to reveal Chinese medical students’
interest in the international public health event, COVID-19. We found that this
emerging pandemic triggered students' curiosity and prompted their interest in
reading about and responding to related events. Overall, students tended to read more
about daily life prevention of COVID-19, and they expressed their passion to

participate in volunteer activities in different ways.
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ARTICLE HIGHLIGHTS

Research background

Coronavirus disease 2019 (COVID-19) has raged across the world. The dramatically
increasing numbers of infected cases consequently caused a heavy burden on medical
staff worldwide. With the intent of helping ease the burden of medical systems, some
medical students have been willing to volunteer in the pandemic but there is little
systematic evidence to show that among Chinese medical students.

Research motivation

As medical students will emerge as the practitioners during future outbreaks and
pandemics, it is essential to determine the profile of incentivizing factors for such
volunteer work today. This knowledge will also help to construct strategies that will
improve their enthusiasm for volunteerism.

Research objectives
A total of 552 medical students at Peking Union Medical College responded to the
study questionnaire.

Research methods

This study was online-based and conducted through a questionnaire that explored
students” interest in the relevant knowledge on COVID-19, attitude towards
volunteerism in the pandemic, and career preference. Logistic regression modeling
was used to investigate possible factors that could encourage medical students to
volunteer in a pandemic.

Research results

Chinese medical students expressed a strong initiative to aid in COVID-19 by means of
taking on direct, indirect, or administrative responsibilities. There were two negative
influencing factors, namely, student-class and hazards associated with the voluntary
job, which suggested that reducing students’ fear of being infected and offering
sufficient personal protection could help improve volunteerism in a pandemic. In
terms of future career preference, nearly half of the students expressed reluctance to
engage in pandemic-related specialties, which could imply more measures to attract
potential practitioners in the future.

Research conclusions

Most Chinese medical students take initiatives to learn about COVID-19 and are glad
to volunteer in a pandemic. However, hazards associated with the voluntary job can
likely damp down students’ enthusiasm for volunteerism, which means more
innovative methods, such as Internet platforms, sufficient personal protection,
specialized knowledge, and full training in advance, can be explored.

Research perspectives

Multi-center studies are needed, taking racial, geographic distribution, educational
background, parental background, income and academic performance, etc. into
consideration. In addition, more standard assessment questionnaires should be made
and enacted to evaluate students’ comprehensive understanding of COVID-19, in
order to reduce the bias of different surveys conducted in different regions.
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Abstract

The coronavirus disease 2019 was first reported in Wuhan in December 2019 and
then spread rapidly throughout the world. On March 11, 2020, the World Health
Organization declared coronavirus disease 2019 a pandemic. In response to the
pandemic, the management division of West China Hospital oversaw the
implementation of hospital-wide emergency measures. In accordance with these
measures, the hospital's thoracic surgery ward implemented a new management
system by reformulating staff training plans, patient admission procedures, and
other systems for managing the ward and protecting perioperative patients.
Overall, the ward was successful in restoring normal working order, protecting all
staff from occupational exposures, and ensuring the safety of inpatients and their
families.

Key Words: COVID-19; Thoracic surgery; Thoracic surgery ward management; SARS-
CoV-2; Epidemic prevention and control; Nosocomial infection

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study describes a specific approach to preventing a coronavirus disease
2019 outbreak in the thoracic surgery ward at a hospital in West China. We believe that
our study will make a significant contribution to the literature. It documents lessons
learned in developing and deploying a system to protect staff and vulnerable inpatients
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coronavirus disease 2019 pandemic.
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INTRODUCTION

Shortly after the emergence of the novel coronavirus in Wuhan, Hubei Province, China
in December 2019, other regions in China detected cases of the disease. Subsequently,
the coronavirus disease-19 (COVID-19) epidemic spread throughout the world. On
February 11, 2020, the International Committee on Taxonomy of Viruses officially
named the virus the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)!'},
and the World Health Organization named the disease caused by the virus the
COVID-19. Then, on March 11, 2020, the World Health Organization declared the
epidemic a global pandemic. The total number of globally confirmed cases reached 2.2
million by April 19, 2020. According to published research®’, the virus is a f-
coronavirus, sharing up to 85% of its homology-based genes with a bat SARS-like
coronavirus. The major sources of infection are confirmed COVID-19 patients, though
asymptomatic patients can also be infection sources. The disease is highly contagious,
and its main transmission routes include droplets and close person-to-person contact;
there is also the possibility for aerosol transmission in closed environments. A
retrospective study published by Zhongnan Hospital of Wuhan University reported
that 41.3% (57/138) of patients diagnosed with COVID-19 had nosocomial infections
from the early stages of the epidemicl”.

The majority of thoracic surgery ward inpatients have malignant tumor diagnoses.
These patients are usually immunocompromised and may be more vulnerable to viral
infections, as postoperative respiratory rehabilitation training may increase the risk of
viral transmission”.. SARS-CoV-2 infections may increase these patients' postoperative
complications as well as their perioperative mortality. Therefore, it is extremely
important to prevent outbreaks and the subsequent spread of COVID-19 in thoracic
surgery wards. After the outbreak of COVID-19 in China, the West China Hospital
(the authors' hospital) made it a top priority to prevent and control the disease, and
quickly established a system to manage the COVID-19 outbreak. In accordance with
this system!”, the thoracic surgery department (the authors' department) constructed a
detailed protocol for ward management, which included patient admission
procedures, overseeing accompanying family members, and ward disinfection and
isolation systems during the outbreak. As a result, the authors were able to restore
working order in the ward, and they continued to treat inpatients in a timely fashion.
Furthermore, no hospital-acquired infections occurred in the authors' ward. This paper
describes the specific thoracic surgery ward management system in response to
COVID-19.

STAFF TRAINING IN EPIDEMIC PREVENTION AND CONTROL

The authors” hospital implemented measures to train staff on the prevention,
diagnosis, and treatment of COVID-19 through online courses, weekly video-
conferences, and WeChat postings®. Training covered basic knowledge about COVID-
19 including its epidemiology, symptoms, diagnosis, and treatment. Staff were
instructed on how to report COVID-19 cases and collect specimens as well as on
disinfection, isolation, and self-protection. The department encouraged all staff to
participate in the online discussions and complete the training and assessments. By
acquiring the relevant knowledge and skills, the staff developed the capability to
tackle the outbreak. According to Fu et all, inconsistent protection standards and
improper donning and removal of protective equipment are the key causes of medical
staff occupational exposures. Therefore, the authors” department informed all staff on
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these and other issues through online courses and periodic face-to-face training. Staff
were trained to manage patient admissions, screen inpatients and their families for
COVID-19, properly use protective equipment and so on. In addition, emergency
preplans were developed and carried out based on the capabilities of the department,
particularly for activities such as donning, removing, and disposing of protective
equipment; reporting suspected/confirmed cases; and transporting infected patients.
The director of the department was responsible for training doctors; the head nurse
oversaw the nurse trainings; and the hospital's infection control nurse trained cleaning
staff and others. These measures ensured that everyone could continue to perform
their normal duties during the outbreak as well as effectively contribute to the
prevention and control of COVID-19.

DYNAMIC MANAGEMENT OF INPATIENT ADMISSION ACCORDING TO
SURGICAL INDICATIONS

Taking into consideration the thoracic surgery specialty and patients who have been
admitted to the department in the past, inpatients in the authors' department generally
fall into one of three categories: Those requiring emergency operations, those needing
limited operations, and those undergoing selective operations. Indications for
emergency operations include spontaneous hemopneumothorax, esophageal rupture,
open chest trauma, giant tracheal tumors, and other emergencies requiring immediate
surgical treatment. Indications for limited operations include esophageal cancer,
invasive lung cancer, thymic carcinoma, thoracic malignancies with rapid progression,
and other conditions requiring surgical treatment in the near future. Indications for
selective operations include benign esophageal or pulmonary diseases, pulmonary
ground-glass opacities, mediastinal cysts and benign tumors, palmar hyperhidrosis,
and other situations that allow for a more flexible scheduling of the surgical
procedure.

In the early stages of the COVID-19 outbreak, the epidemiology, diagnosis, and
treatment of the disease were unclear. Therefore, as part of a hospital-wide
deployment, the authors’ department stopped seeing outpatients and postponed
limited and selective operations for one week. This gave us time to develop protocols
and procedures to manage the epidemic as well as reserve the necessary protective
equipment. After one week, those requiring limited operations could once again be
admitted. Patients with more severe disease were prioritized, but those who lived
outside Sichuan Province had their surgeries further postponed to reduce their risk of
contracting COVID-19 en route to the hospital. At that point, the domestic epidemic
was under control. In the authors” department, the admission of patients for elective
operations returned to normal, and those who were waiting the longest times for their
surgeries were the first to be admitted. However, all those seeking admission to the
hospital were required to pass a three-step screening procedurel”. Prospective patients
had to provide complete histories, first, when sending their admission notice; second,
at the hospital admissions department; and third, in the surgical ward reception area.
The histories documented any recent symptoms of cough, fatigue, diarrhea and so on
in the prospective patient and his or her family members. A prospective patient also
had to describe any recent travel and have his or her body temperature taken. Finally,
after a chest computed tomography (CT) examination to exclude COVID-19 infection,
the patient could be admitted into the hospital. These were the measures taken to
prevent COVID-19 outbreaks in our medical institution.

Patients requiring emergency operations would undergo emergent treatment and
history-taking at the same time based on the “screening while treating” principle.
Then, after a chest CT examination and throat-swabbing nucleic acid test to exclude
COVID-19 infection, patients in stable condition could be transferred to the inpatient
ward. Patients in severe condition who could not undergo the screening test before
their operations were reported to both the thoracic surgery department and hospital
administration. The operating room and the department of anesthesiology were then
contacted, and the patients were treated as confirmed COVID-19 cases during their
emergency operations with every precaution taken. After the operation, the screening
tests for COVID-19 were performed, and those without COVID-19 infection would be
admitted to the authors’ department. Otherwise, the patients would be admitted into
the isolation ward of the infectious disease department.
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STANDARDIZED WARD MANAGEMENT TO ENSURE THE SAFETY OF
STAFF AND PATIENTS

Management of ward environment

Ward access was restricted under a 24-h closed management system. Access to the
ward was possible only at two points, based on our ward's configuration. Staff at both
access points were equipped with non-contact thermometers as well as the “Log Book
for Recording Personnel Entrance and Exit”. Staff took the temperatures and histories (
i.e., symptoms and epidemiology) of patients and families entering the ward for the
first time. Upon leaving the ward, inpatients and family members were required to
have their temperatures taken again and provide the reason for leaving and the
destination. Temperatures would be taken again upon their return. Patients were
allowed access to the ward by showing their wrist strap, while family members were
required to present a companionship certificate. Other visitors and personnel were
strictly prohibited from entering. Furthermore, only card-carrying employees were
permitted to pass through the staff passageway; and body temperatures were taken
there, as well. Our ward reserved an appropriate number of empty rooms for isolation
of suspected patients in case of emergency.

Maintenance of the ward environment and disinfection of equipment were all in
accordance with hospital requirements!”. For ventilation, the windows of the inpatient
ward, medical staff office, and duty room would be opened at least twice a day for a
minimum of one hour. The equipment surfaces in the nursing station, therapy room,
dressing room, and ward were disinfected twice a day by wiping with an effective
chlorine concentration of 1000 mg/L. Also twice per day, the ward floor and corridor
passages were sprayed and cleaned using a wet disinfectant with an effective chlorine
concentration of 1000 mg/L, and air disinfection machines were used to disinfect the
therapy room and dressing room.

Management of staff

All staff had to complete the “Basic Information Backup Record for Returning to
Work”, and those with suspicious symptoms or travel histories were required to
suspend clinical work. Staff who returned to work would undergo daily body
temperature monitoring by specially assigned personnel, and those who had not yet
returned to work would monitor their body temperatures at home. All staff had to
complete daily health reports so that administrators could stay informed about the
health status of the hospital's front-line workers. Staff were required to wear surgical
masks and hats at work and to maintain strict hand hygiene practices. When
performing tracheotomies, sputum aspirations, and throat swabs, staff had to wear
medical masks, goggles or face screens, rubber gloves, and disposable medical gowns.
Staff were required to wear protective clothing when caring for patients with
suspected COVID-19. Special personnel for the hospital and in each department
supervised and enforced the personal protection practices, providing on-site feedback
and corrections in case of insufficient or excessive protection. During work breaks,
staff continued to observe the preventive regulations. Protective equipment used in
the ward was not allowed in the duty room, nor were eating and group conversations.
Staff were required to observe strict coughing and hand hygiene in all areas and to
keep the duty room neat and ventilated.

Family member and companion management

Preoperative patients could not have a companion present unless they were minors or
seniors or others incapable of self-care. These patients were allowed to have one
companion. Postoperative patients could keep one fixed companion as determined by
the attending doctor and nurses, and individuals with a recent history of fever or
cough, or a positive epidemiological history could not serve as companions.
Companion family members had to complete the same symptom and epidemiological
screenings as patients. During a severe outbreak, nucleic acid tests or chest CT scans
would also be needed. Each remaining family member had to use their own identity
document card to apply for a companionship certificate. This was to facilitate the
verification of the information and to signify acceptance of the department’s unified
management system. Companions were required to have their body temperatures
taken and symptoms recorded three times per day. They were asked to wash their
hands frequently and to wear masks throughout the hospital. It was forbidden for
family members to gather for conversation, meals, or other purposes. If a patient's
family member was found to have a fever or other positive signs, a monitor would
take the family member to the fever clinic, where he or she would be overseen by the
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clinic's supervising personnel.

Perioperative management of patients

During the epidemic, the following steps were taken as part of routine patient care: (1)
After admission, patients were not allowed to enter or leave the department at will.
Only after the primary nurse or doctor was informed could a patient leave the ward
for an examination, accompanied by a central transport employee; (2) Patients needed
to wear surgical masks throughout their hospitalizations!'l. In the authors'
department, some postoperative patients complained of dyspnea and feelings of
suffocation while wearing masks; these symptoms were relieved after the patients
were gently instructed to relax. It was reported that some postoperative patients on
oxygen experienced a rise in oxygen saturation while wearing masks. This finding
indicates a need for further studies on the pros and cons of wearing a mask after
surgery and a mask's influence on breathing; (3) One-to-one bedside guidance was
adopted to replace the original group health related education for patients and their
companions in our ward. In addition to the conventional content, the guidance also
included information on epidemic prevention. To reduce ineffective postoperative dry
coughs, postoperative respiratory rehabilitation training techniques were emphasized,
especially effective sputum expectoration. Patients were instructed to observe
airway hygiene by covering their mouths and noses with tissues when coughing or
sneezing, to implement hand hygiene after touching respiratory secretions, and to
maintain a distance of one meter or more from others. Nursing staff were required to
locate themselves behind the patient or with their own heads to other side when
assisting the patient to finish nebulizer inhalation or produce sputum. Any
expectorated sputum was wrapped in tissues and immediately discarded into a
garbage bag, which was then tightly fastened. Moreover, patients and family members
were required to keep an appropriate distance from one another; (4) Patient body
temperatures were taken four times per day. In the case of fever, the doctor in charge
was to be informed immediately. In this case, while attending to the patient's
symptoms, a rapid screening would be performed. If the fever was not due to the
primary lesion, a consultation would be scheduled with the respiratory department.
The suspected patient would then be isolated in a single room and undergo a blood
test, nucleic acid test, and chest CT to further screen for COVID-19; (5) Studies have
suggested that panic is one of the most detrimental aspects caused by the acute stress
response during epidemic outbreak!*". Along with concerns about surgical wounds
and the illness itself, patients often suffer from severe generalized anxiety and
depression, which can influence recovery. Therefore, patients should receive timely
psychological evaluation and care upon admission. Doctors should communicate
thoughtfully with patients if surgery or treatment needs to be delayed because of the
pandemic. Patients with insomnia can take hypnotics in accordance with medical
advice, and patients without companions can be instructed to connect with their
families through cellphone or video chat to alleviate negative affect; and (6) After
hospital discharge, patients would be instructed to protect themselves from COVID-19
through a healthy diet, exercise, and avoiding large social gatherings. Postoperative
dressing changes and follow-up examinations could be completed at the nearest
community hospital. Discharge follow-up could be done on the phone or viaz an
internet platform.

EFFECTS OF PREVENTION AND CONTROL

During the epidemic period from January 24, 2020 to April 19, 2020, 17 emergency
patients and 569 regular patients were admitted to the authors’ department. All
patients completed epidemiological histories and chest CT examinations before
entering the ward. We conducted 14 emergency operations and 469 elective
operations, among which nine suspected cases of COVID-19 were identified (8 were
admitted patients and 1 was a family companion of a patient). All nine suspected cases
underwent complete COVID-19 screening to rule out infection.

CONCLUSION

The COVID-19 epidemic has introduced many challenges and problems to
management and clinical practice in the thoracic surgery ward. The following are
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some examples: (1) Owing to the pandemic, patients whose operations are postponed
may miss opportunities to receive the best treatment. Therefore, the doctor in charge
must determine the treatment order of patients based on the “disease first” principle,
and the waiting times of patients seeking ordinary elective surgeries can be extended;
(2) The symptoms and imaging features of many thoracic diseases are similar to those
of mild COVID-19, making identification of COVID-19 more difficult in these patients.
Therefore, it is imperative that these patients and their families be screened for
epidemiological history before admission. Travel and contact histories should carefully
consider regions with high numbers of confirmed cases or where cases are increasing
rapidly. Those taking histories should also enquire about confirmed cases in patients’
communities and workplaces; (3) Postoperative symptoms such as fever, cough, chest
pain, and dyspnea could indicate the possibility of infection. The nurse in charge
should actively communicate with the doctor, closely monitor examination results and
disease changes in patients, and actively identify causes. When necessary, treatment
can progress to multi-disciplinary collaborations and joint diagnoses; (4) Once a
patient is suspected as having COVID-19, he or she should immediately be transferred
to a single room for isolation and be attended to by special personnel. The department
should then be closed; admissions and discharges should stop right away. All
personnel should be isolated on the spot and prevented from resuming normal work
until disease is excluded; and (5) To prevent an inpatient surge after the pandemic,
which would likely increase risks, admissions to the department should be restored
gradually, according to the risk level of the pandemic. All management plans and
processes should be dynamically adjusted according to the current situation.

As key institutions in society for treatment and recovery, hospitals tend to house
large numbers of patients, who are transported from one location to another in
relatively closed environments!!. Hence, given the inpatient population's general
susceptibility and the fact that COVID-19 is highly contagious through person-to-
person transmission, hospital staff must pay attention to every level of epidemic
prevention. In our experience, hospitals should initiate a "top-down" linked prevention
and control mechanism. In this model, hospital administration plans the overall
deployment, and then each department's managers construct specific protocols based
on the unique features of their department. All on-duty hospital personnel must
recognize the importance of epidemic prevention and be equipped with the proper
screening skills and tools. Staff should be able to rapidly detect abnormalities and take
prompt measures. By strictly applying the management strategies described above, the
authors” department achieved the goal of "zero infection" for staff, patients, and family
members while continuing to treat patients in a timely manner.
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Abstract

Globally, a shift in the epidemiology of chronic liver disease has been observed.
This has been mainly driven by a marked decline in the prevalence of chronic
hepatitis B virus infection (CHB), with the greatest burden restricted to the
Western Pacific and sub-Saharan African regions. Amidst this is a growing
burden of metabolic syndrome (MetS) worldwide. A disproportionate co-burden
of human immunodeficiency virus (HIV) infection is also reported in sub-Saharan
Africa, which poses a further risk of liver-related morbidity and mortality in the
region. We reviewed the existing evidence base to improve current understanding
of the effect of underlying MetS on the development and progression of chronic
liver disease during CHB and HIV co-infection. While the mechanistic association
between CHB and MetS remains poorly resolved, the evidence suggests that MetS
may have an additive effect on the liver damage caused by CHB. Among HIV
infected individuals, MetS-associated liver disease is emerging as an important
cause of non-AIDS related morbidity and mortality despite antiretroviral therapy
(ART). It is plausible that underlying MetS may lead to adverse outcomes among
those with concomitant CHB and HIV co-infection. However, this remains to be
explored through rigorous longitudinal studies, especially in sub-Saharan Africa.
Ultimately, there is a need for a comprehensive package of care that integrates
ART programs with routine screening for MetS and promotion of lifestyle
modification to ensure an improved quality of life among CHB and HIV co-
infected individuals.
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Core Tip: Independently, chronic hepatitis B virus (HBV) infection, human
immunodeficiency virus (HIV) infection and metabolic syndrome (MetS) are known
risk factors of chronic liver disease. The presence of MetS components, including type
2 diabetes mellitus, central obesity and lipid abnormalities, are associated with adverse
outcomes and altered treatment response among HBV and HIV infected individuals.
While underlying MetS may have an additive effect on the development and
progression of chronic liver disease among HBV-HIV co-infected individuals, the
evidence from endemic regions like sub-Saharan Africa is limited and deserves further
attention in the research agenda.
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INTRODUCTION

Chronic liver disease is a frequent clinical condition accounting for an estimated 2
million deaths each year worldwide!'l. It is characterized by a progressive deterioration
of liver function, involving a continuous process of inflammation, destruction and
regeneration of the cells of the liver. This often leads to complications such as liver
fibrosis, cirrhosis and hepatocellular carcinoma (HCC). A broad spectrum of etiologies
is associated with chronic liver disease and typically includes alcohol use disorder,
chronic exposure to toxins, viral hepatitis including chronic hepatitis B virus (HBV)
infection and immune and metabolic disorders!'. Globally, an epidemiological shift in
the burden of chronic liver disease has been observed, mainly driven by diabolical
factors. On the one hand are the global efforts that have led to the increased
elimination of aflatoxins from food, improved safety of transfusions and
transplantations, the establishment of viral hepatitis treatment programs and universal
childhood hepatitis B vaccination programs; and on the other hand is the increasing
burden of metabolic disorders worldwide and the persisting endemicity of chronic
HBYV infection (CHB) in regions such as the Western Pacific and sub-Saharan Africa!"l.

It is well established that CHB is a leading cause of liver disease and death
worldwide. The World Health Organization estimates that currently 257 million
persons or 3.5% of the world’s population are chronic carriers of HBV, 68.0% of whom
live in the Western Pacific (115 million) and sub-Saharan African (60 million) regions
alone!”. The greater proportion of chronic carriers are persons who were born prior to
the establishment of universal childhood hepatitis B vaccination programs. What
further compounds the situation in a region like sub-Saharan Africa is the fact that it is
also home to 71.0% of the global population (35 million) of people living with human
immunodeficiency virus (PLHIV)P“. Due to similar routes of transmission, co-
infection with HBV and HIV are not uncommon. Of the 2.7 million HBV-HIV co-
infected persons worldwide, 69.0% or 1.9 million live in sub-Saharan Africa”. With
rapid expansion of antiretroviral treatment (ART) programs, there has been a dramatic
decline in AIDS-related deaths and consequently an increase in the life expectancy of
PLHIV, including those co-infected with HBV"‘. However, as PLHIV are living
longer, an increased risk of chronic liver disease has been observed and is emerging as
an important cause of non-AIDS-related mortality within this population®’. Among
PLHIV, liver-related mortality has been found to be up to 10 times of that occurring
within the general population!’l. Development of chronic liver disease among PLHIV
has been associated with underlying viral hepatitis (including CHB) and non-viral
hepatitis risk factors such as lifelong exposure to components of ART regimens with
hepatotoxic effects and the development of metabolic syndrome (MetS)¥..
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MetS is a common yet complex condition characterized by a clustering of various
metabolic disorders (Table 1) that are known to increase the risk of developing chronic
liver disease or to worsen the prognosis among individuals with other underlying risk
factors of chronic liver disease!"""l. Chronic liver disease among individuals with MetS
is often preceded by the accumulation of fats or triglycerides in the cells of the liver
due to MetS components like insulin resistance, abnormal lipid metabolism and
dysregulation of cytokines and adipokines, leading to a spectrum of fatty liver
disorders known as non-alcoholic fatty liver disease (NAFLD). With significant liver
inflammation and injury over time, a severe form of NAFLD develops, referred to as
non-alcoholic steatohepatitis (NASH). NASH is associated with liver damage and
progression to advanced liver cirrhosis and fibrosis!“l. The evidence on the association
between MetS and other common risk factors of chronic liver disease, such as CHB, is
oftentimes conflicting. In addition, the role of MetS in the development and prognosis
of chronic liver disease among HBV-HIV co-infected individuals is unclear. With the
concomitant high burden of CHB and HIV infection, and the growing prevalence of
MetS and its associated complications, sub-Saharan Africa presents a unique case for
continuously examining key risk factors of chronic liver disease in order to inform
ongoing public health interventions!'"l.

We review evidence emerging over the last decade (2010-2020) to improve current
understanding of the pathogenesis of chronic liver disease among CHB and HIV co-
infected individuals with underlying MetS. We identify gaps in the evidence base and
propose recommendations for future research, as well as current policy and practice.
This review takes a special focus on sub-Saharan Africa where the burden of CHB and
HIV co-infection is high, the prevalence of MetS is growing and the need for
intervention is often the greatest.

CONFLICTING EVIDENCE ON THE ASSOCIATION BETWEEN METS AND
CHB

With 6.1% of the population living with CHB, the burden of liver cirrhosis, fibrosis and
HCC in sub-Saharan Africa is significant!’. The association between MetS and the
increased risk of chronic liver disease presents an added burden and calls for greater
attention within this population. Despite this, our review of primary studies published
within the last decade reveal a profound lack of data on CHB and MetS from sub-
Saharan Africa.

Drawing on data from elsewhere, the combined prevalence of MetS among those
with CHB varies from 5.0% to 30.1%!""". In Europe, studies conducted in Slovakia
report MetS prevalence rates of 27.8% among Romal!'! and 24.6% among both
Caucasian and Roma®™ populations with CHB. This is comparable to findings from a
study conducted in Spain that found that 24.0% of individuals with CHB had
underlying MetSP!l. In both Slovakian studies, however, no significant association
between MetS and HBV infection was found, as the prevalence of the condition was
comparable between those with or without CHB (27.8% in CHB patients vs 29.6% in
controls, P = 0.785"); and 24.6% in CHB patients vs 24.7% in controls, P = 0.561"),
irrespective of age and sex. Instead, the studies did show that CHB patients with MetS
presented with significantly higher HBV-DNA viral load and elevated liver enzymes,
including alanine aminotransferase (ALT) and gamma-glutamyl transferase, compared
to those without MetS, suggesting an additive effect of MetS on the liver damage
caused by CHB!"?. Contrary to these findings, a large population-based study
conducted in the United States (the NHANES III study) described a significantly lower
prevalence of MetS in CHB patients compared to controls (10.4% vs 25.6%, P = 0.019).
Stratified by sex, this inverse correlation between MetS and CHB was found to persist
in males but not in females®. Unlike the Slovakian observations, CHB patients with
high levels of ALT in the NHANES III study had a significantly lower rate of MetS
compared with controls (2.1% vs 49.8%, P < 0.001). Given these findings, the authors
hypothesized that chronic liver inflammation, instead of HBV itself, may be
responsible for metabolic derangements in CHB patientsi. It is worth noting that
participants in the NHANES III study were relatively older than those in the Slovakian
studies, and this may have influenced the conflicting findings. Evidence emerging
from Asia on the association between CHB and MetS is no less conflicting than that
discussed previously. For example, a case-series conducted in Taiwan found no
correlation between CHB and MetS*!, while two other cross-sectional studies from
Taiwan reported an inverse correlation between CHB and MetS™**!. Contrary to this, a
positive association between latent HBV infection and MetS [hazard ratio (HR) = 2.27,
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Table 1 Metabolic syndrome —definition, diagnostic criteria and association with chronic liver disease

Definition of MetS

A clustering of metabolic disorders that include hypertension, central obesity, impaired glucose metabolism including insulin resistance and abnormal cholesterol or triglyceride levels. MetS increases the risk of morbidity and mortality
from cardiovascular disease, stroke, type 2 diabetes, chronic kidney disease and chronic liver disease

Diagnostic criteria’
NCEP/ATP 1I1*"!

Presence of > 3 of the following;:

Abdominal obesity; > 102 cm in
males and > 88 cm in females

Elevated triglycerides; > 150
mg/dL or treatment for elevated
triglycerides

Reduced HDL cholesterol; < 40
mg/dL in males and < 50 mg/dL
in females

Elevated blood pressure; > 130/2
85 mmHg or treatment for
elevated blood pressure

Elevated fasting glucose; > 110
mg/dL or treatment for elevated
glucose

MetS and chronic liver disease

AHA/NHLBI™

Presence of > 3 of the following;:

Elevated waist circumference; = 102 cm in males
and > 88 cm in females

Elevated triglycerides; > 150 mg/dL (1.7 mmol/L)

or treatment for elevated triglycerides

Reduced HDL cholesterol; < 40 mg/dL (1.03
mmol/L) in males and < 50 mg/dL (1.3 mmol/L)
in females or treatment for reduced HDL
cholesterol

Elevated blood pressure; > 130/2 85 mmHg or

antihypertensive treatment

Elevated fasting glucose; > 100 mg/dL or
treatment for elevated glucose

IDF*]

Central obesity; ethnicity-specific waist
circumference values” or BMI > 30 kg/m” plus
any 2 of the following:

Raised triglycerides; > 150 mg/dL (1.7 mmol/L)
or specific treatment for this lipid abnormality

Reduced HDL cholesterol; <40 mg/dL (1.03
mmol/L) in males and < 50 mg/dL (1.29
mmol/L) in females, or specific treatment for this
lipid abnormality

Raised blood pressure; > 130/2> 85 mmHg, or
treatment of previously diagnosed hypertension

Raised fasting plasma glucose; 2100 mg/dL (5.6
mmol/L), or previously diagnosed type 2
diabetes

Jist!

Presence of > 3 of the following:

Elevated waist circumference; population- and
country-specific definitions’

Elevated triglycerides; > 150 mg/dL (1.7
mmol/L) or treatment for elevated triglycerides

Reduced HDL cholesterol; < 40 mg/dL (1.0
mmol/L) in males and < 50 mg/dL (1.3
mmol/L) in females, or treatment for reduced
HDL cholesterol

Elevated blood pressure; > 130/2> 85 mmHg or

anti-hypertensive treatment

Elevated fasting glucose; > 100 mg/dL, or
treatment of elevated glucose

WHO!!

Glucose intolerance, impaired glucose
tolerance or diabetes mellitus and/or insulin
resistance and any 2 of the following:

Raised arterial pressure; > 160/90 mmHg

Raised plasma triglyceride; > 150 mg/dL,
and/or low HDL cholesterol; < 35 mg/dL in
males and < 39 mg/dL in females

Central obesity; waist/hip ratio > 0.90 in males
and > 0.85 in females and/or BMI > 30 kg/ m’

Microalbuminuria; urinary albumin excretion
rate > 20 pg/min or albumin/ creatinine ratio >

20 pg/mg

The association between MetS and chronic liver disease involves a complexity of risk factors which are yet to be fully understood. NAFLD which covers a spectrum of fatty liver disorders including NASH, is the most common cause of
abnormal liver function among individuals with MetS. MetS components like insulin resistance may increase fatty acids in the liver, leading to fat or triglyceride accumulation in hepatocytes. NASH, which is an advanced form of NAFLD,
is associated with liver inflammation and liver damage, leading to the development of liver cirrhosis and progression to advanced liver fibrosis. In addition, type 2 diabetes and obesity may increase the risk of HCC. The presence of MetS
may have worse outcomes in individuals with other causes of chronic liver disease, such as viral hepatitis.

INCEP/ATP III: National Cholesterol Education Program/Adult Treatment Panel III; AHA/NHLBI: American Heart Association/National Heart, Lung and Blood Institute; IDF: International Diabetes Federation; JIS: Joint Interim

Statement; WHO: World Health Organization.
2Currently, ethnicity-specific waist circumference values have not been defined for populations from sub-Saharan Africa. BMI: Body mass index; HCC: Hepatocellular carcinoma; HDL: High-density lipoprotein; MetS: Metabolic syndrome;

NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.

95%CI: 1.52-3.38] was demonstrated in a retrospective cohort study conducted in
China, suggesting that latent HBV infection may be a risk factor for the development
of MetS*l,

Evidently, the mechanistic association between CHB and MetS remains poorly
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resolved. Reasons for the conflicting findings may include variations in the MetS
diagnostic criteria used in the various studies (Table 1) The geographic
heterogeneity of the published data also means that a comparison between studies
may not always be feasible. Also, worth noting is the fact that a majority of the
published studies are cross-sectional in nature, which often draws the weakest
evidence for the establishment of causal associations between CHB and MetS, as
opposed to robust longitudinal studies. Despite the disparities in the prevalence of
MetS reported among those with CHB, the evidence base strongly suggests that older
agel”! and female sex!""**>* may be predictors of MetS within this population.

Several studies have shown that underlying MetS increases the risk and progression
of liver fibrosis, cirrhosis and HCC in patients with CHB!'""**l. A longitudinal
population-based study involving 2979 participants aged 40-65 years, of whom 1690
had CHB, revealed that the presence of three or more metabolic risk factors, compared
with no factors, significantly increased the risk of HCC by two- to three-fold among
CHB patients™. This relationship persisted after controlling for viral factors such as
high HBV-DNA viremia (= 10000 copies/mL) and other known risk factors of HCCP*.
These findings are consistent with observations made elsewherell. Among these
metabolic risk factors, insulin resistance and central obesity are independently
associated with the development of liver damage and HCC. In a longitudinal cohort
study conducted by Huang et all'”), a significantly higher cumulative incidence of
cirrhosis [log-rank test, P < 0.001, with a relative risk (RR) of 3.43, 95% confidence
interval (CI): 2.62-4.49] and decompensated cirrhosis (log-rank test, P < 0.001, with an
RR of 4.11, 95%ClI: 2.95-5.70) was noted among CHB patients with newly diagnosed
diabetes as compared to those without diabetes. Adjusting for age, sex, CHB
treatment, HCC and comorbidity index, type 2 diabetes mellitus (T2DM) remained an
independent predictor for cirrhosis (HR = 2.015; 95%CI: 1.393-2.915; P < 0.001) and
decompensated cirrhosis (HR = 1.792; 95%CI: 1.192-2.695; P = 0.005)1"). Another study
showed that pre-existing T2DM for > 5 years before cirrhosis diagnosis, insulin and/or
sulphonylurea use and poor diabetic control (defined as glycated hemoglobin Alc >
7.0%) were predictors of cirrhosis complications and HCC development™. These
findings were confirmed by a longitudinal study that reported a significantly higher
incidence of HCC (13.3% vs 10.0%; P < 0.001) and HCC-related mortality (7.5% vs 4.7%;
P < 0.001) among 2966 CHB patients with T2DM compared to 2966 CHB patients
without T2DM, after a median follow-up of 11.4 years!). Elevated serum adiponectin
levels may also play a role in the increased risk of liver fibrosis, cirrhosis and HCCFH*!1.

When investigating dyslipidemia, including hypercholesterolemia or
hypertriglyceridemia, among CHB patients vs controls, several studies have reported
significantly lower levels of total cholesterol and triglycerides among those with
CHB!"*#1. Among CHB patients, significant disparities have been observed in the
levels of triglycerides, high-density lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C) detected among males vs females and those aged < 45
years vs > 45 years!'®>*3. While the heterogeneity in the lipid profiles detected among
CHB patients is not fully understood, some virus-specific risk factors have been linked
with the lipid abnormalities observed within this population. For example, HBV
infection is known to cause liver injury, which may lead to impaired liver function,
thereby altering total cholesterol and triglyceride levels”l. Moreover, it has been
shown that the viral HBx protein inhibits the secretion of apolipoprotein B, which is an
essential component for the formation of very-LDL and LDL, thereby lowering serum
triglyceride levels and causing the accumulation of hepatic triglycerides!***1. This is
particularly concerning as excessive accumulation of triglycerides in the liver leads to
NAFLD.

Both CHB and NAFLD are recognized as significant causes of liver cirrhosis and
fibrosis. Thus, it is only reasonable to examine the relationship between these
conditions. Several studies have reported a positive association between hepatic
steatosis and MetS components such as high body mass index or central obesity,
elevated serum triglyceride and total cholesterol levels and insulin resistance, among
those with CHBI*1, although an inverse relationship with HBV replication and
hepatitis B surface antigen positivity has also been reported**l. These observations
suggest host factors, and not HBV itself, as predictors of hepatic steatosis in those with
CHB. Interestingly, Joo et al" found that HBV infection was significantly associated
with a lower risk of incident NAFLD. By investigating the lipid profiles in these
patients, the authors reported a significant decrease in total cholesterol levels over time
among CHB patients compared with controls, suggesting that HBV infection could
protect against the development of NAFLD, possibly through its effect on lipid
metabolism.
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SUBSTANTIAL BURDEN OF METS AND NAFLD AMONG PLHIV

Sub-Saharan Africa has a disproportionate burden of HIV infection, and there is
evidence to suggest that a significant proportion of PLHIV within this region are at
increased risk of developing MetS and its associated complications, including chronic
liver disease!*. It is worth noting however, that the true burden of MetS among
PLHIV in sub-Saharan Africa is often difficult to ascertain, given the heterogeneity of
the condition itself, the lack of ethnicity-specific diagnostic criteria for sub-Saharan
African populations and the disparities in the associated risk factors (HIV-related vs
host and environmental-related risk factors). Table 2 shows the variable prevalence
rates of MetS among PLHIV from selected studies conducted in sub-Saharan African
countries within the last decade™ ). These variations in the prevalence of MetS among
PLHIV are not exclusive to sub-Saharan African countries but have been reported in
similar population groups in Latin Americal and Europel””?. The commonly
reported independent risk factors associated with MetS among PLHIV in sub-Saharan
Africa include female sex, age > 40 years and central obesity™**?. The potential
influence of host genetics in the development of MetS within this population has also
been suggested previously.

A persistent matter of debate in the evidence-base has been the impact of lifelong
exposure to ART on the burden of MetS among PLHIV. In a recent cross-sectional
study conducted among PLHIV in Ghana, Obirikorang et al! found a higher
prevalence of MetS among participants on ART compared to their ART-naive
counterparts, irrespective of the diagnostic criteria used. Consistent with this finding, a
study conducted in Cameroon reported prevalence rates of 36.0% and 23.4% among
those on ART compared to ART-naive individuals, respectively®™!. Mbunkah et al™"
further reported statistically significant (P = 0.02) variations in MetS prevalence among
those on first-line ART (24.2%) and second-line or protease inhibitor-based ART
(10.0%), compared to ART-naive (11.5%) Cameroonian PLHIV. Contrary to these
findings, Ngatchou et all! found that ART-naive individuals rather experience a two-
fold increase in the prevalence of MetS, suggesting a possible influence of uncontrolled
HIV replication, while Tesfaye et al noted that the prevalence of MetS among PLHIV
in Ethiopia was not influenced by whether or not they had initiated ART. To date, the
findings from sub-Saharan Africa have been limited by the cross-sectional design
adopted by most studies. Findings from a previous longitudinal study conducted in
Italy show that after 3 years of follow-up, there was no significant difference in the
incidence of MetS among those on ART and ART-naive individuals. Instead, the
authors posit that there may be different metabolic pathways underlying the
development of MetS in ART-naive individuals compared to those on ARTI?. While
the findings on MetS among PLHIV in sub-Saharan Africa remain inconclusive, they
do suggest a possible multi-factorial mechanism—involving viral, host and
environmental factors—underlying the pathogenesis of MetS among PLHIV, which
underscores the importance of the condition within this population.

Historically, the development of chronic liver disease among PLHIV has been
associated with concomitant viral hepatitis, ART-associated hepatotoxicity and
alcoholic liver diseasel’. Emerging evidence now shows that NAFLD is increasingly
becoming an important cause of significant liver morbidity among PLHIV"*7l
Unfortunately, evidence emerging from sub-Saharan Africa on the burden of NAFLD
among PLHIV is limited, and this has been raised previously as a regional public
health concern. Our search for relevant sub-Saharan African studies published
within the last decade on this topic returned only one output from South Africa that
reported a hepatic steatosis prevalence rate of 28.0% among PLHIV'. This is
considerably lower than prevalence rates reported for Asian populations (31.0%)"! as
well as from studies conducted in Canada (54.0%)" and Greece (55.0%)"). These
studies also provide strong evidence suggesting that PLHIV are at high risk for
developing NASH, fibrosis and HCC, spurred by a high burden of traditional MetS
components such as insulin resistance, central obesity and dyslipidemial”*!. Several
reports from sub-Saharan Africa do indicate that these traditional MetS components
(insulin resistance, T2DM, central obesity and dyslipidemia) are in fact prevalent
among PLHIV, which could suggest a significant risk for the development of NASH
and other chronic liver complications, although this association is less well researched
within the region!™*l. The scarcity of evidence from sub-Saharan Africa means that the
true burden and natural history of NAFLD among PLHIV may be underappreciated.
This could have negative implications for the development of evidence-based public
health interventions tailored to the sub-Saharan African context.
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Table 2 Prevalence of metabolic syndrome among people living with human immunodeficiency virus in sub-Saharan Africa from

selected studies

Sample size, MetS diagnostic ~ Prevalence of

Ref. Count Study design o Independent risk factors'
. el criteria MetS -
Adébayo et all>’] Benin Cross-sectional 244 IDF 18.4% =
Ayodele et all>!l Nigeria Cross-sectional 291 NCEP/ATP III; IDF;  12.7%;17.2%; -
JIS 21.0%
Berhane et al™  Ethiopia Cross-sectional 313 NCEP/ATP IIl 21.1% HAART > 12 mo, female sex
Bosho et al*’! Ethiopia Cross-sectional 286 NCEP/ATP IIT; IDF;  23.5%; 20.5%; BMI 2 25 kg/m?, formal
JIS 27.6% education
Dimodi et all”’] Cameroon Cross-sectional 463 IDF; NCEP/ATPIII  32.8%;30.7% -
Guira et al*! Burkina Faso Cross-sectional 300 IDF 18.0% -
Hirigo et al*’! Ethiopia Cross-sectional 185 IDF; NCEP/ATPIII  24.3%;17.8% BMI 2 25 kg/m?, female sex, age >
40 yr
Mbunkah et all®!  Cameroon Cross-sectional 173 NCEP/ATP IIT 15.6% -
Muhammad Nigeria Cross-sectional 200 NCEP/ATP III 15.0% -
et all®'l
Muyanja et all*’! Uganda Cross-sectional 250 AHA/NHLBI 58.0% Female sex, age > 40 yr
Ngatchou et all®!  Cameroon Cross-sectional 108 AHA/NHLBI 47.0% -
Nguyen et all*!] South Africa Cross-sectional 748 JIS; IDF; NCEP/ATP  28.2%; 26.5%; -
III 24.1%
Obirikorang Ghana Cross-sectional 433 NCEP/ATP 11I; 48.3%; 24.5%; -
et all*] WHO; IDF 42.3%
Sobieszczyk South Africa Longitudinal 160 NCEP/ATP III 19.2% Older age, time post HIV
et all™’! infection, family history of
diabetes, human leukocyte
antigen B 81:01 allele
Tesfaye et all®’] Ethiopia Cross-sectional 374 IDF; NCEP/ATPIII  25.0%; 16.8% Female sex, older age, BMI > 25
kg/ m?, total cholesterol = 200
mg/dL

Based on multivariate analysis in the individual studies. AHA/NHLBI: American Heart Association/National Heart, Lung and Blood Institute; BMI: Body
mass index; HAART: Highly active antiretroviral therapy; IDF: International Diabetes Federation; JIS: Joint Interim Statement; MetS: Metabolic syndrome;
NCEP/ATP III: National Cholesterol Education Program/Adult Treatment Panel IIIl; WHO: World Health Organization.

LIMITED EVIDENCE ON PLAUSIBLE SYNERGISTIC EFFECT BETWEEN
METS AND HBV-HIV CO-INFECTION

Given the substantial risk of MetS and NAFLD among those with CHB and PLHIV, it
is important to understand if there is a synergistic effect between MetS and HBV-HIV
co-infection in the pathogenesis of chronic liver disease. It is well established that
HBV-HIV co-infected individuals are at increased risk of chronic liver diseasel**. In
addition to the widely recognized mechanisms underlying chronic liver disease in
HBV-HIV co-infected individuals, it has now been shown that interactions between
HIV gp120 and tat proteins with epithelial cells may induce epithelial-mesenchymal
transition, leading to the development of fibrosis*l. Thus, among those with HBV-HIV
co-infection, HIV interactions with liver cells may synergize the development of
fibrosis and cirrhosis. In comparison, very little is known of the effect of underlying
MetS on the progression of chronic liver disease among HBV-HIV co-infected
individuals. While a synergistic effect may be plausible, there is insufficient evidence
to confirm this as very few studies report on the burden of MetS among HBV-HIV co-
infected individuals. In fact, only three studies met the criteria for this review, one of
which involved a sub-Saharan African population®!l. In this study involving 41891
ART-naive HIV-infected individuals from Tanzania, Nagu ef al®! sought to identify
independent risk factors of elevated ALT titers (> 40 IU/L) as a less sensitive but non-
invasive predictor of liver injury and increased risk of mortality from liver disease.
Multivariate analysis showed that MetS components including hypertriglyceridemia,
hyperglycemia and central obesity, as well as immunosuppression due to uncontrolled
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HIV infection and HBV co-infection, were significantly associated with higher risk of
elevated ALTP. However, the cumulative effect of these risk factors on liver function
was not investigated as part of this study.

In a study using the more sensitive transient elastography to assess liver fibrosis
and determine associated risk factors among German PLHIV on ART, T2DM and
central obesity were found to be associated with the presence of significant fibrosis
with (n = 23, 18%) or without (n = 343, 10%) HBV co-infection™. Finally, when
investigating the etiology of liver-related hospital admissions among PLHIV and CHB
patients in the United States, Rajbhandari et al”! found a high prevalence of NASH
among HIV mono-infected patients (43.6%) and HBV-HIV co-infected patients (26.9%).
In addition to this, a three-fold surge in in-hospital mortality was reported among
PLHIV with concomitant HBV co-infection and cirrhosis or portal hypertension
compared to those without these comorbidities (odds ratio: 3.00, 95%CI: 1.80-5.02)1!1.
Taken together, these findings suggest high risk of adverse outcomes among HBV-HIV
co-infected individuals with liver disease and some form of metabolic disorder. It will
be important to explore these findings in sub-Saharan Africa where the burden of
HBV-HIV co-infection is significantly higher.

While there is an obvious need for further research to improve our understanding of
the association between HBV-HIV co-infection and MetS, it is still possible to draw
some implications for the clinical management of this population. Comprehensive
programs targeted at HBV-HIV co-infected individuals that integrate ART programs
with routine screening for MetS components and promotion of lifestyle modifications
could be low-hanging fruits for effectively reducing the risk of adverse outcomes
including chronic liver disease. Where underlying MetS is left undetected and
uncontrolled there may be negative implications for ART outcomes. For example, the
presence of central obesity and T2DM has been associated with lower rates of fibrosis
regression among patients with CHB undergoing long-term treatment with
nucleotide/ nucleoside analogues!™. The effect of nucleotide/nucleoside analogues on
MetS components such as lipid abnormalities has also been investigated. A
retrospective cohort study that compared tenofovir disoproxil fumarate (or TDF,
which forms part of some ART regimens) and entecavir (ETV) therapy among CHB
patients found that serum lipoprotein lipid levels significantly differed pre- and post-
treatment for median total cholesterol (3.92 vs 4.42 mmol/L, P < 0.01), LDL-C (2.25 vs
2.51 mmol/L, P < 0.01) and HDL-C (1.14 vs 1.34 mmol/L, P < 0.01) in the TDF arm
whereas no significant differences were observed in the ETV group!™. In fact, TDF was
shown to be an independent predictor of changes in lipid profiles, with TDF-treated
patients being 14.0%, 13.0% and 20.0% more likely to attain a reduction in levels of
total cholesterol, LDL-C and HDL-C, respectively, compared to those on ETV.
However, triglycerides levels did not change over the follow-up period (median of 56
mo) in the TDF group!™. Similarly, while a recent phase IV randomized control trial
demonstrated the superiority (by 8.0%-10.0%) of pitavastatin over pravastatin in
reducing LDL-C among PLHIV with dyslipidemia, there was no difference between
either cholesterol-lowering drug in altering triglyceride levels®™.

CONCLUSION

As HBV-HIV co-infected individuals are living longer due to the benefits of ART, there
is a need to ensure optimal quality of life, and this can be achieved by reducing the
risk of comorbidities like MetS and chronic liver disease. There is a need to expand the
research agenda in sub-Saharan Africa in order to improve our understanding of the
role of MetS in the progression of chronic liver disease among the substantial
population of CHB and HBV-HIV co-infected individuals within the region. Future
research should include rigorous longitudinal studies to allow for the determination of
the temporal sequence of the development and progression of chronic liver disease
among CHB and HBV-HIV co-infected individuals with underlying MetS. In addition,
a consensus on ethnicity-specific diagnostic criteria for sub-Saharan African
populations is required in order to improve the assessment of MetS within the region.
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Abstract

Thymosin alpha 1 is a peptide naturally occurring in the thymus that has long
been recognized for modifying, enhancing, and restoring immune function.
Thymosin alpha 1 has been utilized in the treatment of immunocompromised
states and malignancies, as an enhancer of vaccine response, and as a means of
curbing morbidity and mortality in sepsis and numerous infections. Studies have
postulated that thymosin alpha 1 could help improve the outcome in severely ill
corona virus disease 2019 patients by repairing damage caused by overactivation
of lymphocytic immunity and how thymosin alpha 1 could prevent the excessive
activation of T cells. In this review, we discuss key literature on the background
knowledge and current clinical uses of thymosin alpha 1. Considering the known
biochemical properties including antibacterial and antiviral properties, time-
honored applications, and the new promising findings regarding the use of
thymosin, we believe that thymosin alpha 1 deserves further investigation into its
antiviral properties and possible repurposing as a treatment against severe acute
respiratory syndrome coronavirus-2.

Key Words: Thymosin alpha 1; Thymalfasin; Immunomodulating; T lymphocytes;
Infectious diseases; Immune deficiency; Oxidative damage
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Core Tip: Thymosin alpha 1 is a naturally occurring peptide in the human thymus,
which has long been recognized for its immune-modulating properties. The synthetic
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analog of thymosin alpha 1 has various clinical applications, such as in infectious
diseases, malignancies and in immunocompromised states. There is emerging data
postulating that this peptide could be of benefit in the treatment of severe acute
respiratory syndrome coronavirus-2 infection. We herein discuss the underlying
knowledge, current clinical uses and results of recent studies of thymosin alpha 1.
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INTRODUCTION

Thymosin alpha 1 is a 28 amino acid peptide originally isolated from the thymus!,
which has been extensively studied in terms of its functions in the immune system.
Thymosin alpha 1 has long been recognized as an immune enhancing, immune
modulating, as well as an immune restoring agent!”, and as such it has been utilized in
several clinical and research settings. The synthetic form of thymosin alpha 1,
thymalfasin, is approved in more than 35 countries for the treatment of hepatitis B and
C and as an immune enhancer in several other diseases!'l. More specifically, it has been
of benefit as a means of augmenting immune response in immune deficiencies!,
psoriatic arthritis!), aging”, as well as in increasing response to vaccines” and
decreasing chemotherapy-induced toxicity”. It has additionally been of value in
treating oncologic patients, especially those with hepatocellular carcinoma, renal cell
carcinoma and non-small cell lung cancer?. Last but not least, it has been used in the
fight of numerous infections, such as human immunodeficiency virus (HIV)U,
pseudomonasl], and mold toxicityl], as well as sepsisl, and recently in severely ill
coronavirus disease 2019 (COVID-19) patients.. In light of the current pandemic
situation, efforts are being made worldwide to understand the impact of infection
caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) on the
immune system in the hopes of getting closer to an effective treatment. To this end, it
would be worthwhile to further investigate thymosin alpha 1 through the relevant
published literature. In this review, we aim to understand the characteristics of
thymosin alpha 1, from its chemical structure and biological properties all the way to
its clinical applications, their safety and efficacy which would provide an insight on
whether it could be used as a therapeutic option to help curb mortality and improve
outcomes in severely ill COVID-19 patients.

BIOCHEMISTRY

Thymosin proteins are short, positively charged, and inherently unregulated peptides.
Induction of thymosin protein configuration via organic reagents, such as
trifluoroethanol, hexafluoroisopropanol, dodecyl trimethylammonium bromide, and
Zn* ions, charges the proteins neutralizing them at a low PH to potentiate their
absolute effects!'’l. The nuclear magnetic resonance structure of thymosin alpha 1 has
been determined by mixing in 40% trifluoroethanol/60% water (v/v) solvent. The
study has determined 800 MHz of a polypeptide chain consisting of 28 residues. To
comprehend its distinct structure, multiple molecular trials with solvent composed of
40% trifluoroethanol/60% transferable intermolecular potential with 3 points water
(v/v) were utilized to create a three-dimensional configuration of the peptide.
Ultimately, it was able to depict a distorted helical configuration with two stable
regions: Alpha-helix site from 14-26 residues and two double turns in the p region in
the N-terminal site consisting of 12 residues!'l.

Thymalfasin, the synthetic analog of thymosin alpha 1, induces interleukin (IL)-2
production, differentiation of immature cord blood lymphocytes, production of B cell
growth factors, and increased macrophage antigen presentation efficiency. It is used to
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treat chemotherapy-induced immunosuppression and to enhance the efficacy of
influenza and hepatitis B vaccines in immunocompromised patients!'”. Thymosin
alpha 1 therapy modulates and partially normalizes T-lymphocyte numbers and
function. T cell rosette percentages have been shown to increase in patients with T cell
lymphopenia. Thymalfasin may benefit conditions such as T cell lymphopenia,
immunosuppression, and immune dysregulation seen in COVID-19 due to SARS-CoV-
2 induced cytokine storm and the immunosuppressive effects of its viral envelope
proteins!”l. This may be why Thymalfasin has been used in China for general
treatment of COVID-19 patients since April 202001,

EXTRACTION AND ANALYSIS

Thymosin alpha 1 is a peptide hormone that is endogenously produced by the thymus
gland and potentiates T cell-mediated immune responses via differentiation and
maturation of T-cell progenitor cells, activation of dendritic and natural killer cells,
and stimulation of cytokine-mediated inflammation. Since first isolated from a
preparation of bovine thymuses, named the thymosin fraction 5 in 1977, thymosin
alpha 1 has been widely recognized for its immune-enhancing properties. Therefore,
various efforts have been made towards finding the most efficient method for its
production and purification. There are currently three distinct ways bioactive
thymosin alpha 1 can be obtained. The first method of extraction is via isolation from
calf thymuses. It can also be extracted from thymosin fraction 5, which was first
isolated from calf thymuses using the technique described in 1975!"3. The second
method is through solid-phase synthesis, which is a purely chemical way of peptide
synthesis and is nowadays the only method accepted for production of thymosin
alpha 1 for clinical use. Lastly, genetic engineering expression makes use of the
advances in biotechnology to produce purified recombinant thymosin alpha 1 from
either prokaryotic organisms such as Escherichia coli, or eukaryotic organisms such as
yeast, plants or Pichia Pastoris. Regarding thymosin alpha 1 expression in Escherichia
coli, numerous expression systems have been developed based on the insertion of the
recombinant gene for human thymosin alpha 1 in different vectors, such as pGEX-2T,
pThioHis B, pBV222. According to Antachopoulos ef al”l (2012), the most promising
results came from the BL21/pET-28a system, with thymosin alpha 1 being 70% of total
bacterial protein production. The protein can then be analyzed via sodium dodecyl
sulfate-polyacrylamide gel electrophoresis or by measuring ultraviolet light
absorbance at 215 nm. For purification, the primary methods proposed are nickel
affinity chromatography, thermal denaturation, and high-performance liquid
chromatography. Thymosin alpha 1 expression in yeast is an attractive alternative
because post-translational modifications and the development of stable cell lines are
made possiblel®l.

Chen et al"! describe their own yeast-based expression system for thymosin alpha 1,
which proved to be effective in producing thymosin alpha 1 capable of increasing
CD8+ counts in mice pre-treated with cyclophosphamide. An example of thymosin
alpha 1 expression in plants (transgenic tomato Solanum Lycopersicum) is described
by Chen et all'l. As promising as it may seem, the genetic engineering method for
thymosin alpha 1 production has not yet been introduced into clinical practice,
primarily due to difficulties pertaining to extraction and purification. Other than direct
extraction from calf thymus, which can only produce trace amounts of the peptide,
thymosin alpha 1 used for therapeutic purposes comes from chemical synthesis.

Enzyme-linked immunosorbent assay and radioimmunoassay are the most
commonly used methods for quantitative analysis of the peptide. Tuthill et all'*l also
suggest liquid chromatography with tandem mass spectrometry, which has proven to
be accurate, precise, and sensitive for measurement of thymosin alpha 1 in the
serum!*l,

STORAGE OF THYMOSIN ALPHA 1

Thymosin alpha 1 should be stored at -20 degrees Celsius. Lyophilized thymaosin alpha
1 may remain stable for up to three weeks at room temperature; however, for long
term storage, it should be kept below -180 degrees Celsius and stored in the desiccated
form. When ready to use, it may be reconstituted and subsequently stored at 40
degrees Celsius for a period of two to seven days. If the intention is to store thymosin
alpha 1 for a longer period of time, then it is advised to store it in combination with a
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carrier protein such as 0.1% human serum albumin or bovine serum albumin. It is
recommended to avoid repeated freezing and thawing!"’.

BIOLOGICAL ACTIVITIES AND HEALTH BENEFITS

Thymosin alpha 1 functions as a toll-like receptor (TLR)-9 and TLR-2 agonist in both
myeloid and dendritic cells, the professional antigen-presenting cells™™l. By targeting
TLRs, thymosin alpha 1 can stimulate the adaptive immune response, which is
essential for fighting viral, bacterial, and fungal infections and cancers, as well as
stimulation of posterior humoral immunity™*. Additionally, thymosin alpha 1 can
increase levels of IL-2, IL-10, IL-12, interferon (IFN)-a, and IFN-y™l. The role of
thymosin alpha 1 in stimulating T-cell dependent antibody production is also the
reason why it has been considered as a vaccine adjuvant for enhancing response to
vaccines™l.

Thymosin alpha 1 has a wide range of biological activities that range from anti-
tumor to immune-modulating properties (Figure 1). The immune response of
thymosin alpha 1 is due to its action in elevating the activity of T cell maturation into
CD4+/CD8+ T cells. It works to directly activate natural killer cells as well as CD8+ T
cells through which it kills virally infected cells. Thymosin alpha 1 has a negative effect
on IL-1p and tumor necrosis factor-a, which in turn leads to a decreased inflammatory
response and is quite beneficial in conditions such as chronic hepatitis and acute
pancreatitis. Not only does it play a role in enhancing cytokine expression, but it also
increases the prominence of major histocompatibility complex I/viral antigens on their
respective target infected cells and decreases viral replication!’. Naylor and his
associates pointed out that thymosin alpha 1 does not only have one but rather a
varied range of targets for its immune-enhancing activity!*’l.

Thymosin alpha 1 has exhibited the ability to restrain tumor growth, hence its use in
the treatment of various cancers. It has anti-proliferative properties which have been
exhibited in lung and liver tumor metastases. According to studies conducted by
Moody et al™, the anti-tumor activity of thymosin alpha 1 worked best with small
tumor size. Overall, thymosin alpha 1 works via two main mechanisms: Either
stimulating the immune system or employing its anti-proliferative activities on tumor
cells. The protective action of thymosin alpha 1 against oxidative damage as a result of
its effect on liver superoxide dismutase and glutathione peroxidase has been explored
by Armutcu et al*l.

Since thymosin alpha 1 is a polypeptide naturally present in the thymus, it plays a
fundamental role in the control of inflammation, immunity, and tolerance. Thymosin
alpha 1 has an immune-modulating action through its interaction with toll-like
receptors. Due to the action of thymosin alpha 1 on other cell types, it is used as a
therapeutic agent for diseases with evident immune dysfunction!. Clinical trials with
thymosin alpha 1 for diseases like DiGeorge syndrome, non-small cell lung cancer,
hepatocellular carcinoma, hepatitis B and C, HIV, and melanoma have been conducted
and yielded promising results®*l. FDA approved the orphan drug thymalfasin
(Zadaxin) for treatment of malignant melanoma, chronic active hepatitis B, DiGeorge
anomaly with immune defects, and hepatocellular carcinoma due to its
immunomodulatory and anti-tumor effect.

CLINICAL AND COMMERCIAL APPLICATIONS

Thymosin alpha 1 has been extensively tested and its synthetic form, thymalfasin, is
widely used in the clinical field (Figure 2). Some of its applications are as follows.

Hepatitis B

The safety and efficacy of thymosin alpha 1 in patients with chronic hepatitis B have
been tested through clinical trials. Thymosin alpha 1 has been tested as monotherapy
as well as in combination with interferon-alpha and other nucleoside analogs. There
has been found a complete virological response rate [clearance of serum hepatitis B
virus deoxyribonucleic acid and hepatitis B e antigen] of 40.6% in patients given 1.6
mg subcutaneous injection twice a week and 26.5% in patients given the same regimen
for 52 wk”l. However, it is important to note that treatment of Hepatitis B using
thymosin alpha 1 was only used in the era of interferon and is now obsolete in the era
post-discovery of direct antiviral agents.
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Figure 1 Thymosin alpha 1 has a wide range of biological activities. IL: Interleukin; IFN: Interferon; TLR: Toll-like receptors.
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Figure 2 Clinical applications of thymosin alpha 1.

Hepatitis C

Thymosin alpha 1 as a monotherapy does not seem to be useful in treating hepatitis C
infection. However, combination therapy of thymosin alpha 1 and pegylated
interferon alpha 2a could effectively repress viral replication in hepatitis C patients.
Thymosin alpha 1, in combination with interferon-alpha 1 has also been tested for
treatment in patients with chronic hepatitis C. Moreover, thymosin alpha 1 is well
tolerated, with no significant adverse effects observed. A meta-analysis conducted by
Sherman, included many trials showing the superiority of the combination of
thymosin alpha 1 and interferon alpha 1 compared to interferon alpha mono-
therapy. It remains important to note that similar to Hepatitis B, the treatment of
Hepatitis C with thymosin alpha 1 has been discontinued in favor of direct antiviral
agents.
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Sepsis
The use of thymosin alpha 1 in patients with sepsis has shown a significant decrease in
mortality due to multiple-organ failure, which is the primary cause of death in sepsis!”.

HIV infection

Thymosin alpha 1, interferon alpha 1, and zidovudine combination therapy has been
well-tolerated in HIV patients. Thymosin alpha 1 enhances the function and increases
the number of CD4+ T cells, while it also decreases viral load. Thymosin alpha 1
influences thymic T-cell output. The safety and efficacy of thymosin alpha 1 in
combination with highly-active antiretroviral therapy in stimulating immune
reconstitution has been proven!. It has been shown that thymosin alpha 1 is well
tolerated, and could dramatically increase the levels of signal joint T cell receptor
excision circles in patients with advanced HIV disease. Prolonged use of high-dose
thymosin alpha 1 is more effectivel.

Pseudomonas - bone marrow transplant patients
Thymosin alpha 1 is also used in other infections like pseudomonas or infections
following bone marrow transplant!'l.

Mold toxicity

This thymic peptide has the ability to prime dendritic cells and to enhance Thl and
Treg cells so that inflammation is balanced, and an antifungal response is generated.
Th1 response will activate the production of Th2 cytokines (IFN-y, IL-2, IL-12, IL-18),
stimulating phagocytic activity. Therefore, cytotoxic CD4+, CD8+, and T cells and
opsonizing antibodies will be produced, generating a protective effect against fungal
pathogens!”.

Immune deficiency

Treatment with thymosin alpha 1 serves as a stimulus for IL-2 receptor expression and
IL-2 internalization. It also has a restoring effect on patients with a suppressed
lymphokine-activated killer cell activity and with immunodeficiency®). Acting
through Toll-like receptors in both myeloid and plasmacytoid dendritic cells, thymosin
alpha 1 stimulates the signaling pathways and initiates the production of immune-
related cytokines. Thus, thymosin alpha 1 is anticipated to bring about encouraging
results in the treatment of immunocompromised patients. Overall, it improves
immune system function without causing adverse events!"l.

Psoriatic arthritis

Thymosin alpha 1 is a potent modulator of immunity and inflammation. Evidence is
growing that diseases characterized by deregulation of the immune system and
inflammation, such as psoriatic arthritis, are associated with serum levels of thymosin
alpha 1 significantly lower than those of healthy individuals. The data is consistent
with the role of thymosin alpha 1 as a regulator of immunity, tolerance and
inflammation in patients with psoriatic arthritis!.

Vaccine adjuvant

The use of thymosin alpha 1 as an adjuvant to the influenza vaccine has shown
promising results, especially among elderly and immunocompromised patients™'l.
Thymosin alpha 1 has also been shown to improve the immunogenicity of the
influenza vaccinel.

Decreasing toxicity from chemotherapy

Clinical studies show that thymosin alpha 1 has been utilized in patients with different
malignancies, reducing the toxicity of chemotherapy, and improving the quality of life.
An increase in the numbers and functions of immune cells and the decrease of toxicity
from chemotherapy was also an effect of utilizing this medication. In general, fewer
infections occurred during chemotherapy, neurotoxicity decreased, and the quality of
life improved®.

Oxidative damage, pancreatic lesions and diabetes

Many studies have shown that thymosin alpha 1 has protective effects against
oxidative damage. By remarkably amplifying the activity of catalase, superoxide
dismutase, and glutathione peroxidase, thymosin alpha 1 reduces the production of
reactive oxygen species and prevents oxidative damage to hepatic tissue. Thymosin
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alpha 1 has well-established antiproliferative properties seen with various human
malignancies and this is a result of its capacity to decrease oxidative stressl’l. It also
helps ameliorate pancreatic damage and the resulting diabetes by reducing the
production of malondialdehyde and by improving the function of superoxide
dismutase and catalase. The antioxidant properties of thymosin alpha 1 are considered
to be of great benefit in the treatment of pancreatic lesions™.

Applications in oncologic patients

Multiple studies have shown promising results for the use of thymosin alpha 1 in
patients with metastatic melanoma, head and neck carcinoma, lung cancer, breast
cancer, and hepatocellular carcinoma®™!. Thymosin alpha 1 is indicated as adjuvant for
chemotherapy-induced immune depression, immune insufficiency, and immune
suppression in patientstl. In addition, it has been shown that thymosin alpha 1 in
combination with chemotherapy or radiation improves survival rate in patients with
non-small cell lung cancer, which accounts for 85% of all lung cancers and is known
for its low responsiveness to chemotherapy".

SAFETY AND DOSES

Thymosin alpha 1 is usually found in an injection form and is commonly prescribed by
a primary care physician. Thymosin alpha 1 is usually administered twice a week via a
subcutaneous route. The standard single dosage ranges from 0.8 to 6.4 mg, while
multiple doses range from 1.6 to 16 mg for five to seven days. Utilized in various
illnesses such as liver disease, cancer, and autoimmune diseases, thymosin alpha 1 has
been shown to be well-tolerated and safel™!.

ADVERSE EFFECTS AND CONTRAINDICATIONS

Thymalfasin, the synthetic form of thymosin alpha 1, is usually well tolerated. The
most common adverse effects include local irritation, redness, or discomfort at the site
of injection. In clinical trials, the combination of thymalfasin with interferon 2b was
reported to have rare side effects such as fever, fatigue, muscle aches, nausea,
vomiting, and neutropenia when compared to interferon-alpha 2b alone or with
placebol”l. Thymalfasin is contraindicated in patients with hypersensitivity to
thymosin alpha 1 or any of the components of the injection. Due to the
immunomodulatory action of thymalfasin, it is also contraindicated in immu-
nosuppressed patients, such as organ transplant recipients, unless the benefits of the
treatment exceed the risks™.

EVIDENCE FROM PREVIOUS HUMAN CLINICAL STUDIES

Thymosin alpha 1 has been utilized in various cases to enhance cell-mediated
immunity and for the treatment of a multitude of different diseases (Table 1). A study
was performed to demonstrate the effect of thymosin alpha 1 in the human breast
cancer lines ZR-75-1, MCF-7, MDA-MB-231, MCF-10A and BT-549. For this
experiment, thymosin alpha 1 was dissolved in sterile water and stored in 2 mL plastic
tubes at -20 °C. Results showed that thymosin alpha 1 inhibited cell proliferation and
induced apoptosis in human leukemia, non-small cell lung cancer, melanoma, and
other cancers. Apoptosis was significantly induced in human breast cancer and
leukemia cell lines with a thymosin alpha 1 concentration of 100 to 160 IM.
Additionally, data exhibited that ZR-75-1 and MCF-7 cells display different
sensitivities to thymosin alpha 1. In general, the study revealed that thymosin alpha 1
could be a possible approach to breast cancer treatment™l. Other studies demonstrate
that thymosin alpha 1 could be a promising therapy for severe sepsis. Various small-
scale studies as well as a large-scale, multicenter, single-blinded, and randomized
control trial were conducted in six tertiary teaching hospitals in China, with the
purpose of demonstrating the vital role thymosin alpha 1 plays in sepsis therapy.
Patients admitted to the intensive care unit with severe sepsis were distributed
randomly among the control group and the thymosin alpha 1 group. Hypodermic
injections of 1.6 mg of thymosin alpha-1 or normal saline were distributed to all
individuals two times a day for five days; afterwards, the dose was reduced to once
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Table 1 Summarizing pre-clinical and clinical studies

Pre-clinical studies

Ref. Year Application of thymosin alpha 1

Guo et all™’] 2015 The anti-tumor effect of thymosin alpha 1 was studied on human cancer cell lines. The study concluded that thymosin alpha 1
can decrease proliferation and induce apoptosis in human leukemia, non-small cell lung cancer, melanoma, and other cancers.
The study concluded that thymosin alpha 1 could be an approach to breast cancer treatment

Clinical studies

Sherman et al®) 2010 Thymosin alpha 1 was tested as monotherapy and in combination with interferon-alpha for the treatment of chronic hepatitis B.
It was also shown to stimulate IL-2 receptor expression and IL-2 internalization and to enhance immune response in patients
with immunodeficiency

Eckert et all™! 1994 Combination therapy of thymosin alpha 1 and pegylated interferon alpha 2a preferred over interferon monotherapy for the
treatment of chronic hepatitis C

Li et all®! 2015  Significant decrease in mortality due to multiple organ failure in patients with sepsis

Li et all’] 2010 Thymosin alpha 1 can be safely used as an adjuvant to antiretroviral therapy in HIV patients. It helps increase CD4+ count,
stimulates the function of CD4+ cells, and helps decrease viral load. By amplifying the activity of catalase, superoxide
dismutase, and glutathione peroxidase, it decreases oxidative damage to tissues. Thymosin alpha 1 reduces tumor cell
proliferation in human malignancies by decreasing oxidative stress

Matteucci et all”? 2017 Thymosin alpha 1 significantly increases levels of sjTREC in patients with advanced HIV disease

Camerini et all'l' 2015 Thymosin alpha 1 can be used in pseudomonas infections or infections following bone marrow transplant

Antachopoulos 2012 Thymosin alpha 1 might be effective against mold toxicity

et all’l

King et all"”] 2016 Thymosin alpha 1 increases cytokine production and is expected to be beneficial in immunocompromised patients

Pica et all"] 2018 It has been postulated that thymosin alpha 1 can help regulate immunity and reduce inflammation in patients with psoriatic
arthritis

Panatto et all™ 2011  Thymosin alpha 1 has shown promising results as an adjuvant to the influenza vaccine

Carraro et all’! 2012 Thymosin alpha 1 improves immunogenicity of the influenza vaccine

Qin et alt™! 2009 Thymosin alpha 1 can reduce oxidative damage to the pancreas and mitigate the risk of resulting diabetes

Costantini 2019 Thymosin alpha 1 has shown promising results in patients with malignancies, such as metastatic melanoma, head and neck

etal™ carcinoma, lung cancer, breast cancer, and hepatocellular carcinoma

Romani et al®! 2007 A single-blind randomized control trial was conducted in six tertiary hospitals in China to study the beneficial effects of
thymosin alpha 1 on patients with sepsis. The results showed 9% lower mortality in the treatment group compared to the control
group

Sugahara et all”’l 2002 Patients with chronic hepatitis B who were treated with thymosin alpha 1 showed an overall improvement in serum ALT levels.

ALT levels were reduced to normal in 42.9%. A total disappearance of serum HBV DNA was noted in 28.6% of patients

IL: Interleukin; sjyTREC: Signal joint T cell receptor excision circles; HIV: Human immunodeficiency virus; ALT: Glutamic-pyruvic transaminase; HBV:

Hepatitis B virus; DNA: Deoxyribonucleic acid.
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per day. Results showed that the thymosin alpha 1 group was 9.0% lower in mortality
rate than the control group®'l.

As discussed above, one of the strongest properties of thymosin alpha 1 is its role in
the activation of T cell responses in the body. A study in seven patients with chronic
hepatitis caused by hepatitis B virus tried to identify the immunomodulatory
properties of thymosin alpha 1. Each individual was treated for a total of 24 wk with a
hypodermic injection at a dose of 1.29/0.4 mg/body/day six times weekly for the first
2 wk and then twice weekly for an additional 22 wk. Subsequently, liver biopsies were
performed to gather data. The serum alanine transaminase levels improved to
47.39/17.0 IU/L and normalized in 42.9% of patients after 48 wk of treatment.
However, complete disappearance of serum hepatitis B virus deoxyribonucleic acid
was seen in 28.6%. Thymosin alpha 1 also affected maturation of T-cells,
demonstrating its high immunomodulatory properties. Overall, it has been reported
that combination therapy with thymosin alpha 1 and IFN-a has demonstrable
biological activity in patients with viral hepatitist™.
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THYMOSIN ALPHA 1/THYMALFASIN VS THYMOSIN BETA 4/TIMBETASIN

Thymosin alpha 1 and thymosin beta 4 are two hormone peptides that are secreted
from the thymus and have vastly different chemical compositions and immunological
actions. These proteins are separated from thymosin fraction 5 and have the potential
to change a variety of immune functions in mammals. Thymosin alpha 1 is thought to
be responsible for rebuilding the immune system by enhancing cell-mediated
immunity in animals without a thymus gland. Thymosin beta 4 is in the family of actin
monomer-sequestering proteins which essentially regulate unpolymerized actin and
have an active role in maintaining the free G-actin monomers in the cytoplasm.
Thymosin alpha 1 is clinically relevant in various types of cancer, specifically
hepatocellular carcinoma, lung cancer and melanomas. Thymosin beta 4, has a strong
response to virally infected cells. It is currently being tested as a possible therapy
against influenza, HIV, and acquired immune deficiency syndrome!,

COULD THYMOSIN ALPHA 1 IMPROVE THE OUTCOMES IN COVID-19
PATIENTS?

The COVID-19 pandemic has had a worldwide impact and multiple studies have
shown the immunological effects of this disease. All countries affected by SARS-CoV-2
are focused on searching for an effective treatment. Thymosin alpha 1 has a very
prominent role in both immunity control and inflammation (Table 2). So far, it has
been used in various pathologic conditions: Infections, sepsis, immune deficiencies
and malignancies, just to name a few. It has also been found to curb mortality in
several of them, such as sepsis and HIV infection. Although clinical studies on the
efficiency of thymosin alpha 1 in treating COVID-19 are still limited, it would be of
great value to further explore the potential benefits that this drug can bring about in
mitigating the devastating effects of the current pandemic.

A recent study in COVID-19 patients demonstrated how thymosin alpha 1
significantly promoted the proliferation of activated T cells and this led to a critical
prevention of lymphopenia in infected patients. In total, there were 25 severely and
critically ill patients who participated in the study. Eleven of them received daily
treatment of thymosin alpha 1 for one week, while the rest of the patients remained
untreated. Data illustrates that patients in the thymosin alpha 1 treatment group had a
higher number of lymphocytes than patients without treatment™. In another
retrospective study conducted in China, patients in the treatment group received
subcutaneous injections of 10 mg thymosin alpha 1 once per day for at least seven
consecutive days. Thymosin alpha 1 supplementation showed improvement and
restoration of T cell counts in COVID-19 patients with severe lymphocytopenia and, in
the end, thymosin alpha 1 supplementation reduced mortality in patients severely ill
with COVID-190,

In COVID-19 treatment, it has been postulated to administer thymosin alpha 1 as an
intramuscular injection for 7 d for patients who have CDS8 cells less than 400/puL and
CD#4 cells less than 650/pL. This is postulated on the understanding that thymosin
alpha 1 induction showed improvement in T cell number in elderly patients with
comorbidities like hypertension and cardiovascular diseases. Healthy people who are
older than 60 years of age should receive thymosin alpha 1 as a supplement to prevent
COVID-19 infection™l. It has also been suggested that thymosin alpha 1 taken before
administration of methylprednisolone in COVID-19 patients may prevent steroid-
induced death of thymocytes!*l. The National Health Commission of China included
thymosin alpha 1 as an alternative treatment option for patients with lymphocytopenia
or immunodeficiency.

Currently, there are various ongoing clinical trials registered on clinicaltrials.gov of
thymosin in COVID-19 patients (Table 2).

CONCLUSION

Thymosin alpha 1 is a thymus peptide with recognized immune modulating capacity
and biochemical properties. The synthetic analogue of thymosin alpha 1, thymalfasin,
induces IL-2 and B cell growth factor production, differentiation of immature cord
blood lymphocytes, raises efficiency of macrophage antigen presentation, and the
modulation and partial normalization of function and number of T-lymphocytes. The

WIV | https://www.wjgnet.com 75 December 15,2020 | Volume9 | Issue5 |



Dominari A et al. Thymosin alpha 1

Table 2 Summary of ongoing clinical trials of thymosin and coronavirus disease 2019

Clinical trial . - q
Location  Status Condition Intervention Results
number
NCT04428008 United Not yet COVID-19  Drug: Thymalfasin Not yet
States recruiting available
NCT04487444 United Recruiting COVID-19  Drug: Thymalfasin Not yet
States available
NCT04268537 China Not yet COVID-19 Drug: PD-1 blocking antibody + standard treatment; Drug: Thymosin + Not yet
recruiting Standard treatment; Other: Standard treatment available
NCT04320238 China Recruiting COVID-19 Drug: Recombinant human interferon Alpha-1b; Drug: Thymosin alphal Not yet

available

Data retrieved from clinicaltrials.gov on October 5t 2020. COVID-19: Coronavirus disease 2019.
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effects of immune stimulation occur through TLR action in both the myeloid and
plasmacytoid dendritic cells with production of cytokines. The immunosuppressive
effects of the SARS-CoV-2 viral envelope in inducing cytokine storm may be
modulated with thymosin alpha 1 therapy. This would be especially beneficial in
preventing catastrophic events such as cytokine storm in more severe cases. Thymosin
alpha 1 and its synthetic analogue thymalfasin have well-studied safety profiles and
are well-tolerated with only minor side effects. Clinical studies have demonstrated the
significant role of thymosin alpha 1 in immune and inflammatory responses, and
extensive research has shown its effective use in a myriad of diseases ranging from
hepatitis and HIV to immune deficiencies and cancers, as well as its use as a vaccine
adjuvant.

Within the context of COVID-19 infection, it has been shown to reduce mortality in
those with severe disease and aid in restoring some immune function through
increasing thymic activity. Further study would be highly beneficial in determining if
thymosin alpha 1 could serve as a therapeutic agent or in combination with other
treatments to mitigate the progression and severity of the disease. For this purpose, we
can conclude that further studies are mandated for using thymosin alpha 1 in these
patients.
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Abstract

BACKGROUND
There is recently a concern regarding the reinfection and reactivation of
previously reCoVered coronavirus disease 2019 (CoVID-19) patients.

AIM
To summarize the recent findings and reports of CoVID-19 reinfection in patients
previously reCoVered from the disease.

METHODS

This study was a systematic review of current evidence conducted in August
2020. The authors studied the probable reinfection risk of novel coronavirus
(CoVID-19). We performed a systematic search using the keywords in online
databases. The investigation adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) checklist to ensure the
reliability and validity of this study and results.

RESULTS

We reviewed 31 studies. Eight studies described reCoVered patients with
reinfection. Only one study reported reinfected patients who died. In 26 studies,
there was no information about the status of the patients. Several studies
indicated that reinfection is not probable and that post-infection immunity is at
least temporary and short.

CONCLUSION

Based on our review, we concluded that a positive polymerase chain reaction
retest could be due to several reasons and should not always be considered as
reinfection or reactivation of the disease. Most relevant studies in positive retest
patients have shown relative and probably temporary immunity after the
reCoVery of the disease.

Key Words: Reactivation; Reinfection; Postinfection; Coronavirus; CoVID-19; SARS-
CoV-2

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The reinfection in patients reCoVered from coronavirus disease 2019
(CoVID-19) could create a serious challenge in tackling the CoVID-19 pandemic as
the reCoVered patients could be a source of virus spread in society. Previous studies
have found a positive viral ribonucleic acid test in some of the discharged CoVID-19
patients 10 to 27 d after reCoVery. Recurrence of CoVID-19 after reCoVery should be
differentiated from secondary medical conditions such as super infection, pulmonary
embolism, or persistent ribonucleic acid virus that can be disCoVered in respiratory
specimens in clinically cured CoVID-19 patients. This review aims to assist a
systematic compilation of severe acute respiratory syndrome coronavirus 2 reactivation
in reCoVered CoVID-19 patients.

Citation: SeyedAlinaghi S, Oliaei S, Kianzad S, Afsahi AM, MohsseniPour M, Barzegary A,
Mirzapour P, Behnezhad F, Noori T, Mehraeen E, Dadras O, Voltarelli F, Sabatier JM.
Reinfection risk of novel coronavirus (COVID-19): A systematic review of current evidence.
World J Virol 2020; 9(5): 79-90

URL: https://www.wjgnet.com/2220-3249/full/v9/i5/79.htm

DOI: https://dx.doi.org/10.5501/wjv.v9.i5.79

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a new strain of
coronavirus, causes coronavirus disease 2019 (CoVID-19), which was first reported in
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China in late 2019 and then spread rapidly worldwide!“l. The symptoms of CoVID-19
are high temperature, dry cough, shortness of breath, headache, tiredness, loss of taste
or smell, and gastrointestinal symptoms such as diarrhea, anorexia, nausea, and
abdominal painl*’. Increased liver enzyme and low counts of lymphocytes
(lymphocytopenia) along with increased C-reactive protein (CRP) levels are often
present in CoVD-19 patientsl. It could eventually lead to acute respiratory distress
syndrome (ARDS) and death!'*"l. Although there is currently no certainty in virus
biological behavior and risk of recurrence in the human body, recent studies reported
evidence of the virus reactivation following an asymptomatic CoVID-19 infection in a
small group of patients'>*.

The risk factors of SARS-CoV-2 reactivation are related to the type of immuno-
suppressive therapies, factors in the host such as older age, gender, underlying
diseases such as diabetes, heart disease, obesity, cancer, and virologic factors!"'"l.
Some viruses such as varicella-zoster can remain dormant in host cells for some time,
not causing any illness and then reactivate and cause the disease. Recent evidence
indicates that SARS-CoV-2 could present similar behavior and reactivate in patients
with previously confirmed CoVID-19 infection and cause illness and person-to-person
transmission!".

Recent studies reported that some reCoVered CoVID-19 patients tested positive for
virus nucleic acid again!*""l. Elderly people with comorbidities are more likely to
present with CoVID-19 reinfection!"”l. Studies suggested that there are three major
mechanisms for the reinfection of CoVID-19, including short-lived, ineffective, and
strain-specific immune responsel'**’l.

The gold standard test for diagnosing SARS-CoV-2 infection is nasopharyngeal
swab. Swabs from patients who reCoVered from CoVID-19 infection are negative,
indicating full reCoVery from CoVID-19 infection. However, a certain number of
individuals could be a false negative!'”'*, because the samples for identifying SARS-
CoV-2 viral load depend on the result of reverse transcription polymerase chain
reaction (RT-PCR). SARS-CoV-2 uses angiotensin-converting enzyme-2 (ACE-2) as the
receptor for cellular entry. The expression of ACE2 protein in the lungs is more than
that in the upper respiratory tract. Therefore, it is important from which site the
sample was taken in a patient with CoVID-19, as it may cause false-negative RT-PCR
results®!l.

In recent studies, SARS-CoV-2 was detected in fecal and sputum specimens of
patients who were discharged from the hospital with a negative pharyngeal swab after
a couple of weeks!"*.. In other coronavirus pandemics such as Middle East respiratory
syndrome (MERS) and severe acute respiratory syndrome (SARS), immunoglobulin
levels in patients lasted for a minimum of 2 years, indicating that patients could be
vulnerable to reinfection after 3 years” .. The tests that detect SARS-CoV-2 genetic
material are very sensitive; however, in patients who have reCoVered from CoVID-19,
virus fragments can persist in the body and can be detected by the test. This should
not be considered as a new infection®.

The reinfection in patients reCoVered from CoVID-19 could create a serious
challenge in tackling the CoVID-19 pandemic as the reCoVered patients could be a
source of virus spread in society!”l. Previous studies have found a positive viral
ribonucleic acid (RNA) test in some discharged CoVID-19 patients 10 to 27 d after
reCoVery!"“l. Recurrence of CoVID-19 after reCoVery should be differentiated from
secondary medical conditions such as super infection, pulmonary embolism, or
persistent RNA virus that can be disCoVered in respiratory specimens in clinically
cured CoVID-19 patients™™!. This review aims to provide a systematic compilation of
SARS-CoV-2 reactivation in reCoVered CoVID-19 patients.

MATERIALS AND METHODS

This study was a systematic literature review of current evidence conducted in August
2020. The authors studied the probable reinfection risk of novel coronavirus (CoVID-
19). Our study adheres to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist to ensure the reliability and validity of this study
and results.

Data sources

By application of a systematic search and using the keywords in the online databases
including PubMed, Scopus, Web of Science, and Science Direct, we extracted all the
relevant papers and reports published in English from December 2019 through August
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2020. We included several combinations of keywords in the following orders to
conduct the search strategy: (1) “Coronavirus” or “CoVID-19” or “SARS-CoV-2" or
“Novel Coronavirus” or “2019-nCoV” [Title/Abstract]; (2) “Reactivation” or
“Reinfection” or “Postinfection” [Title/ Abstract]; and (1) and (2).

Study selection

Three independent investigators retrieved the studies that were the most relevant by
titles and abstracts. Subsequently, the full text of the retrieved papers was reviewed
and the most relevant papers were chosen according to the eligibility criteria. Then, we
extracted the relevant data and organized them in Tables. The original papers that
were peer-reviewed and published in English and fulfilled the eligibility criteria were
included in the final report.

We considered the exclusion criteria for this study as follows: (1) Papers conveying
non-human studies including in vitro observations or articles focusing on animal
experiments, or discussing CoVID-19 as a whole subject, without citation of the
keywords of this study; (2) Papers in which their full text were out of access; and (3)
Any suspicious and duplicated results in the databases.

Data extraction

After summarizing, we transferred the information of the authors, type of article (e.g.,
case reports), publication date, country of origin, sample size, age, gender, and clinical
symptoms to a data extraction sheet. Two independent investigators collected this
information and subsequently organized them in the Tables. Finally, to ensure no
duplications or overlap exist in the content, all the selected articles were cross-checked
by other authors.

Quality assessment

As aforementioned, we applied the PRISMA checklist to ensure the quality and
reliability of selected articles. Two independent researchers evaluated the consistency
and quality of the articles and the bias risk. In either case of discrepancy in viewpoints,
a third independent researcher resolved the issue. The full text of selected articles was
fully read, and the key findings were extracted.

RESULTS

In this study, 981 documents were identified using a systematic search strategy. After
a primary review of retrieved articles, 498 duplicates were removed, and the title and
abstract of the remaining 483 resources were reviewed. After applying the selection
criteria, 552 articles were excluded, and only 31 articles met the inclusion criteria and
were included in the final review (Figure 1).

We have reviewed 35 studies. Eight studies described reCoVered patients with
reinfection. Only one study reported reinfected patients who died. In 26 studies, there
was no information about the status of the patients (Table 1)[10.16172025-2830-53],

Several studies indicated that reinfection is not probable and that postinfection
immunity is at least temporarily and short; however, other studies, particularly from
South Korea and China, reported some reinfection cases. South Korea reported that
116 reCoVered cases of CoVID-19 were found to be positive again'’. Another study
from South Korea reported that up to 163 patients who were presumed to have
reCoVered from SARS-CoV-2 ended up testing positive again®’. Several studies from
China do not support reinfection”*1. There is only one study from China that reported
five cases of reactivation®.

The results of the present study showed that there are many factors that we need to
take into account about reinfection. Some cases may have resulted in a false negative at
discharge or patients did not completely meet discharge criteria. Although we should
not forget that reinfection could be possible, because some studies have shown
humoral immunity weakens over time.

DISCUSSION

Due to the widespread expansion of the CoVID-19 epidemic around the world, there
are more and more infected cases, and of course, many people have reCoVered from
this viral infection. However, there is recently a concern regarding the reinfection in
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Reinfection outcome

ID Ref. Type of study Country Study population —
ReCoVery Death Unknown Other findings
1 Aliz[ar]gar Letter to the editor South Korea  CoVID-19 patients ~ No No Yes South Korea reported that 116 reCoVered cases of CoVID-19 were found positive again
et all'®
2 Gousseff et al®! Letter to the editor France CoVID-19 patients ~ Yes Yes No Between April 6 and May 14, 2020, 11 patients were identified (sex ratio M/F 1.2, median age 55, range 19-91 yr). The
median duration of symptoms was 18 (13-41) d for the first episode and 10 d for the second one for the 7 patients who
eventually reCoVered
3 Chaturvedi Review South Korea ~ CoVID-19 patients ~ No No Yes Concerning reports released from the Korea Centers for Disease Control and Prevention (KCDC) have noted that up to
et all®"! 163 patients who were presumed to have reCoVered from SARS-CoV-2 infection ended up testing positive with PCR
testing yet again
4 Gomez- Short Spain A case study ina No No Yes This case suggests that discontinuation of fingolimod during CoVID-19 could imply a worsening of SARS-CoV-2
Mayordomo communication patient with infection. No information about reinfection
et all™! relapsing-remitting
MS treated with
fingolimod
5 Hageman Editorial United States CoVID-19 in Yes No No Limited data suggest that reCoVery might confer immunity
et al™!! children
6 Hoangetall’””  Letter to the editor France Patients reCoVered  No No Yes Recurrence of SARS-CoV-2 in patients who had reCoVered from CoVID-19 has been described. However, it is possible
from CoVID-19 that recurrences could actually be persistent infections in which the PCR resulted falsely negative at discharge
7 Inamo et al™! Letter of Japan CoVID-19 patients ~ No No Yes -
biomedical and
clinical research
8  Islam et al*"! Review article Bangladesh ~ CoVID-19 patients ~ No No Yes There is a possibility of reinfection as the humoral immunity weakens over time
9  Kang et all*! Commentary China CoVID-19 patients ~ No No Yes ReCoVered patients become retest positive due to false-negative PCR or patients did not completely meet discharge
criteria or due to dead viruses
10 Kannan et al®™  Review article India Gene study between No No Yes Many researchers observed that there is SARS-CoV-2 reinfection in the same treated patients
SARS-CoV-2 and
SARS-CoV-1 and
batCoV and MERS-
CoV
11 Karimietal®  Letter to the editor Iran CoVID-19 patients ~ Yes No No -
12 Kassa et all’’} Analytic article Botswana CoVID-19 patients ~ No No Yes Not related to our topic but it is said “reinfection” by the family of coronavirus is possible
13 Kellam et al®™!  Review article United Patients with No No Yes Immediate reinfection is not possible but reinfection of previously mild SARS-CoV-2 cases is a realistic possibility
Kingdom coronavirus
infection
14 Kirkcaldy Viewpoint United States CoVID-19 Patients ~ No No Yes ReCoVery from CoVID-19 might confer immunity against reinfection, at least temporarily
et al™
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15

16

17

18

19

20

21

22

23

24

25

26

27

28
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Koks et all*']
Law et all*’]
Laxminarayan
et all*!)

Leslie et al*”!
Luo et al*’]
Meca-Lallana

et all*]

Okhuese et al*’]
Omer et al*)
Ota et all"’]
Ozdinc et all*"]

Roy et all'’]

Steinchen
et all*’]

Ueffing et all™’]

Verhagen
et al”!

Commentary

Letter to the editor

Perspective

Letter

Case report

Correspondence

Statistical

Viewpoint

In brief

Statistical

Review

Case report

Review

Research study

Australia

China/Hong

Kong

India

United States

China

Spain

Nigeria

United States

United States

Turkey

India

Germany

Germany

England and
Wales

WIV | https://www.wjgnet.com

CoVID-19 patients
Patients reCoVered
from CoVID-19

CoVID-19 in
children

SARS-CoV-2
patients

Woman with
CoVID-19

CoVID-19 patients
with MS

CoVID-19 patients
CoVID-19 patients
in the United States
Rhesus monkeys
Turkish people
infected with

CoVID-19

CoVID-19 patients

A case of
rheumatoid arthritis
and CoVID-19
patient

CoVID-19 patients

CoVID-19 patients

No

No

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No information related to our study except “the testing needs to be repeated several times as persons with negative tests
could become positive the next day as a result of a new infection or there plication of the virus”

There is currently no supporting evidence for CoVID-19 reinfection after reCoVery but retest can be positive due to
several reasons

Reinfection is not probable

Patients with past infection with other coronaviruses that cause common cold may have some immunity to SARS-CoV-2

There is no secondary reinfection in reCoVered patients. However, some reports have shown there have been a few rare
cases of reinfection

True reinfection is unlikely

There is short term immunity

Reinfection with SARS-CoV-2 seems unlikely taking into consideration our knowledge. We must maintain vigilance
during the convalescence period and must take into consideration the probability of genetic mutations, as observed,
rather than reinfection by the same strain

A case of rheumatoid arthritis and insufficient compensation is reported under long-term combination therapy with
methotrexate and leflunomide. After going through CoVID-19 infection, a new adjustment was made to a tumor
necrosis factor (TNF) blocker. No reactivation of the infection has occurred in the short period of time initiated by the
initiated bDMARD (biologic disease-modifying antirheumatic drug) therapy after surviving CoVID-19 infection with
positive antibody status. Biologic therapy without mandatory medical indication should not be performed to protect
against SARS-CoV-2 infection

Seven human pathogenic coronaviruses have already been detected in humans, most of which can cause respiratory
diseases, but occasionally also conjunctivitis and middle ear infections. Four of the previously known coronaviruses
(229E, NL63, OC43, and HKU1) typically cause relatively minor symptoms in the context of human infection of the
upper respiratory tract. SARS-CoV and the 2012 MERS-CoV lead to severe respiratory diseases and have a significant
mortality rate. Experiences with other coronavirus infections (SARS and MERS) indicate that the immunity could persist
for several years. Based on animal experiments, already acquired data on other coronavirus types and plausibility, it can
be assumed that seroconverted patients have the immunity of limited duration and only a very low risk of reinfection

Areas face disproportionate risks for CoVID-19 hospitalization pressures due to their socioeconomic differences and the
demographic composition of their populations. Our flexible online dashboard allows policymakers and health officials
to monitor and evaluate potential health care demand at a granular level as the infection rate and hospital capacity
changes throughout the course of this pandemic. This agile knowledge is invaluable to tackle the enormous logistical
challenges to re-allocate resources and target susceptible areas for aggressive testing and tracing to mitigate
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transmission
29 Waltuch et al®  Case reports United States  Children with No No Yes Patients presenting with CoVID-19 associated post-infectious cytokine release syndrome appear to present with
CoVID-19 infection prolonged fever (5 d or greater) and GI symptoms with or without rash. This syndrome may overlap with features of

Kawasaki Disease and Toxic Shock Syndrome. Patients who present with this clinical picture should have frequent vital
signs and will require admission due to the potential for rapid deterioration

30 Tao et al®! Research study China CoVID-19 patients ~ Yes No No These results implied that the positive result is unlikely caused by the reinfection from others or the remained virus.
Rather, it may derive from the remained virus transferred from the lower respiratory tract to the throat or nose with
coughing. Accordingly, it is suggested that the specimen detection of bronchoalveolar lavage fluid from the lower
respiratory tract should be used as the discharge criteria

31 Zhou et al™! Review China CoVID-19 patients ~ No No Yes Re-fever and positive nucleic acid test after discharge from the hospital might be due to the biological characteristics of
2019-nCoV, and might also be related to the basic disease, clinical status, glucocorticoid use, sampling, processing, and
detecting of patients, and some even related to the reinfection or secondary bacterial virus infection

CoVID-19: Coronavirus disease 2019; F: Female; GI: Gastrointestinal; HBV: Hepatitis B virus; M: Male; MERS-CoV: Middle East respiratory syndrome-coronavirus; MS: Multiple sclerosis; PCR: Polymerase chain reaction; SARS-CoV-2:
Severe acute respiratory syndrome coronavirus 2.

previously reCoVered SARS-CoV-2 patients. In the present review, we summarized
the recent findings and reports of CoVID-19 reinfection in patients previously
reCoVered from the disease. This is important to inform the public regarding the
possible risk of reinfection to restrain the transmission of SARS-CoV-2 and control the
current epidemicl.

The findings from the current review of existing evidence suggest two possible
scenarios for new infection in patients who were previously reCoVered from CoVD-
19, including reinfection and reactivation. Studies have shown some cases of symptom
recurrence such as fever, malaise, myalgia, and cough after discharge. The positive
PCR test confirmed the infection and suggested reinfection. Although this has been
attributed to the biological characteristics of CoVID-19 and other factors, such as
underlying diseases, clinical status, glucocorticoid use, sample collection, patient
detection, follow-up, and even secondary bacterial infection, it could be due to
reinfection with CoVID-19%7. Positive follow-up tests may also derive from the
remained virus transferred from the lower respiratory tract to the throat and nose with
coughing. Therefore, it is suggested that the fluid collected in the bronchoalveolar
lavage of the lower respiratory tract should be tested and used as the discharge criteria
in SARS-CoV-2 patients). In fact, a retest can be positive due to several reasons; thus,
it is difficult to distinguish between reinfection, reactivation, or other causes.

Among the reviewed studies, six studies emphasized short-term immunity
following reCoVery!#**%%] One study indicated that the antibodies and the
immunity could last about 40 d and that there is a possibility of reinfection or
reactivation of latent infection after this period. Therefore, reCoVery from CoVID-19
might not confer immunity against reinfection forever™l. Furthermore, previous
studies related to other human coronavirus types suggested the possibility of
reinfection by other members of the coronavirus family following reCoVery from a
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Records identified through database searching
(n =967)
Additional records identified

5 Scopus Web of Science PubMed Science direct through other sources
‘é (n = 249) (n = 215) (n = 280) (n =223) (n=14)
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7]
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=
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Duplicated articles removed

(n = 498)
Records screened Records excluded
(n = 483) (n =352)
£
S Full-text articles Full-text articles
é’ assessed for eligibility excluded, with reasons
(n=131) (n = 100)

Final included studies
(n=31)

Figure 1 Flow diagram for the selection process of identified articles.

particular typel”l. Although there are previous studies that suggest the reinfection
with SARS-CoV-2 is unlikely, we must maintain vigilance during the convalescence
period and consider the probability of genetic mutations as observed rather than
reinfection by the same strain(®***4,

The results of the present study showed that there are many factors that we need to
take into account about reinfection. Some cases may have resulted in false negative at
discharge or patients did not completely meet discharge criteria. We should not forget,
however, that reinfection could be possible because some studies have shown humoral
immunity weakens over time. The certainty regarding the reinfection in CoVID-19
patients is limited, and we strongly recommend further studies to explore the
virological, immunological, and epidemiologic characteristics of SARS-CoV-2 to
determine the biological behavior of the virus and describe the potential mechanisms
of disease recurrences.

CONCLUSION

In conclusion, positive PCR retest results could be due to several reasons such as the
type of specimen collection and technical errors associated with each component of
swab testing, the methods used before discharging patients, prolonged viral shedding,
and infection by mutated SARS-CoV-2. Thus, it should not always be considered as a
reinfection or reactivation of the disease. Furthermore, most relevant studies on
symptomatic and positive retest patients have shown relative and probably temporary
immunity after the reCoVery of the disease, which means that immunity acquired
following primary infection with SARS-CoV-2 may protect from subsequent exposure
to the virus at least for a limited period.
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ARTICLE HIGHLIGHTS

Research background

Due to the high rate of transmission of coronavirus disease 2019 (CoVID-19), a large
number of people around the world became infected with the virus. There is evidence
of reinfection with this virus. Therefore, people who get the disease once may be
reinfected after reCoVery. Further investigation of reinfection by CoVID-19 is one of
the necessities for better management of current conditions.

Research motivation

There have been reports of reCoVered individuals who have a second positive
coronary test. This has raised concerns that there is no guarantee that the body will be
safe after corona disease, even in the short term.

Research objectives
The aim of the present study was to investigate the available evidence of reinfection in
patients with CoVID-19 who have reCoVered.

Research methods

This is a review study of different research types. Since there are myriads of
publications released each and every day, with each trying to shed light on this
pandemic from different perspectives, we aimed to summarize the very recent and of
course the most trustworthy studies regarding the possibility of reinfection of CoVID-
19 in this review in order to provide health care professionals and researchers
imminent access to a multitude of these studies via a concise resource to save their
invaluable time for other yet to do tasks.

Research results

The results have shown that there is a slight chance of reinfection. Though the
duration of immunity is still unknown and needs to be determined; there is no
guarantee that infected patients will not be infected again according to our results.
These reinfections can be related to immunity system problems in cases of
immunosuppressive disease or drugs that can misdirect our results, but there were
many cases that got reinfected without any sign of the problems mentioned above.

Research conclusions

Based on the available evidence, reinfection in improved patients has been proven.
Still, there is not enough data to definitely distinguish reinfection, reactivation, or
infection with a new mutated severe acute respiratory syndrome coronavirus 2. So,
further studies are necessary to understand if a CoVID-19 recurrence is possible and
whether it could be considered a real threat.

Research perspectives

We strongly suggest further studies to follow up discharged CoVID-19 patients, check
their course of symptoms periodically, and analyze related antibody levels;
widespread virological studies are necessary to understand better this new global
predicament.
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