
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2021 July 6; 9(19): 4881-5351

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I July 6, 2021 Volume 9 Issue 19

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 9 Number 19 July 6, 2021

OPINION REVIEW

Fear of missing out: A brief overview of origin, theoretical underpinnings and relationship with mental 
health

4881

Gupta M, Sharma A

REVIEW

Molecular pathways in viral hepatitis-associated liver carcinogenesis: An update4890

Elpek GO

Gastroenterology and liver disease during COVID-19 and in anticipation of post-COVID-19 era: Current 
practice and future directions

4918

Oikonomou KG, Papamichalis P, Zafeiridis T, Xanthoudaki M, Papapostolou E, Valsamaki A, Bouliaris K, Papamichalis M, 
Karvouniaris M, Vlachostergios PJ, Skoura AL, Komnos A

Enhancing oxygenation of patients with coronavirus disease 2019: Effects on immunity and other health-
related conditions 

4939

Mohamed A, Alawna M

MINIREVIEWS

Clinical potentials of ginseng polysaccharide for treating gestational diabetes mellitus4959

Zhao XY, Zhang F, Pan W, Yang YF, Jiang XY

Remarkable gastrointestinal and liver manifestations of COVID-19: A clinical and radiologic overview4969

Fang LG, Zhou Q

Liver injury in COVID-19: Known and unknown4980

Zhou F, Xia J, Yuan HX, Sun Y, Zhang Y

COVID-19 and gastroenteric manifestations 4990

Chen ZR, Liu J, Liao ZG, Zhou J, Peng HW, Gong F, Hu JF, Zhou Y

Role of epithelial-mesenchymal transition in chemoresistance in pancreatic ductal adenocarcinoma4998

Hu X, Chen W

Insights into the virologic and immunologic features of SARS-COV-25007

Polat C, Ergunay K



WJCC https://www.wjgnet.com II July 6, 2021 Volume 9 Issue 19

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 19 July 6, 2021

ORIGINAL ARTICLE

Basic Study

SMAC exhibits anti-tumor effects in ECA109 cells by regulating expression of inhibitor of apoptosis 
protein family

5019

Jiang N, Zhang WQ, Dong H, Hao YT, Zhang LM, Shan L, Yang XD, Peng CL

Case Control Study

Efficacy of Solitaire AB stent-release angioplasty in acute middle cerebral artery atherosclerosis obliterative 
cerebral infarction

5028

Wang XF, Wang M, Li G, Xu XY, Shen W, Liu J, Xiao SS, Zhou JH

Retrospective Study

Diagnostic value of different color ultrasound diagnostic method in endometrial lesions5037

Lin XL, Zhang DS, Ju ZY, Li XM, Zhang YZ

Clinical and pathological features and risk factors for primary breast cancer patients5046

Lei YY, Bai S, Chen QQ, Luo XJ, Li DM

Outcomes of high-grade aneurysmal subarachnoid hemorrhage patients treated with coiling and 
ventricular intracranial pressure monitoring

5054

Wen LL, Zhou XM, Lv SY, Shao J, Wang HD, Zhang X

Microwave ablation combined with hepatectomy for treatment of neuroendocrine tumor liver metastases5064

Zhang JZ, Li S, Zhu WH, Zhang DF

Clinical application of individualized total arterial coronary artery bypass grafting in coronary artery 
surgery

5073

Chen WG, Wang BC, Jiang YR, Wang YY, Lou Y

Observational Study

Early diagnosis, treatment, and outcomes of five patients with acute thallium poisoning5082

Wang TT, Wen B, Yu XN, Ji ZG, Sun YY, Li Y, Zhu SL, Cao YL, Wang M, Jian XD, Wang T

Sarcopenia in geriatric patients from the plateau region of Qinghai-Tibet: A cross-sectional study5092

Pan SQ, Li YM, Li XF, Xiong R

Medium-term efficacy of arthroscopic debridement vs conservative treatment for knee osteoarthritis of 
Kellgren-Lawrence grades I-III

5102

Lv B, Huang K, Chen J, Wu ZY, Wang H

Prospective Study

Impact of continuous positive airway pressure therapy for nonalcoholic fatty liver disease in patients with 
obstructive sleep apnea

5112

Hirono H, Watanabe K, Hasegawa K, Kohno M, Terai S, Ohkoshi S



WJCC https://www.wjgnet.com III July 6, 2021 Volume 9 Issue 19

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 19 July 6, 2021

Randomized Controlled Trial

Erector spinae plane block at lower thoracic level for analgesia in lumbar spine surgery: A randomized 
controlled trial

5126

Zhang JJ, Zhang TJ, Qu ZY, Qiu Y, Hua Z

SYSTEMATIC REVIEWS

Controversies’ clarification regarding ribavirin efficacy in measles and coronaviruses: Comprehensive 
therapeutic approach strictly tailored to COVID-19 disease stages

5135

Liatsos GD

Systematic review and meta-analysis of trans-jugular intrahepatic portosystemic shunt for cirrhotic 
patients with portal vein thrombosis

5179

Zhang JB, Chen J, Zhou J, Wang XM, Chen S, Chu JG, Liu P, Ye ZD

CASE REPORT

Myelodysplastic syndrome transformed into B-lineage acute lymphoblastic leukemia: A case report5191

Zhu YJ, Ma XY, Hao YL, Guan Y

Imaging presentation and postoperative recurrence of peliosis hepatis: A case report5197

Ren SX, Li PP, Shi HP, Chen JH, Deng ZP, Zhang XE

Delayed retroperitoneal hemorrhage during extracorporeal membrane oxygenation in COVID-19 patients: 
A case report and literature review

5203

Zhang JC, Li T

Autologous tenon capsule packing to treat posterior exit wound of penetrating injury: A case report5211

Yi QY, Wang SS, Gui Q, Chen LS, Li WD

Treatment of leiomyomatosis peritonealis disseminata with goserelin acetate: A case report and review of 
the literature

5217

Yang JW, Hua Y, Xu H, He L, Huo HZ, Zhu CF

Homozygous deletion, c. 1114-1116del, in exon 8 of the CRPPA gene causes congenital muscular 
dystrophy in Chinese family: A case report

5226

Yang M, Xing RX

Successful diagnosis and treatment of jejunal diverticular haemorrhage by full-thickness enterotomy: A 
case report

5232

Ma HC, Xiao H, Qu H, Wang ZJ

Liver metastasis as the initial clinical manifestation of sublingual gland adenoid cystic carcinoma: A case 
report

5238

Li XH, Zhang YT, Feng H

Severe hyperbilirubinemia in a neonate with hereditary spherocytosis due to a de novo ankyrin mutation: A 
case report

5245

Wang JF, Ma L, Gong XH, Cai C, Sun JJ



WJCC https://www.wjgnet.com IX July 6, 2021 Volume 9 Issue 19

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 19 July 6, 2021

Long-term outcome of indwelling colon observed seven years after radical resection for rectosigmoid 
cancer: A case report

5252

Zhuang ZX, Wei MT, Yang XY, Zhang Y, Zhuang W, Wang ZQ

Diffuse xanthoma in early esophageal cancer: A case report5259

Yang XY, Fu KI, Chen YP, Chen ZW, Ding J

COVID-19 or treatment associated immunosuppression may trigger hepatitis B virus reactivation: A case 
report

5266

Wu YF, Yu WJ, Jiang YH, Chen Y, Zhang B, Zhen RB, Zhang JT, Wang YP, Li Q, Xu F, Shi YJ, Li XP

Maintenance treatment with infliximab for ulcerative ileitis after intestinal transplantation: A case report5270

Fujimura T, Yamada Y, Umeyama T, Kudo Y, Kanamori H, Mori T, Shimizu T, Kato M, Kawaida M, Hosoe N, Hasegawa Y, 
Matsubara K, Shimojima N, Shinoda M, Obara H, Naganuma M, Kitagawa Y, Hoshino K, Kuroda T

Infliximab treatment of glycogenosis Ib with Crohn's-like enterocolitis: A case report5280

Gong YZ, Zhong XM, Zou JZ

Hemichorea due to ipsilateral thalamic infarction: A case report5287

Li ZS, Fang JJ, Xiang XH, Zhao GH

Intestinal gangrene secondary to congenital transmesenteric hernia in a child misdiagnosed with 
gastrointestinal bleeding: A case report

5294

Zheng XX, Wang KP, Xiang CM, Jin C, Zhu PF, Jiang T, Li SH, Lin YZ

Collagen VI-related myopathy with scoliosis alone: A case report and literature review 5302

Li JY, Liu SZ, Zheng DF, Zhang YS, Yu M

Neuromuscular electrical stimulation for a dysphagic stroke patient with cardiac pacemaker using magnet 
mode change: A case report

5313

Kim M, Park JK, Lee JY, Kim MJ

Four-year-old anti-N-methyl-D-aspartate receptor encephalitis patient with ovarian teratoma: A case 
report

5319

Xue CY, Dong H, Yang HX, Jiang YW, Yin L

Glutamic acid decarboxylase 65-positive autoimmune encephalitis presenting with gelastic seizure, 
responsive to steroid: A case report

5325

Yang CY, Tsai ST

Ectopic opening of the common bile duct into the duodenal bulb with recurrent choledocholithiasis: A case 
report

5332

Xu H, Li X, Zhu KX, Zhou WC

Small bowel obstruction caused by secondary jejunal tumor from renal cell carcinoma: A case report5339

Bai GC, Mi Y, Song Y, Hao JR, He ZS, Jin J

Brugada syndrome associated with out-of-hospital cardiac arrest: A case report5345

Ni GH, Jiang H, Men L, Wei YY, A D, Ma X



WJCC https://www.wjgnet.com X July 6, 2021 Volume 9 Issue 19

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 19 July 6, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Fan-Bo Meng, MD, PhD, Chief Doctor, Deputy Director, 
Professor, Department of Cardiology, China-Japan Union Hospital of Jilin University, Changchun 130000, Jilin 
Province, China. mengfb@jlu.edu.cn

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2020 Edition of Journal Citation Reports® 
cites the 2019 impact factor (IF) for WJCC as 1.013; IF without journal self cites: 0.991; Ranking: 120 among 165 
journals in medicine, general and internal; and Quartile category: Q3. The WJCC's CiteScore for 2019 is 0.3 and 
Scopus CiteScore rank 2019: General Medicine is 394/529.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yan-Xia Xing; Production Department Director: Yun-Xiaojian Wu; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

July 6, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

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

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/2307-8960/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


WJCC https://www.wjgnet.com 5007 July 6, 2021 Volume 9 Issue 19

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2021 July 6; 9(19): 5007-5018

DOI: 10.12998/wjcc.v9.i19.5007 ISSN 2307-8960 (online)

MINIREVIEWS

Insights into the virologic and immunologic features of SARS-COV-2

Ceylan Polat, Koray Ergunay

ORCID number: Ceylan Polat 0000-
0003-1511-4177; Koray Ergunay 
0000-0001-5422-1982.

Author contributions: Polat C and 
Ergunay K equally contributed to 
collect data and to write the paper; 
both authors read and approved 
the final manuscript.

Conflict-of-interest statement: The 
authors declare that there is no 
conflict of interest.

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/License
s/by-nc/4.0/

Manuscript source: Invited 
manuscript

Specialty type: Microbiology

Country/Territory of origin: Turkey

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 

Ceylan Polat, Koray Ergunay, Department of Medical Microbiology, Hacettepe University 
Faculty of Medicine, Ankara 06100, Turkey

Corresponding author: Ceylan Polat, PhD, Assistant Professor, Department of Medical 
Microbiology, Hacettepe University Faculty of Medicine, Sihhiye, Ankara 06100, Turkey. 
ceylan.polat@hacettepe.edu.tr

Abstract
The host immunity is crucial in determining the clinical course and prognosis of 
coronavirus disease 2019, where some systemic and severe manifestations are 
associated with excessive or suboptimal responses. Several antigenic epitopes in 
spike, nucleocapsid and membrane proteins of severe acute respiratory syndrome 
coronavirus 2 are targeted by the immune system, and a robust response with 
innate and adaptive components develops in infected individuals. High titer 
neutralizing antibodies and a balanced T cell response appears to constitute the 
optimal immune response to severe acute respiratory syndrome coronavirus 2, 
where innate and mucosal defenses also contribute significantly. Following 
exposure, immunological memory seems to develop and be maintained for 
substantial periods. Here, we provide an overview of the main aspects in antiviral 
immunity involving innate and adaptive responses with insights into virus 
structure, individual variations pertaining to disease severity as well as long-term 
protective immunity expected to be attained by vaccination.
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Core Tip: Robust cellular and humoral responses are elicited in immunocompetent 
individuals with severe acute respiratory syndrome coronavirus 2 infection that remain 
detectable for several months following exposure. A balanced T cell response and 
neutralizing antibodies in circulation and mucosal surfaces are pivotal in controlling 
virus infection and for protection. Particular impairments in innate and adaptive 
immune responses are associated with pathogenesis and severe disease.
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INTRODUCTION
An outbreak of pneumonia was reported in Wuhan City, Hubei Province, China in 
December 2019. In a short time, the World Health Organization declared the epidemic 
as a public health emergency of international concern[1]. The agent was subsequently 
named as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) by the 
International Committee on Taxonomy of Viruses, and the World Health Organization 
named the disease caused by SARS-CoV-2 as coronavirus disease-2019 (COVID-19)[2].

SARS-CoV-2 is the third zoonotic human coronavirus that emerged in this century 
following SARS-CoV and Middle East respiratory syndrome coronavirus (MERS-CoV) 
[3]. Overall, SARS-CoV-2 is less pathogenic than SARS-CoV and MERS-CoV but more 
transmissible[4].

STRUCTURAL HALLMARKS OF SARS-COV-2
SARS-CoV-2 is an enveloped, positive-sense, single-stranded RNA virus, classified in 
the Coronaviridae family, Betacoronavirus genus[5,6]. It is phylogenetically-related to 
SARS-CoV and bat SARS-like coronavirus strain BatCov RaTG13, with 79.6% and 
96.2% identities, respectively[7]. However, the origin of SARS-CoV-2 is yet to be 
confirmed. Although betacoronaviruses from Malayan pangolins share sequence 
similarities in the receptor binding domain (RBD) of the spike (S) gene, they are more 
distantly-related[8,9]. Therefore, pangolins are suggested as the intermediate host for 
SARS-CoV-2[8].

The genome size of SARS-CoV-2 is approximately 29.9 kb with 14 open reading 
frames encoding 27 proteins[5,10]. These include four structural (nucleocapsid (N), 
envelope (E), membrane (M) and S), as well as 16 nonstructural (nsp1-16) and seven 
accessory (ORF3a-ORF8) proteins (Figure 1).

The proteins encoded by the SARS-CoV-2 genome have various functions in virus 
replication and packaging. The S protein interacts with the host cell receptors and is 
essential for virus entry into host cells[11]. It is also a major antigen targeted by the 
immune response. The subunit S1 involves the RBD and binds to the host cell, while S2 
fuses the viral and cellular membranes for penetration[12,13]. The RBD of the S protein 
recognizes the cellular receptor, angiotensin-converting enzyme 2 on the host cell, and 
SARS-CoV-2 enters into the target cell. The E and M proteins, major components of the 
virus structure, participate in virion assembly and release[14]. M protein binds to the 
N and accessory proteins 3a and 7a for the budding of viral particles[15]. Virus capsid 
formed by the N protein encapsulates the viral genome and contributes to replication 
and the cell signal pathway[16]. Main features and known functions of the viral 
nonstructural proteins are provided in Table 1.

IMMUNE RESPONSE IN COVID-19
Similar to many other respiratory viruses, a robust immune response with innate and 
adaptive components develops in individuals infected with SARS-CoV-2[36]. Nearly a 
year following the declaration of the pandemic, it is now established that SARS-CoV-2 
infections produce prolonged immunity with cellular and humoral responses, 
detectable for several months after exposure. However, the duration and patterns of 
this response in exposed and vaccinated persons need further elucidation as hallmarks 
for assessment of protective immunity in individuals and populations. Moreover, the 
association of variations in individual immune responses and their impact in 
pathogenesis also need in-depth investigation to fully understand and control severe 
manifestations of COVID-19[37].

In general, the initial response upon viral infection involves the components of the 
innate immunity such as induction of type I interferon, the inflammation process, 
complement, neutrophils and natural killer cells, which are subsequently taken over 
by adaptive responses involving T and B lymphocytes. Various viral proteins 
processed by the antigen-presenting cells such as dendritic cells are recognized by T 
and B cells in lymphoid tissues, resulting in activation of humoral and cellular 

https://dx.doi.org/10.12998/wjcc.v9.i19.5007
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Table 1 Functions of the severe acute respiratory syndrome coronavirus 2 non-structural proteins

Protein Function

RNA processingNsp 1

Fixing of the replication complex to cellular membranes[17]

p65 homologNsp 2

Host cell survival[18]

Nsp 3 Proteolytic cleavage[19]

Nsp 4 Stabilization of the viral replication-transcription complex[20]

Nsp 5 Polyprotein processing[21]

Nsp 6 Autophagosome expansion inhibition[22]

Primase[23,24]Nsp 7/8

RNA-dependent RNA polymerase (RdRp) cofactor[25]

Nsp 9 ssRNA-binding protein[26]

Nsp 10 Cap methylation of viral mRNAs[27]

Nsp 12 Catalytic subunit of the RdRp[25,28]

Helicase (Hel) and NTPase activity[29,30]Nsp 13

Interferon antagonist[31]

Exoribonuclease (ExoN) and methyltransferase activity[32]Nsp 14

Interferon antagonist[31]

Nidoviral RNA uridylate-specific endoribonuclease (NendoU)[33]Nsp 15

Interferon antagonist[31]

2'-O-ribose methyltransferaseNsp 16

mRNA capping[34,35]

Figure 1 Organization of the severe acute respiratory syndrome coronavirus 2 genome[11]. Open reading frame (ORF)1a encodes nsp1-10 and 
ORF1b encodes nsp1-16. Structural proteins are encoded by spike (S), envelope (E), membrane (M) and nucleocapsid (N). A poly(A) tail is located at the 3' 
untranslated region (UTR).

components of the adaptive response that produce highly-specific defense 
mechanisms to control ongoing or future infections[36,38]. Here, main findings in 
antiviral immunity involving particular components of the innate and adaptive 
immune response are revisited.

Hallmarks of innate immunity 
As the first line of defense against virus infection, appropriately elicited innate 
immunity is crucial to control SARS-CoV-2 infections as well as for an optimal 
adaptive response. Reduced type I interferon responses due to various factors such as 
mutations in the genome or autoantibodies are associated with severe disease[39-41]. 
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Interestingly, an excessive response has also been observed to exacerbate clinical 
symptoms, where an overproduction of proinflammatory cytokines, which may be 
coupled with impaired type I interferon response, is present. Here, the signature 
cytokines have been identified as interleukin-6 (IL-6), IL-10 and C-reactive protein[42,
43]. IL-6 has attracted particular interest due to its involvement as a potential 
contributing factor in SARS-CoV-2-associated acute respiratory distress syndrome[44]. 
It regulates dendritic cell differentiation, plasma cell maturation and is associated with 
ischemic injury. In SARS-CoV-2 infections, excessive macrophage activation and IL-6 
production may result in the cytokine storm with subsequent endothelial cell damage, 
capillary leak and development of acute respiratory distress syndrome. Therefore, the 
inhibition of IL-6 or receptor binding has been investigated as potential therapeutic 
options to reduce morbidity and mortality with inconclusive findings so far[38,45-47].

In conjunction with IL-6 and other proinflammatory cytokines, the complement 
system also contributes to the pathogenesis in severe COVID-19 disease, including 
thrombotic events. Findings in infected individuals as well as acute lung injury models 
in mice indicate the involvement of the C5a-C5a receptor axis[48,49]. SARS-CoV-2 N 
protein is suggested to activate the mannose binding-lectin pathway, which in turn 
may be a triggering event in acute respiratory distress syndrome development[50]. 
Hence, complement inhibitors, especially those that can suppress coagulation pathway 
activation, such as C1 esterase inhibitor, are currently being investigated as novel 
approaches for treatment of SARS-CoV-2 pneumonia[38,51]. Complement system 
activation via alternate or classic pathways is also involved in COVID-19 disease, 
especially following antibody response and may be a key contributor in the immune 
complex-related injury[38,49].

In addition to the aforementioned contributors, changes in the expression of 
interferon receptor gene IFNAR2, tyrosine kinase 2, monocyte/macrophage 
chemotactic receptor CCR2 and particular antiviral restriction enzyme activators 
(OAS1, OAS2, OAS3) were documented in infected individuals, some associated with 
disease severity[42,43,52].

Despite aimed to prevent Mycobacterium tuberculosis infections, the Bacillus 
Calmette-Guérin vaccine has been proposed to affect COVID-19 infections in regions 
where it has been used in population vaccination[53-54]. Although reduced disease 
severity and mortality were observed in some reports, a beneficial effect is not 
universally documented[55-59]. The proposed mechanism of action is the enhanced 
reactivity of monocytes/macrophages and natural killer cells by epigenetic 
reprogramming (also termed as “trained immunity”), in the presence of proinflam-
matory cytokines[60]. Currently, the impact of heterologous protection provided by 
the Bacillus Calmette-Guérin vaccine in COVID-19 lacks concrete evidence, which is 
likely to be provided by the ongoing clinical trial[59].

Hallmarks of adaptive immunity 
The humoral and cellular components of the adaptive immune response, mainly 
involving various T and B cell subsets, provides specific defenses for controlling 
ongoing virus infection as well as neutralizing immunity upon re-exposure. Therefore, 
information on the mechanisms and dynamics of the adaptive response in COVID-19 
is crucial to understand pathogenesis and to develop successful preventive measures
[36].

Cellular responses: A robust and enduring CD4+ and CD8+ T cell response is elicited 
in the majority of SARS-CoV-2-infected individuals, targeting multiple virus epitopes 
including S, N and M proteins[61,62]. It is detectable from the second week of 
symptom onset and at the convalescent stage[62,63]. Although the duration and 
degree of protection is not clear, virus-specific T cells remain detectable 6-8 mo 
following infection[64,65]. Variations in breadth and magnitude of the T cell response 
and associations with disease severity is reported in some cohorts[61,63,66,67]. In 
SARS-CoV-2 infections, virus-specific CD4+ T cells produce tumor necrosis factor, IL-2 
and interferon, where CD4+ T cell response is correlated with anti-spike/anti-nucleo-
capsid IgG/IgA and neutralizing antibody titers[63,64,68-70]. Similarly, CD8+ T cells 
are commonly present in convalescent plasma of COVID-19 patients in which 
activated cytotoxic and polyfunctional/stem-like cells prevalent at acute and 
convalescent stages, respectively[62,63,66,69,71]. Single cell transcriptome investig-
ations provided insights into T cell subsets in different groups of infected individuals, 
indicating that a coordinated and focused immune response is crucial for successful 
elimination of the virus[72]. It is also noteworthy that the virus-specific T cell 
repertoire is maintained following infection for extended periods despite declines in 
humoral immunity and can swiftly be activated upon recurrent exposure and antigen 
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presentation[63,73]. A polyfunctional and persistent SARS-CoV-2 specific memory 
develops in recovered patients, which can contribute to a rapid anamnestic response 
upon re-exposure[74,75]. Interestingly, a prolonged viral RNA positivity in pharyngeal 
mucosa with reduced risk for transmission was associated with increased SARS-CoV-
2-specific CD8+ T cells, suggesting that low-level viral persistence supports immune 
stimulation and maturation[76].

During acute SARS-CoV-2 infections in adults, a peripheral T cell depletion 
resulting in lymphopenia might occur[61]. A transient condition that coincides with 
clinical recovery, it is associated with extensive T cell activation, altered differentiation 
and diminished function possibly involving proinflammatory cytokines, which in turn 
may prolong viral clearance and increase morbidity[73,77].

An intriguing observation is the detection of pre-existing CD4+ and CD8+ T cells in 
persons with no documented virus exposure[73,78,79]. Involving several T-cell 
epitopes, it suggests that previous exposures to endemic coronaviruses causing 
seasonal upper respiratory tract infections induce some sort of cross-reactive 
immunity to SARS-CoV-2[79,80]. The extent and potential impact of the cross-
protection is not currently well-defined, but it is probably among the contributing 
factors to the varying clinical presentations in COVID-19 disease[81].

Humoral responses: In SARS-CoV-2, a polyclonal humoral response with antibodies, 
mainly targeting virus S and N proteins is mounted[82,83]. Despite the presence of 
IgM, IgG and IgA antibodies in acute and convalescent COVID-19 patients, virus 
serology is not practical in diagnosis, as antibodies increase only slightly during early 
symptomatic disease and are detectable in a portion of the patients[68,82,84]. 
Subsequently, a gradual increase in virus-specific IgG and IgM levels are observed 
with IgA dynamics similar to IgM, having attained peak levels before IgG. Most of the 
patients will have detectable seroconversion within 20 d after the onset of symptoms 
with a median time of 12 d[82,85,86]. Then, IgM levels begin to decrease in approx-
imately 3 wk after symptom onset, while IgG continues to elevate, peaking at 50-60 d 
post infection and may last up to 10 mo[87,88]. Despite decreasing antibody levels, 
memory B cells remain and activate to produce antibodies upon virus re-exposure[89]. 
In COVID-19 patients, antibody levels are negatively correlated with viral RNA, which 
indicates their importance in eliminating the viruses in circulation[82,90]. In the 
respiratory tract, mucosal immunity provided by IgA antibodies and local T cells can 
effectively abolish SARS-CoV-2 infection and prevent systemic dissemination and 
further transmission[37].

Neutralizing antibodies are capable of suppressing virus entry into host cells. 
Therefore, they are pivotal in protection from reinfections. They are produced in 
human infections as well as animal infection models and observed to persist for 6 mo 
following infection[87,89,91]. Among antibodies against the S protein, RBD as well as 
S1 and S2 domains are targeted by neutralizing antibodies[83,89,91,92]. Anti-RBD 
antibodies have been reported to persist longer, possibly related to the preferential 
detection of higher-affinity antibodies[91]. Furthermore, despite variations in antibody 
titers, the number of RBD-specific memory B cells is shown to remain stable over time, 
producing antibodies with increased potency and resistance to mutations in the virus 
genome, suggesting ongoing evolution of the humoral response. This is likely to be 
fueled by persistent B cell exposure to antigens trapped as immune complexes on 
follicular dendritic cells[89].

Similar to cellular immunity, some form of cross-reactivity between SARS-CoV-2 
and other human coronaviruses seem to occur. This is particularly observed in N 
protein and S1-S2 subunits of the spike protein but not in the RBD region for SARS-
CoV and follows genomic similarities in these regions[86,92-94]. The impact of cross-
reactive antibodies, especially those induced by endemic respiratory coronaviruses in 
SARS-CoV-2 immune response remains to be elucidated.

The impact of the virus-specific humoral immune response has led to the practice of 
administration of convalescent plasma as a therapeutic option, especially in severe 
disease to benefit from immediate effects of preformed polyclonal antibodies[37,82]. 
Such therapies have previously been used in particular viral pathogens such as Ebola 
virus, SARS-CoV and MERS-CoV[82,95]. Currently, sufficient data is lacking to 
establish the effectiveness as well as indications/limitations of convalescent plasma 
therapy in COVID-19 disease[82]. Many factors including the timing of administration 
during clinical course, patient selection criteria and antibody titers in the donor plasma 
seem to influence the outcome. Due to limited availability of convalescent plasma from 
donors, monoclonal neutralizing antibodies, antibody cocktails and antibody designs 
to increase efficiency are currently in clinical trials[95-98].
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CONCLUDING REMARKS AND INSIGHTS FOR VACCINATION
An optimal immune response to SARS-CoV-2 appears to include high-titer 
neutralizing antibodies and a balanced T cell response. Factors affecting innate and 
mucosal immunity also contribute substantially to infection control[37,38]. Currently 
used vaccines have been approved for population immunization with Emergency Use 
Authorization in several countries, based on the findings of the interim Phase III 
clinical trials. Current vaccine prototypes utilize various antigen delivery strategies 
based on DNA, mRNA or adenovirus-based platforms, recombinant viral 
subunits/protein and inactivated virus as well as other approaches. The reports on 
preclinical efficacy, phase I-III clinical trials and the immune responses induced by 
these vaccines have been extensively reviewed and can be found in detail elsewhere
[37]. Protective immunity induced by different vaccine platforms may be based on 
different immune mechanisms and may require booster administrations to maintain 
long-term immunity. Therefore, a thorough understanding of immune responses 
induced by each platform and subsequent outcomes in preventing transmission and 
controlling infection must be monitored and optimal boosting strategies should be 
determined.

CONCLUSION
Robust cellular and humoral responses are elicited in immunocompetent individuals 
with SARS-CoV-2 infection that remain detectable for several months following 
exposure. Impaired type I interferon response, imbalances in complement components 
and production of excessive proinflammatory cytokines such as IL-6 are associated 
with pathogenesis and severe disease. Several antigenic epitopes in virus S, N and M 
proteins are recognized by the immune system. A balanced T cell response and 
neutralizing antibodies in circulation and mucosal surfaces are pivotal in controlling 
virus infection and for protection. Despite reductions in antibody levels in months 
following infection, the maintained memory cells can be activated to produce 
antibodies upon virus re-exposure. Cross-reactive immunity due to previous exposure 
to other coronaviruses is documented, with currently unknown implications for SARS-
CoV-2 infections.
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