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HIGHLIGHTS

SARS-CoV-2 increases the number of neutrophils as APC, suppresses IFN, increases the activity of Th1 /
Th17, B cells, CD8 + and CD4 +, and causes cytokine storms especially pro-inflammatory cytokines which
can increase respiration disorders and multi-organ damage.
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1. INTRODUCTION

Coronavirus Disease 2019 (Covid-19) is a pathogenic viral infection caused by
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) that initially arise in
Wuhan, Hubei Province, China and rapidly spread to the world. Initially, the cases arise
in Wuhan's Hunan Seafood Wholesale Market which trade infish andvariety of live
animal such asbats, marmots, andsnake. Thecausative agentfor the disease was
identified from throatswab samplesconducted bythe Chines Centre for Disease
Controland Prevention (CCDC), andwas subsequentlynamed Severe Acute
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Respiratory Syndrome  Coronavirus2 (SARS-CoV-2). Sequences-based analysis
suggested that batis key reservoir of SARS-CoV-2 and can be transmitted to humans.?
Furthermore, transmission will occur from human to human as itis today.

On 30" January 2020, World Health Organization (WHQ) declared that Covid-19
from Wuhan was to be a Public Health Emergency of the Interational Concern posing a
highrisk to countries. WHO announces this disease outbreak a pandemic diseases. Itis
dueto therapid increase in the number of cases outside China overthe past2 weeks
that has affected a growing number of countries inthe world.2 There were 7734 cases
have been confirmedin Chinaon thatday. Ina numberof counties also confirmed 90
cases.? On 30" March 2020, WHO confirmed that there was 638.146 cases with 30105
deathin 203 countries inthe World. * IniIndonesia, Ministryof Health Indonesia
confirmed that thereis 1285 positive cases with 114 deaths and 64 recoveringon 30"
March 2020.5

Covid-19 symptoms appear after anincubation period of approximately 5.2 days.
The period from onset the symptoms to death rangesis from 6 to 41 days with a median
of 14 days. ®" This period is dependent onthe age of the patient and status of immune
system. The most clinical symptoms atonset of Covid-19 arefever, drycough, and
fatigue. Theother symptoms include headache, sputum production, hemoptysis,
diarrhea, dyspnea, lymphopenia, and bilateral lung infiltrates onimaging. ”

The main problems of Covid-19 are high transmission andthe absence of specific
drugs and vaccines. Forthis problem, theimmune systemis animportant aspectto
supportthe host's self-defense and patient'srecovery. Thisreview mayhelp in
designing the appropriate immune interventionfor treatmentand therapeutic such as
drug or vaccinein preventing more wide transmission andin developmentof the Covid-
19drugs basedon therecent research progress SARS-CoV-2 and previous studies
about SARS-CoV and MERS-CoV.

2. CHARACTERISTIC OF SARS-CoV-2

Coronaviruses (CoV) are enveloped viruses, non-segmented, and positive-sense
single-stranded RNA (ssRNA) virus genomes in the size 26 to 32 kb, the largest known
viral RNA genome. Thevirion structure consists of nucleocapsid which is covered by
phospholipid bilayers (viral envelope). Nucleocapsidis composed by phosphorylated
nucleocapsid protein (N) thatbound together with genomic RNA. The viral envelopeis
composed by Enveloped protein (E) and Membrane protein (M). The membrane protein
is a type lll transmembrane glycoprotein that determine shape of viral enveloped.® The
coronaviruses have the spike glycoprotein trimmer or Spike protein (S) that will bind to
receptor to facilitated viral entryto hostcell. The structure of CoV virionis shownin
Figure 19

According to genotypically and serologically, coronavirusis dividedinto 4 genera
suchas a, B, y, andd Coronaviruses. The subfamily aand pCoV usually causes
Human CoV infections. SARS - CoV and MERS - CoV is included in B CoV. The SARS-

CoV-2is novel B CoV was named by the International Virus Classification Commission.
(89)

3. TRANSMISSION AND CLINICAL CHARACTERISTIC OF COVID-19

SARS-CoV-2rapidly istransmitted from human to human pathogenand causesa
wide spectrum of clinical manifestationsin Covid-19 patients. The major clinical
manifestation of COVID-19is similarto other human CoV infection. Ingeneral, SARS-
CoV-2is associated with high viral loads in upper respiratory tract secretion. Covid-19is
developinto  Severe Acute  Respiratory Infections  and Acute Distress Syndrome
especially in elderly, comorbidities, and immunosuppression patient.'®
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Humanto humantransmission of Covid-19 mainly occurvia respiratory droplets
when patient with coughs, sneezes or talks can infect another personvia direct contact
withthe mucous membranes. Theinfection canalso occurif aperson touchesan
infected surface andthen touchestheir eye, noseor mouth. The droplet do not travel
that 2 meters and not linger than 3 hours in the air."

Based on the presence of clinical features, Covid-19 is divided into 2 groups such as
asymptomaticand symptomatic infection. Asymptomatic Covid-19 infection show
positive SARS-CoV-2 nucleic acid testing of the pharyngeal swab samples but do not
show the clinical feature until first day of continuous negative tests (1-21 days). Only
20.8% asymptomatic cases develop into symptoms cases during hospitalization such as
fever, cough, fatigue and etc, 50% cases showed typical CT images of ground-glass
chestand five (20.8%) presented stripe shadowing in the lungs. The remaining 29.2%
cases showed normal CT image and had no symptoms during hospitalization (young
patientestimated 14 years). However, noone casesdevelop intosevere Covid-19
pneumonia or died. Asymptomatic carrier patienthas potential to transmit the disease to
others. This study also show that Asymptomatic Covid-19 carrier cantransmit the virus
into his family that develop to Severe Covid-19 pneumonia.'?

According to some studies, incubation period of Covid-19 is 5 — 14 days following
exposure and cause respiratory and systemic disorder.'® The spectrum of symptomatic
Covid-19infection ranges from mild to critical. Mild stage is signed with high fever, dry
cough, headache, fatigue, sputum production, lymphopenia, anddiarrhea. Covid-19
infection cause cough (days 1 — 14), chills (days 1 — 9), high fever (days 7 — 9), fatigue
(days 9 — 14), and shortness of breath (days 9-14). Severe stage is signed with dyspnea
and hypoxia. Pathological finding  of Covid-19 associated  with acute respiratory
disruption syndrome. Critical disease is signed with respiratory failure, shock, or multi-
organdysfunction. Covid-19infection cause Acute Respiratory Distress Syndrome
(ARDS) until death.'®

The infection show laboratory features such aslymphopenia and elevated some
molecules (liver enzymes, lactate dehydrogenase, elevated inflammatory markers, D-
dimer, prothrombin time, troponin, creatine phosphokinase, and acute kidney injury. The
laboratory testing show positive in Viral RNA PCR testing and Immunaoglobulin M (IgM),
andthere is ground-glass chest, stripe shadowing inthe Ilungsin CT Scan, and
pneumoniain x-ray test.!415:16

4. MOLECULAR IMMUNOPATHOGENESIS OFCOVID-19 INFECTION

Covid-19is positive-sense single-stranded RNA (ssRNA) that entry to the patient via
respiratory droplets when patient with coughs, sneezesor talkscan infectanother
person via direct contact with the mucous membranes and touching infected surface the
body (eye, nose or mouth).

Covid-19 S protein (envelope spike glycoprotein) will bind to ACE2 for SARS-CoV'7,
ACE2 SARS-CoV-2', CD209L (a C lectin or called L-SIGN) for SARS-CoV'®, DPP4 for
MERS-CoV?® thenoccur fusion between viral cell membrane and target cell.2!
Proteolytic cleavage occursin S SARS-CoV proteinin position (S2") mediated by
membrane fusion and virus infectivity.22 MERS-CoV has alsoevolved throughthe
activation of two abnormal steps for furin membrane fusion.?® In addition to membrane
fusion, clathrin-dependent and clathrin-independent endocytosis also mediate the
process of SARS-CoV virus entry into cells.24.25

After that viral RNA entersthe cytoplasmof cellsin the form of polyproteins and
structural proteins whichthen replicatesinto newviral RNA. Thecell willthen be
controlled by the structural protein SARS-CoV to form an envelope proteinthat will be
inserted into  the Endoplasmic  Reticulum  (ER) andGolgi apparatus while the
nucleocapsid is formed by acombination ofviral RNAgenomes and nucleocapsid
proteins. Inthe endthe virus particles willbe broughtto Endoplasmic Reticulum-Golgi
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Intermediate Compartment (ERGIC) for maturation and will then be removed by ERGIC
with vesicles containing infectious viruses through vesicle vesicles which will docking
with membranes so that the virus will be released again and ready to infect other healthy
cells."”

Viral antigen entry stimulate immune response. Covid-19viral antigen willbe
presented to the Antigen Presenting Cell (APC). Antigenic peptide will be presented by
MHC (Human Leukocyte Antigenor HLA inhumans) to the specific cytotoxicT
lymphocyte virus. MHC Class |played the most rolein this Ag Covid-19 presentation,
although MHC class Il also played arole.?® The Covid-19 presentation antigen was not
fully understood butcan be associated with antigen presentationon SARS-CoVor
MERS-CoV. Certain HER polymorphisms have arisk of being susceptible to SARS-CoV
infection, namely HLA-B * 4601, HLA-B * 0703, HLA-DR B1 * 120227 and HLA-Cw *
0801,28 while HLA-DR0301, HLA-Cw 1502 and HLA-A * 0201 has protection against
SARS infelon. 2° MHC class IImolecules cause susceptibility to MERS-CoV infection,
30 such as HLA-DRB1 * 11: 01 and HLA-DQB1 * 02: 0. In addition,the Mannose Binding
Lectine (MBL) gene polymorphism associated with antigen presentation is associated
with susceptibility to SARS-CoV infection.?!

SARS-CoV-2 stimulate innate and adaptive immune responses. SARS-CoV-2 leads
to infection of ACE2 expressingtarget cells such as alveolar type 2 cells or other cellin
lung. SARS-CoV-2 causes an increase in total neutrophils, reduces total lymphocytes,
increases serum IL-6, andincreases C-reactiveprotein. Increased neutrophils and
decreased lymphocytes also correlate with disease seveflly and death. Covid-19 has
higher plasma levels of many pro inflammatory cytokines, IP-10, MCP-1, MIP-1A, and
TNFa.2 thatshow highly pro-inflammatory conditions inthe disease progression and
severity. Activation of neutrophilas Antigen Presenting Cell (APC) increase Th1/Th17
expression. Th1/Th17 isinduced adaptiveresponse byincrease specific antibodies
production. Viral antigen may decrease antiviral IFN responses resulting in uncontrolled
viral replication whereas IFN is effective innate immune response against viral infection
and induce effective adaptive immune response. Type | IFN suppression and hyper pro-
inflammatory cytokine productionbe the basis ofviral infection treatment including
SARS-CoV infection.®?

In adaptive immune response, Covid-19 viral antigen will stimulate humoral and cell
mediated immunity by B cells and T cells. B cells willform IgM and IgG anti SARS-CoV.
IgM will disappear on the 12" day while IgG will lasta long time in the body which will
function as a protector against infection with the same virus strain.® IgG anti SARS-CoV
is S-specific and N-specific.'” Ingeneral, Th1 plays adominant rolein an adaptive
immunity against to viral infections. Specific Th1/Th17 may be activated and contributes
to exacerbate inflammatory responses. Bcells/plasma cells produce SARS-CoV-2
specific antibodies that may help neutralize viruses. In previous study showed the peak
of specific IgM atday 9 after disease onset and the switching to 19G by week 2. Whether
the titer of specific antibody correlates with disease severity remains to be
investigated.®?

In cellular immune response, the numberof CD4* and CD8* cellular immunity in
peripheral blood will drop significantlyin SARS-CoV-2 infection.?* Patients recovering
from SARS-CoV will have CD4* and CD8* memory T cells that last for 4 years so that
when there is repeated viral exposure the body will be able to produce IFN-4.%% In some
patients the specific T cellmemory of SARS-CoV can still be identified.*® CD8 + Tcells
specificto MERS CoV arealso foundin micethat areinfected withthe virus.® In
general, CD8+ T cell responses are more frequent with greater magnitude than CD4+ T
cell responses in SARS Coronavirus. Strong T cell responses cdffielated significantly
with higher neutralizing antibody while more serum Th2 cytokines (IL-4, IL-5, IL-10). In
MERS-CoV infection, early rise of CD8+ T cells correlates with disease severity and at
the convalescent phase, dominantTh1 type helper T cells are observed. Inananimal
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model, airway memory CD4+ Tcells specificfor conserved epitope are protective
against lethal challenge and can cross react with SARS-CoV and MERS-CoV. Th1 type
and CD8+ T cellare keysfor successful control of SARS-CoV and MERS-CoV and
probably true for SARS-CoV-2 as well to suppress lung pathogenesis.*?

Theleading causeof deathin Covid-19 infectionis Acute Respiratory Distress
Syndrome (ARDS) and multi-organ dysfunction. ARDSis the leading cause of death.
This ARDS is an immuno-pathological event from SARS-Cov-2, SARS-CoV and MERS-
CoVinfections.®® More patients also developed lymphopeniaand pneumonia with
characteristic pulmonary ground glass opacity changes on chest CT. Covid-19 infection
also show cytokine storm. Cytokine storm is inflammation that cannot be controlled and
is very deadly due @b the body's response due tothe large production of inflammatory
cytokines such as (IFN-a, IFN-y, IL-1B, IL-6, IL-12 , IL-18, IL-33, TNF-a, TGF-B etc.), as
well as some chemokines such as (CCL2, CCL3, CCL5, CXCL8, CXCL9, CXCL10 etc)
produced by severalimmune effector cells produced by SARS-CoV infection. 383240 For
example in |@tients with severe MERS-CoV infection, anincrease inthe production of
cytokines IL-6, IFN-a, CCL5, CCL8 and CXCL-10 in their serum compared with patients
who have mildto moderate symptoms.*' The production of pro-inflammatory cytokines
mentioned above causes the patient's body toexperience ARDSwhich cancause
multiple organ failure (MOF) and ARDS until death. The presence of lymphopenia and
cytokine storm may important role in Covid-19 pathogenesis. The Cytokine storm can
initiate viral  sepsisand inflammatory-induced lunginjury whichlead toother
complications including pneumonitis, ARDS, respiratory failure, shock, multi-organ
failure and potentially death.®* Immune response to SARS-CoV-2 infection basedon
clinical manifestation approach, clinical laboratory testresults, andstudies of immune
response on SARS-CoV and MERS-CoV can be shown in Figure 2.

SARS-CoV and MERS-CoV use various strategies in order to survive against host
immunity. Microbes have pathogen-associated molecular patterns (PAMPs) that can
be recognized by pattern recognition receptors (PRRs). SARS-CoV and MERS-CoV
caninduce the production of double membrane vesicles containing little PRRs and can
replicate in these vesicles, sothat SARS-CoV dsRNA can avoid detection of the host
immune system.*? Hosts can produce IFN-a and IFN-B which can protect the effects of
SARS-CoV infection. 4344 Another corona virus, MERS-CoV, has a protein accessory
molecule 4a thatcan inhibitMDAS activationto induce IFN production by interacting
directly with dsRNA.** MERS-CoV also has ORF4a, ORF4b, ORF5and viral protein
membranes that can inhibit the transport of IFN regulatory factor 3 (IRF3) and inhibit the
activation of IFN-B promoters.*® MERS CoV canalso hold genes thatplay arole inthe
presentation of Ag viruses.4”

5. CONCLUSION

Specific studies onthe immuneresponse to SARS-CoV-2are still developing.
Various study approaches can be carried outby lookingat the clinical manifestations
that emerge, the results of examinations and literature review from their predecessors,
namely SARS-CoV and MERS-CoV. Sofar, itcan be concluded that molecular studies
relatedto SARS-CoV-2immunopathology statesthat SARS-CoV-2 increases pro-
inflammatory cytokine  production,  suppresses IFN,  increases neutrophil count,
increases Th1 / Th17 expression, Bcell response, and CD8 +and CD4 +responses.
Cytokine storms are known tobe atrigger for serious respiratory problems and multi-
organ damage that can cause death.

ACKNOWLEDGEMENT
This work was supported by STIKES Rumah Sakit Anwar Medika.
REFERENCE




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Page I1

. H.Lu,C.W.Stratton,Y.Tang,Outbreak of pneumonia of unknown etiology in wuhan

China:the mystery and the miracle,J.Med.Virol.(2020)25678.

World Health Organization. 2020. Novel Coronavirus (2019-nCoV), Situation
Report-12.

M. Bassetti, A. Vena, D. Roberto Giacobbe, The Novel Chinese Coronavirus
(2019nCoV) Infections: challenges for fighting the storm, Eur. J. Clin. Invest.
(2020) e13209, , https://doi.org/10.1111/eci.13209.

World Health Organization. 2020. Coronavirus Disease (Covid-19) Outbreak
Situation. 30" March 2020.

Kementerian Kesehatan Repulik Indonesia. 2020. Situasi Covid-19.
https://iwww .kemkes.go.id/.

Q. Li, X. Guan, P. Wu, X. Wang, L. Zhou, Y. Tong, et al., Early transmission
dynamics in wuhan, China, of novel coronavirus-infected pneumonia, N. Engl. J.
Med. (2020), https://doi.org/10.1056/NEJM0oa2001316.

W. Wang, J. Tang, F. Wei, Updated understanding of the outbreak of 2019 novel
coronavirus (2019-nCoV) in Wuhan, China, J. Med. Virol. 92 (4) (2020) 441-447,
https://doi.org/10.1002/jmv.25689.

S, Su,, G. Wong, Shim W, Liu, J., Lai, A., Zhou, J., Liu, W., Bi, Y., Gao, G.F.
Epidemiology, Genetic Recombination, and Pathogenesis of Coronaviruses, Trens
Microbiol. 24 (2016) 490 — 502, https://doi.org/10.1016/j.tim.2016.03.003.

Li, G, Fan., Y., Lai, Y., Han, T, Li, Z., Zhou, X., Zhang, Q., Wu, J. 2020.
Coronavirus Infections and Immune Responses. J Med Virol. 1-9.
https://doi: 10.1002/jmv.25685.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui
DSC, Du B, Li LJ, Zeng G, et al. (2020). Clinical Characteristics of Coronavirus
Disease 2019 in China. N Engl J Med. doi: 10.10

Van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and Surface Stability of
SARS-CoV-2 as Compared with SARS-CoV-1. N Engl J Med
2020.56/NEJMo0a2002032.

Hu Z, Song C, Xu C, et al. Clinical characteristics of 24 asymptomatic infections
with COVID-19 screened among close contacts in Nanjing, China. Sci China Life
Sci 2020.

Li Q, Guan X, Wu P, et al. Early Transmission Dynamics in Wuhan, China, of
Novel Coronavirus-Infected Pneumonia. N Engl J Med 2.

Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet 2020; 395:497.020; 382:1199.

Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet
2020; 395:1054.

C. Huang, Y. Wang, X. Li, et al., Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China, Lancet (2020), https:/doi.org/10.1016/50140-
6736(20)30183-5.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui
DSC, Du B, Li LJ, Zeng G, et al. (2020). Clinical Characteristics of Coronavirus
Disease 2019 in China. N Engl J Med. doi: 10.10

E. de Wit, N. van Doremalen, D. Falzarano, et al., SARS and MERS: recent
insights into emerging coronaviruses, Nat. Rev. Microbiol. 14 (2016) 523-534,
https://doi.org/10.1038/nrmicro.2016.81.

S.A. Jeffers, S.M. Tusell, L. Gillim-Ross, et al., CD209L (L-SIGN) is a receptor for
severe acute respiratory syndrome coronavirus, Proc. Natl. Acad. Sci. U.S.A. 101
(2004) 15748-15753, https://doi.org/10.1073/pnas.0403812101.




20

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page Il

.V.S. Raj, H. Mou, S.L. Smits, et al., Dipeptidyl peptidase 4 is a functional receptor
for the emerging human coronavirus-EMC, Nature 495 (2013) 251-254,
https://doi.org/10.1038/nature12005.

G. Simmons, J.D. Reeves, A.J. Rennekamp, et al., Characterization of severe
acute respiratory syndrome-associated coronavirus (SARS-CoV) spike
glycoprotein-mediated viral entry, Proc. Natl. Acad. Sci. U.S.A. 101 (2004) 4240-
4245, hitps://doi.org/10.1073/pnas.0306446101.

S. Belouzard, V.C. Chu, G.R. Whittaker, Activation of the SARS coronavirus spike
protein via sequential proteolytic cleavage at two distinct sites, Proc. Natl. Acad.
Sci. U.S.A. 106 (2009) 5871-5876, https://doi.org/10.1073/ pnas.0809524106.

J.K. Millet, G.R. Whittaker, Host cell entry of Middle East respiratory syndrome
coronavirus after two-step, furin-mediated activation of the spike protein, Proc.
Natl. Acad. Sci. US.A. 111 (2014) 15214-15219, https://doi.org/10.1073/
pnas.1407087111.

H. Wang, P. Yang, K. Liu, et al., SARS coronavirus entry into host cells through a
novel clathrin- and caveolae-independent endocytic pathway, Cell Res. 18 (2008)
290-301, https://doi.org/10.1038/cr.2008.15.

K. Kuba, Y. Imai, T. Ohto-Nakanishi, et al., Trilogy of ACE2: a peptidase in the
renin-angiotensin system, a SARS receptor, and a partner for amino acid
transporters, Pharmacol. Ther. 128 (2010) 119-128, https://doi.org/10.1016/
j.pharmthera.2010.06.003.

J. Liu, P. Wu, F. Gao, et al., Novel immunodominant peptide presentation strategy:
a featured HLA-A*2402-restricted cytotoxic T-lymphocyte epitope stabilized by
intrachain hydrogen bonds from severe acute respiratory syndrome coronavirus
nucleocapsid protein, J. Virol. 84 (2010) 11849-11857,
https://doi.org/10.1128/JVI.01464-10.

N. Keicho, S. ltoyama, K. Kashiwase, et al., Association of human leukocyte
antigen class Il alleles with severe acute respiratory syndrome in the Viethamese
population, Hum. Immunol. 70 (2009) 527-531, https://doi.org/
10.1016/j.humimm.2009.05.006.

Y.M. Chen, S.Y. Liang, Y.P. Shih, et al., Epidemiological and genetic correlates of
severe acute respiratory syndrome coronavirus infection in the hospital with the
highest nosocomial infection rate in Taiwan in 2003, J. Clin. Microbiol. 44 (2006)
359-365, https://doi.org/10.1128/JCM.44.2.359-365.2006.

S.F. Wang, K.H. Chen, M. Chen, et al., Human-leukocyte antigen class | Cw 1502
and class |l DR 0301 genotypes are associated with resistance to severe acute
respiratory syndrome (SARS) infection, Viral Immunol. 24 (2011) 421-426,
https://doi.org/10.1089/im.2011.0024.

A.H. Hajeer, H. Balkhy, S. Johani, et al., Association of human leukocyte antigen
class Il alleles with severe Middle East respiratory syndrome-coronavirus infection,
Ann. Thorac. Med. 11 (2016) 211-213, https://doi.org/10.4103/1817-1737.185756.
X. Tu, W.P. Chong, Y. Zhai, et al., Functional polymorphisms of the CCL2 and
MBL genes cumulatively increase susceptibility to severe acute respiratory
syndrome coronavirus infection, J. Infect. 71 (2015) 101-109, https://doi.org/
10.1016/}.jinf.2015.03.006.

Prompetchara, E. Ketloy, C. Palaga. Immune responses in COVID-19 and
potential vaccines: Lessons learned from SARS and MERS epidemic. Asian
Pacific Journal of Allergy and Immunology (2020), DOl 10.12932/AP-200220-
0772.

G. Li, X. Chen, A. Xu, Profile of specific antibodies to the SARS-associated
coronavirus, N. Engl. J. Med. 349 (2003) 508-509, https://doi.org/10.1056/
NEJM200307313490520.




34

35.

36.

37.

38

39.

40.

41.

42.

43.

44.

45.

46.

47.

Page Il

.Z. Xu, L. Shi, Y. Wang, et al., Pathological findings of COVID-19 associated with
acute respiratory distress syndrome, Lancet Resp. Med. (2020),
https://doi.org/10.1016/S2213-2600(20)30076-X.

Y.Y. Fan, Z.T. Huang, L. Li, et al., Characterization of SARS-CoV-specific memory
T cells from recovered individuals 4 years after infection, Arch. Virol. 154 (2009)
1093-1099, htips://doi.org/10.1007/s00705-009-0409-6.

F. Tang, Y. Quan, Z.T. Xin, et al., Lack of peripheral memory B cell responses in
recovered patients with severe acute respiratory syndrome: a six-year
followupfollowup study, J. Immunol. 186 (2011) 726427268,
https://doi.org/10.4049/ jimmunol.0903490.

J. Zhao, K. Li, C. Wohlford-Lenane, et al., Rapid generation of a mouse model for
Middle East respiratory syndrome, Proc. Natl. Acad. Sci. U.S.A. 111 (2014) 4970-
4975, https://doi.org/10.1073/pnas.1323279111.

. A.E. Williams, R.C. Chambers, The mercurial nature of neutrophils: still an enigma
in ARDS? Am. J. Physiol. Lung Cell Mol. Physiol. 306 (2014) L217-L230,
https://doi.org/10.1152/ajplung.00311.2013.

R. Channappanavar, S. Perlman, Pathogenic human coronavirus infections:
causes and consequences of cytokine storm and immunopathology,
Semin.Immunopathol. 39 (2017) 529e539, https://doi.org/10.1007/s00281-017-
0629-x.

M.J. Cameron, J.F. Bermejo-Martin, A. Danesh, et al, Human
immunopathogenesis of severe acute respiratory syndrome (SARS), Virus Res.
133 (2008) 13-19, hitps://doi.org/10.1016/].virusres.2007.02.014.

C.K. Min, S. Cheon, N.Y. Ha, et al., Comparative and kinetic analysis of viral
shedding and immunological responses in MERS patients representing a broad
spectrum of disease severity, Sci. Rep. 6 (2016) 253-59,
https://doi.org/10.1038/srep25359.

E.J. Snijder, Y. van der Meer, J. Zevenhoven-Dabbe, et al., Ultrastructure and
origin of membrane vesicles associated with the severe acute respiratory
syndrome coronavirus replication complex, J. Virol. 80 (2008) 5927-
5940, https://doi.org/10.1128/JV1.02501-05.

R. Channappanavar, A.R. Fehr, R. Vijay, et al., Dysregulated type | interferon and
inflammatory monocyte-macrophage responses cause lethal pneumonia in SARS-
CoV-infected mice, Cell Host Microbe 19 (2016) 181-193,
https://doi.org/10.1016/.chom.2016.01.007.

R. Channappanavar, A.R. Fehr, J. Zheng, et al., IFN-I response timing relative to
virus replication determines MERS coronavirus infection outcomes, J. Clin.Invest.
130 (2019) 3625-3639, https://doi.org/10.1172/JCI126363.

D. Niemeyer, T. Zillinger, D. Muth, et al., Middle East respiratory syndrome
coronavirus accessory protein 4a is a type | interferon antagonist, J. Virol. 87
(2013) 12489-12495, https://doi.org/10.1128/JV1.01845-13.

Y. Yang, L. Zhang, H. Geng, et al., The structural and accessory proteins M, ORF
4a, ORF 4b, and ORF 5 of Middle East respiratory syndrome coronavirus (MERS-
CoV) are potent interferon antagonists, Protein Cell 4 (2013) 951-961,
https://doi.org/10.1007/s13238-013-3096-8.

V.D. Menachery, A. Schafer, K.E. Burnum-Johnson, et al., MERS-CoV and H5N1
influenza virus antagonize antigen presentation by altering the epigenetic
landscape, Proc. Natl. Acad. Sci. U.S.A. 115 (2018) E1012-E1021,
https://doi.org/10.1073/pnas.1706928115.




Elagichlpl

Picture

Spike (S)
- Membrane (M)

Nucleocapsid [N}

0
Figure 1. The Structure of Coronavirus (CoV) Virion

a
Source: Li et al., 2020

SARS-CoV-2 w

in droplet .
.

1
!ﬂmmmﬂla
Antigen Presenting Cell (APC)

[  Activation of Th1/Th17

|— Humoral | ity Activath
B cell produ: ific |
= Bea m;:;r 96 = Support host
e IMMUNE —| immune system
ARS-CoV-2 enters RESPONSES = Basic theory of
the respiratory tract I’y immune
inta u'ﬁp; Nenn.‘lrar cell — IFN suppression treatment and
and is received by therapy

the ACE2 receptor

Callular Immunity Activation
— (T cell activation — CD8+ and
CD4+)

A el —  cytokine arﬂ::mm >
{ACE2 receptor)
. Viral replication
4

Figure 2. Host immune responses prediction during SARS-CoV-2 infection




Paper 2

ORIGINALITY REPORT

8.. 7. 7.

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS

3%

STUDENT PAPERS

PRIMARY SOURCES

.

www.teknolabjournal.com

Internet Source

4,

)

Submitted to Kingston University

Student Paper

1o

e

www.banqueducanada.ca

Internet Source

1o

=

www.researchgate.net

Internet Source

1o

academic.oup.com
Internet Source p < 1 %
www.tandfonline.com
n Internet Source < 1 %
Abdur Rauf, Tareq Abu-lzneid, Ahmed <1 "

Olatunde, Anees Ahmed Khalil et al. "COVID-19

Pandemic: Epidemiology, Etiology,

Conventional and Non-Conventional Therapies”,
International Journal of Environmental Research

and Public Health, 2020

Publication




Martina Kurnia Rohmah, Arif Rahman Nurdianto. <1 o
"Perspective of molecular immune response of °
SARS-COV-2 infection", Jurnal Teknologi

Laboratorium, 2020

Publication

Exclude quotes Off Exclude matches Off
Exclude bibliography On



	Paper 2
	by A S

	Paper 2
	ORIGINALITY REPORT
	PRIMARY SOURCES


