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Diagram of coronavirus virion structure
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CLASSIFICATION OF VIRUSES

Coronaviridae Paramyxoviridae Bunyaviridae Arenaviridae

Orthomyxoviridae Retroviridae Togaviridae Flaviviridae

Rhabdoviridae Filoviridae
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The history and epidemiology of Middle East respiratory syndrome corona virus

Simple Corona Virus

Discoveredin 1960 Flu
2002-2003 Originatedin China

A 4

Middle East Respiratory Syndrome Corona Virus (MER-CoV)

2012-now Originatedin Saudi Arabia

Multidiscip Respir Med. 2017 Aug 7;12:20. doi: 10.1186/s40248-017-0101-8. eCollection 2017.
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https://www.ncbi.nlm.nih.gov/pubmed/28794876

Corona\lirus Transmission

g)} Large family of viruses, with a seventh Circulate in animals,  Spread through air, close

- e . can be transmitted personal contact or touching
- and new strain identified in Wuhan, China +o FFSHE contaminated objects
o CHINA )
Kf&“ Wuhaﬁ : . . .
i Two epidemics Common signs

600 km %@ﬁg/

of infection »
= Fever = Cough

® Shortness of breath =

® Breathing
difficulties 2 ‘
New strain = Gastro- L
2019 novel coronavirus intestinal ®
symptoms
" More than 200 cases ™ seafl?()tq/awn?\al = Diarrhea
detected in China; market in ¥unan, ; | '
at least 3 killed. China believed Middle East . Severe Acute ®
Cases detected in Japan, to be centre of Respiratory Syndrome Respiratory Syndrome Severe
Thailand, South Korea ~the outbreak (MERS-CoV) .~ (SARS-CoV) cases
= First identified in . = |dentified in 2003, first " Pneumonia
Saudi Arabiain 2012 ingected humans in = Severe acute
. Chinain 2002 respirato
= Over 800 killedin | _ Syn%romgy
Middle Eastsince | " Killed nearly 650 people : .
. in China/ Hong Kong = Kidney failure
= From dromedary . 2002-2003 = DEATH
camelstohumans ' » Thought to be from
. bats, spread to civet cats
to humans Treatment

= No vaccines or antiviral drugs
available for these viruses

Sources: WHO/CDC/Institut Pasteur ™ Symptoms can be treated © A5P




Genomic characterisation and epidemiology of 2019 novel coronavirus:
implications for virus origins and receptor binding

02

100

Sarbecovirus

100, AYSOB724|SARS-CoV_NS-1
100 | AY¥4B85277|SARS-CoV_Sinol-11 .
100| | AY390556]5ARS-Cov_GZ02|Guangzhou SARS-Cal
AY278480|SARS-CoV_GDO1
KT444582[ W16 ]Yunnan
100 KY417146|Rs4231|Yunnan

KV417151|Rs7 327 | Yunnan
KY417152|Rs8401[Yunnan
MK211376|BtRs-BetaCoVf YN2018E|Yunnan
KJ473816|BtRs-BetaCoV//YN2013|Yunnan
KY770853]Anlong-112|Guizhou
KY417145|Rf4082|Yunnan
ME211377|BtRs-BetaCoV/YN2018C|Yunnan

100

86

100

K|473815|BtRs-BetaCoV/GX2013| Guangxi
1¥953988|Yunnan2011

100 MIK211374|BtRI-BetaCoV/SC2018|China
%993087|5haanxi2011

¥J473814|BtRs BetaCoV/HUB2013|Hubei
DQ648857|Bat_CoV_279/2005|Hubei
GO153547|HKU3-12|HK 2005
QOB4200[HKU3-3|HK/2005
GO153542[HKU3-7|HK/ 2007

KF284457 |Longquan-140|China
WHO04|2020-01-05
¥58011|2020-01-07
WHO01|2019-12-26
WHO03|2020-01-01 -
WH19002(2019-12-30 5 r
'.'.'H199908 lzclg-lz-z%n 2018-ntoV '
WHO02|20158-12-31
WH19001|2018-12-30

X

KY417142|As6526[Yunnan
K¥417148|Rs4247]Yunnan Bat-SL-CoV %

100 WH19004[2020-01-01
WH19005]|2019-12-30
100 MG772933|bat-5L-CoVZ C45|Zhejiang | BatSLCoV %
1001 MG772034|bat-SL-CoVZXC21|Zhejiang
T KY352407|SARS- related_coronavirus|BEKY7 2|Kenya
Hibecovirus GU190215|Bat_coronavirus|BM48-31/BGR/2008|Bulgaria
- KF636752|Bat_Hp-betacorenavinus/Zhejiang2013
Nobecovirus 100 ————  KU762338|Rousettus_bat_coronavirus| GCCDCT_356|China
L EFOG5G13|Bat_coronavirus HKUQ-1|BF_00GI|Guangdong
o 100 EFD65509|Bat_coronavirus_HKUS-1|LMHO3f|Guangdong
: H L EF06LL05|Bat_coronavirus HEL4-1|BO4f] Guangdon:
Merbecovirus 100 J¥869050|Human_betacoronavirus_2c_EMC2012 HI:D\-'g-EI\.'.":gBJ udi Arabia VERS-CoV *
_ 100 AY391777 [Human_coronavirus_OC43]ATCC_VR-750|UK
Embevovirus 100 |_|—— KM3407 44| Betacoronavirus_HKUZ4|HKU24-R050101 China o=

M|:E54?223 Murine_coronavirus MHV-1|USA
MK167038|Human_coronavirus_HKU1|SC2521|USA

i

Lancet 2020; 395: 565-74

10



COVID-19 infection: Origin, transmission, and characteristics of
human coronaviruses

Alphacoronavirus

Lineage B, C, D
: Betacoronavirus

Lineage A

Gammuacoronavirus

\)<)*f .

)‘ *H ? | Deltacoronavirus

Journal of Advanced Research Volume 24, July 2020, Pages 91-98 11



12



[MaBoduololoyia tov 2019-nCoV |

* AvnKkeL otnVv B opada Twv Kopovaiwy,

* H avayvwpLlon tng ertdnuiog Eekivnoe e tnv Slepevvnon MEPLOTOTLKWVY
“mveupoviac ayvwotng atttodoyiac”,

* “NMvevpoviac Ayvwotng AwttoAoyiacg” :
v Mupetdg = 38°C,
v’ AKTLVOAOYLKN eTILBEBOILWON TIVEVUHOVLAC,
v XapunAad 1 puotoloykd Asuka, 1 xapnAd Aspdokutrapa,

v Koptd BeAtiwon HETA amo 3 €we 5 HEPEC QVTLULKPORLAKAC Beparelog
ocUUPWVA LE KOBLEPWUEVA TIPWTOKOAAQL
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SARS-CoV-2: an Emerging Coronavirus that Causes a Global Threat

| Dec2019 | Jan 2020 | Feb 2020 I
29" 30 31 6" ™ 10" 23 30" 27"

First 4 cases were WHO CDC was SARS-CoV-2 E
linked to Huanan informed of the was isolated by Whan Clly was 2;'323:;::5"! et
Seafood marketplace pneumonia unknown China Rt cown infected
etiology by China CDC
Number of patients of China CDC was reported Chinese CDC activated First genome WHO declared a “public
b .°f about the pneumonia Level 2 emergency sequence of SARS- health emergency of )
?nrll:zg;uet; etiology unknown etiology response CoV-2 was released international concern

International Journal of Biological Sciences 2020; 16(10): 1678-1685. doi: 10.7150/ijbs.45053




SARS-CoV-2: an Emerging Coronavirus that Causes a Global Threat

Signs or Symptoms Number of patients with signs or symptoms from each report Number of patients with Total number of Percentage
Report 1 [21] Report 2 [23] Report 3 [24] Report 4 [25] signs or symptoms patients

Fever 82 (n=99) 40 (n=41) 136 (n=138) 975 (n=1099) 1233 1377 90%

Cough 81 (n=99) 31 (n=41) 82 (n=138) 745 (n=1099) 939 1377 68%

Sputum production/ NR 11 (n=39) 37 (n=138) 370 (n=1099) 418 1276 33%

Expectoration

Shortness of breath/ 31 (n=99) 22 (n=40) 43 (n=138) 205 (n=1099) 301 1376 22%

Dyspnoea

Headache 8 (n=99) 3 (n=38) 9 (n=138) 150 (n=1099) 170 1374 12%

Sore throat/Pharyngalgia 5 (n=99) NR 24 (n=138) 153 (n=1099) 182 1336 14%

Diarrhoea 2 (n=99) 1 (n=38) 14 (n=138) 42 (n=1099) 59 1374 4%

NR: Not Recorded.

International Journal of Biological Sciences 2020; 16(10): 1678-1685. doi: 10.7150/ijbs.45053 15



Characteristics of and Public Health Responses to the Coronavirus Disease 2019
QOutbreak in China

Comorbidities of fatality cases

Y
Parkinson's disease 3 7.7%
e
PO POOPOOOPOOOOEIES |
Chronic bronchitis 19.2%
. . 01
Cerebral infarction 15.4%
Coronary heart disease 1945349355 19.2%
Diabetes 1 42 3%
Hypertension ¥ i 53.8%
L 1 )
0 20 40 60

Percentage (%)
Percentage (%)

J. Clin. Med. 2020, 9, 575 16



H g&€€A€n tou meplotatikovL pe 2019-nCoV Aoipwén

Timeline of coronavirus onset

Onset of symptoms

Shortness of breath

o

0 1 2 3 4 5
MUMBER OF DAYS®

ARDS=Acute respiratory disease syndrome

Hospital Intensive care
admission ARDS  unit admission
7 3 g 10 11

*Median time from onset of symptoms, including fever (in 98% of patients),

cough (75%), myalgia or fatigue (44%), and others.

THE LANCET
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[MaBoduololoyia tov 2019-nCoV |

* H Bvntotnta amno tov CoV-2019 €xeL utoAoylobei o€ 2,84 %,
* MMpooBaleL Kuplwc avdpec peoNC N LeyaAutepnc nALkiog,

* Avayvwpicel Tov urtoboxea Tou Metatperntikol Ev(UpHoU TnG AyyELOTEVOLVNG
2 (ACE2). Autog exdpadetal Kupiwg ota turou Il kupeAdika kuTTapa Tou
nvevpova,

* ExeL Bpebet ot1, oL avopeg exouv uPNAOTEPN EkPAOH OO TIG YUVOLKEG KOl
ol Aolatec amo touc Kavkaoloug kat touc AppopepLkovouc.

* H ouvbeon tou 2019-nCoV enayel tnv ekppaocn tou ACE2 Kat auto odnyel
O€ ONMOVTLIKEG [37\01§€ C TWV KUiE)\lSLK(ﬂV KUTTAPWYV, TtTou 0dnyouv o€
OUOTNHOTLKEC avTLOpaOoELC /& Tov Bavaro,

* H ikavotnta cuvdeong tou oe oxeon pe tov SARS-CoV eivat 10 £wg
20mAdolal.
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MaBoduololoyia tou 2019-nCoV Il

 HotaBbun touv ACE2 oto mAaopa Twv avdpwv gival PnAotepn oo TLC YUVALIKEC,

 H otaBun tou ACE2 dev daivetal va emnpealetol amo thv AnPn avactoAEwv N
QVTAYWVLOTWVY ToU cuotnpatoc Pevivne - Ayyelotevoivng

e Atopa, mou Aapfavouv avaotoAeic the ACE , €xouv YapnAotepo kivouvo
nPOooPoANC amo tov Lo TNG LVPAOUEVTOALC,

 Ta YnAotepec otaBuec ACE2 oto mAaopa, avtavakAoUv o€ xapunAotepa emnimeda
OTOUC LoToUC (eAaTTwHEVN Ttpootacia amod tnv Asltoupylo TOU OCUOCTHUOTOC
Pevivng - Ayyelotevoivng,

e To évlupo ADAM-17 puBpuilel ta eninmeda ACE2 otouc LOTOUC LE ATIOKOTT,

e [Mlotevetal O0tL 0 NSARS-19 evepyorolei to eviupo ADAM-17, eTAyEL TNV ATIOKOTIN
tou ACE2 otouc wotouc kat mpodAeypovwdn avtidbpaon, omote HELWVEL TNV
npootatevutikn 6paon tou ACE2 otnv kapdLa

19



Replication of Coronavirus

Binding and viral entry via
membrane fusion or endocytosis

Coronavirus
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Renin—Angiotensin—Aldosterone System Inhibitors in Patients with Covid-19

Local or systemic
infection or sepsis

& ~ ACE
A te |
nglo nsin inhibitors

‘ACE i

Angiotensin Il w

SARS-CoV-2

spike protein Anglotensm- 1-9)
binding to ACE2

Anglotensm-(1—7)

“’ I-----’

Acute lung injury

Adverse myocardial
remodeling

Vasoconstriction

Vascular permeability

Viral entry, replication,
and ACE2 down-regulation

n engl j med 382;17 nejm.org April 23, 2020 1653 21



Mapping the coronavirus outbreak
As of 12.10am May 8 BST

O
> B8,53(l>L
S
£ 5
e \\_/

Graphic: Steven Bernard and Cale Tilford
Sources: ECDC; Covid Tracking Project: FT research
©FT

Confirmed cases

3,735,046

FRANCE
25,809

Deaths
260,175

IRAN

6,418
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The global Covid-19 death toll is finally easing
Daily deaths of patients diagnosed with coronavirus (7-day rolling average)
The US accounts

for one-third of average
global daily deaths

April 30-May &
Average daily deaths

5,177

T Apr 30-May 6
Feb 29-Mar 6 S
Total daily deaths

98

Rest of N America

Italy

UK

Rest of Europe

The UK has the highest number of
average daily deaths outside of the US

Rest of LatAm
and Caribbean

Africa /

Mar & Mar 13 Mar 20 Mar 27 Apr 3 Apr 10 Apr 17 Apr 24 May 1 May &
Daily confirmed deaths (%, by region)

—— — e —— — — — — — 1
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Mar & Mar 13 Mar 20 Mar 27 Apr 3 Apr 10 Apr 17 Apr 24 May 1 May &

FT graphic: Steven Bernard / @sdbernard
Source: FT analysis of ECDC and Cowvid Tracking Project data
© FT
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How coronavirus affects the body from top to toe

Fever Body temperature rises to Blood clots and strokes If an excessive immune response
try and incapacitate heat-sensitive An accumulation of blood to Covid-19 causes abnormal
viruses when the hypothalamus platelets and proteins plugs clotting, blood vessels in the
receives signals from immune cells broken blood vessels brain may be blocked, triggering

clots dissolve

(below). Once healed, these  a stroke (below). Symptoms
depend on the region affected

Coughing Reflex
reaction expels air
rapidly from the lungs
to clear irritants from
airways

As the virus reduces lung
capacity. breathing
becomes difficult

Muscle and joint pain
Viral inflammation in
joints and muscles (left)
can cause pain and
stiffness

Post-viral fatigue
Infections often lead to
long-term fatigue and
weakness

inflammation can cause:

Vomiting Reflex
contraction of diaphragm
and abdominal muscles
empties the stomach
contents via the mouth,
ridding the body of
toxins

Intestinal (enteric) symptoms

Inflammation is a complex immune response intended
to carry disease-fighting molecules to the site of
infection and carry away debris. Excessive intestinal

Diarrhoea Unable to
absorb fluid, the
intestine’s bowel
movements become
watery

Abdominal pain

Blood flow

Kidneys These organs
filter the blood,
balancing chemicals and
removing waste and
excess water as urine

If they fail, blood can be
circulated through a
dialysis machine (left), an
artificial filter replicating
kidney function

capillary

©FT

Rashes, skin lesions and ‘Covid toes”

‘When the smallest blood vessels, capillaries, become
inflamed, leakage causes spots and rashes on the skin.
The effect is similar to chilblains (left), which form on
fingers and toes when capillaries contract in the cold
and then expand rapidly as they warm up — rupturing
and causing irritation and swelling as blood leaks cut

) Graphic: lan Bott  Sources: NHS; FT research
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EXPLORING LIFE, INSPIRING INNOWVATION

Wide Variety of Human Cells
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SARS-CoV-2

Receptors for SARS-CoV-2 Present in

Potential
target cell

| P.M

"'mpnssz

l Internalisation

SARS-CoV-2
 activation

CTSL

Endosome
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COVID-19 and Kawasaki Disease: Novel Virus and Novel
Case

Veena G. Jones. MD: Marcos Mills. MD: Domunique Suarez. MD: Catherine A. Hogan. MD: Debra Yeh.

MD: J. Bradley Segal. MD: Elizabeth L. Nguyen. MD: Gabrielle R. Barsh. MD, PhD: Shiraz Maskatia.
MD: Roshmi Mathew., MD

DOI: 10.1542/hpeds.2020-0123

Journal: Hospital Pediatrics
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https://www.nytimes.com/2020/03/13/health/soap-coronavirus-handwashing-germs.html

How Soap Works

https://www.nvtimes.com/2020/03/13/heaIth/soap-coronavirus-handwashing-germsz.gtml
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