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e infect and cause disease in a
wide variety of species
* bats, birds, cats, dogs, pigs, mice,
horses, whales, and humans

* Until 2003, HCoV-229E and HCoV-
0C43

e In 2002 to 2003, SARSCoV
2004 ,HCoV-NL63
e 2005, HCoV-HKUI

large, enveloped, positive-
stranded RNA viruses, large _, :EEREES
RNA genomes ”” P— Ef‘f”,‘.j'

Rl (e e T

* replicate by a similar and unique
mechanism

Adh - sgRANAS

* high frequency of recombination A sgRNAS

* a 3’-coterminal, nested-set

. Fiea:hr'g thro ugh " Template switch

structure of the mRNAs @m




» Coronavirinae subfamily:
» Alphacoronavirus
* Betacoronavirus
 Gammacoronavirus

* Deltacoronavirus
v' genus o; HCoV-229E / HCoV-NL63
v' genus f§ ; OC43 / HKU1 / SARS-CoV
v genus y & d; birds
* “rule”; Most coronaviruses infect only

one animal species or, at most, a limited
number of closely related species.

e SARS-CoV; an exception to this
“rule” to infect a wide range of

mammals
> *SARS-CoV  diversity based on the
humans, nonhuman primates, nucleocapsid (N) gene
Himalayan palm civets, > Several SARS-like CoVs been
raccoon dogs, cats, dogs, and detected in bats; 3% to 6% nt diversity
with SARS-CoV
rodents

>The group of SARS-CoVs detected in
humans and animals in wild animal
markets in 2003 and 2004 have <0.5%
nt diversity in the N gene.



MIDDLE EAST RESPIRATORY SYNDROME
CORONAVIRUS

» firstly; HCoV-EMC;

, the place

where the virus characterized
in Netherland.

isolated from the sputum of a
60-year-old, Saudi Arabia

Viral Genome Sequencing of
pan-coronavirus PCR

amplicons
* HCoV-EMC belonged to the
lineage C of genus

betacoronavirus; 15T HCoV in
lineage C

+ HCoV-HKUl / HCoVOC43;
lineage A

* SARS-CoV;lineage B

+ Lineage D does not contain
any human pathogens

Virus

Miniopterus bat coronavirus 1A AFCD62
Miniopterus bat coronavirus HKU8 AFCD77
Porcine epidemicdiarrheavirus CV777
Scotophilus bat coronavirus 512/2005
Human coronavirus 229E
Human coronavirus NL63 Amsterdam 1
Rhinolophus bat coronavirus HKU2-GD/430/2006
Transmissible gastroenteritis virus PUR46-MAD
Bovine coronavirus Mebus
Mouse hepatitis virus A59
Human coronavirus HKU1-A
SARS-related coronavirus Tor2
Rousettus bat coronavirus HKU9-1 BF-0051
Tylonycteris bat coronavirus HKU4-1 B04f
100 Pipistrellus bat coronavirus HKUS LMH03f
78 MERS coronavirus Hu/Jordan-N3/2012
Infectious bronchitis virus Beaudette
Beluga whale coronavirus SW1
Munia coronavirus HKU13-3514
100 Bulbul coronavirus HKU11-934
100 k= Thrush coronavirus HKU12-600

Species

Miniopterus bat coronavirus 1

Miniopterus bat coronavirus HKU8

Porcine epidemicdiarrhea virus

Scotophilus bat coronavirus 512 .
Human coronavirus 229 Alphacoronavius
Human coronavirus NL63
Rhinolophus bat coronavirus HKU2
Alphacoronavirus 1

Betacoronavirus 1

Murine coronavirus

Human coronavirus HKU1
SARS-related coronavirus

Rousettus bat coronavirus HKU9 @
Tylonycteris bat coronavirus HKU4
Pipistrellus bat coronavirus HKU5
Tobe established

Betacoronavirus

Avian coronavirus "

. Gammacoronavirus
Beluga whale coronavirus SW1
Munia coronavirus
Bulbul coronavirus Deltacoronavirus

Thrush coronavirus
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Countries in or near the Arabian Countries with Travel-associated

Peninsula with Cases Cases

: 3 * United Kingdom (UK)
 Saudi Arabia

e France

* United Arab Emirates (UAE)

* Tunisia

 Qatar - Italy
. * Malaysia
N * Philippines
. ]ordan * Greece
 Kuwait - Egypt
e Yemen * United States of America (USA)
* Netherlands
* Lebanon
* Algeria
e Iran * ARustria
Turkey

Two patients were transferred to Germany for care.



Molecular investigation indicated that
bats in Saudi Arabia are infected

71, KSA-287-Taphozous perforatus bat
JXBESOS9-Human betacoronavirus 2¢ EMC/2012
1 - KC164505-Betacoronavirus England 1
Wlth Severa']' alphacoronaVIruses and KCB67074-Human betacoronavitus 2¢ England-Qatar2012 MERS CoV
1 KF186567-Middle East respiratory syndrome coronavirus-Al-Hasa 1 2013
betaCOIOIIaVIIuseS - KF192507-Middle East respiratory syndrome coronavirus
KC776174-Human betacoronavirus 2c Jordan-N3/2012
KC243390-Bat coronavirus BtCoV/8-724/Pip pyg/ROUI2009

Virus from ]_ ba_t Showed 100% KC243392-Bat coronavirus BtCOV/UKR-G17/Pip nat/UKR/2011

B 3 A 3 KC243391-Bat coronavirus BtCoV/8691/Pip nat/ROW2009
nucleotlde ldentltY to virus from the 9 | KC522088-Pipistrefius bat coronavrus HKUS isolate 33R
KC522088- Pipistrelius bat coronavirus HKUS isolate 32R

5 - 3 KC522044-Tyfoncyteris bat coronanvirus HKU4 isolate 10R
human index case-patient. NSRRI bt o
HQT728482-Eidoion bat coronavrus/Kenya'KY 2472006
. . 99 ; AB514460-Human coronavirus HKU1-ORF 10-PHLO7-1656
Bats might play a role in human DQ415911.Human coronavinus HKUIN1S genctype B
N L, JN129834-Human coronavirus OC43-HK04-01
1nfect10n_ AB514461-Human coronarus OC43-ORF 1b-PHLO7-1581
‘ FJ938065-Bovine respiratory coronavirus-AM187

KSA-004-Rhinopoma hardwickil bat
JXB60640-Canine respiratory coronavrus-K37

naizah ar g
: 3281 3a e FJ586585-Bat SARS Co-Rs672/2008
pr 4[_00153547-% SARS coronavirus-HKU3-12
, 99 L GO153540 Bat SARS coronavirus HKU3.5

L2 . JXS03060-Human coronanirus 229E Isolate 0349
Greater Unaizah Area 9325 ' KC17533%. 1] Canine coronavirus strain 171 complete genome

84

AYS34055. 1| Feline infectious peritonilis wius
DQ311787-PRCV-ISU-1
_{— HQ012368-Feline coronavirus-UU18
FJ538061-Feline coronavirus-UUJ
HM245925-Mink coconanirus strain-WD1127
I - = DQ249235-Bat coronandrus-HKU2-1
Riyadh HQ728485-Minioplerus bat coronavrus/Kenya/KY 332006
£ EU420128-Bat coronandrus 1A-AFCDE2
Indax Ceso Sipje 100 | KSA-002-Rhinopoma hardwicki bat
Naqi g ) KSA-001-Pipistreilus-kuhlii bat
Old Nagi HQ728486-Chaerephon bat coronavirus/Kenya/KY 22/2006
Index Case Home £ KSA-003-Rhinopoma hardwickii bat
AF353511 PEDV strain CV777
& Bisha Town Center HQ728480-Card rabat coronavirus/Kenya/KY43/2006
JOS85268-Hipposideros bat coronavirus HKU10 isclate TT3A
EUTB9557-Bat coronanirus Trinidad/ 1FY28A2007
Bisha area EU420139-Bat coronavirus HKUS stran-AFCD77
2 AYS567487-Human coronavirus NLE3
Oct 2012 £

Apr 2013

Jeddah

Tabalah
(<

@ Bisha Ruins




MERS-CoV

* newly emerged MERSCoV not
only has a bat origin, but also
evolved over an extended time
period in bat populations before
making the leap to infect humans

¢ Bat DPP4 genes have adapted
significantly as they evolved,

suggesting a long-term arms race
between the bat and the virus.

» Evolutionary footprints in
receptor-encoding genes of hosts
and their binding domains during
long battles with the hosts

* jumping species boundaries to
infect humans, perhaps through
an intermediate host

B

Human
ommon pipistrelle
David's myotis
Brandt's bat

ommon vampire bat
Black fiying fox
Large fiying fox
Little brown bat

Common pipistrelle
Davi s
Bra at
nmon vampire bat
g fox

Large fiying fox
Little brown bat

Human

Common pipistrelle
avid's myotis

Brandt's bat

Common vampire bat

Black fiying fox

Large ox
Little brown bat

Human
Common pipistrelle
David's myotis
Brandt’s bal
Common vampire bat
Black fiying fox

flying fox
Little brown bat

Human
Common pipistrelle
David's myotis
Brandt’s bat

D
Common vampire bat
fox D

Black flying
Carge fiying fox
Litle brown bat

Common vampire bat
Common pipistrelle
Davids myotis
Brancits bat

Little browwn bat
Black flying fox

Large flying
Rhinoceros

Chimpanze

vamy chimpanzee
Olive baboon
Rhesus monkey

11e4-UON

elseline

Rodents

Primates




e Viruses in humans and camels from one
region are identical

« This indicates transmission between
animals and man

e Virus RNA differs from region to region

 Transmission pathway through nose and
eyes
* Virus levels high in the nasal mucosa and

conjunctiva of camels

 Transmission through these contact sites,
especially through nasal discharge

e MERS and SARS coronaviruses are
relatives

MERS coronavirus is transmitted
not only between animals but

also from camels
 MERS coronavirus is being constantly to humans.

* SARS coronavirus probably passing from
bats to humans

transmitted from camels to humans



* Blood samples from dromedary camels

taken from 1992 through 2010 f ‘::‘%}yﬁﬁ, :
* infection in camels typically occurs in S i f;;;:g;;;%; \
early life O ‘“Z‘"‘"{-gg:%m o g

* Overall, 74% of camels sampled | .q;wwlm:':'xﬂfu

« Adult camels were more likely to have ’; 66 o s
antibodies to the virus ( >80%) A G T A - S R il

* juveniles were more likely to have active | s
virus.

* age two or younger the prevalence
ranged from 90% in the east to 5% in the

southwest ——
* people get the virus from camels the S
most likely source is young camels K 192507 MERS

KC164505_Betacoronavirus_England_1

KC667074_2¢_England-Qatar/2012

 Active virus in nasal swabs in 35% of [——

young camels and 15% of adult camels
countrywide

. — e
* Less frequently found in rectal swabs and |
not in blood i,

KC776174_2c_Jordan-N3/2012

* virus most likely is spread by respiratory R
secretions “Zﬁfﬁiﬁiﬁfi sz




was isolated and
propagated relatively easily in
Cytopathic Effects
Vero B4 and LLC-MK2 cells e

e SARS-CoV and HCoV-NL63

e Cell Culture: In certain
circumstances, but not
routine diagnosis,
laboratories with the
appropriate experience and
containment facilities, may
attempt to isolate the virus
in cell culture.

LLC-MK2 HCoV-EMC

12
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compared to
A(HIN1)09pdm
MERS-CoV remains
viable for a longer
duration in the
environment

36 48 6 72 2 2 36

Time (hours) Time (hours)

After four hours no viable A(H1IN1)0O9pdm virus was
detected in comparison to 8, 24 or 48 hours for MERS-

CoV depending on environmental conditions 13



MERS-CoV was very stable in aerosol form at
20°C - 40% RH.

The decrease in viability at 20°C — 70% RH (89%)
was comparable to that of A(HIN1)09pdm

MERS-CoV and SARS-CoV share relatively
similar stability characteristics
* SARS-CoV has been reported to stay viable for up
to five days at 22 to 25°C and 40 to 50% RH and

increase in temperature and humidity resulted in a
rapid loss of viability

The prolonged survival of MERS-CoV compared
to A(HIN1)09pdm on surfaces increases the
likelihood of contact and fomite transmission.

* decrease in viability observed at high
temperature suggests that direct contact
transmission, and not fomite transmission, in
the Arabian Peninsula would be the most
likely route of zoonotic and human to
human transmission in outdoor settings

titre (Log,a)
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Containment levels for work will depend on potential exposure to different
groups of biological agents.

High hazard

Low hazard




e« WHO recommends that all * Routine laboratory procedures that

. . require include:
diagnostic laboratory work o
> 5 v Diagnostic testing of serum, blood
and PCR analys1s on clinical (including haematology and clinical
specimens taken from chemistry), respiratory tract
patients who are suspec ted specimens, or other specimens;
OI. confirmed to be El'nfeCted v' Manipulations involving neutralized
with MERS coronavirus or inactivated (lysed, fixed, or
should be conducted otherw1§e treated) virus Parthles
; { and/or incomplete, non-infectious
according to practices and portions of the viral genome.
: v' The reason for worki ith these t
procedures described for s AT
. otect th ci f taminati
basic laboratory — e iy orhe
specimen,;

v Routine examination of mycotic and
bacterial cultures developed from
respiratory tract specimens. 16



Eating, drinking, smoking, applying cosmetics, and
handling contact lenses in the laboratory working areas.

* Personal Protective Equipment ( )

* masks, respirators, lab coats, etc.

« All manipulations of potentially infectious materials should be
performed in appropriately maintained and validated

* Use of Class II BSCs should be considered to protect work surface
materials as well as personnel and the environment.

17



CLASS II BSC

The Class || BSC was designed not only to provide personnel protection
but also to protect work surface materials from contaminated room air.

Class Il BSCs, of which there are four types:
Class Il type A1 |
Class Il type A2
Class Il type B1  _~

Class Il type B2  ciae-

Type

FACE VELOCITY (m/s) AIRFLOW (%) EXHAUST SYSTEM

IRECIRCULATED EXHAUSTED

Class |2 0.36 0 100 Hard duct

Class I1A1 0.38-0.51 70 30 Exhaust to room of thimble
connection

Class 11A2 0.51 70 30 Exhaust to room of thimble
vented to th connection

outside?
Class |IB12 0.51 70 Hard duct
Class |IB22 0.51 Hard duct




Lower respiratory tract specimens ; the

* tracheal aspirates and BAL

Upper respiratory tract specimens recommended
* especially when lower respiratory tract specimens cannot be
collected
Paired serum samples pending the availability of serological assays
* collected at least 21 days apart, with the first being collected during

the first week of illness

Specimens testing for the novel coronavirus should preferably be tested
to exclude the presence of known respiratory pathogens.
Specimens
* should reach the laboratory as soon as possible after collection.
 The importance of proper handling during transportation

* When there is likely to be a delay in the laboratory receiving
respiratory tract specimens or serum, it is strongly advised to"
freeze them on dry ice.



Specimen type

Transport
medium

Transport to
laboratory

Dangerous
goods shipping
category

Comment

Naturally produced
sputum™®

On ice.

If a delay in testing
of > 24 hours
consider freezing
with dry ice

Biological
substance,
Category B

Need to ensure the
material is from the
lower respiratory
tract

Bronchoalveolar lavage

On ice.

If a delay in testing
of > 24 hours
consider freezing
with dry ice

As above

There may be some
dilution of virus but
still a worthwhile
specimen

Tracheal aspirate

On ice.

If a delay in testing
of > 24 hours
consider freezing
with dry ice

As above

Nasopharyngeal aspirate

On ice.

If a delay in testing
of > 24 hours
consider freezing
with dry ice

As ahove

Combined nose/throat
swab

Virus
transport
medium

Onice.

As above

Virus has been
detected in this type
of specimen

Nasopharyngeal swah

Virus
transport
medium

Onice.

As above

Tissue from biopsy or
autopsy including from
lung

Virus
transport
medium or
saline

On ice.

If a delay in testing
of > 24 hours
consider freezing
with dry ice

As above

Serum for serology or
virus detection: always
collect paired samples if
possible.

Acute — first week of
illness

On ice or frozen

As above

Convalescent - ideally 3
to 4 weeks later

Whole blood

EDTA
anticoagulant

Onice

As above

For virus detection,
particularly in the
first week of illness




INFECTIOUS SUBSTANCES IN

 Category A

» An infectious substance which is
transported in a form that, when
exposure to it occurs, is capable
of causing

in
otherwise healthy humans or
animals.

« UN 2814; cause disease in humans
or both in humans and animals

* UN 2900 ; cause disease only in
animals

"suspected category A infectious
substance"

Primary receptacle

(test tube) ——

Secondary
packaging
(watertight)

B
]
l
]
]
0
[
B
[
[
[
g
]
]
.

_— Cap

- Absorbent material

_— Specimen record (includes

itemized list of contents)

Outer
packaging

Package
Orientation
Label

— (not mandatory
when primary
receptacle does
not exceed 50mL)

S UN specification marking




INFECTIOUS SUBSTANCES IN

Category B
Primary receptacle
~ (leakproof or siftproof)
Waterproof

 An infectious substance which does Cap

Rack-type holder

of contents
(specimen record)

not meet the criteria for inclusion - o s yroloRmiponge)
. packing —
in Category A. mter < e

 Infectious substances in Category B
shall be assigned to

Rigid outer

Secondary __ packaging

packaging —
(leakproof or
siftproof)

The proper shipping

name of UN 3373 is /
“BIOLOGICAL SUBSTANCE, TofFrom abols”

CATEGORY B”.

T Proper shipping
name

—— Package marking

22



* Routine confirmation of cases; be based on
detection of viral RNA by real-time RT-PCR
and sequencing.

* Detection: RT-PCR assays that are specific
for the novel coronavirus
* Up-stream E protein gene (upE), ORF
1b gene and ORF la gene
* upkE target ; highly sensitive,
* ORYF la assay ; equal sensitivity
* ORF 1b assay ;

» less sensitive than the ORF
la assay but may be more
specific

* Sequencing: sequencing to aid
confirmation
* RNA-dependent RNA polymerase

(RdRp) and nucleocapsid (N) protein
genes

* sequencing of an amplicon is useful
for discordant results with two assays

* provide valuable information to help
understand the origins of the virus

*» sequencing of nucleic acid from as

A many positive specimens as possible
@ is recommended

Virology
h C 't

Research Cente

Case under investigation

Screening assay such as Up E gene rRT-PCR

positive

Confirmatory assay such as ORF
1a, ORF 1b, or N gene rRT-PCR

positive negative

Further specimens
should be collected,
and if necessary,
specimens should be
referred to a laboratory
with greater
experience testing for
MERS-CoV

- m g »> -
11,197-11,280 15,049-15,290

1A RdRpSeq

negative

Negative, but if clinical or
epidemiological evidence is suggestive,
collect further specimens and repeat the
tests

RdRpSeq or NSeq sequencing assay

Indicates other
sequences

Indicates MERS-CoV

S EMN
™ ™

27,458-27,550
upE




A number of factors could result in false-
negative results, including:
v poor quality of specimen, such as a

respiratory tract specimen containing
primarily oropharyngeal material

v' the specimen was collected late or very
early in the illness

v' the specimen was not handled and
shipped appropriately

v' technical reasons inherent in the test,
e.g., virus mutation or PCR inhibition

* When the clinical presentation and
epidemiology suggest an infection with
novel coronavirus despite negative PCR
results, serological testing may be useful
to confirm infection.

» This highlights the importance of

collecting paired serum samples from
cases under investigation.

positive PCR assays for at least
two different specific targets
on the novel coronavirus
genome

OR

one positive PCR assay for a
specific target on the novel
coronavirus genome and an
additional different PCR
product sequenced,
confirming identity to known
sequences of the new virus

24



* No official recommendations are currently available regarding
serological

* Currently recommended a two-step diagnostic approach:
* Step 1. Conventional immunofluorescence assay (cIFA)

* Substrate (glass slides): MERS-CoV infected and uninfected Vero
cells

+ Diagnostic parameters: Immunoglobulin G (Ig)G and IgM in
patient serum

* Step 2.
* A) Recombinant IFA (xIFA) using spike protein

* Substrate (glass slides): Transfected Vero cells expressing recombinant
spike protein of MERS-CoV. Remark: For differential xIFA prototype
humanpathogenic CoV (HCoV-NL63, -229E, -OC43, -HKU-1, SARS-CoV)
should be included.

* Diagnostic parameters: Immunoglobulin G (Ig)G and IgM in patient
serum

* B) Confirmation by virus plaque reduction neutralization test
(PRNT)

* Testing material: Heat-inactivated serum/ dilutions starting at 1:20 until 25
1:640

+ Diagnostic parameter: MERS-CoV neutralizing Ig in patient serum



Reactivity with hCoV-EMC/2012
1:100 1:400 1:1600
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Serum 25/10/12

Serum 23/11/12
Cross-reactivity test with SARS-CoV

Serum 23/11/12

The use of IFA is only to be applied in
individuals with symptoms according to
WHO case definition and a history of
proven exposure to a laboratory-
confirmed case of MERS-CoV during the
infectious period.

» IFA seroconversions usually began to

show from of symptoms onward

* while
by RT-PCR in respiratory secretions
starting from day 15 onward

MERS-CoV provides a fine granular
cytoplasmatic fluorescence pattern
sparing the nucleus.

IFA will

due to cross-reactivity between anti-
HCoV antibodies. such as OC43 and
HKU1?

* impossible to discriminate cross-reactive
antibodies by IFA

26



Identify sequence
of immunogenic
target protein

« Novavax on announced that it had 1o Sl l
successfully produced a vaccine candidate designed to S
provide protection against the recently emerging MERS- /

COV. Infect insect cells l
with baculovirus
- The vaccine candidate was made using Novavax /7B
nanoparticle vaccine technology, is based on the major / s
Insect Cells l
express protein
. . . antigens
« Novavax believes that MERS-CoV vaccine candidate may .
provide a path forward for a vaccine for this emerging .
threat.

Recombinant Nanoparticle
Vaccine Constructs

..
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