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Background

23/9/2012 :

The WHO reported 2 laboratory-confirmed cases of

severe respiratory disease associated with a novel coronavirus - HCoV-EMC
(Erasmus Medical Center in Rotterdam, the Netherlands)
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We screened fecal specimens of 4,758 bats from
Ghana and 272 bats from 4 European countries for
betacoronaviruses. Viruses related to the novel human
betacoronavirus EMC/2012 were detected in 46 (24.9%) of
185 Nycteris bats and 40 (14.7%) of 272 Pipistrellus bats.
Their genetic relatedness indicated EMC/2012 originated
from bats.

Coronavimses (CoVs) are enveloped viruses with a
posifive-sense, single-stranded RNA genome (/).

Annan A, Baldwin HJ, Corman VM, Klose SM, Owusu M, Nkrumah EE, et al. Human betacoronavirus 2c EMC/2012—-related viruses in bats,

CoVs are classified into 4 genera: Alphacoronavirus,
Betacoronavirus (grouped further into clades 2a-2d),
Gammacoronavirus, and Deltacoronavirus. Two human
coronaviruses (hCoVs), termed hCoV-OC43 and —229E,
have been known since the 1960s and cause chiefly mild
respiratory disease (2). In 2002-2003, an outbreak of
severe acute respiratory syndrome (SARS) leading to =850
deaths was caused by a novel group 2b betacoronavirus,
SARS-CoV (3). A likely animal reservoir for SARS-CoV
was identified in rhinolophid bats (4.5). In the aftermath
of the SARS pandemic. 2 hCoVs, termed hCoV-NL63 and
-HKU1. and numerous novel bat CoVs were described.

In September 2012, health authorities worldwide were
notified of 2 cases of severe respiratory disease caused by
a novel hCoV (6.7). This virus, termed EMC/2012, was
related to the 2¢ betacoronavirus clade, which had only
been known to contain Tvlonycteris bat coronavirus HKU4
and Pipistrellus bat coronavirus HKUS (8).

We  previously identified highly diversified
alphacoronaviruses and betacoronaviruses. but not clade
2¢c betacoronaviruses, in bats from Ghana (9). We also
identified sequence fragments from a 2c betacoronavirus
from 1 Pipistrellus bat in Europe (I0). In this study. we
analyzed an extended sample of 4,758 bats from Ghana and
272 bats from 4 European countries.

The Study

Fecal specimens were collected from 10 bat species in
Ghana and 4 Pipisirellus species in Europe (Table 1). Bats
were caught during 20092011 with mist nets, as described
(9). in 7 locations across Ghana and 5 areas in Germany,
the Netherlands, Romania. and Ukraine (Figure 1). The
species, age. sexX, reproductive status. and morphologic
measurements of the bats were recorded. Fecal pellets were

Ghana and Europe. Emerg Infect Dis [Internet]. 2013 Mar. http://dx.doi.org/10.3201/eid1903.121503



Epidemiology update on Novel Coronavirus

 Laboratory confirmed cases to date: 14 (8
deaths) - > 50% mortality
— Saudi Arabia: 7 (5 deaths)
— Jordan: 2 (2 deaths)

— UK: 4 (1 patient from Qatar — receiving treatment;
1 patients travelled from Pakistan/Saudi Aradia —

receiving treatment ; 2 from UK- 1 recovered, 1
death)

— Germany: 1 (patient from Qatar — discharged)



Details of 14 confirmed cases (as of 6/3/13)

C . .
::e Date of Onset {ylzg?s] Sex Probable place of infection | Date reported Outcome Clusters Remark
Retrospective testing a
Zaraa hosital cluster of 11 pneumonia
1 April 2012 45 F Jordan 30/11/2012 Dead ?nurseF}} cases (7 nurses and 1 doctor)
which occurred in an
intensive care unit.
§ Zarqga hospital
2 April 2012 25 M lordan inf11/2012 Dead iy
(intern)
) . . Isolate was obtainad from
3 13/06/2012 60 M Kingdem of Saudi Arabia 20/038/2012 Dead No i
lung tissue.
Qatar/ Kingdom of Saudi Alive/ Travel history to Saudi Arabia.
4 03/03/2012 a3 M Arabia 23/03/2012 Hospitalized No Transferred to UK hospital.
5 10/10/2012 45 M Kingdem of Saudi Arabia 04/11/2012 Alive Mo
) Transferred to Germany
6 12/10/2012 45 M Qatar 23/11/2012 Alive No hospital (discharged).
7 03/11/2012 31 M Kingdom of Saudi Arabia 20/11/2012 Alive Family A in Riyadh 1 more family member, who
had a similar illness and
8 28/10/2012 39 M Kingdom of Saudi Arabia 23/11/2012 Dead Family & in Riyadh | recovered but tested
negative by PCR, was not
i in Ri included.
3 | october 2012 70 M Kingdom of Saudi Arabia 28/11/2012 Dead Fam"?:c:‘t:;z'*’adh ineluge
UK citizen. Travel history to
Pakistan/ Alive/ I ) Pakistan and Saudi Arabia.
e 24/01/2013 o0 M Kingdom of Saudi Arabia 11/02/2013 Hospitalized Family B in UK Co-infected with Influenza
A{H1N1) pdm 2009
11 06/02/2013 Adult M United Kingdom 12/02/2013 Dead Family B in UK
(son of case 10)
Alive/ Recovered Limited exposure to case 10
12 05/02/2013 Adult F United Kingdam 15/02/2013 S Family B in UK on 3 occasions while he was
(mild dizease) ) .
in hospital
. . i Hospitalized on 29 Jan and
13 Unknown Unknown | Unknown Kingdom of Saudi Arabia 21/02/2013 Dead No died on 10 Feb 2013
14 Unknown 69 M Kingdom of Saudi Arabia 6/03/2013 Dead No Hospitalized on 10 Feb and

died on 19 Feb 2013
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ECMO

* Rapid Risk Assessment: Severe respiratory disease associated with a novel coronavirus Technical reports - 19 Feb 2013
*  http://www.who.int/csr/don/2013 02 21/en/index.html

*  http://www.who.int/csr/don/2013_03_06/en/index.html


http://www.who.int/csr/don/2013_02_21/en/index.html
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JAMA. 2009;302(17):1888-1895

Hong Kong’s experience on the use of extracorporeal
membrane oxygenation for the treatment of
inﬂuenza A (H‘l N‘I) Hong Kong Med | 2010;16:447-54
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Clinical management of
severe acute respiratory infections
when novel coronavirus is suspected:
What to do and what not to do
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Section 1. Early recognition and management
Section 2. Management of severe respiratory distress, hypoxemia and ARDS

Section 3. Management of septic shock
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Introduction

The emergence of novel coronavirus in 2012 (see http://www.who.int/csr/disease/coronavirus_infections/en/index.
html for the latest updates) has presented challenges for clinical management.

Pneumonia has been the most common clinical presentation; five patients developed Acute Respira-
tory Distress Syndrome (ARDS). Renal failure, pericarditis and disseminated intravascular coagulation

(DIC) have also occurred.

Our knowledge of the clinical features of coronavirus infection is limited and no virus-specific preven-
tion or treatment (e.g. vaccine or antiviral drugs) is available. Thus, this interim guidance document

aims to help clinicians with supportive management of patients who have acute respiratory failure and
septic shock as a consequence of severe infection. Because other complications have been seen (renal
tailure, pericarditis, DIC, as above) clinicians should monitor for the development of these and other

complications of severe infection and treat them according to local management guidelines,

As all confirmed cases reported to date have occurred in adults, this document focuses on the care of
adolescents and adults. Paediatric considerations will be added later.

http://mww.who.int/csr/disease/coronavirus_infections/InterimGuidance_
ClinicalManagement_NovelCoronavirus_11Feb13.pdf



SECTION 1
Early recognition and management

@  Give empiric antimicrobials to treat suspected pathogens, including community-
acquired pathogens

Although the patient may be suspected to have novel coronavirus infection, administer appropriate
empiric antimicrobials as soon as possible for community-acquired pathogens based on local epidemi-
ology and guidance until the diagnosis is confirmed. Empiric therapy can then be adjusted on the basis
of laboratory testing results.

@  Use conservative fluid management in patients with SARI when thereisno
evidence of shock

Patients with SARI should be treated cautiously with intravenous fluids, because aggressive fluid resus-
citation may worsen oxygenation, especially in settings where there is limited availability of mechanical
ventilation (7).

& Do not give high-dose systemic corticosteroids or other adjunctive therapies for
viral pneumonitis outside the context of clinical trials

Prolonged use of systemic high-dose corticosteroids can result in serious adverse events in patients with
SARI, including opportunistic infection, avascular necrosis, new health-care-associated bacterial infec-
tion and possibly prolonged viral replication. Therefore, corticosteroids should be avoided unless they
are indicated for another reason (8).

http://mww.who.int/csr/disease/coronavirus_infections/InterimGuidance_
ClinicalManagement_NovelCoronavirus_11Feb13.pdf



SARS: Systematic Review of Treatment Effects

Lauren J. Stockman'?’, Richard Bellamya, Paul Garner”

1 Centers for Disease Control and Prevention, Respiratory and Enteric Viruses Branch, Atlanta, Georgia, United States of America, 2 Department of Veterans' Affairs, Adanta
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Tropical Medicine, Liverpool, United Kingdom

Table 1. Summary of the Evidence for Benefit or Harm of Drugs
Used to Treat SARS

Treatment Inconclusive® Possible Harm® Total Studies
with Evidence
(English and

Chinese)?
Ribavirin 26 4 30
Corticosteroid 25 4 29
LPV/r 2 0 2
IFN-o 3 0 3
Convalescent plasma 7 0 7

or Immunoglobulin

Studies were classified into six categories, but there were four categories without any
studies: “possible benefit,” “possible harm,” “definite benefit,” “definite harm™ (see Box 1).
PStudies totalled 54; some reported on more than one drug.

DOI: 10.1371/journal.pmed.0030343.t001

PLoS Medicine September 2006 | Volume 3 | Issue 9 | e343



SARS experience — lopinavir/ritonavir
(kaletra)

Objectives. To investigate the possible benefits and adverse effects of the addition

L]
TI'EII'I‘I'lEIIf 0[ severe ﬂ(I.IIE I'ESPII'UTUI'Y of lopinavir/fritonavir to a standard treatment protocol for the treatment of severe
acute respiratory syndrome.

SYHdrﬂme wnh Iupinuvir/ritu“uvir: a Design. Retrospective matched cohort study.

] ] Setting. Four acute regional hospitals in Hong Kong.
m“"“enire re‘l‘rosPEt"ve muI(hEd Patients and methods. Seventy-five patients with severe acute respiratory
syndrome treated with lopinavir/ritonavir in addition to a standard treatment
(Ohu rt SIUdY protocol adopted by the Hospital Authority were matched with controls retrieved
from the Hospital Authority severe acute respiratory syndrome central database.

uﬁﬂﬁjﬁﬁﬁﬂﬂllgﬁﬁﬁﬁﬁﬁﬁﬂ . ;ﬂ *ﬂ:im Matching was done with respect to age, sex, the presence of co-morbidities,

lactate dehydrogenase level and the use of pulse steroid therapy. The 75 patients
@ iﬁﬂﬁﬂg'ﬂﬁ treated with lopinavir/ritonavir were divided into two subgroups for analysis:
lopinavir/ritonavir as initial treatment, and lopinaviritonavir as rescue therapy.
These groups were comparad with matched cohorts of 634 and 343 patients,
respectively. Outcomes including overall death rate, oxygen desaturation,

'IopinaVir 400 mg/ritonaVir 100 mg ora | Iy intubation rate, and use of pulse methylprednisolone were reviewed.

Results. The addition of lopinavir/ritonavir as initial treatment was associated
every 12 hours to the standard regimen with a reduction in the overall death rate (2.3%) and intubation rate (0%}, when
compared with a matched cohort who received standard treatment (15.6% and
11.0% respectively, P<0.05) and a lower raie of use of methylprednisolone at a
lower mean dose. The subgroup who had received lopinavir/ritonavir as rescue

*given for 10to 14 dayS' dependlng on therapy, showed no difference in overall death rate and rates of oxygen
disease seve r|ty a nd patient t0|era nce desaturation and intubation compared with the matched cohort, and received a

higher mean dose of methylprednisolone.

Conclusion. The addition of lopinavir/ritonavir to a standard treatment protocol
as an initial treatment for severe acute respiratory syndrome appeared to be
associated with improved clinical outcome. A randomised double-blind placebo-
controlled trial is recommended during future epidemics to further evaluate this
tresatment.

Hong Kong Med J 2003 9:300-204



SARS experience — lopinavir/ritonavir

(kaletra)

Treatment of severe acute respiratory
syndrome with lopinavir /ritonavir: a
multicentre retrospective matched
cohort study

Table 3. Comparison of outcomes for the group given LPV/r as initial freatment and a matched cohort*

LPWIT a5 Infilal treaiment, n=44 Maiched cohor, n=634 P walua
Crude raie of mean (85% Cl) Standardised rase or mean’ (95% Cl)
Dieath rate (%) 2.3 0-6.8) 15.6(9.58-22.58) <0.05
Infubation rate ($) 0 N.0{F.7-15.3 =005
Drezaturation rate (Sa02=0950) [%] 682 (52.3-81.8) BA5(T4.4-95.3) WS~
Proportion requiing pulse 273 (1 .4-40.59) 55447 6-63.59 <0.05
mathylprednisolons rescue %)
Maan pulsa mathylprednisolone doss (g) 16(1.1-2.0) 3.0(28-3.2 <1005
* Matched on age. sex, presencaiabsence of co-morbidity, and inital laciste dehydrogenass level
t Standardized based on the percentage distribution of subjects of the treated group scross the prognostic sireis in Table 1
#NE  mot significant
Table 4. Comparson of outcomes of the group given LPV/T as rescus treatment and a matched cohort®
LPW/T a5 rescue, n=31 Maiched cohor, n=343 P walua
Crude raie of maan (85% Cl) Stanoardised rame or mean’ (95% Gl)
Dieath rate (%) 12.9(0-25.8) 14.0(5.2-26.3) NS*
Infubstion rate (%) 0.7 [0-22.6) 18.1{8.0-29.7) NS
De=aturation rate [Sa02=955%:) [%] 93.5 (B80.6-100) 5921 (75.9-100) NS
Mean pulse methylprednisclons doss (g) J.B(3.5-4.3 3.0(2.8-3.2 <0.05

* Matched on age, sex, presenca’absance of co-morbidity, kactate debydrogensss level before pulse methylorednisolone, and wse of pulse

methylprednisolone

I Standardised based on the percentege distribution of subjects of the tresied group across the prognostc strata in Table 1

*ME  not significant

Hong Kong Med J 2003 0:300-406



SARS experience — lopinavir/ritonavir

(kaletra)

Role of lopinavir/ritonavir in the treatment of SARS: initial
virological and clinical findings

C M Chu, V C C Cheng, | FN Hung, M M L Wong, K H Chan, K 5 Chan, R Y T Kao, L L M Poon,
C LPWong, Y Guan, J 5 M Peiris, K Y Yuen, on behalf of the HKU/UCH SARS Study Group*

Badkground: The clinical response of patients with severe acute respirdory syndrome [SARS) o o
combinafion of hﬁmrir;"ri‘fur'm-'ir ond ribavirin was exomined afier esﬂ}hihing the in vilro anfiviral
ms::eﬁil:ﬂi?« of the SARS associaled comnavirus to a panel of anfiviral agenis.
Methods: The in vilro suscephibility of the protolype of SARS associated coronavins to a panel of
nudeaside nmlugm; and protecse inh ibitors cun‘enﬂy licensed for clinical use was sudied. Forty one
pafienk with SARS followed for 3 weeks were redled with a combination of lopinavir/rilonavir and
ribavirin, The dinica progress and vimlogical cutcomes were monitored and compared with 111 patients
treated with ribovirin nnbr'u'-h:l served as historical contrals.
Results: In vitrs anfivinal activity against SARS associated coronavinus was demonsirated for lopinavir and
ribavirin ot concentrations of 4 pg/ml and 50 pg/ml, respectively, anly at 48 hours. The adverse dinical
oulcome [ARDS or death) wos sig nﬁimnﬁ?ﬁhwr in the treatment group than in the higorical controls
[2.4% v 28.8%, p<0.001) of day 21 aller the omet of symploms ﬁe adverse outcome remained
significantly lower in the freafmenit group than in the conirols—both those diognosed early (p<0.001) and
those diagnosed later in the course of the epidemic (p=0.002) —but there was no significant diflerence in
odverse ouicome rates between the wo time pu'icr.:E [p=0.548). Mo fime relaled diflerence in oukcome
win observed in the control roups. A reduction in steroid umgemd nosocomial infechions was seen in
pafienk inifially reated with Epimvi r/ rilonavir, and these patients hod a decreasing viml lood and rising
pe-ripheru| b'nphucﬁe count. Multivariake und;rsis showed that age, ifis B camier siohus, and ladk of
reaiment with this antiviral combinafion were independent prediciors of an adverse culcome. lopinavir/
rlonavir treatment wos associaled with o beler oulcome even when ncﬁus'h!d for boseline lodtate
dehydrogenmse level.
Conclusions: The apparent favourable dinical response with lopinavir/ ilonavir and ribavirin supports
further randomised plocebo confrolled tridls in patients with SARS.

Thaax 2004:59:252-254. doi: 10,1138/ tharax 200301 2458



SARS experience — lopinavir/ritonavir
(kaletra)

RESPIRATORY INFECTION

Role of |o[]3inuvir/ritonuvir in the treatment of SARS: initial

virological and clinical findings

C M Chu, V C C Cheng, | FN Hung, M M L Wong, KH Chan, K 5 Chan, R Y T Kao, L L M Poon,
C LP Wong, Y Guan, J 5 M Peiris, K Y Yuen, on behalf of the HKU/UCH SARS Study Group*

Lopinavir (400 mg)/ritonavir (100 mg) orally
every 12 hours for 14 days

Both historical controls and lopinavir/ritonavir
treated group given ribavirin and corticosteroid

according to the same protocol

Ribovirin
200 pug/ml 100pg/ml SO pg/ml  25pg/ml 12.5ug/ml 625 wg/!

v f X - \ {»"“ ‘/ r%\,.j ’ﬂ\
Z L s | PN )h\,_ 4

Lopinowr
2pg/ml  Tug/wl  500ng/ml 250 ng/ml

/

-~

Control: 100 PFU, CO,, 48 b,
SARS amscciched coronavins
(HKLU-39849 Isolate) oddad

Figure 1 Dose dependent antiviral effects of ribavarin ond lopinavir on
SARS coranavirys. In vitro antiviral suscepiibility $esting showed thot the
aytopathic effect was inhibited mcm ot 4 ug/rr?md ribavirin ot
50 pg/ml aber 48 hours of incubon

Thorax 2004;59:252-256. doi: 10,1138/ therax 2003012658



SARS experience — lopinavir/ritonavir

RESPIRATORY INFECTION

(kaletra)A
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g
. . . .- . EB
Role of |oﬁ)muw r/ritonavir in the treatment of SARS: initial ~ _¢7
- - - - - - ‘:|" z ﬁ
virological and clinical findings 350
854
C M Chu, V C C Cheng, | FN Hung, M M L Wong, KH Chan, K5 Chan, R Y T Kao, L L M Poon, %;‘“ 3
C L P Wong, Y Guan, J 5 M Peiris, K Y Yuen, on behalf of the HKU/UCH SARS Study Group* Lh ?
-1
Table 1  Baseline characteristics and 21 day adverse outcome (death or development of
ARDS requiring intensive care) of historical controls and treatment group
Historical controls  Treatment group B
h=111) (n=41) p value g
Meon {SD) oge fyecrs) 42.1 (147) 39.4(15.2) 0.32 g
Mdle:femdle rafio 48:63 10:31 0.039 57
Active co-morbid condifion 22 (19.8%) 6 (14.6%) 0.464 F &
Chronic hepatitis B infecfion 11 (9.9%) 1(2.4%) 0.182 2F 5
Mean (SD) duration of symptoms to admission (days) 2.61(2.3) 1.85(1.5) 0.05 o 2 g
Apparently normal chest radiograph on admission 23 (20.7%) 11 (26.8%) 051 -5 2
Multilobar involvement on initial chest radiograph 29 (26.1%) 5(12.2%) 0.081 £45 1
NPA RT-PCR positive at diagnosis A1 (36.9%) 14 (34.1%) 0.850 E 0
Mean (SD) hoemoglebin {g/d) 13.3 (1.6) 13.5(1.4) 0.468 =9
Mean (SD) initial foral peripheral WBC count (<10°/1) 6.4 (2.2) 6.7 (3.0) 0.420
Mean (SD) initial lymphocyte count (= 10%/1) 1.0 (0.5) 0.9 (0.3) 0.297
Mean (SD) initial platelet count (=<107/1) 169 (44) 199 (77) 0.023
Median (IRQ) initial LDH (1U/1) 01 (344-467) 276 (197-33¢)  <0.001
Median (IRQ) cumulative pulse methylprednisolone 1.5 (1.0-3.0) 2.0 (0-3.0) 0.477
dose (g)
Development of ARDS or death within 21 days 32 (28.8%) 1 (2.4%) =<0.001
Death/ARDS at day 21 7 (6.3%)/25 (22.5%) 0 (0%)/1 (2.4%) -
NPA = nasopharyngeal aspirate; WBC= white blood cell; LDH =lactate dehydrogenase; ARDS =acute respiratory
distress syndrome.

Figure 2 (A) Change in viral load by sequential quantitative RT-PCR for
SARS associated coronavirus in nasopharyngeal swabs of six pafients in
the initial trectment subgroup. Note that case & was given pulse
methylprednisolone on day 7. (B) Change in viral load by sequential
quantitative RT-PCR for SARS associated coronavirus in nasopharyngea
swabs of 12 patients in the historical control group.

Thorax 2004 59:252=256. aoi: 10.1134/tharax 2003012658



SARS experience — lopinavir/ritonavir
(kaletra)

RESPIRATORY INFECTION

Role of |o§>inuvir/ritonuvir in the treatment of SARS: initial
virological and clinical findings

C M Chu, V C C Cheng, | FN Hung, M M L Wong, KH Chan, K 5 Chan, R Y T Kao, L L M Poon,
C LP Wong, Y Guan, J 5 M Peiris, K Y Yuen, on behalf of the HKU/UCH SARS Study Group*

Table 2  Independent risk factors predicting adverse Table 3 Adjustment of odds ratio of lopinavir/ritonavir
outcome of death or development of acute respiratory treatment for lactate dehydrogenase (LDH) level with
distress syndrome (ARDS) requiring intensive care within respect to the adverse outcome of death or development
21 days of acute respiratory distress syndrome (ARDS) requiring
Adjusted odds ratio intensive care within 21 days
Variables (95% Cl) p value Adiusted odds ratio
Age group [years) 0.013 Variables (95% CI) p value
2140 ;%0 " Treatment
i 5157101390 0008 Carirls 1.000 -
HBsAg positive patients 6.35 (1.67 to 24.08)  0.007 Treatment group 0.076 (0.01 ' 0.589)  0.014
nch i LDH level [per 001U/l 1.155 (0.95310 1.401)  0.142
Controls 1.00 = increase)
Treatment group 0.07 (0.01 to 0.55) 0.0m
HBsAg =Hepatitis B surface anfigen.

Thorax 2004 59:252=256. doi: 10,1134/ thora 2003012658



SARS: Systematic Review of Treatment Effects

Lauren J. Stockman'?’, Richard Bellamy?', Paul Garner”

1 Centers for Disease Control and Prevention, Respiratory and Enteric Viruses Branch, Atlanta, Georgia, United States of America, 2 Department of Veterans' Affairs, Atanta
Research and Education Foundation, Decatur, Georgia, United States of America, 3 James Cook University Hospital, Middlesbrough, United Kingdom, 4 Liverpool School of
Tropical Medicine, Liverpool, United Kingdom

Immunoglobulin | N/A, Therewas an improvementin IVlg was given after deterioration on corticosteroid Incondusive. (35).,
or Convalescent radiographic score 5, 6, and 7 days after and ribavirintreatment. Cannottell ifimprovement
Plasma., treatment with |V|g, comparedto day 1. was attributed to JVIg. ,
Patients recovered after treatment. .,
’ N/A., Death rate: 6.3% early groupv 21.9% later  Patients received plasma at different time during Incondusive., (36).»
group. No adverse reactions seen. Better iliness. Without a control group, cannot be sure that
outcome if convalescentplasma given improvement is due to convalescent plasma. .,

before day 14 of iliness andamongthose

CoN.»

N/A., Death: 0/19ys 5/21 in control. Either plasma or steroids given at discretion of Incondusive., (37).
Convalescent plasma assocatedwitha physicianandbased onavailability of plasma. Steroid
more favourable outcome in SARS group had more co-morhidties. Cannot attribute

patientswho deteriorated despite ribaviin ~ improvement to treatment alone. .,
and highdose MP. .,

’ Intravenous ARDS was assocdated with significant Study lookedforassocations with ARDS. Not Incondusive., (20).
immunoglobulin., mortalityin SARS patients despite possible to deteminespecfictreatment effect since
aggressive therapy with ribavinn, steroids many different treatments were giventogether.
and IVIG. ., Treatment defermined by physicans and not defined
by specific criteria. .
’ Intravenous Death rate 19.7%. Authors suggestthat Lack of control group, underlying condtionsinseveral Incondusive., (24).,
immunoglobulin IVIG appeared effective in controlling patients and combination of treatment prevents
1g/kg/dayfor 2 days.. leukopenia and thrombocytopenia. ., conclusion ontreatment effectiveness. .,

Inconclusive : could not be discerned from the effects of patient comorbidities,
stage of iliness, or effect of other treatments

Chinese Literature

Immunoglobulin. | Motspecified., Death: 1/96. Corticosteroids, human Clinicalillness in patients (mostly hospital  Inconcusive., (4).1
gamma globulin, interferon-a, and antiviral  staff) is descrbed but the effect of

drugs may be some benefitinshortening  treatment cannot be evaluated. .

clinical course..

a Mot specified.. Death M5, SARS is mild in children. . All children given ribaviring, steroids and Inconcdusive., (2}
195, Mo informationontreatment effect ..
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Interferon-alpha..

Sugid for 2 days then
increasedto 15 yg/d if

na clinical resporse..

Death: W3 in interferon-a +steroid group.
Death: 1/13in steroid only group. [FM-g,
was well tolerated. Evidencethat IFM-a
may have morerapid resolutionoflung x-
ray and better oxygen saturation levels
than corticosteroids alone. .

Controlgroupwas patients admitted atthe sametime  Incondusive.. (34) ..
and treated with corticosteroids only or thosewho

declined inteferontreatment. Lack of randomization

and small sample size makes effect oftreatment

difficult to conclude. .

IM 3,000,000 Uiday .

Thecombineduse of intefferon andlarge
dose ofimmunoglobulin had no o bvious
effect. .

Patients in each groupwere given CRAP Incondusive.. (3).
inconsistently. Lack of clear-cut use of any treatment
in any group makes it difficult tofind an effect. .

Inconclusive : lack of consistent treatment regimen or suitable control group

Chinese Literature

Interferon-alpha..

Motspecified..

Death: 1/95. Corticosteroids, human

Clinicalilinessin patients (mostly hospital  Incondusive. [4}.1

gamma globulin, interferon-a, and antiviral  staff) is described but the effect of

drugs may be some benefitin shortening

clinical course .

treatment cannot be evaluated. .
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Efficient Replication of the Novel Human Betacoronavirus EMC on
Primary Human Epithelium Highlights Its Zoonotic Potential

Only limited early transcriptional response to coronavirus infection
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ABSTRACT The recent emergence of a novel human coronavirus (HCoV-EMC) in the Middle East raised considerable concerns,
as it is associated with severe acute pneumonia, renal failure, and fatal outcome and thus resembles the clinical presentation of
severe acute respiratory syndrome (SARS) observed in 2002 and 2003. Like SARS-CoV, HCoV-EMC is of zoonotic origin and
closely related to bat coronaviruses. The human airway epithelium (HAE) represents the entry point and primary target tissue
for respiratory viruses and is highly relevant for assessing the zoonotic potential of emerging respiratory viruses, such as HCoV-
EMC. Here, we show that pseudostratified HAE cultures derived from different donors are highly permissive to HCoV-EMC in-
fection, and by using reverse transcription (RT)-PCR and RNAseq data, we experimentally determined the identity of seven
HCoV-EMC subgenomic mRNAs. Although the HAE cells were readily responsive to type I and type III interferon (IFN), we ob-
served neither a pronounced inflammatory cytokine nor any detectable IFN responses following HCoV-EMC, SARS-CoV, or
HCoV-229E infection, suggesting that innate immune evasion mechanisms and putative IFN antagonists of HCoV-EMC are op-
erational in the new host. Importantly, however, we demonstrate that both type I and type III IFN can efficiently reduce HCoV- -
EMC replication in HAE cultures, providing a possible treatment option in cases of suspected HCoV-EMC infection.

IMPORTANCE A novel human coronavirus, HCoV-EMC, has recently been described to be associated with severe respiratory tract
infection and fatalities, similar to severe acute respiratory syndrome (SARS) observed during the 2002-2003 epidemic. Closely
related coronaviruses replicate in bats, suggesting that, like SARS-CoV, HCoV-EMC is of zoonotic origin. Since the animal reser-
voir and circumstances of zoonotic transmission are yet elusive, it is critically important to assess potential species barriers of
HCoV-EMC infection. An important first barrier against invading respiratory pathogens is the epithelium, representing the en-
try point and primary target tissue of respiratory viruses. We show that human bronchial epithelia are highly susceptible to
HCoV-EMC infection. Furthermore, HCoV-EMC, like other coronaviruses, evades innate immune recognition, reflected by the
lack of interferon and minimal inflammatory cytokine expression following infection. Importantly, type I and type III interferon
treatment can efficiently reduce HCoV-EMC replication in the human airway epithelium, providing a possible avenue for treat-
ment of emerging virus infections.

. mBio 4(1):200611-12. doi:10.1128/mBio.00611-12.



Interferon — 3 types (I, Il and lll)

Viral infection / TLR agonist

Type | IFNs Type Il IFNs Type Il [EN
IFN-c, IFN-B IFN-A1, IFN-A2 IFN-y
IFN-¢, IFN-x or IFN-A3
or IFN-w
O O

|

ISG expression o Qa2 |
in response to IFN-a b 1 |

tends to peak early,
followed by a rapid decline / E 3 x / L J 3
STA :

U N
QSTAT2
Cytosol

[ Tere HooRoeat .
mx1 ip-10
Nucleus oas mig

it-7 irf-1

IFN-A triggers a weaker

but more sustained increase
. . JOURNAL OF INTERFERON & CYTOKINE RESEARCH
in ISG expression Volume 30, Number 8, 2010



Interferon

Interferon a2a (Intron A)/a2b (Roferon-A)
— 3 MU 3x/ week sc (based on dose for hepatitis)

Pegylated interferon a2a (Pegasys)

— 180 ug once weekly sc (based on dose for hepatitis)

Pegylated interferon a2b (Peg-Intron)
— 0.5-1.5 ug/kg once weekly sc (based on dose for hepatitis)

Pegylated interfeon Ala

— 120, 180 or 240 ug once weekly sc (based on dose of hepatitis C phase
llb study)



Interferon alfa
— side effects

General

e Most patients experience dose-related bide effects (more common with >18 million U).

Common

e Flu-like syndrome (50%—-98%): fever, chills, fatigue, headache, arthralgias, usually within
6 hrs of administration, lasting 2—12 hrs. NSAIDs may alleviate Sx.

e Gl intolerance (20%—65%): anorexia, abdominal pain, nausea, vomiting, diarrhea.
e Neuropsychiatric toxicity (20%—50%): irritability, depression, confusion, anxiety.
e Hepatitis (dose related in up to 40% receiving high doses).

e Marrow suppression.

e Rash and alopecia (up to 25%).

e Proteinuria.

e Metallic taste.

Occasional

e Dyspnea and cough.
e FElevations of bilirubin and alkaline phosphatase.

¢ [nsomnia.
e Rash.

John Hopkins HIV guide 2012 edition



Interferon alfa
— side effects and drug interactions

Rare

Suicidal ideation or behavior.

Thyroiditis with hyperthyroidism or hypothyroidism.

Retinopathy.

Rare cases of erythema multiforme, toxic epidermal necrolysis (TEN), and Stevens-Johnson
syndrome reported.

Injection site necrosis.

Myositis.

ITP and TTP.

Decrease or loss of vision (case reports when used in combination with ribavirin).
Reversible hearing loss and/or tinnitus.

Druc INTERACTIONS

ACE inhibitors (captopril and enalapril): case reports of neutropenia and thrombocytopenia
with coadministration. Monitor closely.

AZT, ganciclovir, pyrimethamine, cancer chemotherapy, and 5-FC: additive bone marrow
suppression with INF coadministration. Monitor CBC closely.

Phenobarbital: phenobarbital serum levels may be increased. Monitor levels closely.
Theophylline: theophylline serum levels may be increased. Monitor levels closely.

John Hopkins HIV guide 2012 edition



Potential experimental treatments

* |nterferon a/ Interferon A

* Protease inhibitor e.g. Lopinar/ritonavir

* Convalescent plasma

No specific treatment can be recommended




Clinical management of suspected/confirmed
case(s) of Novel Coronavirus

Patient isolation and notification

* Isolate the patient(s) in single room with Standard, Contact and Airborne
precautions
* Notify via NDORS (if not yet done)
Baseline investigation
— Test of Novel Coronavirus

e upper respiratory tract (NPA, NPS); lower respiratory tract (sputum, tracheal
aspirate, BAL)

* Paired serum (acute and convalescent)
— Other microbiological workup
e Sputum, urine and blood culture
* NPA for flu A/B and other respiratory viruses
* NPA for atypical pneumonia PCR
e Urine for Legionella antigen
* Other tests as necessary

— CXR and ECG and other blood tests e.g. CBP D/C, L/RFT, RG, ESR, CRP
etc



Clinical management of suspected/confirmed
case(s) of Novel Coronavirus

Empirical antimicrobial agents

* B-lactam/B-lactamase inhibitor combination OR 3™ gen ceph +
macrolide

* Consider respiratory fluoroquinolone if allergy to B-lactam
Monitoring and early recognition of complication(s)
* Monitor vital signs and recognize complication(s) early

* Contact ICU early for intensive care if anticipate clinical
deterioration



Clinical management of suspected/confirmed
case(s) of Novel Coronavirus

Supportive treatment

* Provide supportive treatment as necessary
— Oxygen
— 1V fluid
— Inotropic support +/- steroid* (shock)
— Mechanical ventilation +/- ECMO (respiratory failure)
— Renal dialysis (renal failure)

* Avoid high-dose systemic corticosteroids for viral pneumonitis; consider administration of intravenous
hydrocortisone (up to 200 mg/day) or prednisolone (up to 75 mg/day) to patients with persistent shock who
require escalating doses of vasopressors



Clinical management of suspected/confirmed
case(s) of Novel Coronavirus

Specific treatment

* Based on the current evidence, NO specific anti-viral
treatment can be recommended at the moment

* To be updated in accordance to the latest research results and
international guidelines
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