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Summary

In September 2012, a novel coronavirus was isolated from a patient inAahid who ha
died of an acute respiratory illness and renal failure. The alinpresentation was
reminiscent of the outbreak caused by the SARS-coronavirus (SARpeactly ten yea

ago that resulted in over 8000 cases. Sequence analysis ofvlverue revealed that it was
indeed a member of the same genus as SARS-CoV. By mid-Fel2QEBy 12 laboratory-
confirmed cases had been reported with 6 fatalities. The firsis8scwere in individuals
resident in the Middle East, while the most recent 3 casesim&mily members resident |n
the UK. The index case in the UK family cluster had travelohysto Pakistan and Saydi
Arabia. Although the current evidence suggests that this virmetidighly transmissible
among humans, there is a real danger that it may spread tgatteiof the world. Here,|a
brief review of the events is provided to summarize the rapidlygnepicture of this new
virus.
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The threat of respiratory viruses

Whenever a new virus associated with an acute respiratorysilleeserges, medical
authorities around the world are put on high alert and vigilance, arnd msitifiably.
Emerging and re-emerging viruses causing respiratory infechians been responsible for
outbreaks resulting in millions of deaths. The pandemic influenzaegirofs1918, 1957 and
1968 are our bleak reminders. Since 1968, major outbreaks with mortaftidse scale
previously seen have not occurred, although there have been regular threats.

The novel coronavirus

Recently, a novel coronavirus has been identified in patierits Severe acute respiratory
illness [1,2]. This new virus, provisionally referred to as novel coromsn¢{NCoV) has been
fully sequenced and shown to belong to groyp@ronaviruses [3-5]. The genome, which is
just over 30 KB, contains at least 10 predicted open reading f@Rdss) [4]. The genome
size, organization and sequence analysis revealed that the NGwétiglosely related to bat



coronaviruses BtCoV-HKU4 and BtCoV-HKUS5 [3-5] first isolated in 2006nfr bats
captured in Hong Kong [6]. The major difference between NCoV and theiscoronaviruses
is in the region between the spike and the envelop genes [5]. Co¥ Nas 5 ORFs while
the bat viruses have 4 in this region [5]. The nearest human coumasiated to NCoV is
SARS-CoV [3-5]. This virus was responsible for the outbreak oérseacute respiratory
syndrome in 2002—-2003 which resulted in 8,422 cases worldwide with 916 deatVstli7d
mortality of approximately 11% seen with SARS-CoV infection, thentification of NCoV
from patients with similar acute respiratory illness ah VdARS-CoV is of a real concern.
Coronaviruses are a large family of enveloped, single-strandedl \RiNses that infect a
number of different species, including humans. They are usually spgmeeific, however
interspecies transmission of coronaviruses can occur [8-10]. Wowyimghitro studies
show that NCoV is also capable of infecting cells from diffespecies, including monkeys,
humans, bats and pigs [2,11]. Indeed, NCoV was first isolated using mddkesy
epithelial cell lines, Vero and LLC-MK20, both of which are sustéptio infection and can
propagated the virus relatively easily [2]. Prior to the isotatof NCoV, only five
coronaviruses, namely 229E, OC43, SARS-CoV, HKU1 and NL63, were knowruse ca
infections in humans [12]. In the absence of any underlying co-mbesidall of these
coronaviruses, except for SARS-CoV, are generally associthdmild upper respiratory
tract infections. SARS-CoV has an unusual predilection for infectelly a the lower
respiratory tract. Although NCoV also causes lower respirat@st infection, the viral
receptor appears to be different from that used by SARS-CoV [11,13].

Timeline for confirmed human cases (in chronological
order of reporting)

As of 15 February 2013, a total of 12 laboratory confirmed cases of N@o¥ been
reported to WHO [14]. The first 9 of these cases have been fremiliddle East: 5 cases (3
fatal) from Saudi Arabia, 2 cases from Qatar and 2 casesf@iathfrom Jordan (Figure 1).
The most recent 3 cases (1 fatal) were in individuals living in UK.

Figure 1 Novel Coronavirus Timeline (chronology of reporting): September 2012-
February 2013 The figure summarizes some of the basic details of the 12 laboratory
confirmed cases of the novel coronavirus infection and dates when these casdficiadhe
reported.

20th September

The first reported case was in a 60-year old Saudi man. Hedmattead to hospital in the
port city of Jeddah on 13th June 2012 with a 7-day history of fever, cougéhartdess of
breath. He died 11-days later of progressive respiratory and refaé fi2]. Laboratory
investigations for common causes of respiratory iliness, includithgenza, parainfluenza,
adenovirus and respiratory syncytial virus were all negative [@ever, inoculation of
Vero and LLC-MK2 cells with sputum sample taken on admission, egsutt cytopathic
changes suggestive of viral infection [2], which was eventuallytiiied as a novel
coronavirus and reported on 20th September [15].



22nd September

The second case was in a 49-year old Qatari patient [16]. He iatbey of travel to Saudi
Arabia from 31st July to 18th August, but no evidence of contact tarttecdse [16]. He
developed a mild respiratory illness on 3rd of September which psegrés pneumonia and
he was hospitalized in Doha on 9th September [17]. His condition furtteerodated and he
was transferred by air ambulance to London. Tests for common catis@s severe
respiratory illness were negative [17]. The report of the isolatfcn new coronavirus from
the Saudi case led the medical team to test for the new Vinestest came positive and the
case was reported to the WHO on 22nd September [18].

4th November

No new case was reported during October. Then in early NovethkeBaudi Ministry of
Health reported the 3rd case [19]. A 45-year old man was adndtéespital on 12th
October with severe respiratory illness. He was a heavy smoltea number of underlying
chronic conditions, including type 2 diabetes, an atrophied right kidney, dmtoay of
ischaemic heart disease [20]. Over the next few days, his anditteriorated with
progressive pneumonia and renal failure and required mechanical vemtilatid
hemodialysis. As with the previous two cases, laboratory testediormon respiratory
viruses were all negative [20]. However, samples tested for N&bVhree different
laboratories, one in Jeddah and two in UK, all returned positive. @ sphis underlying
conditions, by 27th October the patient's condition had improved and he wasa#lyent
discharged on the 4th November.

19th November

The fourth case was announced by the Saudi Ministry of Healthothn November and
published by ProMed-Mail two days later [21]. The patient was &elinivith respiratory
illness and the novel coronavirus was suspected as a possible cauglesSeere tested for
the novel virus at reference laboratories in Saudi Arabia and UKedmahed positive. The
patient succumbed to his infection and subsequently died from renal failure [22].

23rd November

On 23rd November, WHO reported 3 additional confirmed cases, 1 from &uate?2 from
Saudi Arabia [23]. The Qatari man was initially admitted teoapital in Doha in October
with severe respiratory illness, but he was subsequently treetstera hospital in Germany.
Laboratory results confirmed that he was positive for the novehewirus. He remained in
hospital for approximately a month, but he recovered from his respirand renal illness
and was discharge in the week of 18th November. The Saudi cases and 7) (Figure 1)
are of particular interest as these were from a singldyfaand were related to case 4 [22].
All 3 cases lived in the same house [24] and it is believed tbat4aa 70-year old man, was
the index case in this cluster. He is thought to have infectecbtvhis sons, one of whom
(case 6) subsequently died of multi-organ failure. A fourth casen fthis family also
presented with similar symptoms, but laboratory tests revealed thatnibivdse to the novel
coronavirus [24].



30th November

At the end of November, WHO reported that two cases that hab adien unknown

respiratory infection in April 2012 in Jordan were retrospectivigdgted for the new
coronavirus and found to be positive [25]. These cases were partuster df 11 cases, 8 of
whom were healthcare workers who presented with a severeatespiillness that was
unexplained at the time, but was notified to the WHO [25].

11-15th February: family cluster

On 11th February 2013, the UK Health Protection Agency (HPA) confirnfiedieer case of
the novel coronavirus in a 60-year old UK resident [26]. The patientagmitted to hospital
on 31st January 2013 with severe lower respiratory illness. Priorstaliess, he had
travelled to Pakistan (from 16th December to 20th January) and Seaalda (from 20th —
28th January 2013) [27]. It appears that his iliness developed while he Wasdi Arabia.
Laboratory tests confirmed NCoV infection. Interestingly, thasigmt was also co-infected
with HIN1 2009 pandemic influenza [27]. At the time of writing tlegiew (15th February
2013) the patient was being treated in intensive care (ICU).

A few days after the announcement of case 10, the HPA coxfithee diagnosis of two
further cases, one on 13th February [28] and one of 15th February [29]. Bo#gsefdases
were family members of case 10 and neither had any receat higtory. They appear to
have contracted the infection from their relative [30]. Case 1ladsmustted to hospital on 9th
February after a short history of respiratory symptoms. Thenpdtad pre-existing medical
conditions, which may have made him more susceptible to respiratections [27]. On

19th February, the HPA reported that this patient succumb to hissilimesdied [31] Case
12 on the other hand did not have any pre-existing medical conditiontha latest reports
indicate that she has recovered. The HPA has also reported thdtae identified and
followed up over 100 contacts of the cases in this cluster and alltbsiesl negative for
novel coronavirus [31].

Source and mode of transmission

The original source of infection and mode of transmission to humans lsaunét least 2
cases were reported to have visited farms and may have hadtositkaanimals [20,32].
Thus a zoonotic infection is a possibility. Furthermore, the factlleaCoV is most closely
related to bat coronaviruses [3-5] indicates that it might lbaggnated from bats. Studies
showing that SARS-CoV was most likely to have derived from [&8F also supports a
zoonotic origin for this new coronavirus. However, it is unknown whetheN®eV was
transmitted to humans by a direct interspecies jump or it invairedher intermediary
animal. In the case of SARS-CoV, civet cats were identified &kely intermediate host
[8,9,33]. Like SARS-CoV, the exact natural reservoir species dfi@wV also remains to be
identified.

Most of the laboratory confirmed cases of NCoV do not appear to hdvanlgacontact with
animals. Could there be human-to-human transmission? The two chfstases, one from a
family in Saudi Arabia, the other from a healthcare teamhaisaital in Jordan and the most
recent UK cluster of cases certainly suggests that human-torhtnamasmission is very



likely. In the family cluster, 3 members contracted the ind&ctirhe index case is thought to
be a 70-year old grandfather admitted to a hospital in Riyadh extres respiratory iliness.
His two sons took in turns to stay by him during his iliness Ziad Memish, personal
communication). In spite of all supportive care, the patient diednad failure. Both of his
sons subsequently also contracted the infection and one of them diedtiedrgan failure
some days later. In the Jordanian cluster, 11 cases (7 nurses andr)l mtesented with an
acute respiratory illness of unknown aetiology in April 2012 [25]. Twotlh#f cases
subsequently died. Retrospective testing confirmed both cases toitieepos the NCoV
[34]. Investigations of the non-fatal unconfirmed probable cases iltister revealed that
the illness in these cases was generally mild [24]. Indeegheancase, the symptoms were
mild enough to be managed at home. The cases in both, the Saudi and Jatdatgahad
no reported contact with animals. Similarly, the most recent ledrgraonfirmed cases from
UK (cases 11 and 12), also had no contact with animals or any lo$tinayel to the Middle
East. Both appear to have contracted the infection from ayfan@mber who had recently
returned from Saudi Arabia [30]. Together, these anecdotal observelganly indicate that
person-to-person infection, probably via respiratory mode of transmis&omighly
plausible.

Based on the data we have so far, NCoV does not appear to be hightiourd in humans.
None of the first 3 confirmed cases (2 Saudis, 1 Qatari) haee hssociated with
transmission of symptomatic disease to close contacts [20,32jleddtdlow-up of 64 close
contacts of the Qatari patient, which included healthcare profeksidaaily members and
friends, only 13 individuals developed respiratory symptoms, but none of these were
positive for NCoV [32]. This would suggest that human-to-human transmission iglimite

Clinical features associated with the novel coronavirus

All of the cases had one thing in common: they suffered from sesgpeatory illness which
was not due to any of the known viral or bacterial causes. The coosnon initial
symptoms were reported to be fever, cough and shortness of bRsdibnts rapidly
progressed to severe pneumonia and renal failure. The lattentptesehas not been seen in
all patients. For examples, none of the cases in the Jordanian bladtesnal failure [24].
The two fatal cases in this cluster, one developed pericaaditizhe other had disseminated
intravascular coagulation [24]. Coronaviruses predominantly cause etiHtingting upper
respiratory tract infections. The only other human coronavirus tlestsigciated with severe
lower respiratory infection is SARS-CoV [35]. However, in conttasBARS-CoV [36,37],
this novel coronavirus does not appear to cause diarrhea. Of 12 labomatbmned cases, 6
have died and 1 is currently in ICU. This would imply a relativelghhmortality rate.
However, caution has to be exercised, since we do not know the trukepcevaf infection
with NCoV. It is possible that in some cases, the virus is edsdcwith mild respiratory
tract infection which goes unseen and only those patients who devele skksease seek
medical attention. It is also worth noting that all of laboratwogfirmed cases have been
adults.

Diagnosis of the novel coronavirus

The novel coronavirus can be cultured from sputum samples using mormkey laells,
Vero and LLC-MK2 cells. Viral induced cytopathic changes aendn these cells within 1—
2 weeks of infection [2]. However, these changes are not spexifiddoV and confirmation



using reverse transcription PCR (RT-PCR) is required. RT-R@&R also be performed
directly on clinical samples such as respiratory swabs. An qg@dnreal-time RT-PCR
protocol for the specific detection of NCoV has been developed and ilsbdva[l].
Furthermore, an additional confirmatory RT-PCR assay and aog&all test using
convalescent patient serum has been established [38].

Concluding remarks

The emergence of any novel virus, in particular one that caa@nitted via the respiratory
route, has to be taken seriously. A rapid response, a united globabfrd mobilization of
resources and expertise are our best tools in preventing or redueidgvastation that some
of these viruses can cause. This is exemplified by the resemits that have led to the
recognition and isolation of the novel coronavirus responsible iate aespiratory illness.
Within weeks of the first report, a PCR-based diagnostic assaymade available [1], a
preliminary case definition [39] and incubation period was issued [40)ithe was fully
sequenced [4], the detection of new cases was rapidly communicdtediealth authorities
and more recently, guidelines for handling and working with this virus baen issued [24].
The novel coronavirus is the 6th member of the human coronaviruses atihirdht® be
isolated in the last ten years. Based on current information, NCoVhdbappear to transmit
easily or sustainably between people, but it can lead to seriows I@spiratory tract
infection and renal failure. The mode of transmission has not beerusiwety identified,
although respiratory route looks most likely. A study which is irsgréaas shown that a
number of different bat species resident in Ghana and parts of Earepefected with
coronaviruses very similar to NCoV, in some cases differingeby than 2% at the genetic
level [41]. These findings suggest that NCoV is most likely to fzeigen from bat viruses.
However, a number of pertinent questions remain unanswered: Does N@méant an
interspecies jump of a bat coronavirus? How did humans acquired theomPetVas it a
direct infection from bats to humans or did it involve an intermediagt such as domestic
animals? Are the virus isolates from all infected persons igaligtidentical? Do NCoV
genetic variants exits in the human population, but cause mildyompéasmatic infections?
Future studies will no doubt attempt to address these and ottiedrglaestions. For the time
being, surveillance and thorough investigations of cases with unexptsmere respiratory
illness, particularly in those residing in or returning from Midgéest, is being recommended
[24].
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Note added in proof

On 2f' of February 2013, another confirmed case was reported from SaudaATats
patient was hospitalized on$83anuary and died on " Gebruary.
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1st case: 20" Sept.
60-year old Saudi man
admitted to hospital
on 13/06/12 with
severe pneumonia. No
underlying conditions.
He died of acute renal
failure on 24/06/12.

2" case: 22"d Sept.
49-year old Qatari man
with history of travel to
Saudi Arabia. Admitted to
hospital in Doha with
respiratory illness on
07/09/12. Transferred to

UK on 11/09/12. Survived.

A A

.

A

3th case: 4th Nov. I/ 5th case: 23t Now.
45-year old Saudi man A Qatari man
admitted to hospital on admitted to hospital
12/10/12 with severe in October with
respiratory illness. He severe respiratory
was a heavy smoker and illness. Transferred to
had underlying chronic Germany. Discharged
conditions. He recovered in the week beginning
from his illness and was 18/11/12.

discharged on 27/10/12. /

8th & 9t case: 30t Nov.
Samples from two
Jordanian healthcare
workers (a 45-year old
woman and a 25-year
old man) who died of
unexplained respiratory
illness in April 2012
were confirmed to be
positive for NCoV.

10t case: 11" Feb.

A 60-year old UK
resident, presented with
respiratory illness on the
26/01/13. He had history
of travel to Pakistan and
Saudi Arabia. He was
confirmed to be positive
for influenza HIN1 2009
& NCoV. Currently In ICU.

J

[

VA \

February 2013

4th case: 19t Nov.

A 70-year old Saudi
man admitted to
hospital with severe
respiratory illness, but
developed renal failure
and died.

6th & 7t case: 23" Nov.
Both cases were from one
family and related to case
4. They presented with
severe respiratory illness.
One of the cases died.

11th case: 13t Feb.

A UK resident, family
member of case 10. This
patient has pre-existing
medical conditions. He died
from his iliness (reported
on 19/02/2013)

L

12th case: 15t Feb.

A UK resident, family
member of case 10. No
history of travel or pre-
existing medical
conditions.
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