HUMAN EMERGING RESPIRATORY PATHOGENS BULLETIN
MONTHLY SITUATIONAL ANALYSIS OF EMERGING RESPIRATORY DISEASES AFFECTING HUMANS

Issue No 015 April 2018

IN THIS BULLETIN

1. Novel Influenza Updates
2. In-depth Analysis: MERS-CoV

AVIAN INFLUENZA A(H7N9)

In March 2018, there have been nonew cases of H7N9 reported. A
total of1567 human cases of avianinfluenza A(H7N9), including at least
613 deaths, have beenreportedgloballysince 2013, with 1564 cases
reportedinwave 5andthree cases reportedinwave 6. The three cases

reportedinthe current wave (wave 6) have been spread across China.
Two travel-related cases were reportedin Canada inJanuary 2015.

AVIAN INFLUENZA A(H5N1)

In March 2018, no new cases of H5N1 were reported to the World
Health Organization (WHO). A total of 860 cases, induding 454 deaths,
have been reported globallysince 1997. One fatal travel-related case of
A(H5N1) wasreportedin CanadainJanuary2014.

AVIAN INFLUENZA A(H9N2)

In March 2018, three new cases of HON2 were reported, allfrom China

from Anhui Province, Guangdong Province, and Beijing. Globally, 45
cases, induding1 death, have been reported since 1998.

AVIAN INFLUENZA A(H5N6)
In March 2018, no new cases of H5N6 were re ported to the WHO.

There have beena total of 19 cases, including 9 deaths, reported
globallysince 2014, with all cases occurring in China.

AVIAN INFLUENZA A(H7N4)

In March 2018, no new cases of H7N4 were reported to the WHO. The
onlyhuman case reported sofarwas in China in February 2018.

REASSORTANT INFLUENZA A(H1N2)

In March 2018, a case was infected with a new reassortant A(HIN2)
virus inthe Netherlands. The virus is made of 2 genesfrom
A(HIN1)pdm09 and 6 genes from A(H3N2). The caseisa 1yearand7
month old male.
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(AS OF MARCH 31, 2018)

1 [N CUMULATIVE CASES>
NOVEL INFLUENZA (DEATHS), CFR%]
A(H7N9) [1567 (613), 39%]
A(H5N1) [860 (454), 53%]
A(HIN2) [45 (1), 2%]
A(H5N6) [19(9), 47%]
A(H7N4) [1 (0), 0%]
H3N2v [434 (1), <1%]
H1N2v [13 (0), 0%]
H1N1v [22 (0), 0%]
MERS-CoV*
Global case count [2183 (760), 35%]
Saudi Arabia [1828 (726), 40%]

‘Date of 1% Reported Case of Human Infection: MERS-CoV: February 2013
(retrospective case finding September 2012). A(H7N9): March 2013. A(H5N1): 1997.
A(HIN2):1998. A(H5N6): 2014. A(H7N4): February 2018 (retrospective case finding
December 2017). H3N2v with M gene from pH1N1:2011. HIN2v: 2005. H1N1v: 2005.
“Cumulative Case Counts: updated using data reported by the World Health
Organization (avian and swine influenza, MERS CoV), and the United States Centers for
Disease Control and Prevention (US CDC) (swine influenza).

*case Fatality Rate: The proportion of cases that resulted in death.

SWINE ORIGIN INFLUENZAS A(H3N2)v, A(H1IN2v),
and A(HIN1)v

In March 2018, there have been nonewcases of H3N2v. One

locally-acquired case of H3N2vwas reportedin Canadain
December 2016.

In March 2018, there have been nonewcases of HIN2v. Since

2005, there have beenatotalof 13 confirmed cases of HIN2vin
the United States, withfour casesoccurringin 2017.

In March 2018, no new cases of HIN1vwere re ported to the WHO.

There have beenatotal of 22 casesreported globally since 2005,
with onlyone casereportedin2018.

Canada



MIDDLE EAST RESPIRATORY SYNDROME- CORONAVIRUS (MERS-COV)

In March 2018, 17 new cases of Middle East Respiratory Syndrome (MERS) were reported. The majority of new cases were
reported from Saudi Arabia (n=16). Atotal of 2183 cases of Middle East Respiratory Syndrome Coronavirus (MERS-CoV),
includingatleast760 deaths, have been reported globally since2012. Further information canbefoundinthe in depth
analysis section below.

IN DEPTH ANALYSIS

HUMAN RESPIRATORY DISEASE ASSOCIATED WITH MIDDLE EAST RESPIRATORY SYNDROME
CORONAVIRUS (MERS-CoV)

Risk to Canada
The Public Health Agency of Canada (PHAC) has conducted a risk assessmentfor MERS-CoV. To date, no cases havebeen

reported in Canada and the public healthrisk posed by MERS-CoV to Canadiansisconsidered low based on the available
information atthis time. Additional cases of MERS-CoV infections are expected to be reported from the Middle Eastand it
is likely thatcases will continueto be exported to other countries by individuals who mightacquireinfection following
exposureto an animal (camels) or human source. Human-to-human transmission of thevirus has been low and self-
limited to only a few generations of infection with occasional amplification in health caresettings. Thus, itis important
that health carefacilities, research laboratories, and publichealth professionals remain vigilantin the systematic
implementation and adherence of infection prevention and control (IPC) measures.

Guidancedocuments includinga public health notice, a travel health notice, |IPCguidelines, a biosafety advisory, case

and contact management guidelines, and casedefinitions can befound on the Government of Canada website for MERS-
CoV.

BACKGROUND

OnJune 13,2012,a 60vyear old Saudi man was admitted to a private hospitalinJeddah, Saudi Arabia, after reporting
respiratory symptoms like cough, expectoration, shortness of breath, and fever (1,2). Eleven days after admission, onJune
24,2012, he died of progressiverespiratory and renal failure (1). The investigation into the etiological agentresponsible for
his condition began atthe laboratoryattached to the hospital. After two months of testing clinicalisolates from the patient
for multipleviruses (influenza virus A, influenza virus B, parainfluenza virus, paramyxovirus, hantavirus, enterovirus and
adenovirus), theisolatewas tested for coronavirus usinga pancoronavirus RT-PCR (3). The test was positive, but negativefor
SARS specificprimers, suggesting the discovery of a novel coronavirus(3). On September 20th, 2012, after further
confirmation by another laboratory (the Erasmus Medical Center), the discovery of a novel coronavirus wasannounced
through ProMED (3,4). This coronavirus, the etiological agentfor Middle East Respiratory Syndrome (MERS), was eventually
named MiddleEastRespiratory Syndrome Coronavirus (MERS-CoV), the 6" strain of human coronavirus discovered (5).

Sincethat time, over 2000 cases have been reported globally. Family clusters and hospital outbreaks have occurred
both within the Middle Eastand elsewhere, and the cases havespread fromthe region to some other countries [Figure 1] (6).
There has also beenimportant progress inlaboratory diagnostics, virus characterization, vaccine development, and
understanding of the clinical courseof iliness and the mechanismof transmission[Figure 1]. This in-depth analysis provides a
summary of the descriptive epidemiology of human infection with MERS-CoV sinceits emergence in 2012, with a focus on
the demographic, geographic and temporal distributionof reported cases, as well as a review of the clinical symptomes,
sources of exposure, and virus characteristics.
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http://www.phac-aspc.gc.ca/eri-ire/coronavirus/risk_assessment-evaluation_risque-eng.php
http://www.phac-aspc.gc.ca/phn-asp/2015/ncoronavirus-eng.php#may3
https://travel.gc.ca/travelling/health-safety/travel-health-notices/108?_ga=2.43751206.263332593.1497217059-1864663123.1497217059
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/infection-prevention-control-guidance-middle-east-respiratory-syndrome-coronavirus-mers-cov-acute-care-settings.html
https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/biosafety-directives-advisories-notifications/biosafety-advisory-middle-east-respiratory-syndrome-coronavirus-mers.html
http://www.phac-aspc.gc.ca/eri-ire/coronavirus/guidance-directives/mers-cov-srmo-2-eng.php
http://www.phac-aspc.gc.ca/eri-ire/coronavirus/guidance-directives/mers-cov-srmo-2-eng.php
http://www.phac-aspc.gc.ca/eri-ire/coronavirus/case-definition-cas-eng.php
https://www.canada.ca/en/public-health/services/diseases/middle-east-respiratory-syndrome-mers.htmlhttps:/www.canada.ca/en/public-health/services/diseases/middle-east-respiratory-syndrome-mers.html
https://www.canada.ca/en/public-health/services/diseases/middle-east-respiratory-syndrome-mers.htmlhttps:/www.canada.ca/en/public-health/services/diseases/middle-east-respiratory-syndrome-mers.html

Figure 1. Middle EastRespiratory Syndrome (MERS) epidemic:a timeline of major events (2012-2018).
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APRIL
A large nationwide cross-
sectional serological study
from in Saudi Arabia finds
the seroprevalence in the
general population to be
0.15%. The study also finds
significantly higher
seroprevalence in
individuals with
occupational exposure to
camels.

AUGUST
Researchers from a Swiss-
led international research
group report on the first

isolation of a MERS-CoV
neutralizing antibody
(LCA60) from a recovered
MERS patient. LCA60 is an
anti-MERS monoclonal
antibody that potentially
neutralizes MERS-CoV
infection in vitro and in vivo.
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DECEMBER
The South Korea
outbreak is declared
over on December 23
2015. It lasted 7
months

2016

MARCH
A study provides the
first autopsy,
clinicopathologic,
immunohistochemical
and ultrastructural
description of a fatal
case of MERS. The
autopsy was conducted
in 2014. The autopsy
revealed extensive lung
damage in patient.

JUNE
MERS antibodies are
detected in Qatar
alpaca herd. This is
the first study to find
evidence of MERS-
CoV in domestic
animals other than
camels.

2017

MAY
A study evaluating the
implementation of
infection, prevention and
control measures during a
large hospital outbreak
finds that strict adherence
to IPC measures allows for
the rapid identification of
cases and significant
decrease in secondary
cases.

2018

\]

JANUARY
A study identified DPP4,
the receptor for MERS-
CoV, is upregulated in
the lungs of smokers
and COPD patients,
indicating a potential
reason for increased
susceptibility in this
population.

Note: This timeline is not meant to include all developments regarding the MERS epidemic. Instead, selected items are intended to demonstrate important research
advancements and epidemiological milestones in the ongoing epidemic (4,7-23,59,84).
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SOURCE OF EXPOSURE

Primary cases of MERS are associated with zoonotic transmission from camels. Though research suggests that MERS-
CoV emerged from bats, multiplestudies on the emergence and transmission of MERS-CoV pointto the roleof camels as a
reservoir and primary source of zoonotic infection dueto the high prevalence of MERS-CoV antibodies in camelsacross the
Arabian Peninsulaand North and Eastern Africa (47,62-65). The detection of MERS-CoV by RT-PCR inrespiratory secretions,
urine, feces and milk of dromedary camels, and demonstration of similaritiesin the genomic sequence of viruses isolated
from infected individualsand camels (47,62-65) further supporttherole of camels in zoonotic transmission of MERS-CoV.
These findings also highlighttheimportance of focusing prevention and control measures on camels. Challengestudies
conducted in camels suggestthatinfection of MERS-CoV in dromedary camels results in mild respiratory disease with mild to
no signs ofillness (19). To date, despitethe number of reported zoonotic cases, only 14 camel outbreaks of MERS have been
reported to the World Organization for Animal Health (OIE) signifying that outbreaks in camel herds arelikely to go
undetected and allowfor an ongoingrisk of transmission to humans (66). Based on sero-epidemiological studies carried out
inother livestock, alpacasaretheonly other domestic livestock in which MERS-CoV-specificantibodies have been identified;
however, no human cases with exposureto alpacas havebeen reported (23).

Although the route of camel to human transmissionisnotfully understood, zoonotic infections of MERS likely occur
through director indirect contactwith camels or camel-related products (e.g. raw milk) (31).Serological studies that
comparethe presence of MERS-CoV antibodies inindividuals with and without contactto dromedary camels haveleft a
conflicting pictureabouttherole of camel exposurein the zoonotic transmission of MERS. Some studies havefound no
serological evidence of MERS-CoV infections in humans with various levels of exposureto dromedary camels (21,67,68).
These findings suggestthatzoonotic transmissionis rare(21,67,68). However, other studies havefound a significantlyhigher
seroprevalence of MERS-CoV antibodies in camel-exposed individuals compared to the general population, suggestinga
greater risk of MERS-CoV infection amongindividuals exposed to camels (22,69). Based on the availableinformation to date,
further studies areneeded to fully understand how human-animalinteractions contribute to the transmission of MERS-CoV.

Human-to-human transmission of MERS-CoV has largely been associated with nosocomial outbreaks; however,
household transmission has also been reported (10,70). Nosocomial outbreaks of MERS have played an important role in
increasing the magnitude of reported cases. To date large scale hospital outbreaks have been reported in Saudi Arabia,
United Arab Emirates, and South Korea (42,71,72). Lack of IPC measures (e.g. overcrowding, delays inisolation of cases, lack
of knowledge of MERS case definitions amongst healthcare workers) along with intra- and inter-hospital transmission, super
spreaders, and asymptomatic cases are factors that have contributed to these hospital outbreaks in the past (73). A study
published in 2017 evaluating the implementation of IPC measures during a large hospital outbreak found that strict
adherence to IPC measures allowed for rapididentification of cases and a significant decrease in secondary cases, which may
explain why recent outbreaks in Saudi Arabia were quickly contained (27,28,74).
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VIRUS CHARACTERISTICS

MERS- CoV is asinglestranded RNA virus belongingto the Coronaviridaefamily (2,75). Though caused by the same
genera of coronavirus as SARS, MERS-CoV is distinctinthatitbelongs to lineage C whereas SARS belongs to lineageB. Entry
of MERS-CoV into host cells is mediated by its spike (S) protein binding to the hostcell receptor, dipeptidyl peptidase4
(DPP4)(76). DDP4is a surfacecell protein thatis mainly expressed in thehuman respiratory tract, butis also extensively
expressed on epithelial cellsin thekidneys,small intestine, liver, prostate, and activated leukocytes (55). In the case of SARS,
extensive mutations inthe virus resulted inits ability to adaptto the human cell receptor angiotensin-converting enzyme 2
(ACE 2) which allowed for increased human-to-human transmission (77). Though sequenced viral isolates from camels and
humans indicatethat MERS-CoV has undergone recombination and genetic changes sinceits introduction to humans in 2012,
none of these viral mutations haveallowed more efficientadaptation to the human cell receptor DPP4 (78).In fact, analysis
of viral isolates with a mutationin the receptor bindingdomain fromthe South Korea outbreak showed reduced affinity to
human DPP4 (79). Given the magnitude of South Korea outbreak, these findings further convolutethe role of the S protein
and DPP4inthe human adaptation of this virus. Overall, the coronaviruses possess the abilities of efficient mutation and
recombination,and a propensity to cross hostspecies and adaptto a new environment. These abilities raise concernsthat
MERS-CoV would gainvirulenceand an enhanced ability to transmitfrom human-to-human. However, sustained human-to-
human transmission has notoccurred in thegeneral population. Potential hotspots of animal-to-human and human-to-
human transmission need to be monitored on an on-goingbasis.

CLINICAL MANIFESTATIONS

Human infection with MERS-CoV results in a widerange of clinical manifestations, fromasymptomaticinfectionto
severe clinical disease (2). Common clinical symptoms include fever, cough and shortness of breath that canrapidlyprogress
to severe acute pneumonia, acute respiratory distress syndrome, septic shock, multi-organ failureand death (2,56).In some
instances, cases have experienced gastrointestinal symptoms of abdominal pain, vomitingand diarrhea (2).n comparison to
humanillness with other coronavirusessuch as Severe Acute Respiratory Syndrome (SARS) (global CFR 14%-15%), MERS has
a highcasefatality rateof 35% among all cases reported globallyand 40%in cases reported from Saudi Arabia (6,32,57).
Studies assessingrisk factors for disease severity and mortality have found that pre-existing health conditions, older age, sex
(being male) and co-infection with other bacterial or viral agents to be significantrisk factorsfor increased odds of mortality
anddiseaseseverity (56,58).

Pediatric Cases

Based on caseinformation availableto date, pediatric cases of MERS arerare(34,60,61). Thus far, approximately 2%
of all cases haveoccurredinthe pediatric population (individual <18 years of age) and the casefatailityrateis 2.5%. In
2016 Al-Tawfiqetal., published a study thataimed to summarize both the epidemiological and clinical characteristics of
pediatric cases reported fromJune 2012 to April 19,2016 (n=31) (60). Of the cases for which clinical information was
available (n=29),45% were asymptomaticand 7% presented with mild respiratory symptoms (60). Of the cases for which
information on source of exposurewas available (n=15), 68% acquired their infection through household contact (60).
Although the number of pediatriccasesislowitisimportanttoremainviligiantinthedocumentation ofthe clinical
presentation to better understand whether the clinical picturein this population differs fromthatof the general population.
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EVENTSUMMARY:JANUARY TO MARCH 2018

Between January1,2018 and March 31,2018,54 cases of MERS including 5 deaths (CFR=36%) of the individuals
with known outcomes were reported to the World Health Organization(WHO) and by the Kingdom of Saudi Arabia’s Ministry
of Health (KSA MOH) (24). The casecountand casefatality rates werecomparableto thosereported duringthe sametime
periodin 2016 and 2017, butsubstantially lower thanin2015and 2014 (25).The age and sex distribution of cases has
remained relatively consistent with previous years:mostcases weremale (75%), and the median age was 59 years (range5
years to 89 years). Geographically, cases wereless dispersed than previous years with only three countries (Malaysia, Saudi
Arabia,and Oman)reportingcases to date. The casereported from Oman was locally acquired, whilethecasereported from
Malaysiawas imported from Saudi Arabia—the country with the majority of reported cases (26). Of the cases for which
exposureinformation was available (n=5),29% reported exposureto camels while21%reported exposureto a positive MERS
case, givinga similar proportion ofsecondary1 casestoprima ry2 cases reported to the WHO this year so far. Between
Januaryland March31,2018,0ne nosocomial outbreak was reportedin a private hospitalin the Hafr Albatin region of Saudi
Arabia, while a cluster of nosocomial infections was detected in a health facility in the Riyadh region of Saudi Arabia (27,28).

GLOBAL EPIDEMIOLOGICAL ANALYSIS

Since the emergence of MERS-CoV in 2012, 2183 human infections includingatleast 760 deaths (CFR=35%) have
been reported from 27 countries (6,32). The epidemiological analyses of the MERS-CoV to date reflect sporadic zoonotic
infections with amplified human to human transmissionin health caresettings. Overall, two-thirds of thereported cases
(66%) haveoccurred in men with the median age of 54 years (range of 9 months to 109 years). Though cases of MERS
continueto be reported each year, there has been a declinein the number of reported cases and thecasefatalityratesince
2014 [Table1](29). Given the association between amplified human-to-human transmission and outbreaks in health care
settings, strictadherenceto infection prevention and control (IPC) measures is likely the main driver for the observed
reductionintheincidenceof cases according to the WHO (30).

Table 1. Epidemiologic characteristics of MERS cases reported between January— December 2013 to 2017 and January—
March 2018.

Characteristics 2013 2014 2015 2016 2017 2018

Number of reported cases (CFR %) 188 (53) 758 (38) 672 (33) 251 (29) 250 (29) 54 (36)

Median age (range) in years 51 (2-94) 48 (4-99) 54 (9 54 (18-94) 53 (10-88) 59 (5-89)
months-109)

% Male 65 65 65 73 72 75

Number of countries reporting 10 17 12 7 5 3

cases

% Healthcare workers 20 26 10 13 17 4

Note: D ata for epid emiological characteristics of MERS cas es from 2013-2016 were sourced from the WHO Region al Office for the Eastern M editerranean (EMRO) January-
February 2017 MERS Situation update and compared to d ata retrieved from WHO Diseas e Outbreak News (DON) on July 6" on MERS cases reported fromJan-Jun 2017 data.
Epidemiological characteristics for cases reported from June 2017-March 2018 were based on data retrieved from WHO DON on March 15" and cases reported by the

! Secondary cases are cases with a history of contact with a positive MERS case
2 Primary cases are cases with no history of contact with a positive MERS case
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Kingdom of Saudi Arabia (KSA) Ministry of H ealth (MOH) up until the end of March 2018. Data reported in this table are subject to change as a result of ongoing investigations
and updated analysis (24,29,32).

AGE AND SEX DISTRIBUTION

Overall,theage-sex distributionof cases is skewed towards older men [Figure 2]. However, further investigation of
exposuretype reveals distinctive age-sex patterns between primary and secondary cases [Figure3](31). Exposureand
demographicinformation wasavailablefor 109 primary casesand 62 secondary cases (total=171) reported by the WHO
Disease Outbreak News (DON) and the KSA MOH between January1,2017 and March 31,2018 (24,32).Primary cases were
skewed towards older men: a significantly higher proportion of primary cases were male (88%) and aged 50 years and older
(67%). In contrast, secondary cases had a morebalanced age-sex distribution: there was no significant difference between
the proportion of males to females or between age groups (25). Further, secondary cases had a significantly lower mean age,
compared to primarycases (46 yearsvs.56 years). The observed age-sex pattern in primary cases—people infected through
direct contact with camels —is hypothesized to be due socio-cultural behaviours, such as camel rearing being an activity
popularamong middle-aged and retired men (31).

Figure 2. Comparison of the age distribution of primary to secondary MERS cases reported worldwide between January1,
2017 and March 31,2018.
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Mote. Data displayed on this graph represent a subset of cases reported by the WHO DON and the Kingdom of S5audi Arabia Ministry of Health. Data reported in this figureare
subject to change as a result of ongoing investigations and updated analysis (32).

Figure 3, Age and sex distribution of primary and secondary MERS cases reported worldwide between January 1, 2017 and
March 31, 2018
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Mote. Data displayed on this graph represent a subset of cases reported by the WHO DON and the KSA MOH. Data reported in this figure are subject to change as a result of
ongoing investigations and updated analysis (32).
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TEMPORALDISTRIBUTION

The overall temporal distribution of the MERS epidemic can be characterized by multipleintermittent peaks that
correspondto large-scaleor simultaneously occurring hospital outbreaks. Between 2014 andJune 2016, these peaks
occurred every 12 to 26 weeks, on average [Figure 3]. However, between 2016 and 2017, there was a 52-week period
between peak activityandtherehas been no peak inactivityin 2018 thus far. Therecent increased durationbetween peak
activity, resultingin low but ongoingactivity, suggests that there have been improvements inthe implementation of IPC
measures and a decreasein hospital-acquired cases since2015 as noted by the WHO (28, 30).

Figure 4. Global countof human cases of MERS by week of symptom onsetor earliestrecorded dateand location of report,
March 2012 to March 31,2018.
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Prepared by the Centre for Immunization and Respiratory Infectious Diseases, Public Health Agency of Canada, using data compiled from Global Public Health Intelligence Network (GPHIN), the WHO,
and the Kingdom of Saudi Arabia’s Ministry of Health.

Early analysis of the temporal distribution of MERS cases between 2012 and 2014 suggested a seasonal pattern with
cases increasingfrom March to April each year. At the time, this seasonal pattern had been linked to the calvingand weaning
patterns of camels; however, this pattern has notbeen observed since2014 (33). Analysisof thetemporal distribution of
annual MERS cases reported since 2014 demonstrates thatthe majority of cases (approximately 61%to 84%) occur during
the first 6 months of the year, with peaks corresponding with reported hospital outbreaks thatinvolve morethan 20 cases
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[Figure5]. Further analysis of thetemporal distribution of primary and secondary cases may help determine whether MERS

truly exhibits seasonality.

Figure 5. Temporal distribution of MERS cases, deaths and nosocomial outbreaks* by month of symptom onset or earliest
recorded date, March 2012 to March 31,2018.
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GEOGRAPHICALDISTRIBUTION

To date, 27 countries located in the Middle East, Northern Africa, Europe, North America and Asia havereported
imported and locally-acquired cases of MERS [Figure 6] (6). The majority of cases (n=1845,90%), have been reported from
countries within the Arabian Peninsula with 92% of those cases reported from Saudi Arabia. Research on the human-animal
interactions and thecirculation of MERS-CoV in dromedary camels suggestthatin addition to the dromedary camel
population within the Arabian Peninsula, economic, cultural, and recreational practices specific to the area—such as the
movement towards more intensive camel farming clustered around cities—arethe causefor the observed concentration of
cases (31,33,47-50).

Currently, the majority of the world’s dromedary camel population (>60%)is located in the Greater Horn of Africa
(GHA); a regionthat regularly exports camels to countries in the Arabian Peninsula (48). Though serological studies
conducted on dromedary camels from multiplecountries in Africa (Egypt, Ethiopia, Nigeria, Somalia, Sudan) have
demonstrated that camels intheseareas havehigh seroprevalence of MERS-CoV, nolocal zoonotic infections with MERS
have been reported from any countryin Africa;only 6 cases have been reported from countries in Africa and all cases have
been imported or linked to animported casefrom the Middle East(47). Additionally, a study on the circulation of
coronavirusspeciesin SaudiArabiafound thatlocal camels had significantly higher carrier rates than imported camels (49).
Lineage testingidentified MERS-CoV found in African camels is geneticallydifferentfrom MERS-CoV found in camels and
humans inthe Middle East(48,83). This evidence suggests that zoonotic MERS cases seenin Saudi Arabia and other countries
inthe Arabian Peninsula areconnected to factors specific to the Arabian Peninsulaand Saudi Arabia.

Given that MERS-CoV has been endemic in Saudi Arabiadromedary camels for over two decades and that the virus is
widespread within the Arabian Peninsula, further cases areexpected to be reported and exported from these areas (51).
Countries likeIndiaand Bangladesh, with a large volume of citizens thattravel to Saudi Arabia for religious pilgrimages, have
been identified as potential high-risk areas for MERS-CoV importation (52,53). To date the largest number of cases to be
reported from outsidethe MiddleEastoccurredin South Korea in2015:the majority of the 186 reported cases were
associated with a large multi-hospital outbreak (54). Overall, cases werethe mostgeographically dispersedinthe2014
season when 17 countries reported cases [Figure7].
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Figure 6. Geographical distribution of reported MERS cases between March 2012 and March31,2018. (A) Globally, (B) the
Arabian Peninsula, (C)Europe, Northern Africa and the MiddleEast,and (D) Asia.
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Figure 7. Spatial distribution of human cases of MERS between March 2012 and March 31,2018
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Note: Map was prepared by Centre for Immunization and Respiratory Infectious Diseases (CIRID) using information compiled by the World Health Organization and the KSA
MOH (24,32,39).
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VACCINES AGAINST MERS-CoV

No vaccineor effective antiviral treatment is currently available for MERS-CoV. Researchis underway and many
candidatevaccines targeted for humans areunder development. These candidates usea widerange of platforms including
whole virus vaccine (liveattenuated and inactivated), vectored-virus vaccines, DNAvaccine, and protein-based vaccines, with
many of the viruses targetingthe S (envelope) protein or the DPP4 receptor bindingdomain (RBD) of the S protein (80). Thus
far,only one candidatevaccine has advanced to clinical development:a DNA-only vaccinecalled GLS-5300 thatgenerated
protective MERS-CoV antibodies in mice, camelsand monkeys,and advanced to Phase 1 human clinicaltrials inFebruary
2016 (81). This candidatevaccine has also been tested and reduced virus sheddingin dromedary camels (81). The DNA-based
vaccines directed atinducinganti Sresponsesalsoinduce protectionin non-human primates (80). As the spike protein
(specifically S1) is highly divergentamong different CoVs, the neutralizing antibodies only provide homotypic protection. In
contrast,the amino acid sequence of the spike protein, specifically of S2 domain, is conserved with minimal variability among
MERS-CoV strains. Additionally, thecirculating MERS-CoV strains also lack significantvariation in the serological reactivity. As
the S2 domain proteinis more conserved among coronaviruses, theadaptiveimmuneresponsedirected againstS2 protein
can potentially constitutethe basisfor the development of an vaccinecapableofinducing heterotypic protection against
circulating MERS-CoV strains. Additionally, a modified vaccinia Ankarabased vaccinethatreduced virus sheddingand
generated protectiveantibodies and mucosalimmunityiscurrently scheduled for a Phase 1 safety trial (82).

LIMITATIONS

This in-depth analysis of MERS-CoV is subjectto several limitations. Themajority of data in this reportrepresent
laboratory-confirmed cases of MERS-CoV reported in the Kingdom of Saudi Arabia. Very limited data areavailableabout
cases’ clinical manifestation, diagnosis, treatment and comorbidities. Thereis the possibility of unknown selection biasesas
the primary cases areonly detected following presentation with illness. Theasymptomatic primary cases or cases with
limited accessto health careremain undetected. It remains challengingto interpretrisk factors for theacquisition of MERS-
CoV particularlyintheabsence of evidence from extensive case-control epidemiology studies.

CONCLUSION

In2015,the WHO created a Blueprintlistof priority diseases that pose major public health risks and require further
research and development. Both the original listand theupdate providedin February 2018 deemed MERS-CoV a potential
public health emergency (59). Sincethe emergence of MERS in 2012, human cases, predominantly from countries within the
Arabian Peninsula, continueto be reported. Transmissionpatterns of the disease haveremained consistent with repeated
introductions inthehuman population occurring through zoonotic transmission followed by amplified human to human
transmissionin health caresettings. Abetter understanding of the transmissionof MERS-CoV in healthcaresettings is
required, especially of the exposures thatresultin human-to-human transmission, the potential role of asymptomatic
infected health-careworkers,and the possiblerole of environmental contamination, in order to mitigatethe risk of
nosocomial outbreaks. Though the number of cases reported annually appearsto beon the decline,itis clear thatcontinued
researchandsurveillanceis needed to further bridgethe gaps in knowledge surroundingthevirus origin and characteristics,
transmission of this diseasein thecommunity, the exact mode of zoonotic transmission, and potential environmental sources
of disease.
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