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14 DEC 2016 (next Summary 28 DEC)

CASE REPORT: As of 14 DEC 2016, 1,938 (+17) cases of Middle East respiratory syndrome coronavirus (MERS-CoV) have been reported, including at least
597 (+7) deaths (CDC reports at least 684 (+9) deaths as of 13 DEC) in the Kingdom of Saudi Arabia (KSA) (+17), Jordan, Qatar, United Arab Emirates (UAE),
United Kingdom (UK), France, Germany, Tunisia, Italy, Oman, Kuwait , Yemen, Malaysia, Greece, Philippines, Egypt, Lebanon, Netherlands, Iran, Algeria,
Austria, Turkey, Republic of Korea (ROK), China, Thailand, Bahrain, and the U.S. The KSA Ministry of Health (MOH) has classified all 17 of the new cases as
primary, with direct camel contact for six of these and source of exposure under investigation for the remaining 11. The cases occurred in 11 different cities in
KSA: Afif (1), Asir (2), Buraidah (1), Hufoof (2), Jeddah (1), Khaiber (1), Madinah (2), Mahd-Aldhahab (1), Riyadh (4), Sakakah (1), and Taif (1). AFHSB’s
death count (Case Fatality Proportion (CFP) - 31%) includes only those deaths which have been publicly reported and verified. While CDC’s death count (CFP
- 37%) may present a more complete picture, it's unclear when and where those additional deaths occurred during the outbreak.

BACKGROUND: In SEP 2012, WHO reported two cases of a novel coronavirus (now known as MERS-CoV) from separate individuals — one with travel
history to the KSA and Qatar and one in a KSA citizen. This was the sixth strain of human coronavirus identified (including SARS). Limited camel-to-human
transmission of MERS-CoV has been proven to occur. The most recent known date of symptom onset is 18 NOV 2016. The KSA MOH has previously
admitted to inconsistent reporting of asymptomatic cases. Due to these inconsistencies, it is also difficult to determine a cumulative breakdown by gender;
however, AFHSB is aware of at least 598 (+2) cases in females to date. CDC reports 307 (16%) of the total cases have been identified as healthcare workers
(HCWs); on 5 DEC, WHO reported 20% of total MERS-CoV cases were HCWs. Limited human-to-human transmission has been identified in at least 54
spatial clusters as of 14 DEC, predominately involving close contacts.

INTERAGENCY/GLOBAL ACTIONS: WHO stated in its 5 DEC summary and global risk assessment of MERS-CoV that its assessment “remains unchanged”
since the last publication on 7 JUL 2015. WHO noted “evident” improvements in multi-sectoral investigations of community-acquired cases, including the
testing of dromedary camels/herds in the vicinity and follow-up of human contacts of laboratory confirmed cases. WHO attributes the detection of the JUN 2016
outbreak in Riyadh, where the majority of cases were identified despite being asymptomatic, to the “rapid initiation of contact tracing and testing of all health
care and household contacts” of confirmed cases. Of the nine outbreaks of MERS-CoV among camels reported by KSA’s Ministry of Agriculture to OIE in
2016, eight were reportedly linked to confirmed human cases, another potential indicator that investigations of community-acquired cases are being conducted.

WHQO'’s report is critical of the continued occurrence of nosocomial outbreaks, calling the situation “deeply concerning” and attributing these outbreaks to “low
awareness and [a lack of] early suspicion of MERS-CoV infections in many countries,” which can delay the triage or isolation of suspected cases, and to poor
compliance with basic infection, prevention, and control (IPC) measures in healthcare settings. WHO notes the majority of cases reported in KSA and all cases
reported in Jordan since the last update have been associated with nosocomial outbreaks. While the overall reproduction number (RO) for MERS-CoV is <1,
this number varies significantly depending on context. WHO notes that while the reproduction number can exceed one (R>1) during nosocomial outbreaks, it
can be controlled and restored to normal levels (R<1) “with application of basic IPC measures and early isolation of subsequent cases.” As of 5 DEC,
investigations into transmission within healthcare facilities are ongoing in KSA, Jordan, and ROK; secondary cases linked to these outbreaks have reported
exposures ranging from “direct contact” to “no clear contact” with confirmed MERS-CoV patients. While the epidemiologic patterns of MERS-CoV have
remained the same since WHO’s last assessment, WHO observed that “hospital outbreaks in the Middle East are occurring more frequently, and, often, though
not always, are small in size and can affect several hospitals.”
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INTERAGENCY/GLOBAL ACTIONS (cont’): WHO concluded that the most salient and pressing needs remain: “a better understanding of how humans
become infected from animal or environmental source(s) in the community; identification of risk factors for infection from humans or the environment in
occupational settings and healthcare settings; and enhancement of community studies and surveillance for community-acquired pneumonia.” An enhanced
understanding of the type of exposures that result in human-to-human transmission within healthcare settings, including “the potential role of asymptomatic
PCR-positive health care workers, and the possible role of environmental contamination”, is a chief necessity in preventing human-to-human transmission.
WHO notes, however, that halting zoonotic transmission from dromedary camels to humans is the only way to definitively remove the risk of MERS-CoV
infection in humans; until this is accomplished, “the risk remains that further nosocomial outbreaks in the Middle East and beyond will occur.”

WHO convened the Tenth International Health Regulations (IHR) Emergency Committee on 2 SEP 2015 and concluded the conditions for a Public Health
Emergency of International Concern (PHEIC) had not yet been met.

RELEVANT STUDIES: A new study in CDC Emerging Infectious Diseases (EID) found that pigs and llamas are susceptible to MERS-CoV infection. The
authors intranasally inoculated pigs, llama, sheep, and horses with MERS-CoV and found that pigs and llamas had productive viral shedding up to four and
seven days after inoculation, respectively, with lower titers seen in pigs. This suggests other members of the Suidae family, including common warthogs,
bushpigs, and wild boars, all of which are found in the Greater Horn of Africa and Middle East, may also be susceptible to the virus. Members of the Suidae
family share territories and water sources with dromedary camels in these regions; including these populations in serologic surveillance programs could
improve our understanding of virus transmission among animal species."

On 4 MAR, CDC published a study that tested archived serum (from 2013-2014) from livestock handlers in Kenya for MERS-CoV antibodies to search for
autochthonous MERS-CoV infections in humans outside of the Arabian Peninsula. The study found two (out of 1,122 samples) tested positive, providing
evidence of previously unrecorded human MERS-CoV infections in Kenya.

DIAGNOSTICS/MEDICAL COUNTERMEASURES: On 6 DEC, collaborators Inovio Pharmaceuticals (U.S.) and GeneOne Life Science (ROK) announced
additional funding had been awarded by the International Vaccine Institute (IVI) (ROK) to accelerate the progress of a DNA-based vaccine for MERS-CoV
(GLS-5300), currently in Phase I clinical trials at the Walter Reed Army Institute of Research (WRAIR) in the U.S. The funding was provided as part of a $34
million pledge made by IVI last year to support the development of an emergency use MERS-CoV vaccine for international use; IVI and GeneOne plan to
jointly conduct a clinical trial of GLS-5300 in ROK.

A research group from the Jenner Institute at the University of Oxford (UK) recently announced it had been awarded a grant from the UK Medical Research
Council (MRC) to conduct a Phase | clinical trial of a newly developed MERS-CoV vaccine candidate in the UK, followed by a further trial in KSA. The vaccine
is intended for dual use in humans and livestock. The Jenner Institute is currently working with collaborators in Morocco and KSA to undertake vaccine studies
in camels.
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Global MERS-CoV Epidemiological Curve by lliness Onset
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MERS-CoV Diagnostics and Medical Countermeasures at DoD Laboratories
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Global Distribution of Reported MERS-CoV Cases*
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