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Objectives 

• Discuss the epidemiology, clinical 
presentation, diagnosis, and management of 
MERS 

• Review hospital outbreaks of MERS 



Coronaviruses 

• Group:   IV (+)ssRNA 
• Order:  Nidovirales 
• Family:  Coronaviridae  
• Sub-family:  Coronavirinae 



Phylogenetic relationships among members of the subfamily Coronavirinae and taxonomic 
position of MERS-CoV.  

de Groot R J et al. J. Virol. 2013;87:7790-7792 
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Presentation Notes
Phylogenetic relationships among members of the subfamily Coronavirinae and taxonomic position of MERS-CoV. A rooted neighbor-joining tree was generated from amino acid sequence alignments of Coronaviridae-wide conserved domains in replicase polyprotein 1ab (ADRP, nsp3; Mpro, nsp5; RdRP, nsp12; Hel, nsp13; ExoN, nsp14; NendoU, nsp15; O-MT, nsp16) for MERS-CoV strain Hu/Jordan-N3/2012 (GenBank accession no. KC776174.1) and for 20 other coronaviruses, each a representative of a currently recognized coronavirus species (10); equine torovirus Berne served as the outgroup. Virus names are given with strain specifications; species and genus names are in italics as per convention. The tree shows the four main monophyletic clusters, corresponding to genera Alpha-, Beta-, Gamma-, and Deltacoronavirus (color coded) and the position of MERS-CoV. Also indicated are betacoronavirus lineages A through D (corresponding to former CoV subgroups 2A through D). Bootstrap values (1,000 replicates) are indicated at branch points. The tree is drawn to scale (scale bar, 0.2 amino acid substitutions per site).







HCoVs: 229E, OC-43, NL-63, HKU1 

• Worldwide distribution 
• Most often URIs in children 

– LRIs/more severe disease in elderly, immunocompromised 
– Mixed infections; exacerbations chronic illness 

• Seasonal in temperate climates 
• Transmission likely droplet/contact 
• Incubation period ~2 days (1.5-5) 
• Viral loads highest early in illness 

 
 



The Chinese SARS 
Mol. Epi Consortium. 
Science 
2004:303;1666-1669 
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SARS-CoV 
 

• Clinical illness: non-specific fever and cough, 
followed by progressive pneumonia 
– CRF 3-20% overall, 50-60% in older adults and 

hospitalized patients 

• Incubation period: 5 days (2-12 days) 
• Viral load low early in illness – peaks at day 7-9 

– Much less infectious early in illness  

 



Dr. Ali Zaki 
Dr. Solomon Fakeeh Hospital  

Jeddah, Saudi Arabia 

Presenter
Presentation Notes
The story of MERS starts here at the Dr. Solomon Fakeeh Hospital in Jeddah, Saudi Arabia.This is a Tertiary referral center serving 500,000 patients every year.  As a regional pioneer in organ-transplantation, they have a world reknown virology lab to support that function.  Their virology lab prides to have been the first lab to detect dengue fever in Saudi Arabia  in 1994, Al-Khurma fever virus (a tick borne hemorrhagic fever virus) in 1996 and rift valley fever virus in 2000.   So if you are a patient with a new emerging infectious disease, this is the place you want to be.



The First Report 

• A 60-year-old Saudi man was admitted to Dr. 
Solomon Fakeeh Hospital in Jeddah on June 13, 2012 

• 7-day history of fever, productive cough, and 
shortness of breath.  

• Admitted with progressive, multifocal pneumonia 
– BAL grew S. aureus and K. pneumoniae 
– Renal failure developed on day 3 
– Died on day 11 of respiratory and renal failure 

Zaki et al. N Engl J Med 2012 367:1814-20 

Presenter
Presentation Notes
And so it was the choice of this 60-year-old Saudi man was admitted to a private hospital in Jeddah, Saudi Arabia,on June 13, 2012, with a 7-day history of fever, cough, expectoration, and shortnessof breath. He had no history of cardiopulmonary or renal disease, was receiving nolong-term medications, and did not smoke. The physical examination revealed a bodymassindex (the weight in kilograms divided by the square of the height in meters) of35.1, a blood pressure of 140/80 mm Hg, a pulse of 117 beats per minute, a temperatureof 38.3°C, and a respiratory rate of 20 breaths per minute.



Chest Radiography  

Admission HD#2 

Zaki et al. N Engl J Med 2012 367:1814-20 

Presenter
Presentation Notes
So here is his Chest radiography on admission --low lung volumes, bilateralenhanced pulmonary vascular markings more prominent on the left. On chest xray performed 2 days later, the Multiple segmental, patchy, opacities in the middle and lower lung fields had become more confluent and dense.



Computed Tomography 

Zaki et al. N Engl J Med 2012 367:1814-20 

Presenter
Presentation Notes
And here is is CT scan 4 days after admission:  a few mediastinal hilar lymph nodes, , scattered areas of ground-glass opacity, some air bronchograms,with minimal bilateral pleural effusions.  In context of his presentation, these findings were viewed as consistent with an infection.



From an Admission Sputum 
LLC-MK2 LLC-MK2HCoV-EMC 

Vero VeroHCoV-EMC 
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 Familywide PCR assays for coronaviruses yielded 
fragments of expected sizes 

 Strong positive IF for IgG antibodies with patient 
serum at 1:20 (HD #10) 
• 2400 control samples from 2010-2012 were negative 
 

Presenter
Presentation Notes
So From a sputum sample obtained on admission, he had inoculated with the patient specimen on 2 monkey cell lines-- LLC-MK2 and Vero cells.  Here are the cells pre inoculation (left).  The right panel shows cytopathic changes suggestive of virus replication. On passage of the culture supernatant to fresh cells, the same cytopathic effects were observed within 5 days. At this point, the patient was already dead, but Dr Zaki had a sense that this was something bigger than just one patient and continued his work up.







WHO reports to March 27, 2014 

 



What do we know about MERS clinical 
infection? 

• Median incubation period 5 days (95% by 12 
days) 

• Causes severe, multifocal pneumonia 
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Symptoms at Presentation 

Assiri et al  Lancet Infect Dis 2013; 13: 752–61 

Presenter
Presentation Notes
The Saudi Arabian Ministry of Health provided an analysis of 47 individuals with laboratory-confirmed MERS-CoV disease.Also, the median time to respiratory failure in MERS cases was up to 5 days less than in SARSAlso, chest radiographic abnormalities were found in all the MERS patients and in 94% to 100% of SARS patients



Progression of pulmonary disease 

Median Range 

Time from onset of symptoms to: 

      Hospitalization 4 days  0-16 days 

       ICU admission 5 days 1-15 days 

       Mechanical ventilation 7 days 3-11 days 

       Death 11.5 days 4-298 days 

Assiri et al. NEJM 2013;369:407 
WHO MERS-CoV Research group PLOS Currents Outbreaks. 2013 Nov 12.  
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What do we know about MERS clinical 
infection? 

• Median incubation period 5 days (95% by 12 days) 
• Causes severe, multifocal pneumonia 

– Case fatality rate ~40% 
– ?may be some component of renal disease 

• Some mild/asymptomatic cases in younger healthy 
adults and children 

• Very few infections in children 
– most in hospitalized children with severe underlying 

conditions 
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Comparison of case fatality rates 

22 



What do we know about MERS 
pathogenesis/treatment? 

• Presumptive binding domains/proteins identified 
(lower respiratory tract) 

• 3 animal models: mice, rhesus macaques, 
marmosets 
– In rhesus macaques, ribavirin + interferon seems to 

have some effect 
 

• Lesson learned:  
– Developing treatments for new infections takes time 
– Convalescent serum may be the most effective initial 

option 



Convalescent plasma therapy 
1918 H1N1 pandemic 

Luke AIM 2006 



Hung et al. 
RCT IVIG v. H-IVIG 

Chest  2013;144:464 

 



SARS vs. MERS 

  SARS-CoV MERS-CoV 
  Hong Kong 

  
Toront

o 
Beijing  Taiwan  Singapore  KSA Elsewhere 

  

Incubation period     4.6 days (95% with onset by 12.9 days) 5.2 days 
(12.4 days) 

NA 

Serial interval 8.4 days 7.6 days NA 

Household attack 
rate   

Toronto:        10.2% (95%CI 6.7-23.5%) 
Vietnam:         4.2% (95% CI 1.5-7%) 
Singapore:      6.2% (95% CI 3.9-8.5%) 
Hong Kong:    8% (12% early - 6% late) 
Beijing:           4.6% 

11% (4/36) 5% (1/20) 







First 179 cases MERS-CoV 
primary and secondary cases  

Characteristic Primary 
(N=74) 

Secondary 
(N=105) 

Median age 58 years 48 years 
Gender 80% male 58% male 

Healthcare worker 3% 35%  
(80% female) 

Hospitalized patient - ~35% 

WHO  MERS CoV Update 27 March 2014 



Dialysis patient  
Hospitalized for CHF 
Infected on Ward A 
(April  5-8) 

6 dialysis patients infected  
April 11-13 (shared shifts) 
 

Dialysis unit ICU 

3 other dialysis patients and one 
Family member infected secondarily 

Ward B – 2 patients and 1 visitor infected  

Hospital 2: 18 infections 
(one MD died)  

Dialysis unit 2: 2 patients infected 
(adjacent chair, and shared transport 

Dialysis patient from different 
unit hospitalized for pulmonary 
edema; infected in ICU (April 20-22) 

ICUt 



What is important about hospitals? 
1. On-going clusters 

• Due to difficulty in recognizing and diagnosing disease 
 

2. Proportion of cases in hospital clusters  
• 60 /146 (41%) initial cases attributed to transmission in 

healthcare settings 
• 30 healthcare workers; 19 patients; 6 visitors 

 

3. Case fatality rate 
• Among patients with hospital-acquired disease: >70% 
• Among HCWs:  4/32 (12.5%) 

 

WHO MERS-CoV Research group PLOS Currents Outbreaks. 2013 Nov 12.  



  Hong 
Kong 

Toront
o 

Beijing Taiwan MERS 

Percent of healthcare-
acquired cases: 
     Healthcare workers 
     Hospital patients 
     Visitors 
     Patients and visitors 

  
  

23% 
- 
- 

53% 

  
  

39% 
22% 
16% 

  

  
  

16% 
6% 
- 

  
  

18% 
- 
- 

 
 

20% 
13% 
4% 

 
 

SARS  versus MERS 



Disease distribution in healthcare 
workers 

• Al-Musa outbreak 
– 100 exposed HCWs, including 18 full-time staff of 

dialysis unit – 1 case; one ARI (untested) 
• Reported from KSA 

– 12 HCWs;  3 asymptomatic, 4 ILI, 3 severe disease, 
2 deaths 

• WHO update Jan 2014 
– 32 HCWs:   7 severe disease, 4 died 

http://www.who.int/csr/disease/coronavirus_infections/archive_updates/en/index.html 
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Presentation Notes
Al- Moosa General Hospital (AMGH) is a 120 bed privately-owned medical facility in Al Hasa. They are contracted to provide healthcare for Saudi Aramco, a  major producer of petroleum-based energy in  the world. They are accredited by the Joint Commission international ( JCI ) and offer a array of medical and surigical services.  One of the serices they provide is dialysis, which were where the healthcare associated spread first emerged



Taphozous perforatus 

 
Memish et al. EID Nov 2013 
http://wwwnc.cdc.gov/eid/article/19/11/13-1172-f2.htm 

http://www.google.ca/url?q=http://www.saudigazette.com.sa/index.cfm?method=home.con&contentid=20130823177884&sa=U&ei=XsM0U8reKebh0QHX0oD4BQ&ved=0CEsQ9QEwDw&sig2=1vL3Ha1TCQKxzRPpdk9Xow&usg=AFQjCNF_3EFf7TbZaq26fQZgst5mK9rKkg


 

Ithete et al. EID Oct 2013 
http://wwwnc.cdc.gov/eid/article/19/10/13-0946_article.htmEID 
 
Memish et al. EID Nov 2013 
http://wwwnc.cdc.gov/eid/article/19/11/13-1172-f2.htm 

Neoromicia  cf. zuluensis 

http://wwwnc.cdc.gov/eid/article/19/10/13-0946_article.htmEID
http://www.africasti.com/lead-stories/scientists-discover-new-bat-species-in-west-africa/attachment/bat


Intermediary Host:  Camels? 



Reactivity of livestock sera with three 
coronavirus S1 antigens  

Chantal B E M Reusken et al, The Lancet 2013  



What do we know about MERS-CoV in 
camels? 

• Present (same or highly related virus) since at 
least 1990s 



What do we know about MERS-CoV in 
camels? 

• Present (same or highly related virus) since at 
least 1990s 

• Some camels seropositive in all countries tested 
• Seropositivity higher in adult (≥2yrs) than 

juvenile camels (93% vs. 55%) 
• Appears to be associated with (mild) respiratory  

illness in some cases 
• Infection rates variable geographically 
Chu EID 2014:20 June; Memish EID 2014:20 June; Aligaili mBio 2014:5:2 
  

Presenter
Presentation Notes
Add Dubai case



 
Jv  

TABUK 
Juveniles  (N=24) 
    63% seropositive 
    58%  PCR pos 

HOFUF 
Juveniles  (N=24) 
    90% seropositive 
    0  PCR pos 

GIZAN 
Juveniles  (N=21) 
    5% seropositive 
    0  PCR pos 

TAIF  
Juveniles  (N=24) 
    41% seropositive 
    68%  PCR pos 

UNIZAH 
Juveniles  (N=18) 
    83% seropositive 
    15%  PCR pos 



Phylogeny of camel 
& human cases 





So what is the problem with camels? 

• Most cases don’t have  
      direct exposure 



Comparison of primary and secondary 
cases of MERS 

Characteristic Primary 
(N=74) 

Secondary 
(N=105) 

Median age 58 years 48 years 
Gender 80% male 58% male 

Healthcare worker 3% 35%  
(80% female) 

Hospitalized patient - ~35% 
Camels 
     Contact 
     Any association 

 
20% 
55% 

 
4% 
4% 

WHO  MERS CoV Update 27 March 2014 



So what is the problem with camels? 

• Most cases don’t have  
      direct exposure 
 
 
 
• People who DO have direct exposure aren’t getting sick and 

aren’t seropositive 
– 179 abattoir workers in Egypt 

 
• Disease is limited to the Arabian peninsula and 

predominantly KSA 
– But only 260,000 of 27,000,000 camels live in KSA 



What next? 



Next steps 

• Identify means of transmission from camels to 
humans 
– Essential to preventing human infections 

• Understand what happened that led to camel-
human transmission 

• Continue to monitor evolution carefully 
• Treatment, vaccines, diagnosis, understanding 

hospital transmission 
 



Questions? 
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