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INTRODUCTION:

A pandemic is an epidemic of 
infectious disease that has spread through human 
populations across a large region; for instance 
multiple continents or even worldwide.

 Pandemic is different from an epidemic or seasonal outbreak. 

 Pandemic covers a much wider geographical area, often 
worldwide where as an epidemic is specific to one city, region 
or country.

 cause great numbers of hospitalizations and deaths

http://www.who.int/csr/disease/en/



phases:
Phase 1 No animal virus circulating among animals has been 

reported to cause infection in humans.

Phase 2 An animal virus is known to have caused infection in 
humans and is therefore considered a specific 
potential pandemic threat. 

Phase 3 sporadic cases or small clusters of disease in people
has not resulted in human-to-human transmission 
sufficient to sustain community-level outbreaks. 

Phase 4 Human-to-human transmission able to sustain 
community-level outbreaks has been verified. 

Phase 5 The same identified virus has caused sustained 
community level outbreaks atleast 2 countries in 1 
WHO region.

Phase 6 sustained community level outbreaks in at least one 
other country in another WHO region.

http://ecdc.europa.eu/en/healthtopics/pandemic_preparedness/basic_facts/Pages/WHO_pan
demic_phases.aspx



http://www.who.int/csr/disea
se/en/



• Acute respiratory infections (ARIs) are the 
leading cause of morbidity and mortality from 
infectious disease in the world.

• 4 million deaths/yr

• most common causes are viruses or mixed 
viral–bacterial infections. 

• ARIs that have epidemic or pandemic 
potential, and may pose a public-health risk, 
warrant special precautions and preparedness

World Health Organization (WHO). The World Health Report 2004: changing history 
[electronic resource]

Reviews of Infectious Diseases, 1991, 13 Suppl 6:S454–462 



Infectious diseases have spread across populations 
and regions throughout history, and it is likely that 
newly emerging infectious diseases will continue to 
be identified.

The following factors have been associated with the 
emergence and spread of infectious diseases
 changes in human demographics and behaviour; 

 impact of new technologies and industries; 

 economic development and changes in land use; 

 increased international travel and commerce; 

 microbial adaptation and change; 

 poor implementation of public-health measures; and 

 sharing an environment with domestic or wild animals, including 
birds. 

Emerging infections: microbial threats to health in the United States. Washington, 
D.C., The Institute of Medicine, 1992.

Principles and practice of infectious disease. Philadelphia, Elsevier Churchill 
Livingstone, 2005:173–192.
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Introduction:

Case1-
Jeddah, Saudi Arabia

13/6/2012

A patient in his sixties 
presented with 7 days of 
respiratory complaints

Died after 11 days 
[Virus isolated from sputum]

Case2-September 2012
A man in forties with severe 
respiratory symptoms from 

QATAR, had travelled to 
SAUDI, sought medical help 

in UNITED KINGDOM.





HCoV-EMC 
[erasmus medical 

center]
London1_novel 

CoV 2012

MERS-CoV



Virology:

 Coronaviruses are important human and animal 
pathogens. 

1/3rd-community-acquired upper respiratory tract 
infections in adults.

has a role in severe respiratory infections in both 
children and adults.

Coronaviruses are classified as a family within the 
Nidovirales order, viruses that replicate using a 
nested set of mRNAs ("nido-" for "nest").



Clin Microbiol Rev 2015; 28:465.



Masters PS, Perlman S. Coronaviridae. In: Fields Virology, 6th edition



Pathogenesis: poorly understood

Virus shedding-
Lower respiratory tract 

samples of symptomatic 
patients

 For weeks!!

 RNA loads decrease with time

 RNA levels corelate with disease 
severity

 Isolated even from environmental 
samples 

almost all studies of viral shedding have depended on real-time reverse-transcriptase 
polymerase chain reaction (rRT-PCR) for detection of the MERS coronavirus



Clin Infect Dis. 2016;62(4):477



Clin Infect Dis. 2015 Mar;60(6):973-4. Epub 2014 Dec 16



Clin Infect Dis. 2016;62(6):75



Receptor distribution:

Dipeptidyl peptidase 4 (DPP4), is the the MERS-
CoV receptor, is expressed in the upper 
respiratory tract epithelium of camels, but in 
humans only in the lower respiratory tract.

 surfaces of human non ciliated bronchial epithelial cells

 DPP4 protein displays high amino acid sequence 
conservation across different species.

 In a cell line susceptibility study, MERS-CoV infected 
several human cell lines, including lower (but not upper) 
respiratory, kidney, intestinal, and liver cells as well as 
histiocytes



Nature. 2013 Mar;495(7440):251-4.



Nature. 2013 Mar;495(7440):251-4.









Histopathology:

Few reports of biopsies/autopsies from MERS 
patients.





EPIDEMIOLOGY:

1,888 
laboratory 
confirmed 

cases!

670 deaths notified
In 27 

countries

16/1/17-31/1/17-15 cases including 2 
deaths in Saudi Arabia reported.





Geographical 

distribution:



Sources and modes of transmission:

Primary animal host-dromedary camels.

Reservoir- Bats



Front Med. 2016 Jun;10(2):120-36

https://www.ncbi.nlm.nih.gov/pubmed/26791756


Virology Journal 201512:222



Humans as reservoirs-unlikely.





LINK TO BATS:

 Likely reservoir not hosts.
 CoV frequently found in fecal samples resemble MERS-

CoV
 one 190 nucleotide sequence in the RNA-dependent 

RNA polymerase (RdRp) gene from a fecal pellet of 
a Taphozous perforatus had 100% identity with Mers-
CoV isolate.

widespread but asymptomatic infection of Jamaican 
fruit bats.

Contacts with HUMANS IS UNCOMMON.



LINK TO BATS:

Emerg Infect Dis. 2013;19(3):456.





LINK TO CAMELS

Primary hosts likely.

MERS-CoV infects dromedary camels and can be 
transmitted from them to humans by close 
contact.

Phylogenetic and serological studies shows 
evidence for this.







Phylogenetic studies-



Serological studies-

Mbio.2014 Mar-Apr; 5(2): e00884-14.



Virology Journal 201512:222



Human-human:

Case controls in many countries points towards 
this but number of contacts infected by 
individuals with confirmed infections is limited

South Korea outbreak in  June 2015, where many 
secondary and some tertiary cases occurred in 
which ‘super-spreader’ events were identified.

Secondary cases are milder than primary cases 
and occurs in both healthcare settings and 
household.

Droplet or contact transmission.















Clinical manifestations:

CASE DEFENITIONS:

CONFIRMED CASE:

A person with laboratory confirmation of 
infection with MERS-CoV irrespective of clinical 
signs and symptoms



Probable case:

1-A febrile acute respiratory illness with 
clinical, radiographic, or
histopathologic evidence of pulmonary 
parenchymal disease (eg,
pneumonia or acute respiratory distress 
syndrome) 

And

2-Direct epidemiologic link with a 
confirmed MERS-CoV case

3-Testing for MERS-CoV is unavailable, 
negative on a single inadequate 
specimen, or inconclusive   OR

4-Testing for MERS-CoV is inconclusive

1-A febrile acute respiratory illness with clinical, 
radiographic, or
histopathologic evidence of pulmonary 
parenchymal disease (eg,
pneumonia or acute respiratory distress 
syndrome) and

2-The person resides in or traveled to the 
Middle East or countries where MERS-CoV is 
known to be circulating in dromedary camels or 
where human infections have recently occurred 
and

3-Testing for MERS-CoV is inconclusive

https://www.cdc.gov/coronavirus/mers/case-def.html
http://www.who.int/csr/disease/coronavirus_infections/ca

se_definition

https://www.cdc.gov/coronavirus/mers/case-def.html


WHO criteria for laboratory confirmation:

Nucleic acid-
2 sequence specific rRT-PCRs or 1 rRT PCR +direct 
sequencing

or
Acute and acute and convalescent serology-
demonstration of seroconversion in two samples 
ideally collected at least 14 days apart using atleast
one screening assay (enzyme-linked immunoassay, 
immunofluorescence assay) and a neutralization 
assay.



Incubation period:

Median-5 to 7 days

The World Health Organization (WHO) and the 
United States Centers for Disease Control and 
Prevention (CDC) recommend that an 
evaluation for MERS-CoV be considered in 
individuals with a syndrome of MERS who 
returned from travel to the Arabian peninsula or 
neighboring countries within the past 14 days

MMWR Morb Mortal Wkly Rep. 2013;62(23):480.



Signs and symptoms-

Pulmonary

extrapulmonary

Rare 
manifestations



clinical findings among 47 patients with MERS-CoV
infection in Saudi Arabia.

• 42 (89 percent)-intensive care 
• 34 (72 percent) required mechanical ventilation. 
• The median time from presentation for medical care to mechanical 

ventilation was 7 days (range 3 to 11 days) and to death was 14 
days (range 5 to 36 days).

symptoms in  %

fever 97

fever with
chills 98

cough 84

sob 72

Lancet Infect Dis 2013; 13:752.



Gastrointestinal symptoms-

Anorexia

Nausea

Vomiting

abdominal pain

diarrhea

Pericarditis

Disseminated intravascular coagulation





Infection (2015) 43:495–501



Children:

Only one series

9/11 infections were asymptomatic

2 symptomatic-downs and cystic fibrosis.

Pediatr Infect Dis J. 2014 Sep;33(9):904-6

https://www.ncbi.nlm.nih.gov/pubmed?term=24763193


Effect on pregnant women and fetuses:

8 cases till now

2-still birth.

2-preterm

2 maternal deaths

2-healthy baby/mother

J Infect Dis. 2014;209(12):1870
Emerg Infect Dis. 2016;22(3):515
BMC Infect Dis. 2016;16(1):105



LABORATORY ABNORMALITIES-

leukopenia 

lymphopenia,

thrombocytopenia, 

elevated aspartate aminotransferase, 

elevated alanine aminotransferase and 

elevated lactate dehydrogenase.

DIC/HEMOLYSIS-1 case report.

Lancet Infect Dis 2013; 13:752.

https://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus-clinical-manifestations-and-diagnosis/abstract/15


Imaging-

Lancet Infect Dis 2013; 13:752.

https://www.uptodate.com/contents/middle-east-respiratory-syndrome-coronavirus-clinical-manifestations-and-diagnosis/abstract/15


Most common finding in CT:

bilateral predominantly peripheral and basilar 
airspace changes with more extensive ground-
glass opacities than consolidation.



objective Methods: Results

retrospectively analyze 
chest CT findings
for 15 patients with Middle 
East respiratory syndrome 
coronavirus and to identify 
features
associated with survival

group 1 if they died (n = 9)
and to group 2 if they 
made a full recovery (n = 
6).

Ggo=53%
Peripheral=54%
Lower lobe>upper,middle





Comorbidities:

Remains unclear whether persons with specific comorbidities are 
disproportionately infected with Middle East respiratory syndrome 
coronavirus (MERS-CoV) or come to medical attention because they have 
more severe disease.

Lancet Infect Dis. 2013;13(9):752.
Ann Intern Med. 2014 Mar 18;160(6):389-97

https://www.ncbi.nlm.nih.gov/pubmed?term=24474051


DIAGNOSIS:

Preferred tests-PCR and serology

Whom to test?

Specimen handling

Where to ship specimens?

World Health Organization. Laboratory testing for Middle East respiratory syndrome 
coronavirus - Interim recommendations



Preferred tests-

questionnaire to be used for the initial 
investigation of cases.

Patient information

Household information

Daily activities

Exposure-travel, food, humans

Medical history

World Health Organization. Middle East respiratory syndrome 
coronavirus (MERS-CoV). Initial interview questionnaire of cases



Specimen types:

symptomatic PCR Lower Respiratory tract:
sputum, endotracheal aspirate, or 
bronchoalveolar lavage

Upper Respiratory tract:
Naso pharyngeal 
oro pharyngeal
Swabs
Naso pharyngeal wash/naso
pharyngeal Aspirate [2-3ml]

symptomatic serology Paired samples-
1st week, 2nd-2weeks later

Asymptomatic PCR Naso/oropharyngeal swabs, within 14 
days

Asymptomatic serology Within 14days, 2 weeks later

World Health Organization. Laboratory testing for Middle East 
respiratory syndrome coronavirus - Interim recommendations



PCR

World Health Organization. Laboratory testing for Middle East 
respiratory syndrome coronavirus - Interim recommendations 

(revised), September 2014



Serology:

1) serology in relation to defining a MERS‐CoV
case for reporting under the International 
Health Regulations (IHR)

2) serological surveys.

CDC has developed a two-stage approach, which uses an enzyme-linked 
immunosorbent assay (ELISA) for screening followed by an indirect 
immunofluorescence test or microneutralization test for confirmation.

World Health Organization. Laboratory testing for Middle East respiratory syndrome 
coronavirus - Interim recommendations (revised), September 2014



WHOM TO TEST?

OUTSIDE USA: acute respiratory infection, which 
may include history of fever and 

cough and evidence of pulmonary 
parenchymal disease

resides in the Middle East
Or

Health care worker
Or

Cluster within 14 days
Or

Traavel in middle east within 14 
days
Or

Unusual  course

World Health Organization. Laboratory testing for Middle East respiratory 
syndrome coronavirus - Interim recommendations (revised), September 2014

https://www.uptodate.com/external-redirect.do?target_url=http://www.un.org/Depts/Cartographic/map/profile/mideastr.pdf&TOPIC_ID=106589


An individual with an acute 
respiratory illness of any severity 
who, within 14 days of onset of 
illness, had any of the following 

exposures

Close physical contact with a 
confirmed or probable case of 

MERS-CoV infection
Or

Exposure to a healthcare 
facility

Or
Direct contact with dromedary 

camels or consumption or 
exposure to dromedary camel 

products

World Health Organization. Interim surveillance recommendations for 
human infection with Middle East respiratory syndrome coronavirus.



Countries in the Middle East are strongly 
encouraged to consider adding testing for 
MERS-CoV to testing algorithms as part of 

routine sentinel respiratory disease surveillance 
and diagnostic panels for pneumonia.

World Health Organization. Interim surveillance recommendations for 
human infection with Middle East respiratory syndrome coronavirus.

Routine testing of 
asymptomatic contacts 

of cases is not 
recommended

https://www.uptodate.com/external-redirect.do?target_url=http://www.un.org/Depts/Cartographic/map/profile/mideastr.pdf&TOPIC_ID=106589


USA:
Fever with pneumonia or ARDS

Arabian peninsula travel <14days
or

Close contact with a symptomatic 
traveler within 14 days after traveling 

in or near the Arabian Peninsula
Or

being in a healthcare facility in South 
Korea within 14 days.

or
member of a cluster of patients with 
severe acute respiratory illness (eg, 

fever and pneumonia requiring 
hospitalization) of unknown 

etiology .

MMWR Morb Mortal Wkly Rep. 2014;63(19):431.
Centers for Disease Control and Prevention. Interim guidance for healthcare 

professionals



Specimen handling:

Specimens should reach the laboratory as 
soon as possible after collection. 

If a delay of more than 72 hours, specimens 
should be frozen at -80°C and shipped on dry 
ice. 

Storage of respiratory and serum specimens in 
domestic frost-free freezers should be 
avoided, given their wide temperature 
fluctuations..



Where to ship specimens:

USA: 

contact the CDC Emergency Operations 
Center at 770-488-7100

Outside USA:

follow the recommendations of your own 
ministry of health regarding diagnostic testing.



TREATMENT:

 NO SPECIFIC TREATMENT with PROVEN 
BENEFIT

 Anti virals not recommended by WHO.

 Under investigation:

interferon (IFN)-alpha-2b and ribavirin

glucocorticoids

MERS-CoV neutralizing monoclonal antibody-
LCA60



WHO recommendations: 2013

Early recognition and management

Management of severe respiratory distress, 
hypoxemia and ARDS

Management of septic shock

Prevention of complications

http://www.who.int/csr/disease/coronavirus_infections/InterimGuidance_Cli
nicalManagement_NovelCoronavirus_11Feb13.pdf



Early recognition and management

DOs DONTs

Recognize severe manifestations of acute 
respiratory infections

DO NOT restrict oxygen because of concerns 
about a patient’s respiratory drive. 

Initiate infection prevention and control 
measures-standard, droplet and airborne 
precautions.

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

Give supplemental oxygen therapy to 
patients with SARI ->92%

Give empiric antimicrobials to treat 
suspected pathogens, including 
communityacquired pathogens

Use conservative fluid management in 
patients with SARI when there is no 
evidence of shock

Closely monitor patients with SARI for signs 
of clinical deterioration



Management of severe respiratory distress, 
hypoxemia and ARDS:

DOs DONTs

mechanical ventilation should be instituted 
early in patients with increased work of 
breathing or hypoxemia that persists despite 
high-flow oxygen therapy 

Avoid disconnecting the patient from the 
ventilator

NIV when immunosuppression is present, or 
in cases of mild ARDS without impaired 
consciousness or cardiovascular failure 

lung-protective ventilation strategy (LPV) for 
patients with ARDS-high peep, permissive 
hypercapnia, deep sedation

patients with severe ARDS, consider 
adjunctive therapeutics early, especially if 
failing to reach LPV targets-nmB for 48 hrs, 
proning, recruitment



Management of septic shock:

DOs DONTs

early and rapid infusion of 
crystalloid intravenous fluids 
for septic shock

Do not give hypotonic or 
starch-based solutions for 
resuscitation

vasopressors Do not use fluid balance as 
guide to administer volume

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 

http://www.who.int/csr/disease/coronavirus_infections/InterimGuidance_Clinical
Management_NovelCoronavirus_11Feb13.pdf



Interferon alpha 2b and ribavarin:

Retrospective studies-benefit seen

RCTs required.

Only retrospective studies.

study objective Methods [n-20] results

Omrani etal, 
2014 [Riyadh, 
Saudi Arabia]

compare ribavirin and interferon 
alfa-2a treatment for patients with 
severe MERS-CoV infection with a 
supportive therapy only,

oral ribavirin (dose 
based on calculated 
creatinine clearance, 
for 8–10 days) and 
subcutaneous 
pegylated interferon 
alfa-2a (180 μg per 
week for 2 weeks).

14 (70%) of 20 
patients in the 
treatment 
group had 
survived after 
14 days, 
compared with 
seven (29%) of 
24 in the 
comparator 
group 
(p=0·004)

Lancet Infect Dis. 2014 Nov;14(11):1090-5



Steroids:

Not recommended

PLoS Med. 2006;3(9):e343



MERS-CoV neutralizing monoclonal antibody:

LCA 60

isolated from the memory B cells of an infected 
patient

Binds to a novel site on the spike protein and 
neutralizes infection with MERS-CoV by interfering with 
the binding to the cellular receptor CD26.



Proc Natl Acad Sci U S A. 2015;112(33):10473



PREVENTION:

Infection control

Interim home care and isolation

Avoiding camels

Travelling recommendations

Vaccine development



INFECTION CONTROL:

Minimize 
exposures:

• triage

• Elective visits

• Cough 
etiquette

• Fasemasks to 
patients

Manage 
health care 
workers:

Standard 
precautions

• Hand hygiene

• Gloves/masks

Airborne

precautions

Precautions 
during 
aerosol 

generating 
procedures

Manage 
visitor 
access

http://www.who.int/csr/disease/coronavirus_infections/MERS_CoV_Update_09_May_2014.pdf?ua=1
Clin Infect Dis. 2015;60(11):1686



Interim home care and isolation:

CDC recommends that ill individuals who are 
being evaluated for MERS-CoV infection and do 
not require hospitalization may be cared for and 
isolated in their home

MMWR Morb Mortal Wkly Rep. 2014;63(19):431



AVOIDING CAMELS:

General:

 Anyone visiting farms, markets, barns or other places 
where camels are present should practice general 
hygiene measures

1. regular hand washing after touching animals

2. avoiding touching eyes, nose or mouth with hands

3. avoiding contact with sick animals

 Animal products processed appropriately through 
proper cooking are safe for consumption but should 
also be handled with care, to avoid cross-
contamination with uncooked foods.

http://www.who.int/csr/disease/coronavirus_infections/MERS_CoV_RA_20140424.pdf?ua=1



At risk groups:

People with diabetes, renal failure, chronic lung 
disease, and immunocompromised persons are 
considered at high risk of severe disease from 
MERS-CoV infection. 

These people should:

avoid contact with camels, 

should not drink raw camel milk or camel 
urine, and 

should not eat meat that has not been 
properly cooked

http://www.who.int/csr/disease/coronavirus_infections/MERS_CoV_RA_20140424.pdf?ua=1



Travel:

• WHO does not recommend either special 
screening for MERS-CoV at points of entry or 
the application of any travel or trade 
restrictions.

• WHO recommends that countries outside the 
affected region maintain a high level of 
vigilance

World Health Organization. World - travel advice on MERS-CoV for pilgrimages



The Ministry of Health of Saudi Arabia 
recommended that, in 2014, the following 
individuals postpone their plans to travel to 
Mecca, Saudi Arabia, for Hajj and/or Umrah
due to the outbreak of MERS-CoV infection:
 Older individuals (>65 years of age)

 Individuals with chronic diseases (eg, heart disease, kidney disease, respiratory disease, 
nervous system disorders, diabetes)

 Individuals with immunodeficiency (congenital or acquired)

 Patients with malignancy

 Patients with a terminal illness

 Pregnant women

 Children

http://www.moh.gov.sa/en/Hajj/Pages/HealthRegulations.aspx

No cases of MERS-CoV infection were detected during Hajj in 
2012 or 2013

Lancet. 2014;383(9934):2073



CDC recommends that:

all United States travelers to countries in or 
near the Arabian Peninsula protect 
themselves by washing their hands often

avoiding contact with persons who are ill. 

If travelers to the region have onset of fever with cough or 
shortness of breath during their trip or within 14 days of 
returning to the United States, they should seek medical care.



VACCINES:

There is no licensed MERS-CoV vaccine for use in 
humans

Using:

major surface spike protein

cDNA clone of the MERS-CoV genome

recombinant modified vaccine Ankara (MVA) 
vaccine expressing full-length MERS-CoV spike 
protein

 S1 extracellular domain of S protein using 
adenovirus vectors

MBio. 2013;4(5):e00650
Vaccine. 2014 Oct;32(45):5975-82

J Virol. 2013;87(21):11950



An alternative approach to vaccinating humans 
involves immunizing camels against MERS-CoV
and in one study, an MVA vaccine expressing the 
MERS-CoV spike protein conferred mucosal 
immunity in dromedary camels

The development and deployment of vaccines for 
MERS pose unique challenges related to the virus particular 
ecology, the biology of coronaviruses, and the availability and 
adequacy of animal models for testing.

Int J Infect Dis. 2016;47:23
Science. 2016;351(6268):77
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INTRODUCTION:

Enveloped orthomyxovirus, negative sense RNA 
(segmented), with 3 types, A,B,C

Mandell’s Infectious diseases



Of the 16 HA subtypes, 6 have been found in 
human infections (H1, H2, H3, H5, H7, and 
H9). 

So far, only 3 subtypes of HA (H1, H2, H3) and 
2 subtypes of NA (N1, N2) have caused 
pandemics in humans.

Antigenic drift Antigenic shift

Drift- relatively minor 
antigenic changes within
the HA or NA of the virus

These are “new” viruses, for 
which the
population has no immunity

immunologic selection takes 
place, and the
variant sup-plants previous 
strains as the
predominant virus in the 
epidemic.



Influenza pandemics so far:



Why to worry H7N9?

Humans not exposed to H7, hence susceptible

Genome analysis suggests, mammalian 
adaptation possible, hence the fear of human 
to human transmission

Low pathogenicity in birds make it difficult to 
recognize.



H7N9:

The influenza A(H7N9) virus is one subgroup 
among the larger group of H7 viruses, which 
normally circulate among birds.

February 19, 2013, 1st human case of novel 
avian influenza A H7N9 infection in China were 
reported to the World Health Organization.

initial wave-from February to May 2013-133 
cases detected.

N Engl J Med. 2013;368(20):1888
N Engl J Med. 2014;370(6):520

http://www.who.int/csr/don/18-january-2017-ah7n9-
china/en/

September 2015–August 2016-4th epidemic-118 patients
11/1/17-12/1/17-2 cases  in HK,China.



Virology:

Sources: 

Lancet. 2013;381(9881):1926



A/Shanghai/1/2013 [H7N9]

N Engl J Med 2013; 368:1888-1897



PATHOGENESIS:

Receptor and tissue tropism
Transmission Chemokines and 

cytokines

 Human upper 
respiratory tract 

tissues and trachea-
alpha 2-6 galactose

receptors
 human lung tissues-

mixture of alpha 2-3 
galactose and alpha 2-6 

galactose receptors

no evidence of 
sustained human-

to-human 
transmission

 interferon 
inducible 

protein-10 [IP-
10],

 monocyte 
chemoattractant

protein
 IL-6, 
 IL-8



Transmembrane protease S2 (TMPRSS2) is a host protease that cleaves and 
activates the hemagglutinin of influenza viruses in the human respiratory tract 

and  a polymorphism that upregulates TMPRSS2 expression was associated 
with severe H7N9 influenza infection.



Genetic characteristics:

HA cleavage sequence:

single basic amino acid

low pathogenicity in avian species

"silent" epidemics in poultry

HA receptor binding site:

amino acid sequence alpha 2-6 galactose with 
the Q226L mutation increases the binding of 
avian influenza viruses to human-type 
receptors.

Euro Surveill. 2013;18(15):20453.



Epidemiology:

1st case-Feb 19, 2013

Total cases-> 900 cases

Last case-Jan 2017-2 cases

http://www.who.int/csr/don/en/



Case definitions:

Confirmed:

Probable:

Case under 
investigation

Close contact

confirmed by the CDC’s Influenza Laboratory or a CDC-
certified public health laboratory

Illness compatible with influenza in a patient meeting any 
exposure criteria and 

+
laboratory diagnostic testing is positive for influenza A, 

negative for H1, negative for H1pdm09, and negative for 
H3 by real-time reverse transcription polymerase chain 

reaction (RT-PCR)

Illness compatible with influenza in a patient 
meeting any of the exposure criteria and

+
laboratory confirmation is not known or pending or for 
whom test results do not provide a sufficient level of 

detail to confirm novel influenza A virus infection

within about 6 feet (2 meters) or 
within the room or care area or

direct contact with infectious secretions



Role of avian species:

avian influenza A H7N9 has been transmitted to 
humans from the secretions or excretions of 
infected poultry.

During visiting or working at a live animal 
market.



CLINICAL FEATURES:

Incubation peroid-3 to 10 days

Presents with respiratory tract infections

Signs and symptoms may include fever, cough, 
dyspnea, headache, myalgias, and malaise.

Mild to moderate severe

 Few cases
 Fever+ URTi symptoms

 fulminant pneumonia
 respiratory failure, 
 acute respiratory distress 

syndrome (ARDS), 
 septic shock, 
 multiorgan failure, 

rhabdomyolysis, 
 disseminated intravascular 

coagulation, 
 and encephalopathy

Clin Infect Dis. 2013;57(10):1506.
Lancet. 2013;382(9887):129

Lancet. 2013;381(9881):1916





Asymptomatic:

One case report



Urban elderly males more affected

China mission report 2013.



Characteristics %

ICU admission 76.6

>65 years 42%

Underlying medical condition 61%

mortality 27%

lymphopenia 88.3%

Exposure to poultry 55.5%

Lancet.2013 Jul 13;382(9887):138-45



DIAGNOSIS:

1-Whom to test?

who meet both:
Clinical illness criteria Exposure criteria:

 Patients with new-onset 
severe acute respiratory 
infection requiring 
hospitalization
and

 Patients for whom no 
alternative infectious 
etiology is identified

had recent travel (within 10 
days of illness onset) to areas 
where human cases of avian 
influenza A H7N9 infection 
have been detected
Or
Patients who have had recent 
close contact (within 10 days 
of illness onset) with 
confirmed cases of human 
infection with avian influenza 
A H7N9.

http://www.cdc.gov/flu/avianflu/h7n9/specimen-collection.htm?s_cid=seasonalflu-govd-003



Specimen type-

Choice of diagnostic test-

rRT-PCR-real time REVERSE TRANSCRIPTION-
POLYMERASE CHAIN REACTION
Viral culture is not recommended

A nasopharyngeal swab
or
A nasal aspirate or wash
or
Two swabs combined into one viral 
transport media vial (eg, combined nasal 
swab with oropharyngeal swab or 
combined nasopharyngeal swab with 
oropharyngeal swab)

http://www.cdc.gov/flu/avianflu/h7n9/specimen-collection.htm?s_cid=seasonalflu-govd-003



Timing of testing :

IDEALLY <7 DAYS

Specimen handling:

synthetic tip (eg, polyester or Dacron) and an 
aluminum or plastic shaft.

collection vials should contain 1 to 3 mL of viral 
transport medium

4°C for no longer than three days

http://www.cdc.gov/flu/avianflu/h7n9/specimen-collection.htm?s_cid=seasonalflu-govd-003



TREATMENT:

1-General:

 resistant to the adamantanes

all confirmed cases, probable cases, and cases 
under investigation receive antiviral treatment 
with a neuraminidase inhibitor

even if more than 48 hours has elapsed since 
illness onset.

should not be delayed for laboratory 
confirmation

http://www.cdc.gov/flu/avianflu/h7n9-antiviral-treatment.htm



Hospitalized patients: Uncomplicated illness in outpatients:

As early as possible
Laboratory testing simultaneously
Oral oseltamivir
IV zanamavir to those who cant tolerate 
oseltamivir

Early
If at high risk even in healthy
If COPD/ASTHMA-avoid ZANAMAVIR

Oseltamivir
Treatment
chemoprophylaxis

75 mg twice daily for five days
75 mg once daily

Zanamivir
Treatment

chemoprophylaxis

10 mg (two inhalations) twice 
daily for five days
10 mg (two inhalations) once 
daily

http://www.cdc.gov/flu/avianflu/h7n9-antiviral-treatment.htm



A higher dose of oseltamivir (150 mg orally twice daily in adults with 
normal renal function) is recommended in immunocompromised 

patients and in severely ill hospitalized patients, although the possible 
benefit of higher doses remains unknown



PREVENTION:

oseltamivir or inhaled 
zanamavir chemoprophylaxis should be 
provided to close contacts of a confirmed or 
probable H7N9 case.

High, moderate risk-give

Low risk-not given

http://www.cdc.gov/flu/avianflu/h7n9-antiviral-treatment.htm



If a close contact tests positive inhalations] twice daily) as soon as 
possible, and oseltamivir should be stopped because some avian 

influenza A H7N9 viruses may rapidly become oseltamivir-resistant and 
remain zanamivir-susceptible for avian influenza A H7N9 virus after 

taking osaltamivir chemoprophylaxis for more than two days, zanamivir
should be started (10 mg [2 



Vaccine-

World Health Organization (WHO) recommends 
to use A/Anhui/1/2013-like virus be used for 
vaccine development.

<9months of pandemic treat.

Travel:

No restrictions



INFECTION CONTROL and 
PREVENTION

Minimize 
exposures

Isolation: Managing 
visitor 
access

Managing 
health care 

workers

Environmen
tal controls

Transportati
on

Post 
mortem 

care



Minimizing exposures:

Triage/

screening

Patients 
informing during 
appointments

Minimize 
elective 
visits-

Telephone 
consultations

respiratory 
hygiene, cough 
etiquette, and 
hand hygiene

 Posting visual alerts (eg, signs, 
posters) in strategic locations

 Providing facemasks to patients
 Providing ethanol-based hand 

sanitizers
 Providing space and encouraging 

patients with respiratory 
symptoms



ISOLATION PRECAUTIONS:

Standard 
precautions

AIRBORNE 
precautions

Aerosol 
generating 
procedures

Respiratory 
protection



Standard precautions:

Hand hygiene-

before and after every patient contact, contact 
with potentially infectious material, and before 
putting on and after taking off personal 
protective equipment, including gloves.

soap and water or by using alcohol-based hand 
rubs

Healthcare workers with direct patient contact 
should have fingernails that are short, clean, and 
free from false nails and nail polish



Gloves:

Gloves should be used for any contact with 
potentially infectious material, followed by hand 
hygiene immediately after glove removal.

provide a protective barrier for the healthcare 
worker as well as the patient.

Wearing gloves does not replace the need for hand hygiene as 
gloves may have unapparent tears, and hands predictably 
become contaminated during glove removal.



Gowns:

Reusable/non reusable

Gowns are used in addition to gloves if there 
is risk of fluids or blood from the patient 
splashing onto the health-care worker’s body.

Re-usable gowns must be laundered after 
every use.



AIRBORNE PRECAUTIONS:
<5u
remain suspended in the air for extended periods.
<3-6 feet exposure+.
 place the patient in a monitored negative pressure room 

with at least 6 to 12 air exchanges per hour.
 Room exhaust must be appropriately discharged outdoors 

or passed through a HEPA filter before recirculation within 
the hospital.

 A certified respirator must be worn when entering the 
room of a patient with diagnosed or suspected 
tuberculosis. 

 Transport of the patient should be minimized; the patient 
should be masked if transport within the hospital is 
unavoidable.

 Cough etiquette

Duration-
7days after illness onset or 

until 24 hours after resolution 
of fever and respiratory 

symptoms, whichever is longer



Aerosol generating procedures:

procedures include endotracheal intubation and 
extubation, bronchoscopy, sputum induction, 
cardiopulmonary resuscitation, open suctioning of 
airways, and autopsies
each healthcare worker should wear an N95 

respirator
conduct procedure in an airborne infection 

isolation room
Limit the number of healthcare personnel 

present during the procedure
Environmental surface cleaning following these 

procedures



Respiratory protection:

1. Suspected/confirmed-facial masks

2. During airborne generating procedures-N95 
masks or its equivalents.

N95 equivalents-

powered air purifying respirator

elastomeric

n95
N=not resistant to oil

95=95% efficiency in filtering out <0.3u size particles



faerosol
N95 vs surgical masks:

JAMA. 2009 Nov 4;302(17):1865-71

https://www.ncbi.nlm.nih.gov/pubmed?term=19797474


For respiratory protection to be effective, it is 
crucial to achieve a proper fit!!

J Infect Dis (2010) 201 (4): 491-498



WHO/CDS/EPR/2007.8



WHO/CDS/EPR/2007.8



MANAGING VISITOR ACCESS:
limited to individuals who are necessary for the patient’s 
care and well-being.
When visits are planned, the following measures should 
be taken:
 screened for symptoms of acute respiratory illness 

before entering the facility.
 instruction before visitors enter the patient’s room on 

hand hygiene, limiting surfaces touches, and use of 
personal protective equipment.

 use respiratory hygiene and cough etiquette.
 Absent for aerosol-generating procedures.
 limit their movement within the facility.
 Vaccines if available.

http://www.cdc.gov/flu/professionals/infectioncontrol/h
ealthcaresettings.htm



MANAGING HEALTHCARE WORKERS:
Chemoprophylaxis
Ill health workers with fever and respiratory complaints:

 Not report to work or, if already at work, stop patient-care 
activities, wear a facemask, and promptly notify their supervisor 
and infection control or occupational health

 adherence to respiratory hygiene, cough etiquette, and hand 
hygiene

 If symptoms such as coughing and sneezing are still present, wear a 
facemask after returning to work during patient care activities

 Be excluded from work until at least 24 hours after fever has abated 
 Be considered for temporary reassignment or exclusion from work 

for seven days after symptom onset or until resolution of 
symptoms, whichever is longer, if returning to care for patients in a 
protected environment, such as hematopoietic cell transplant 
recipients.

http://www.cdc.gov/flu/professionals/infectioncontrol/healthcarese
ttings.htm



ENVIRONMENTAL CONTROLS:

well-ventilated rooms which removes the  
contaminated air reduce risk of infection being 
transmitted through respiratory aerosols 

The recommended minimal ventilation rate is 
12 air changes per hour (ACH).

Only reduces the risk of infection and not 
eliminate the risk.

www.tbcindia.nic.in/showfile.php?lid=2858



mechanical natural Mixed [hybrid]

Fan used to drive air flow. 
To be effective:
 12 ach minimum.
 Doors/windows closed

External airflows generated 
by natural forces such as 
wind.
air should be directed to 
flow from patient-care 
areas towards transit-free 
areas.

exhaust fan used. 
useful in places were
natural ventilation is not 
suitable (e.g. very cold
weather) and fully 
mechanically ventilated 
airborne precautions 
rooms are not available.

Suitable for all climates
and weather
More controlled and
comfortable environment

Suitable for warm and
temperate climates
Capable of achieving very
high ventilation rates
Low costs

Energy saving,
relative to mechanical
Ventilation
flexible

Noise, expensive, faulty Easily affected by
outdoor climate

Difficult to design

www.tbcindia.nic.in/showfile.php?lid=2858





www.tbcindia.nic.in/showfile.php?lid=2858



TRANSPORTATION:

Should wear a medical mask when being 
transported or when being provided with care 
outside of isolation or cohorting areas.

Health-care workers designated to receive 
patients of potential concern should be 
alerted in advance.

Transport them via routes that minimize the 
opportunities for exposure.

WHO/CDS/EPR/2007.8



Post mortem:

After death of a patient with potential 
concern, the body should be placed in a fully 
sealed, impermeable body bag before it is 
removed from the isolation room for 
transportation to the mortuary.

PPE are of sufficient strength to withstand any 
damage during lifting body.

Those involved with performing or assisting 
with autopsies must wear appropriate PPE.

WHO/CDS/EPR/2007.8



TAKE HOME MESSAGE:

 Mers Cov-is a novel lineage C betacoronavirus causing 
severe pneumonia, kidney injury which has no specific 
treatment, diagnosed by rRT-PCR and further cases can be 
prevented by increases level of infection control 
precautions

 H7N9-is a novel avian influenza virus. Genetic re 
assortment can lead a future pandemic of a avian influenza 
virus.

 Infection control precautions should be carried out as a 
team with a collective effort from everyone including 
administrators, doctors and nursing.



THANK YOU.


