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    Chapter 45   
 Emerging Respiratory Pandemics                     

       Seema     Oommen     

            Introduction 

 Over the last two decades, there has been an increase in the incidence of emerging 
and remerging respiratory viruses, primarily of zoonotic origin, capable of causing 
respiratory infections of pandemic proportions. 

 The leading pandemic of the new millennium was that of a novel coronavirus 
called severe acute respiratory syndrome coronavirus (SARS-CoV). It originated in 
the live game markets in the Guangdong province of southern China in the late 2002 
and affected about 8,096 people in over 30 countries, of which 774 died till early 
2004 [ 1 ]. Palm civets sold in these markets are considered as the source of this 
infection. 

 Key Points 
•     Since the identity of the respiratory pathogen is not known at the time of 

admission, emergency department personnel and intensive care staff are at 
the highest risk of exposure while handling such patients.  

•   Physical signs in respiratory pandemics are minimal in contrast to the 
radiological signs.  

•   Rapid respiratory deterioration necessitating intensive care is a common 
feature early in the disease.  

•   Contact, droplet and airborne barrier precautions are necessary to prevent 
the spread of infection within the hospital.    
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 Swine fl u is the popular name of the relatively new strain of infl uenza A/2009/
H1N1 that caused a pandemic which began in Mexico and spread rapidly from there 
across the world in 2009–2010. More than 600,000 laboratory-confi rmed cases 
were reported from more than 200 countries worldwide as of March 2010 with a 
total of 18,449 deaths as reported by the World Health Organization (WHO) in 
August 2010 [ 2 ]. This is considered an under-representation of the actual numbers 
as many deaths were never tested or recognized as infl uenza related [ 2 ]. Meanwhile 
new cases of H1N1 are being diagnosed worldwide including India in 2014. 

 The WHO estimates a total of 676 laboratory-confi rmed human cases of avian fl u 
(H5N1) infection and 398 related deaths in 16 countries from 2003 to 2014 [ 3 ]. 
Avian infl uenza viruses are divided into the high pathogenicity H5N1 virus with 
100 % mortality in the poultry and low pathogenicity H7N9 viruses not associated 
with severe disease in poultry. Cases of H7N9 are reported mainly from the People’s 
Republic of China. 

 The most recent respiratory illness was fi rst reported in Saudi Arabia in 2012 and 
is of a new strain of coronavirus called the Middle East respiratory syndrome coro-
navirus (MERS-CoV) that shares a genetic relatedness to a similar virus found in 
camels. By June 2014 there were around 699 laboratory-confi rmed infections with 
209 deaths [ 4 ]. The majority of these cases were from the Middle East countries 
with few cases in the USA, Europe, Malaysia and the Philippines in Asia. 

 Thus the crude case fatality rate of H5N1 is highest at 60 %, followed by MERS- 
CoV (30 %), SARS-CoV (10 %) and the least H1N1 (0.5 %), the latter being most 
likely under-represented [ 1 – 4 ].  

    Pathophysiology 

 Adaptation of the viruses by mutation or reassortment leading to an ability to 
cross the species barrier into humans, the capability to become established in 
humans and a sustained ability to pass from one human to the other are the three 
features needed to cause an infectious disease of epidemic proportions. Combine 
this with the increased mobility of individuals across the world; transfer of these 
infections from one part of the globe to the other can take place in a relatively 
short period of time. 

 Direct lysis of the host cells is one of the mechanisms of host tissue damage. 
More important are the indirect consequences of the host immune response which 
get disrupted, tipping the balance from being favourable to an exaggerated and 
destructive host immune response leading to an outpouring of pro-infl ammatory 
chemokines and cytokines termed as ‘the cytokine storm’ [ 5 ]. 

 Cytokines like tumour necrosis factor alpha (TNF α), interleukin 6 (IL-6), IL-1β 
and IL-8 play a major role in tissue damage [ 5 ]. Of this IL-1β has been found to be 
the main cytokine in the broncho-alveolar lavage (BAL) fl uids of patient with lung 
injury [ 5 ]. 
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 The net result is local diffuse damage to the alveoli (acute lung injury – ALI) due 
to increased arrival of leucocytes, dilatation of blood vessels and tissue oedema and 
can swiftly progress to the more severe acute respiratory distress syndrome (ARDS). 
Spillover of these cytokines into the systemic circulation leads to multisystem organ 
failure and fi nally death.  

    Clinical Features 

 There is a considerable overlap in the clinical presentation by the common respira-
tory viruses and other atypical causes of community-acquired pneumonia making 
arousal of suspicion in the treating physician of an emerging epidemic virus unlikely. 
Hence suitable samples may not be collected at the appropriate time leading to mis-
diagnosis and a delay initiation of therapy.

•    The common clinical presentation [ 1 ,  6 ,  7 ] of most respiratory pandemic viruses 
is that of an ‘infl uenza-like illness (ILI)’: an acute respiratory infection with sud-
den onset of fever (temperature of >38 °C or >100.4 °F), chills, myalgia and a 
non-productive cough. Sore throat and rhinorrhoea may also be present. Many 
cases are associated with gastrointestinal symptoms like abdominal pain and 
diarrhoea.  

•   A history of contact, in the preceding 10 days of symptom onset with poultry or 
with a known case in the countries detected to have human avian infl uenza cases, 
has to be elicited. Likewise, history of travel to the Middle East countries should 
arouse suspicion of a MERS-CoV infection.  

•   Cases may range from a mild ILI to a fulminant viral pneumonia. Rapid clinical 
deterioration may occur with diffuse viral pneumonitis with hypoxaemia, acute 
respiratory distress syndrome (ARDS), septic shock, multisystem organ failure 
and death occurring within a week of onset of illness [ 7 ].  

•   Secondary bacterial pneumonia especially due to  Staphylococcus aureus, S. pyo-
genes and S. pneumoniae  is a common complication with infl uenza [ 7 ].  

•   Extremes of age; pregnancy; obesity; presence of pulmonary, cardiac, hepatic, 
renal or metabolic co-morbidities; and underlying neurological conditions are 
the common risk factors for severe disease [ 1 ,  6 ].  

•   Case fatality of H5N1 is much higher than seasonal infl uenza viruses with 
rapid clinical deterioration mainly due to early involvement of the lower respi-
ratory tract.     

    Investigations 

 Considering the rapid spread of virus in the past within hospitals and community, 
methods to rapidly identify infected cases are of utmost importance. 
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    Molecular Diagnostic Methods 

•     The real-time-based polymerase chain reaction (RT-PCR)-based assay is one 
such means which has proven its worth both during the SARS-CoV and the 
H1N1 outbreak. The only caveat is that appropriate clinical samples need to be 
collected at the appropriate time during the disease and should be transported to 
the laboratory in cold chain in a viral transport medium so as to maintain the 
viability of the nucleic acid.  

•   Multiplex PCR can detect simultaneously other viruses causing a similar clinical 
picture like the seasonal infl uenza A and B, respiratory syncytial virus (RSV) and 
human metapneumovirus.  

•   The most preferred specimen is a nasopharyngeal aspirate or a swab preferably 
within 1–2 days of onset of disease [ 6 ]. Cotton swabs are not recommended due 
to presence of inhibitors; rayon- or nylon-fl ocked swabs are used instead. 
Broncho- alveolar lavage, tracheal aspirates and sputum which contains the high-
est viral loads are the ideal specimens especially later in the course of illness [ 6 ].  

•   RT-PCR tests may be carried out on serum specimens.  
•   In case of suspicion of MERS-CoV or SARS-CoV, stool specimens may also be 

sent to the laboratory.  
•   Many a times these newer molecular assays may not be available even in estab-

lished diagnostic molecular laboratories and the specimen may have to be 
shipped under strict biohazard protocols to the national or a regional reference 
centre for testing.     

    Other Diagnostic Tests 

•     Rapid diagnostic tests available for the diagnosis of infl uenza have high speci-
fi city but low sensitivity and hence a negative result should be interpreted with 
care [ 7 ].  

•   Though viral cultures don’t play a signifi cant role in rapidly diagnosing cases, it 
is important in confi rmation of emerging and re-emerging cases of viral infec-
tion, epidemiological typing of isolates and research into vaccines and newer 
drugs.  

•   Clinical signs on examination are minimal when compared to the radiological 
fi ndings of the chest. Chest X-rays typically show diffuse interstitial infi ltrates, 
unilateral or more commonly bilateral ground-glass opacities to focal consolida-
tion that is seen early in the disease [ 1 ,  6 ,  7 ]. These opacities are usually seen in 
the lower lungs fi rst and may become widespread affecting larger areas as the 
disease progresses. High-resolution computed tomography may be required in 
ambiguous cases.  

S. Oommen



561

•   Tests done to rule out other infectious aetiology include blood cultures, Gram’s 
stain and culture of the sputum and urinary antigen detection for legionella and 
pneumococci. Acute and convalescent serum samples may be collected for anti-
body detection of various pathogens.    

 Healthcare personnel should be on high alert in the present global climate for any 
clustering of similar cases. Picking up a probable epidemic early in its course may 
limit the spread of the infection within the hospital and the community.   

    Treatment 

 Treatment is largely supportive for uncomplicated cases, also bed rest and mainte-
nance of hydration, in addition to analgesics and antipyretics. Severe cases require 
supportive measures including ventilation and antibiotics for secondary bacterial 
infections. 

    Antivirals 

•     Oseltamivir and zanamivir [ 6 ,  8 ] are neuraminidase inhibitors that decrease the 
release of infl uenza viruses from infected cells, thus limiting its spread. It has 
been used extensively in the 2009 H1N1 pandemic. Resistance to oseltamivir has 
been documented [ 8 ]. Best results were obtained when treatment was started 
within 48 h of symptom onset even before the availability of laboratory results.  

•   The dosage of oseltamivir for persons above 13 years of age and >40 kg weight 
is 75 mg twice daily for duration of 5 days.  

•   For children <15 kg, the dose of oseltamivir is 30 mg twice a day, 15–23 kg is 
45 mg twice a day and >23–40 kg is 60 mg twice daily.  

•   Zanamivir is advised for persons above 5 years of age at a dose of 10 mg (two 
inhalations) twice a day. Oseltamivir is the drug of choice to treat human cases 
of avian infl uenza.  

•   Unlike infl uenza there is no specifi c antiviral or vaccine available for the corona-
viruses. A combination of ribavarin and interferon 1α shows synergistic action 
in vivo and has been used to treat MERS-CoV and SARS-CoV infections but 
limited data is available on their effectiveness to combat the disease and clinical 
trials are needed to demonstrate their effectiveness [ 1 ].  

•   Steroids were used during the SARS outbreak to limit the cytokine-mediated 
lung injury in conjunction with ribavirin but the actual role of steroids has to be 
elucidated with further studies. Steroids are contraindicated in cases of infl uenza 
pneumonia as it may further predispose to secondary bacterial infection.      
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    Prevention 

•     The incubation period for most infl uenza viruses including H1N1 is 1–4 days 
[ 7 ], whereas the incubation period for H5N1 is slightly longer ranging from 2 to 
8 days.  

•   Patients with infl uenza are most infectious in the fi rst 2 days of the onset of ill-
ness averaging from a day before the onset of symptoms to 5–7 days after the 
onset of illness.  

•   The incubation period of coronaviruses like SARS-CoV and MERS-CoV is 
around 2–14 days. In contrast to infl uenza cases, they transmit the virus usually 
after the fi fth day of the onset of disease when viral load maximizes in the naso-
pharyngeal secretions [ 1 ].    

    Prophylaxis 

     1.     Immunoprophylaxis  [ 9 ]: Exists currently only for infl uenza. It is advised by the 
Advisory Committee on Immunization Practices (ACIP) that all persons over 
6 months of age be vaccinated annually against the predicted infl uenza strains 
which are most likely to cause infections in the next infl uenza season based on 
surveillance data. It is available as an annual infl uenza vaccine incorporating 
three or four live attenuated or inactivated infl uenza strains. It is available for 
administration as nasal sprays (live attenuated vaccine) and the intramuscular or 
intradermal route (killed vaccine).   

   2.     Chemoprophylaxis  [ 7 ]:

•    Oseltamivir and Zanamivir (neuraminidase inhibitors) are active against both 
infl uenza A and B viruses. It is indicated in exposed unvaccinated immuno-
compromised persons or people with co-morbid conditions who are at a high 
risk of developing infl uenza.  

•   Oseltamivir should be given within 1 day after exposure at a dose of 75 mg 
once daily for persons 13 years and above of age for a minimum of 10 days 
after exposure to a recent contact with a known case of infl uenza.  
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•   Zanamivir is prescribed at two inhalations once daily for people above 5 years 
of age. If the exposed person develops respiratory symptoms, he should be 
given treatment doses of the drug.  

•   In case of H5N1, close contacts of strongly suspected cases of human avian 
infl uenza and personnel handling infected poultry are advised oseltamivir as 
chemoprophylaxis [ 10 ].      

   3.     Standard contact ,  droplet and airborne precautions  [ 11 ]:     

 Oftentimes, emergence of an infection of pandemic potential is not routinely 
expected by physicians and staff in their regular days’ work. But going by the past 
experience especially in case of SARS-CoV, healthcare personnel were the ones at 
high risk of infection given the close proximity to the patient. Hence it is important 
that all staff follow the standard contact and droplet precautions for any case sus-
pected to have a respiratory infection.

•    Contact and droplet precautions include wearing of personnel protective equip-
ment (PPE) such as gloves, gowns, eye and face shields.  

•   There is special emphasis on hand hygiene which must be diligently performed 
before and after contact with the patient, the potentially infectious material gen-
erated by him, before wearing and after removing PPE.  

•   Airborne precautions include placement of patients in an airborne infection iso-
lation room (AIIR) and wearing of N95 or greater respirators and masks. Airborne 
transmission is especially possible while suctioning a ventilated patient, bron-
choscopy, sputum induction, intubation and extubation and cardiopulmonary 
resuscitation.  

•   Pending placement of patient in the AIIR a face mask must be placed on the 
patient and the patient isolated in a single room to prevent spread of infection.  

•   Environment infection control must be followed per hospital infection control 
policy using a suitable disinfectant for disinfection and collection, transport and 
treatment of all infectious waste generated.      
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    Summary and Algorithm 

    

Patient presenting with ‘influenza like illness’ and chest radiograph
showing signs of pneumonia necessitating hospitalization

Inform district heath authorities. 

Always maintain personnel protection: contact, droplet and
airborne precautions to be practised.

Isolate the patient. Place a mask on the patient pending isolation

Elicit travel history to Middle Eastern countries for MERS-CoV
and or history of contact with poultry for H5N1. 

Physicians and staff to be alert on clustering of similar cases in the
recent past

Collect appropriate specimens to confirm diagnosis and to
rule out alternate diagnosis.

1. Nasopharyngeal aspirates, swabs, BAL for molecular
    testing of influenza, RSV, human metapeumoviruses,
    MERS-CoV and H5N1 as deemed appropriate

2. Blood cultures

3. Sputum gram stain and culture

4. Urine antigen detection

5. Serum for antibody/antigen detection

6. Other routine tests like complete blood count etc

If clinical suspicion of Influenza is high initiate treatment
with Oseltamavir

Laboratory results like molecular tests and blood cultures
are usually available after 72 hours
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