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Influenza viruses are a significant cause
of morbidity and mortality globally,
resulting in severe illness in 3-5 million
people and death in up to 500,000 during
epidemic years.! These viruses are mem-
bers of the orthomyxoviridae family and
subclassified into influenza A, B and C, of
which only influenza A has pandemic
potential. Influenza pandemics occur
when virus expressing a novel haemag-
glutinin or neuraminidase surface glyco-
protein infects a population with no
prior immunity. The devastating effects
of this were demonstrated by the 1918
HIN1 pandemic in which approximately
20-50 million people died worldwide.
Although it is now generally considered
that the 2009 HIN1 pandemic resulted in
mild disease in most individuals, serious
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complications still occurred (Table 1).2
Moreover, a greater number of individuals
in the UK became critically ill during the
post-pandemic phase in the winter of
2010 than in the previous year.
Consequently, physicians should remain
vigilant to identify patients with influenza
who develop respiratory symptoms.>

This article focuses on clinical aspects
of the 2009 HIN1 influenza A (pHIN1)
infection in adults, in particular the pul-
monary complications of primary viral
and secondary bacterial pneumonia.

Origins and epidemiology

Following the emergence of the first cases
of pHIN1 in Mexico in March 2009 the
virus spread rapidly, achieving pandemic
status within three months. The pHIN1
virus arose from the combination of two
genes from a Eurasian swine virus with six
genes from a ‘triple-reassortant’ North
American swine virus lineage (Fig 1).* In
the US alone the pandemic accounted for
an estimated 59 million illnesses, 265,000
hospitalisations and 12,000 deaths by
mid-February 2010.°
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The pandemic virus differed from sea-
sonal influenza in its propensity to affect
young and middle-aged adults (aged
20-65) rather than the elderly. In the UK,
474 deaths were reported in the pandemic
phase, one-third of which occurred in
patients with minimal or no underlying
health problems.® Risk factors for severe
disease included asthma, cardiac disease,
immunosuppression, pregnancy and
post-partum states, diabetes mellitus and
obesity. Fewer than 1% of patients in the
UK were admitted to hospital, but
12-15% of these required critical care,
placing a huge burden on services.”

Influenza-related pneumonia was
found in 40% of hospitalised patients in
the US, and in Australasia 49% of the
critically ill patients were diagnosed with
viral pneumonia and 20% had secondary
bacterial pneumonia.’

Pathogenesis

Primary influenza pneumonia and post-
influenza secondary bacterial pneumonia
are distinct pathologies but difficult to
distinguish clinically. The pathogenesis of
primary influenza pneumonia in pHIN1
infection is not yet fully understood, but
the end-point is evident from autopsy
studies showing diffuse alveolar damage
(DAD) associated with haemorrhage
and necrotising bronchiolitis.® The
mechanism by which pHINI induces
DAD is unclear, although it is likely to be
a result of the cytopathic effects of the
virus in combination with an overexu-
berant inflammatory response.

Table 1. Complications of seasonal and pandemic influenza. Adapted from reference 2.

Complications

Pulmonary

Primary influenza pneumonia
Secondary bacterial pneumonia

Pulmonary superinfection with
atypical pathogen

Exacerbations of chronic lung disease:
asthma and COPD

Respiratory failure and ARDS

Extrapulmonary

Cardiac: pericarditis and myocarditis
Muscular: myositis and rhabdomyolysis

Neurologic: encephalopathy, encephalomyelitis,
transverse myelitis, aseptic meningitis, Guillain-Barré
syndrome

ARDS = acute respiratory distress syndrome; COPD = chronic obstructive pulmonary disease.
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Fig 1. Origins of HIN1/09.% The 2009 pandemic HIN1 virus resulted from the reassortment of a Eurasian avian-like HIN1 lineage that emerged
in pigs around 1970 with a ‘triple reassortant’ virus that emerged in pigs in the late 1990s. The ‘triple reassortant’ contains the PB2 and PA of an
avian virus, PB1 and NA of a human H3N2 and four genes from classical swine virus that had been in circulation since the 1918 HIN1 pandemic.

Laennec first established the relation-
ship between influenza infection and sec-
ondary bacterial pneumonia in 1803.°
Numerous mechanisms for increased
post-influenza bacterial susceptibility have
subsequently been proposed, including:

e disruption of the barrier function of
alveolar epithelium exposing bacte-
rial adhesion molecules

e desensitisation of alveolar macrophages
to bacterial toll-like receptor ligands’

e disequilibrium of immune home-
ostasis within the alveolar microen-
vironment.!?

Clinical features and diagnosis

The clinical diagnosis of pandemic
influenza is based on:

e the presence of fever (>38°C), or

e a history of fever and influenza-like
illness (two of more of the symptoms
of cough, sore throat, rhinorrhoea,
limb or joint pain, headache, vom-
iting or diarrhoea), or

e severe or life-threatening illness sug-
gestive of an infectious process.

Notably, gastrointestinal symptoms
(diarrhoea, vomiting and abdominal
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pain) are more prominent in pHIN1 rel-
ative to seasonal influenza (<10%), and
up to one-third of patients may be
afebrile at presentation. Most adults with
pHINT1 experience mild symptoms, with
50% recovering within seven days of
symptom onset and a further 25% within

Laboratory investigations

Laboratory diagnosis of pHINI is best
achieved through real-time reverse
transcriptase polymerase chain reaction
(rt-PCR) analysis of both combined

nasopharyngeal and throat swabs
1

10 days.’ and nasopharyngeal aspirates,!! plus

Although pH1N1 is now in the post-pandemic phase, physicians should be vigilant to
identify patients presenting with respiratory symptoms during the winter influenza
season

Conditions associated with an increased risk include asthma, cardiac disease,
immunosuppression, pregnancy and post-partum states, diabetes mellitus and obesity

Patients may be afebrile or have predominantly gastrointestinal symptoms at
presentation

Reverse transcriptase polymerase chain reaction of nasopharyngeal or throat swabs is
the most effective method of diagnosis, but false-negatives may occur in the presence
of viral pneumonia

Patients should be retested and antiviral medication continued if there is a high
clinical index of suspicion

Antiviral drugs are most effective when administered early, but may confer benefit up
to seven days after the onset of symptoms

Vaccination is safe, effective and dramatically underused
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tracheobronchial aspirates in ventilated
patients. There is a significant incidence of
false-negative results, so repeated testing
of both upper respiratory swabs and tra-
cheobronchial aspirates is required to
exclude viral infection with confidence.
If there is a high index of suspicion,
antiviral therapy should be continued
until repeated samples are negative.!?
Although PCR is the most sensitive and
specific method of diagnosis, it has lim-
ited availability and nasopharyngeal aspi-
ration can be both unpleasant and
negative in the presence of influenza-
related pneumonia. Other available diag-
nostic assays include rapid antigen and
direct immunofluorescent antibody tests,
but neither can distinguish between dif-
ferent subtypes of influenza A nor are
they as sensitive and specific as PCR.

Differentiation of influenza-related
and secondary bacterial pneumonias

Signs suggestive of the development of
influenza-related pneumonia include dys-
pnoea, recrudescent fever, tachypnoea,
cyanosis and bilateral crepitations.'?
Distinguishing between a primary viral
pneumonia and secondary bacterial
pneumonia can be difficult in the clinical
setting. Table 2 outlines the clinical para-
meters that may aid differentiation.

Management

In October 2009 the Department of
Health issued recommendations out-
lining the treatment of pHIN1 in both
the primary and secondary care settings,
updating previous British Thoracic
Society guidelines.!> The recommenda-
tion for clinically diagnosed, uncompli-
cated influenza infection is prompt
commencement of antiviral therapy plus
symptomatic management (antipyretics,
good fluid intake, smoking avoidance,
rest and topical decongestants).” The
suggested criteria for hospitalisation, and
subsequently for critical care admission,
are outlined in Table 3. Hospitalised
patients should be administered antibi-
otics within four hours of admission. For
influenza-related pneumonia, 10 days of
parenteral co-amoxiclav plus a macrolide
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Table 2. Clinical parameters to aid in distinguishing primary viral pneumonia and post-

influenza secondary bacterial pneumonia. Adapted from references 14 and 15.

Primary viral pneumonia

Onset of respiratory
compromise symptoms
Chest x-ray

Antibiotic response
Normal to low

CRP <20 mg/I

White cell count

Biomarkers

Procalcitonin <0.5 g/l

Lower respiratory Normal flora
tract diagnostic specimen
Fever Primary fever

1-2 days after initial

Bilateral interstitial infiltrates

Secondary bacterial
pneumonia

4-7 days after initial
symptoms

Lobar alveolar infiltrates

Slow or non-responsive Rapid

Increased

CRP >60 mg/I
Procalcitonin <0.5 g/l
Gram stain/culture shows
predominant organism

Secondary fever after period
of defervescence

CRP = C-reactive protein.

Table 3. Referral criteria to secondary care and critical care.”'?

Referral criteria

To hospital

Signs of respiratory distress

Hypoxia (oxygen saturation
<94% on air)

Dehydration or shock
Any signs of sepsis
Altered conscious level

Seizures

To critical care

Severe dyspnoea

Hypoxaemia with PaO, <8 kPa despite maximal
oxygen therapy

Refractory hypotension

Septic shock

GCS <10 or deteriorating conscious level
Severe acidosis (pH <7.26)

Influenza-related pneumonia & CURB =4 or bilateral
primary viral pneumonia

Progressive hypercapnia

GCS = Glasgow Coma Scale; CURB = confusion (abbreviated mental test score <8), Urea >7 mmol/l,
respiratory rate >30 breaths/min, blood pressure <90 mmHg systolic or <60 mmHg diastolic).

(eg clarithromycin) should be given (for
penicillin allergic patients, second-
generation cephalosporins may used as
an alternative), extending to 14-21 days
where Staphylococcus aureus or Gram-
negative enteric bacilli pneumonia is sus-
pected or confirmed.” The routine use of
corticosteroids in influenza-associated
pneumonia is not recommended,” and
its use may increase mortality.

The neuraminidase inhibitor,
oseltamivir (75 mg orally twice daily for
five days), is the drug of choice for most
patients because it achieves higher sys-
temic levels than inhaled zanamivir. Early
administration of antiviral agents is asso-
ciated with better prognosis'® and limits

progression to pulmonary infiltrates,!” but
they still confer benefit if started more
than 48 hours and up to seven days after
symptom onset. HINT1 is resistant to the
adamantanes (eg amantadine) but
oseltamivir-resistant ~ strains  have
remained relatively rare, with only 45 cases
recognised in the UK from 6,379
tested.!®

Zanamivir (10 mg inhaled twice daily for

influenza-positive ~ samples
five days) is the antiviral of choice in renal
failure and for pregnant women — unless
they have asthma, chronic obstructive pul-
monary disease or difficulty using inhaled
preparations, in which case oseltamivir
should be used.” Intravenous zanamivir is
not licensed in the UK but has been used

69



CME Respiratory medicine

as part of a compassionate use programme
for critically ill patients.

Infection control and prevention

Nosocomial influenza outbreaks were iden-
tified during the 2009 HIN1 pandemic,
emphasising the need for adherence to
infection control standards in hospitals.!
Hand hygiene is a critical element of infec-
tion control precautions and, in order to
inactivate influenza A, should be carried
out for 20-30 seconds with alcohol hand gel
and 40-60 seconds hand washing
(including thorough drying). Good respira-
tory hygiene measures (‘catch it, bin it, kill
it’) should also be adhered to, not only in
the ward environment but also in com-
munal waiting areas and during patient
transport. Respiratory droplets typically
travel only one metre, but ideally patients
should be isolated rather than cohorted,
and fluid repellent surgical masks worn
when working in close contact with symp-
tomatic patients.?’ Aerosol generating pro-
cedures, including the use of non-invasive
ventilation, should be carried out in well-
ventilated single rooms with the doors
closed, wearing a gown, gloves, eye protec-
tion and a filtering face piece 3 face mask.
Notably, the administration of nebulose
medications and pressured humidified
oxygen are not considered to represent a
significant infection risk.?’

Vaccination is safe and effective, and
offers the best means of decreasing the
number of individuals infected with
influenza. In a study involving over
95,000 children and young adults in
Beijing, a monovalent vaccine was 87.3%
effective in preventing pHINI1 and there
was no association with Guillain-Barré
syndrome.?! During the winter of 2010 a
trivalent vaccine that included protection
against pHIN1 was available, but uptake
was poor in at-risk groups and amongst
healthcare workers (25% in the NHS).?
Healthcare workers in the UK accept that
vaccination against hepatitis B is required
to perform their role but this is not yet the
case for influenza.

Summary

Influenza-related pneumonia encompasses
both primary viral pneumonia and sec-
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ondary bacterial pneumonia, which may
be difficult to differentiate clinically. A high
index of suspicion, prompt initiation of
antiviral and antibiotic therapy, and appro-
priate escalation to secondary/critical care
are key to improving outcome.
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