Complications of seasonal and pandemic influenza
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Influenza is a seasonal viral infection associated with signif-
icant morbidity and mortality. In 2009, a novel HIN1 influenza A
virus emerged and has been classified as a pandemic. In contrast
to seasonal influenza, severe disease from pandemic H1N1 seems
concentrated in older children and young adults, with almost no
cases reported in patients older than 60 yrs. Although patients
with underlying cardiopulmonary disease remain at risk, most
complications have occurred among previously healthy individuals,
with obesity and respiratory disease as the strongest risk factors.
Pulmonary complications are common. Primary influenza pneumonia

occurs most commonly in adults and may progress rapidly to acute
lung injury requiring mechanical ventilation. Secondary bacterial
infection is more common in children. Staphylococcus aureus, in-
cluding methicillin-resistant strains, is an important cause of sec-
ondary bacterial pneumonia with a high mortality rate. Treatment of
pneumonia should include empirical coverage for this pathogen.
Neuromuscular and cardiac complications are unusual but may
occur. (Crit Care Med 2010; 38[Suppl.]:S000-S000)
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nfluenza occurs in seasonal epi-

demics. Uncomplicated influenza

typically presents with the abrupt

onset of fever, malaise, myalgia,
headache, and dry cough. Respiratory
tract manifestations can include trache-
itis, bronchitis, and pneumonia (1). His-
torically, complications are generally
limited to patients at the extremes of age
(<6 mos or >65 yrs) and those with
comorbid medical illness. Influenza is es-
timated to cause 36,000 deaths and
>200,000 hospitalizations annually in
the US (2, 3), mostly from secondary pul-
monary and cardiovascular disease. In re-
cent years, most severe disease and 80%
of influenza deaths have been attributable
to H3N2 strains of influenza A (3).

In the spring of 2009, a novel HIN1
influenza A virus appeared in Mexico.
This virus, a descendant of the 1918 pan-
demic strain (4), is sufficiently different
from previously circulating viruses to
qualify as an antigenic shift, and its re-
sultant spread around the globe has been
classified as a pandemic. In contrast to
seasonal HIN1 viruses, the 2009 pan-
demic HIN1 (also called pHIN1, novel
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H1N1, S-O1V, or swine flu) disproportion-
ately affects children and young adults,
and the presentation is often severe. Crit-
ical illness has been rare among patients
older than 60 yrs, and hospitalized pa-
tients often do not have predisposing
chronic illness. To date there have been
300,000 confirmed cases and 3917
deaths, or a case-fatality rate of 1.3% (5).
If undiagnosed cases were included, the
overall case-fatality rate would probably
be much lower, perhaps as low as 0.1%
(6). By comparison, the 1918 pandemic is
estimated to have had a case-fatality rate
of >2.5%. This review focuses on the
complications of pHINI infection as they
have been described to date. Because pan-
demic viruses have potential to evolve
with widespread infection, we review
complications from seasonal influenza, as
well as past pandemics.

MATERIALS AND METHODS

Epidemiology

In both seasonal and pHINI influenza,
complications are not evenly distributed
across the population. During seasonal epi-
demics, patients at the extremes of age are at
highest risk for hospitalization and mortality.
Patients with chronic medical conditions,
such as heart disease, lung disease, diabetes,
renal disease, rheumatologic disease, demen-
tia, and stroke, are also at high risk for influ-
enza complications, regardless of age (7, 8).
Older patients with multiple comorbidities are
particularly vulnerable (9).

The epidemiology of pHINI varies from
seasonal influenza in two ways. First, the age

distribution for complications is weighted to-
ward older children and young adults, with
few cases among the elderly. Second, severe
cases among children are mostly attributable
to secondary bacterial infections, predomi-
nantly in children with comorbidities,
whereas adults seem to have primary viral
pneumonia and ARDS, often without preexist-
ing illness. The most common risk factor in
adults appears to be obesity.

As of August 8, 2009, 36 pediatric deaths
from pHINI had been reported, only seven of
which occurred in children younger than 5 yrs
(10). Compared to previous influenza seasons,
children hospitalized with HIN1 were more
likely to have underlying medical conditions
(67% vs. 35% to 55% in past years), primarily
neurodevelopmental. Almost half the children
had laboratory-confirmed bacterial coinfec-
tions, including all those older than age 5 yrs
without any high-risk conditions.

Initial reports of pHIN1 in adults from
Mexico, US, Canada, Spain, and Australia all
are similar. Complications are rare among
adults aged older than 60 yrs who appear to
have immunity from influenza strains that
circulated before 1950. Tests of stored serum
reveal that high titers of cross-reactive neu-
tralizing antibodies against pHIN1 are com-
mon among patients born before 1930 but
almost never appear in patients born after
1980 (11). More than 80% of the 100 deaths in
Mexico occurred in patients between the ages
of 15 and 59 yrs (12).

The other striking feature is the severity of
respiratory illness in previously healthy, rela-
tively young individuals. Several large case
series have been reported from the US, Spain,
Canada, Mexico, and Australia (Table 1) (13—
17). Of 1047 patients admitted to intensive
care, 186 (18%) died. Only one-third had any
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Table 1. Demographic characteristics of 1047 patients admitted to intensive care for 2009 pandemic

HIN1 infections in five countries

Australia/

Country US Spain Canada Mexico New Zealand Total %
Number admitted to ICU 67 32 168 58 722 1047
Age, mean 29 40 32 42 40 38
Female, % NR 27 67 55 52 50
Obesity BMI >30* NR 10 56 21 172 259/859 30
Morbid obesity BMI >40 NR 4 NR 8 NR 12/90 13
Comorbid illness
Asthma/COPD 19 9 54 4 231 317/1032 31
Renal insufficiency NR 1 11 4 NR 16/258 6
Diabetes NR 1 35 10 112 158/958 16
Pregnancy 6 2 13 1 66 88/1047 8
Immune suppression 12 NR 33 2 47/293 16
Congestive heart failure NR 1 12 1 74 88/961 9
Neurologic disease 12 1 26 1 NR 40/325 12
No major comorbid conditions 22 15 117 37 495 664/1012 66

NR, not reported; ICU, intensive care unit; COPD, chronic obstructive pulmonary disease; BMI,

body mass index.

major comorbid conditions. The most com-
monly reported comorbidities were obesity
(30%), asthma/chronic obstructive pulmonary
disease (COPD) (31%), and pregnancy (8%).
Among patients who died, however, more than
three-quarters had a comorbid illness (16).

Other groups at risk for influenza compli-
cations include those who are pregnant or
immunosuppressed. Changes in immune
function or cardiovascular and pulmonary
physiology attributable to pregnancy pose a
special risk for complicated influenza infec-
tion (18), especially in the third trimester (19).
As a result, pregnant women have been four-
times more likely to be admitted to hospital
and had higher-than-expected rates of death
attributable to pHIN1. Of the first 34 pregnant
patients reported to the Centers for Disease
Control and Prevention, 11 were hospitalized
(three to intensive care) and one died (20). In
addition, six of the first 45 deaths in the US were
pregnant women, with four in their third tri-
mester. Most were previously healthy and all had
primary viral pneumonia followed by ARDS,
without evidence of bacterial superinfection.

Immunocompromised patients, including
those who had undergone solid organ trans-
plantation (particularly lung), bone marrow
transplantation, and who had cancer, are at
higher risk for complicated seasonal influenza
and death (21). Organ transplant recipients
face the highest risk from influenza, with two-
thirds demonstrating either viral pneumonia or
secondary bacterial pneumonia, with a related
50% mortality rate (22). In addition, influenza
frequently triggers allograft rejection (23).
Among adults and children infected with human
immunodeficiency virus, the rate and duration
of hospitalization appear to be increased, as is
mortality (24-28). No reports of complicated
pHINI infection among transplant recipients or
human immunodeficiency virus-infected pa-
tients have been published to date.
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Pulmonary Complications

The most frequent serious complications
of influenza are pulmonary and include pri-
mary viral pneumonia, secondary bacterial
pneumonia, pneumonia attributable to un-
usual pathogens, and exacerbations of chronic
underlying pulmonary diseases such as COPD
and asthma.

Primary Influenza Pneumonia

The influenza pandemic of 1918 predated
the isolation of influenza A virus. Thus, con-
troversy existed as to whether pneumonia
could result solely from primary viral infec-
tion or if it was always attributable to bacterial
superinfection. During that pandemic, two
clinical syndromes emerged: (1) an acute
bronchopneumonia, characterized by necro-
sis, hemorrhage, edema, and vasculitis, asso-
ciated with heavy growth of bacteria on spu-
tum samples and autopsied lung tissue; (2)
ARDS (29) associated with the rapid onset of
cyanosis, delirium, incontinence, and lungs
filled with frothy blood-tinged sputum, likely
attributable to primary viral pneumonia (30).
Confirmation of primary viral pneumonia
came in 1958 to 1959, when patients who died
of viral pneumonia exhibited pathologic fea-
tures identical to descriptions of patients who
died of the ARDS-like syndrome associated
with influenza pneumonia in 1918 (31). Find-
ings included necrotizing bronchitis, hyaline
membranes, intra-alveolar hemorrhage and
edema, and interstitial inflammation (32).

Thus far, among patients who have com-
plicated pHIN1, both syndromes are again
present. Adults appear to manifest severe pri-
mary viral pneumonia, often requiring ad-
vanced ventilatory strategies; children have
higher rates of bacterial coinfection.

Early reports of American cases of pHIN1
indicated that most patients had relatively

mild disease. Among those with severe disease,
the manifestations were predominantly respi-
ratory failure with ARDS-like features and a
prolonged course (33). The sickest patients
described to date were those referred to a
Michigan hospital that specializes in advanced
ventilatory strategies and extracorporeal
membrane oxygenation for severe ARDS (34).
Among these 10 patients, all had primary viral
pneumonia with no evidence of bacterial coin-
fection, manifested by extensive bilateral mul-
tilobar infiltrates suggestive of ARDS. All cases
had not responded to conventional ventilation
and required high-frequency oscillation or bi-
level ventilation, and two cases were treated
with venovenous extracorporeal membrane
oxygenation. Nine had multi-organ failure and
shock requiring use of vasopressors. Pulmo-
nary embolism complicated half the patients’
courses, six had acute renal failure requiring
continuous renal replacement, and three pa-
tients died. Pathologic specimens from two
revealed hemorrhagic viral pneumonitis, dif-
fuse alveolar damage, interstitial inflamma-
tion, and pulmonary emboli.

Four other studies describing critically
ill patients with HIN1 have been published
and describe the experiences in Mexico,
Spain, Canada, and Australia (13-16); all
show similar findings and are summarized
in Table 2.

Fewer data are available describing chil-
dren with complicated pHINI infections.
However, it appears from small case series that
children admitted with complicated pHIN1
have higher rates of bacterial coinfection than
adults, including otitis media, respiratory
tract infections, appendicitis, and cellulitis
(35). Compared to children with seasonal in-
fluenza, critically ill children with pHIN1
have had a higher rate of shock and a more
fulminant course (36).

Studies of one pHIN1 strain (CA-04) in
vitro and in vivo offer insight into the virus
virulence (37). Although sequence analyses do
not reveal any of the markers associated with
high pathogenicity in avian or mammalian
species, and titers of virus grown in primary
human airway epithelial cells with CA-04 are
similar to those for contemporary HINI vi-
ruses, the 50% lethal dose in mice is much
lower for the pandemic strain. In addition,
CA-04 viral antigen can still be detected in the
lungs at day 6, whereas other influenza strains
are rarely detected that late. CA-04 induces a
strong proinflammatory response with in-
creased production of IL-10, interferon-vy, and
IL-4. Ferrets and macaques infected with
CA-04 demonstrate severe bronchopneumonia
with inflammatory alveolar infiltrates and
presence of viral antigen. Interestingly, CA-04,
which appears to be of swine origin, causes
asymptomatic infection in pigs.

Crit Care Med 2010 Vol. 38, No. 3 (Suppl.)



Table 2. Experiences with critically ill patients in five countries

% or Weighted

Study Site Michigan Spain Canada Mexico Australia Combined N/D Average
Total patients 10 32 168 58 722 990
APACHE 1I NR 13.8 19.7  20.1 NR 18.3
SOFA NR 7.1 6.8 9 NR 7.1
Death 3 8 29 24 103 167/876 19%
Vasopressors 9 20 55 34 176 294/766 38%
Renal replacement 6 7 NR NR 27 40/764 5%

therapy

VAP 0 3 41 4 48/268 18%
Ventilator 10 24 136 54 456 680/974 70%
Prone NR 8 5 4 17/258 7%
Nitrous oxide NR NR 23 0 23/226 10%
Oscillator 10 NR 20 1 31/236 13%
ECMO 2 0 7 0 53 62/974 6%
Pulmonary embolism 5 1 1 NR NR 7/210 3%

VAP, ventilator-associated pneumonia; ECMO, extracorporeal membrane oxygenation; APACHE,
acute physiology and chronic health evaluation; SOFA, sequential organ failure assessment.

Secondary Bacterial Pneumonia

Bacterial pneumonia complicating influenza
infection was reported during the 1918 pan-
demic, and during multiple subsequent epi-
demic and interepidemic periods (29, 32, 38, 39).
Utilizing review of epidemiologic data, physician
accounts, autopsy reports, and examination of
re-cut existing pathologic specimens from the
1918 pandemic, several recent reports argue
that bacterial superinfection was the etiology of
the distinct and fulminant clinical course result-
ing in the majority of deaths (40, 41).

The clinical presentation of bacterial pneu-
monia after seasonal influenza mimics com-
munity-acquired pneumonia. Patients typi-
cally have a history of influenza infection with
near resolution of symptoms, followed-up 4 to
14 days later by a recurrence of fever, dyspnea,
productive cough, and consolidation on chest
radiographs (42). Leukocytosis with a left
shift, prolonged duration of fever, and elevated
erythrocyte sedimentation rate are more likely
in patients with bacterial superinfection (43).
Isolates from sputum samples commonly in-
clude Streptococcus pneumoniae, S. aureus,
Haemophilus influenzae, and other Gram-
negative rods (44).

Secondary bacterial pneumonia caused by
S. aureus was first described during the 1918
pandemic. The striking features were a particu-
larly fulminant clinical course, an unusual cya-
nosis described as “cherry-red indigo-blue,” dirty
salmon—-pink purulent sputum, leukopenia,
multiple microabscesses on autopsy, and a near-
universal fatality in an era before antibiotics
(45). Subsequent reports have confirmed an in-
creased incidence of S. aureus pneumonia dur-
ing the Hong Kong epidemic of 1968 to 1969
(44). S. aureus toxic shock syndrome arising
from the respiratory tract during influenza in-
fection has also been described (46). In recent flu
seasons (47, 48), severe secondary pneumonia
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caused by methicillin-resistant S. aureus has
emerged, with 85% of isolates carrying genes for
Panton-Valentine leukocidin and an associated
mortality of 33%.

Available data from pHINI cases indicates
that adults and children have different rates of
bacterial coinfection. Among adults, clinically
evident bacterial coinfections have been rare;
however, histologic specimens of lung tissue
from 74 patients who died of pHINI revealed
bacterial coinfections in 22 (29%) (49). The
most common pathogen was S. pneumoniae
(10 cases), followed by S. aureus (seven cases),
Streptococcus pyogenes (six cases), Strepto-
coccus mitis (two cases), and H. influenzae
(one case). In two small case series of critically
ill patients from Mexico and Spain (14, 50), a
single patient was determined to have coinfec-
tion with S. pneumoniae at presentation, al-
though 9% to 20% of cases were complicated
by ventilator-associated pneumonia caused by
Pseudomonas aeruginosa, Acinefobacter bau-
mannii, methicillin-resistant S. aureus, Achro-
mobacter xylosoxidans, and Escherichia coli.
Among pediatric deaths from pHIN1 in the US,
culture-confirmed bacterial coinfection was
found in 43% of children. Bacterial coinfections
were caused by S. aureus, with more than half
caused by methicillin-resistant strains, as well as
S. pneumoniae, S. pyogenes, and Streptococcus
constellatus (S. milleri group) (10).

The mechanisms by which bacteria act
synergistically with influenza virus include in-
creased binding and invasion of bacteria, in-
creased viral replication, and modification of
the host inflammatory response. Certain S.
aureus strains have been shown to produce a
protease that directly activates influenza virus
hemagglutinin, whereas other bacteria acti-
vate plasminogen that promotes the replica-
tion of the virus. Increased proteases in in-
flamed host tissues lead to increased
activation of influenza, although cleavage of

hemagglutinin (51). In turn, influenza virus
causes damage to the epithelial layer of the
upper and lower airways, leading to increased
exposure of the binding sites necessary for
adherence of pneumococcus (52).

Pulmonary Superinfection With
Unusual Pathogens

During inter-pandemic years, superinfec-
tion with atypical and fungal organisms also
occurs among patients with documented in-
fluenza. Infection with Chlamydia pneu-
moniae was found to be the third most com-
mon isolate after pneumococcus and H.
influenzae in a small Japanese study (53). Si-
multaneous infection with Legionella pneu-
mophila occurred at a low level in one small
retrospective study, whereas Mycoplasma
pneumoniae coinfection appears to be uncom-
mon, suggesting a possible antagonistic effect
of these two organisms (54). Secondary inva-
sive Aspergillus has been reported and carries
a very high mortality rate (55, 56). Noninfec-
tious mimics incited by influenza also have
been reported, including bronchiolitis obliter-
ans with organizing pneumonia (57) and usual
interstitial pneumonia (58).

Exacerbations of Chronic Lung
Diseases

Viral infections are a major precipitant of
exacerbations of asthma and COPD. In studies
of asthmatic children and adults, approxi-
mately 80% of subjective asthma exacerba-
tions were associated with an upper respira-
tory tract infection (59, 60). Rhinoviruses and
coronaviruses accounted for the majority of
pathogens, although influenza, respiratory
syncytial virus, parainfluenza, and Chlamydia
also comprised a small proportion. Among
adults with COPD, respiratory viruses were
isolated from 56% of those with acute exacer-
bations, but from only 19% of patients with
stable chronic COPD (61). The mechanisms by
which respiratory viruses induce exacerba-
tions of chronic respiratory diseases are in-
completely understood but are likely multifac-
torial and related to inflammatory mediators
including interleukins, cytokines, and modifi-
cations in the ratio of T-cell subsets leading to
increased sensitivity to other allergens (62,
63). Available data from pHINI cases reveal
that asthma and COPD were two of the main
comorbidities reported among patients who
became critically ill (6, 14, 31, 32).

Extrapulmonary Complications

In addition to its respiratory effects, the
virus can exert direct and indirect effects on
other body systems. Direct cardiac complica-
tions are uncommon, but both pericarditis
and myocarditis have been noted. In one pro-
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spective study, 50% of adult flu patients with-
out cardiac symptoms had abnormal electro-
cardiographic findings at presentation (64).
Most resolved by 28 days, and no patients had
muscle damage or reduced ejection fractions.
Elevation of creatine phosphokinase is also
common, but this appears to be primarily of
skeletal muscle origin, because elevated tropo-
nin is rare (65). No cardiac complications have
been reported in patients with HIN1, although
we have seen one case of a previously healthy
24-yr-old woman who presented with myoperi-
carditis in the setting of HIN1 infection.

The indirect effects of influenza on under-
lying cardiac problems, such as congestive
heart failure and ischemic heart disease, ap-
pear to play a more important role in cardiac
morbidity. Strong observational data support
the link between influenza infection and acute
myocardial infarction and death (66). Al-
though the mechanism is not definitely eluci-
dated, influenza is a potent inducer of proin-
flammatory cytokines (e.g., tumor necrosis
factor-a and IL-6), (67), and inflammation is
now considered an important component of
atherosclerotic disease (68).

Myositis and rhabdomyolysis rarely have
been reported with seasonal influenza A and B
(69). In one study, >50% of patients hospital-
ized with influenza A were noted to have ele-
vations of creatine phosphokinase. Clinical se-
verity varies but can include renal failure and
problems with ambulation involving proximal
leg muscles. Symptoms generally resolve in 4 to
6 wks. Elevations of creatine phosphokinase also
have been common among patients hospitalized
with HIN1. Of those in the intensive ICU, two-
thirds had abnormal creatine phosphokinase,
with a median level of 999 (range, 51-6572)
(34). Acute renal failure, probably unrelated to
the elevated creatine phosphokinase, has also
been common among patients requiring inten-
sive care, with seven of 20 requiring continuous
renal replacement therapy (6, 33, 34).

Neurologic complications of seasonal in-
fluenza include encephalopathy (Reye syn-
drome), encephalomyelitis, transverse myeli-
tis, aseptic meningitis, focal neurologic
disorders, and Guillain—Barré syndrome; these
occur mostly in children (70). The pathogen-
esis is unclear but may include direct viral
invasion and development of antigen/antibody
complexes or overproduction of systemic cy-
tokines. Diagnosis is based on clinical and
laboratory findings. Lumbar puncture is often
normal (71) and viral particles are rarely de-
tected (72). The electroencephalogram is usu-
ally abnormal. Computed tomography/mag-
netic resonance imaging scanning should be
performed in cases of focal or severe neuro-
logic symptoms; abnormalities predict adverse
outcomes (70). In 1999, an outbreak of en-
cephalopathy/encephalitis was associated with
influenza A in Japan. Presentation and out-
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comes were described for 147 children, 82% of
whom were younger than 5 yrs, and almost
none were older than 10 yrs; 85% had no
underlying disease (73). All had altered levels
of consciousness and 80% had seizures. Mul-
tiorgan failure was common and 41 patients
died. Thrombocytopenia (<50,000) and ele-
vated aspartate aminotransferase (>1000 U/L)
were associated with mortality rates of 83%
and 74%, respectively.

Neurologic complications also have been
reported with HIN1 in four children aged 7 to
17 yrs in Dallas, Texas (74). All had altered
mental status, three had encephalopathy, and
three had seizures. Electroencephalography
was abnormal in the three who were tested.
Cerebrospinal fluid influenza real-time re-
verse-transcription polymerase chain reaction
was negative in all cases. Computed tomogra-
phy and magnetic resonance imaging showed
only minor abnormalities or none at all. All
patients received antiviral therapy and recov-
ered fully by discharge.

Reye syndrome is an acute, noninflamma-
tory encephalopathy characterized by cerebro-
spinal fluid containing <8 leukocytes/mm® or
histologic sections of the brain demonstrating
cerebral edema without perivascular or men-
ingeal inflammation, associated with either
fatty liver or a three-fold elevation of
transaminases or serum ammonia (75). A cor-
relation with influenza, usually type B, has
existed for several decades, primarily in chil-
dren younger than 14 yrs, although there have
been confirmed adult cases. The incidence has
dramatically declined along with aspirin use
among children.

Psychiatric complications after influenza
infection are considered controversial. In
2007, reports of abnormal behavior and sui-
cide attempts in teenagers receiving oseltami-
vir prompted the Japanese government to is-
sue a warning to not prescribe the drug to
children between 10 and 19 yrs of age (76).
Subsequent observational studies by the man-
ufacturer found that neuropsychiatric events
were common in influenza patients (1.75-fold
the rate in the general population), but that
oseltamivir was protective (77). The US Food
and Drug Administration advises that persons
receiving oseltamivir be monitored closely for
abnormal behavior.

DISCUSSION

Management of Complications:
Antiviral Medications

Antiviral medication is the mainstay of
therapy for seasonal influenza and is rec-
ommended in all severe cases of pHINI.
Of the medications available in the US,
the pHIN1 and the seasonal H3N2 vi-
ruses appear sensitive to oseltamivir and

zanamivir, whereas the seasonal HIN1
virus is sensitive to all antivirals except
oseltamivir. Influenza viruses are prone
to mutate and later in the season resis-
tance may increase, especially if they ac-
quires the resistant neuraminidase gene
through re-assortment with co-circulat-
ing seasonal HIN1 viruses (37). To date,
28 samples of pHIN1 have proved resis-
tant to oseltamivir, although all remain
sensitive to zanamivir.

In studies of healthy adults and chil-
dren, antiviral medications appear to pre-
vent complications from seasonal influ-
enza if started within 48 hrs (78, 79).
There are no randomized trials of antivi-
rals in hospitalized patients, but a pro-
spective observational study of 327 Cana-
dian patients hospitalized with confirmed
influenza found that treatment with an-
tiviral therapy was associated with de-
creased risk of death (odds ratio, 0.21;
95% confidence interval, 0.06-0.80)
(80). Those who received therapy >48
hrs into their illness still received some
benefit. Other observational studies have
found decreased mortality among nurs-
ing home (81) and hospitalized patients
(82) receiving oseltamivir compared with
those who did not.

There are no clinical trials of anti-
influenza medications for either pHIN1
or avian influenza, but oseltamivir and
zanamivir appear active against both
strains in vifro and are recommended for
all patients hospitalized with influenza
(83). Consequently, most ICU patients
have received oseltamivir, so the effect on
survival could not be assessed. In Mexico,
however, receipt of a neuraminidase in-
hibitor was associated with survival (odds
ratio, 7.4; 95% confidence interval, 1.8—
31) (13). Unfortunately, observational
studies of avian influenza found that pa-
tients treated with oseltamivir and un-
treated patients have similar mortality
rates (84). Based on ferret models, earlier
treatment or higher dosing might im-
prove the efficacy of oseltamivir (85).
Similar data on humans are not available.

Antibiotics

Secondary bacterial pneumonia should
be treated promptly with antibiotics. Be-
cause the bacteriology of secondary pneu-
monia does not differ substantially from
those implicated in community-acquired
pneumonia, the selection of antibiotic
should follow established guidelines for
management of community-acquired
pneumonia (86), including a third-

Crit Care Med 2010 Vol. 38, No. 3 (Suppl.)



generation cephalosporin plus a macro-
lide, or monotherapy with a quinolone,
after sputum and blood samples have
been drawn for culture. Because of recent
reports of severe methicillin-resistant S.
aureus pneumonia after influenza infec-
tion, clinicians should strongly consider
empirical use of vancomycin or other an-
timicrobial with efficacy against methi-
cillin-resistant S. aureus pneumonia,
especially if Gram-negative stain, spu-
tum culture, or blood culture results
indicate the presence of a Gram-
positive organism. Use of daptomycin
for treatment of S. aureus pneumonia
should be avoided because this drug is
inhibited by pulmonary surfactant,
leading to clinical failure (87).

Antisera

Given that avian influenza has been
associated with a 71% to 100% mortality
rate despite treatment with oseltamivir in
the majority of cases (88), there is re-
newed interest in novel therapeutic ap-
proaches to treat the severe pulmonary
complications of influenza. One such
possibility is the administration of anti-
influenza antibodies in the form of con-
valescent human plasma from patients
recovering from influenza infection. In a
meta-analysis of studies performed in the
Spanish influenza era (1918-1925), a
pooled absolute risk reduction in influ-
enza mortality of 21% was shown, rais-
ing the possibility of an alternative vi-
rus-specific approach to the treatment
of influenza (89).

Statins

The rapid progression of viral pneu-
monia to ARDS in previously healthy
adults suggests that the damage of influ-
enza might be mediated by the body’s
reaction to the infection, rather than by
the virus itself (90). Experimental 1918-
like and H5N1 influenza virus infections
are associated with elevated levels of
proinflammatory cytokines, sometimes
referred to as a cytokine storm. Although
antiviral therapy, if initiated early
enough, might prevent this reaction (91),
three classes of drugs with anti-inflam-
matory properties—statins, peroxisome
proliferator-activated receptors-o ago-
nists (fibrates), and peroxisome prolifera-
tor-activated receptors-y agonists (glita-
zones)—might individually or in
combination prevent influenza-associ-
ated acute lung injury (90). Observational
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trials suggest that statins may reduce risk
of pneumonia hospitalization (92, 93) or
death (94), although these results may be
confounded by a “healthy user” effect
(95). One small randomized trial (96) in
sepsis patients was reported to have dem-
onstrated a 51% reduction in mortality
among patients randomized to receive
atorvastatin; however, these results have
yet to be published in a peer-reviewed
journal. At least one large randomized
trial of rosuvastatin for ARDS in patients
with pHINI is scheduled to begin enroll-
ing patients in the fall of 2009.

CONCLUSIONS

Early reports of pHIN1 influenza de-
scribe a virus that is more pathogenic
than seasonal influenza and that causes
severe infection and complications in rel-
atively young, otherwise healthy individ-
uals. Pulmonary complications are most
common, including ARDS in adults and
secondary bacterial pneumonia in chil-
dren. Treatment is mostly supportive, al-
though antiviral therapy and antibiotics
should be administered. Better under-
standing of the pathogenesis of pan-
demic influenza may lead to more ef-
fective therapies.

REFERENCES

1. Stuart-Harris CH: Influenza and its compli-
cations. 1. Br Med J 1966; 1:149-150

2. Thompson WW, Shay DK, Weintraub E, et al:
Mortality associated with influenza and re-
spiratory syncytial virus in the United States.
JAMA 2003; 289:179-186

3. Thompson WW, Shay DK, Weintraub E, et al:
Influenza-associated hospitalizations in the
United States. JAMA 2004; 292:1333-1340

4. Zimmer SM, Burke DS: Historical perspec-
tive—Emergence of influenza A (HIN1) Vi-
ruses. N Engl J Med 2009; 361:279-285

5. World Health Organization: Pandemic
(HIN1) 2009 —update 67. 2009

6. Kaufman MA, Duke GJ, McGain F, et al:
Life-threatening respiratory failure from
HINTI influenza 09 (human swine influenza).
Med J Aust 2009; 191:154-156

7. Glezen WP, Decker M, Perrotta DM: Survey
of underlying conditions of persons hospital-
ized with acute respiratory disease during
influenza epidemics in Houston, 1978 -1981.
Am Rev Respir Dis 1987; 136:550-555

8. Izurieta HS, Thompson WW, Kramarz P, et
al: Influenza and the rates of hospitalization
for respiratory disease among infants and
young children. N Engl J Med 2000; 342:
232-239

9. Nichol KL, Wuorenma J, von Sternberg T:
Benefits of influenza vaccination for low-,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

intermediate-, and high-risk senior citizens.
Arch Intern Med 1998; 158:1769-1776
Surveillance for pediatric deaths associated
with 2009 pandemic influenza A (HIN1) vi-
rus infection—United States, April-August
2009. MMWR Morb Mortal Wkly Rep 2009;
58:941-947

Hancock K, Veguilla V, Lu X, et al: Cross-
Reactive antibody responses to the 2009 pan-
demic HINI influenza virus. N Engl J Med
2009;

Chowell G, Bertozzi SM, Colchero MA, et al:
Severe respiratory disease concurrent with
the circulation of HIN1 Influenza. N Engl
J Med 2009; 361:674—679
Dominguez-Cherit G, Lapinsky S, Espinosa-
Perez L, Pinto R, Macias A, De la Torre A:
Critically ill patients with influenza A (novel
HIN1) in Mexico. JAMA 2009

Rello J, Rodriguez A, Ibanez P, et al: Inten-
sive care adult patients with severe respira-
tory failure caused by influenza A (HIN1)v in
Spain. Crit Care 2009; 13:R148

The ANZIC Influenza Investigators: Critical
care services and 2009 HIN1 influenza in
Australia and New Zealand. N Engl J Med
2009;

Anand K, Zarychanski R, Pinto R, Cook D,
Marshall J: Critically ill patients with novel
swine origin influenza virus A/HIN1 infec-
tion in Canada. JAMA 2009

Jain S, Kamimoto L, Bramley AM, et al: Hos-
pitalized patients with 2009 HIN1 influenza
in the United States, April-June 2009. N Engl
J Med 2009; ePub ahead of print

Novel influenza A (HIN1) virus infections in
three pregnant women—United States,
April-May 2009. MMWR Morb Mortal Wkly
Rep 2009; 58:497-500

Neuzil KM, Reed GW, Mitchel EF, Simonsen
L, Griffin MR: Impact of influenza on acute
cardiopulmonary hospitalizations in preg-
nant women. Am J Epidemiol 1998; 148:
1094-1102

Jamieson DJ, Honein MA, Rasmussen SA, et
al: HIN1 2009 influenza virus infection dur-
ing pregnancy in the USA. Lancet 2009; 374:
451-458

Kunisaki KM, Janoff EN: Influenza in immu-
nosuppressed populations: a review of infec-
tion frequency, morbidity, mortality, and
vaccine responses. Lancet Infect Dis 2009;
9:493-504

Whimbey E, Champlin RE, Couch RB, et al:
Community respiratory virus infections
among hospitalized adult bone marrow
transplant recipients. Clin Infect Dis 1996;
22:778-782

Vilchez RA, McCurry K, Dauber J, et al: In-
fluenza virus infection in adult solid organ
transplant recipients. Am J Transplant 2002;
2:287-291

Neuzil KM, Reed GW, Mitchel EF Jr, Griffin
MR: Influenza-associated morbidity and
mortality in young and middle-aged women.
JAMA 1999; 281:901-907

Lin JC, Nichol KLL Excess mortality due to
pneumonia or influenza during influenza

05



26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

06

seasons among persons with acquired immu-
nodeficiency syndrome. Arch Intern Med
2001; 161:441-446

Fine AD, Bridges CB, De Guzman AM, et al:
Influenza A among patients with human im-
munodeficiency virus: an outbreak of infec-
tion at a residential facility in New York City.
Clin Infect Dis 2001; 32:1784-1791

Skiest DJ, Kaplan P, Machala T, Boney L,
Luby J: Clinical manifestations of influenza
in HIV-infected individuals. Int J STD AIDS
2001; 12:646—650

Radwan HM, Cheeseman SH, Lai KK, Ellison
IR: Influenza in human immunodeficiency
virus-infected patients during the 1997-1998
influenza season. Clin Infect Dis 2000; 31:
604-606

Morens DM, Fauci AS: The 1918 influenza
pandemic: insights for the 21st century. J In-
fect Dis 2007; 195:1018-1028

Starr I: Influenza in 1918: recollections of
the epidemic in Philadelphia. 1976. Ann In-
tern Med 2006; 145:138-140

Noble RL, Lillington GA, Kempson RL: Fatal
diffuse influenzal pneumonia: Premortem di-
agnosis by lung biopsy. Chest 1973; 63:
644-646

Louria DB, Blumenfeld HL, Ellis JT, Kil-
bourne ED, Rogers DE: Studies on influenza
in the pandemic of 1957-1958. II. Pulmonary
complications of influenza. J Clin Invest
1959; 38:213-265

Hospitalized patients with novel influenza A
(HIN1) virus infection—California,
April-May, 2009. MMWR Morb Mortal Wkly
Rep 2009; 58:536-541

Intensive-care patients with severe novel in-
fluenza A (HIN1) virus infection—Michigan,
June 2009. MMWR Morb Mortal Wkly Rep
2009; 58:749-752

Hackett S, Hill L, Patel J, et al: Clinical
characteristics of paediatric HIN1 admis-
sions in Birmingham, UK. Lancet 2009; 374:
605

Lister P, Reynolds F, Parslow R, et al: Swine-
origin influenza virus HIN1, seasonal influ-
enza virus, and critical illness in children.
Lancet 2009; 374:605-607

Itoh Y, Shinya K, Kiso M, et al: In vitro and
in vivo characterization of new swine-origin
HIN1 influenza viruses. Nature 2009; 460:
1021-1025

Murata Y, Walsh EE, Falsey AR: Pulmonary
complications of interpandemic influenza A
in hospitalized adults. J Infect Dis 2007; 195:
1029-1037

Barker WH, Mullooly JP: Pneumonia and in-
fluenza deaths during epidemics: implica-
tions for prevention. Arch Intern Med 1982;
142:85-89

Morens DM, Taubenberger JK, Fauci AS: Pre-
dominant role of bacterial pneumonia as a
cause of death in pandemic influenza: impli-
cations for pandemic influenza preparedness.
J Infect Dis 2008; 198:962-970

Brundage JF, Shanks GD: Deaths from bac-
terial pneumonia during 1918-19 influenza

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

pandemic. Emerg Infect Dis 2008; 14:
1193-1199

Treanor J. Influenza Virus. /n: Mandell GL,
Bennett JE, Dolin R, eds. Principles and
Practice of Infectious Diseases, 6th ed, Vol.
162. Philadelphia, Churchill Livingstone
2005; 2060-2085

Jarstrand C, Tunevall G: The influence of
bacterial superinfection on the clinical
course of influenza. Studies from the influ-
enza epidemics in Stockholm during the
winters 1969-70 and 1971-72. Scand J In-
fect Dis 1975; 7:243-247

Schwarzmann SW, Adler JL, Sullivan RJ Jr,
Marine WM: Bacterial pneumonia during the
Hong Kong influenza epidemic of
1968-1969. Arch Intern Med 1971; 127:
1037-1041

Chickering H, Park JH: Staphylococcus au-
reus pneumonia. JAMA 1919; 72:617-626
Prechter GC, Gerhard AK: Postinfluenza
toxic shock syndrome. Chest 1989; 95:
1153-1154

Hageman JC, Uyeki TM, Francis JS, et al:
P Severe community-acquired pneumonia
due to Staphylococcus aureus, 2003-04 in-
fluenza season. Emerg Infect Dis 2006; 12:
894-899

Severe methicillin-resistant Staphylococcus
aureus community-acquired pneumonia as-
sociated with influenza—Louisiana and
Georgia, December 2006-January 2007.
MMWR Morb Mortal Wkly Rep 2007; 56:
325-329

Bacterial coinfections in lung tissue spec-
imens from fatal cases of 2009 pandemic
influenza A (HIN1)—United States,
May-August 2009. MMWR Mor Mortal
Wkly Rep 2009; 58:1-4

Perez-Padilla R, de la Rosa-Zamboni D,
Ponce de Leon S, et al: Pneumonia and re-
spiratory failure from swine-origin influenza
A (HIN1) in Mexico. N Engl J Med 2009;
361:680—689

Scheiblauer H, Reinacher M, Tashiro M, Rott
R: Interactions between bacteria and influ-
enza A virus in the development of influenza
pneumonia. J Infect Dis 1992; 166:783-791
McCullers JA: Insights into the interaction
between influenza virus and pneumococcus.
Clin Microbiol Rev 2006; 19:571-582
Miyashita N, Matsushima T: Chlamydia
pneumoniae infection during an influenza
virus A epidemic: Preliminary report. J Med
Microbiol 2000; 49:391-392

Renner ED, Helms CM, Johnson W, Tseng
CH: Coinfections of Mycoplasma pneu-
moniae and Legionella pneumophila with in-
fluenza A virus. J Clin Microbiol 1983; 17:
146-148

Lewis M, Kallenbach J, Ruff P, Zaltzman M,
Abramowitz J, Zwi S: Invasive pulmonary
aspergillosis complicating influenza A pneu-
monia in a previously healthy patient. Chest
1985; 87:691-693

Boots RJ, Paterson DL, Allworth AM, Fao-
agali JL: Successful treatment of post-
influenza pseudomembranous necrotising

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

bronchial aspergillosis with liposomal am-
photericin, inhaled amphotericin B, gamma
interferon and GM-CSF. Thorax 1999; 54:
1047-1049

Garantziotis S, Howell DN, McAdams HP,
Davis RD, Henshaw NG, Palmer SM: Influ-
enza pneumonia in lung transplant recipi-
ents: clinical features and association with
bronchiolitis obliterans syndrome. Chest
2001; 119:1277-1280

Pinsker KL, Schneyer B, Becker N, Kamholz
SL: Usual interstitial pneumonia following
Texas A2 influenza infection. Chest 1981; 80:
123-126

Nicholson KG, Kent J, Ireland DC: Respira-
tory viruses and exacerbations of asthma in
adults. BMJ 1993; 307:982-986

Johnston SL, Pattemore PK, Sanderson G, et
al: Community study of role of viral infec-
tions in exacerbations of asthma in 9-11 year
old children. BMJ 1995; 310:1225-1229
Rohde G, Wiethege A, Borg I, et al: Respira-
tory viruses in exacerbations of chronic ob-
structive pulmonary disease requiring hospi-
talisation: A case-control study. Thorax
2003; 58:37-42

Wedzicha JA: Role of viruses in exacerbations
of chronic obstructive pulmonary disease.
Proc Am Thorac Soc 2004; 1:115-120

Lin CY, Kuo YC, Liu WT, Lin CC: Immuno-
modulation of influenza virus infection in
the precipitating asthma attack. Chest 1988;
93:1234-1238

Ison MG, Campbell V, Rembold C, Dent J,
Hayden FG: Cardiac findings during uncom-
plicated acute influenza in ambulatory
adults. Clin Infect Dis 2005; 40:415-422
Greaves K, Oxford JS, Price CP, Clarke GH,
Crake T: The prevalence of myocarditis and
skeletal muscle injury during acute viral in-
fection in adults: Measurement of cardiac
troponins I and T in 152 patients with acute
influenza infection. Arch Intern Med 2003;
163:165-168

Warren-Gash C, Smeeth L, Hayward AC: In-
fluenza as a trigger for acute myocardial in-
farction or death from cardiovascular dis-
ease: A systematic review. Lancet Infect Dis
2009; 9:601-610

Kaiser L, Fritz RS, Straus SE, Gubareva L,
Hayden FG: Symptom pathogenesis during
acute influenza: interleukin-6 and other cy-
tokine responses. J Med Virol 2001; 64:
262-268

Ross R: Atherosclerosis—An inflammatory
disease. N Engl J Med 1999; 340:115-126
Foulkes W, Rees J, Sewry C: Influenza A and
rhabdomyolysis. J Infect 1990; 21:303-304
Studahl M: Influenza virus and CNS mani-
festations. J Clin Virol 2003; 28:225-232
Maricich SM, Neul JL, Lotze TE, et al: Neuro-
logic complications associated with influenza A
in children during the 2003-2004 influenza
season in Houston, Texas. Pediatrics 2004; 114:
€626—e633

Ito Y, Ichiyama T, Kimura H, et al: Detection
of influenza virus RNA by reverse transcrip-
tion-PCR and proinflammatory cytokines in

Crit Care Med 2010 Vol. 38, No. 3 (Suppl.)



73.

74.

75.

76.

7.

78.

79.

80.

81.

influenza-virus-associated encephalopathy.
J Med Virol 1999; 58:420—-425

Morishima T, Togashi T, Yokota S, et al:
Encephalitis and encephalopathy associated
with an influenza epidemic in Japan. Clin
Infect Dis 2002; 35:512-517

Neurologic complications associated with
novel influenza A (HIN1) virus infection in
children—Dallas, Texas, May 2009. MMWR
Morb Mortal Wkly Rep 2009; 58:773-778
Hurwitz ES, Nelson DB, Davis C, Morens D,
Schonberger LB: National surveillance for
Reye syndrome: a five-year review. Pediatrics
1982; 70:895-900

Maxwell SR: Tamiflu and neuropsychiatric
disturbance in adolescents. BMJ 2007; 334:
1232-1233

Toovey S, Rayner C, Prinssen E, et al: Assess-
ment of neuropsychiatric adverse events in
influenza patients treated with oseltamivir: A
comprehensive review. Drug Saf 2008; 31:
1097-1114

Kaiser L, Wat C, Mills T, Mahoney P, Ward P,
Hayden F: Impact of oseltamivir treatment
on influenza-related lower respiratory tract
complications and hospitalizations. Arch In-
tern Med 2003; 163:1667-1672

Aoki FY, Macleod MD, Paggiaro P, et al: Early
administration of oral oseltamivir increases
the benefits of influenza treatment. J Anti-
microb Chemother 2003; 51:123-129
McGeer A, Green KA, Plevneshi A, et al: An-
tiviral therapy and outcomes of influenza re-
quiring hospitalization in Ontario, Canada.
Clin Infect Dis 2007; 45:1568-1575

Bowles SK, Lee W, Simor AE, et al: Use of
oseltamivir during influenza outbreaks in

Crit Care Med 2010 Vol. 38, No. 3 (Suppl.)

82.

83.

84.

85.

86.

87.

88.

89.

Ontario nursing homes, 1999-2000. J Am
Geriatr Soc 2002; 50:608—-616

Chan-Tack KM, Murray JS: Antiviral therapy
and outcomes in hospitalized patients with
influenza. Clin Infect Dis 2008; 46:
1628-1629

Centers for Disease Control and Prevention:
Updated interim recommendations for the
use of antiviral medications in the treatment
and prevention of influenza for the
2009-2010 season. Washington, DC. 2009
The Writing Committee of the World Health
Organization (WHO) Consultation on Hu-
man Influenza A/H5: Avian Influenza A
(H5N1) Infection in Humans. N Engl J Med
2005; 353:1374-1385

Govorkova EA, Ilyushina NA, Boltz DA,
Douglas A, Yilmaz N, Webster RG: Efficacy of
oseltamivir therapy in ferrets inoculated with
different clades of H5N1 influenza virus. An-
timicrob Agents Chemother 2007; 51:
1414-1424

Mandell LA, Wunderink RG, Anzueto A, et al:
Infectious Diseases Society of America/
American Thoracic Society consensus guide-
lines on the management of community-
acquired pneumonia in adults. Clin Infect
Dis 2007; 44(Suppl 2):S27-S72

Silverman JA, Mortin LI, Vanpraagh AD, Li T,
Alder J: Inhibition of daptomycin by pulmo-
nary surfactant: in vitro modeling and clini-
cal impact. J Infect Dis 2005; 191:2149-2152
Beigel JH, Farrar J, Han AM, et al: Avian
influenza A (H5N1) infection in humans.
N Engl J Med 2005; 353:1374-1385

Luke TC, Kilbane EM, Jackson JL, Hoffman
SL: Meta-analysis: Convalescent blood prod-

90.

91.

92.

93.

94.

95.

96.

ucts for Spanish influenza pneumonia: A fu-
ture H5N1 treatment? Ann Intern Med 2006;
145:599-609

Fedson DS: Confronting the next influenza
pandemic with anti-inflammatory and im-
munomodulatory agents: why they are
needed and how they might work. Influenza
Other Respi Viruses 2009; 3:129-142

de Jong MD, Simmons CP, Thanh TT, et al:
Fatal outcome of human influenza A (H5N1)
is associated with high viral load and hyper-
cytokinemia. Nat Med 2006; 12:1203-1207
Mancini GB, Etminan M, Zhang B, Levesque
LE, FitzGerald JM, Brophy JM: Reduction of
morbidity and mortality by statins, angioten-
sin-converting enzyme inhibitors, and angio-
tensin receptor blockers in patients with
chronic obstructive pulmonary disease. J Am
Coll Cardiol 2006; 47:2554-2560
Schlienger RG, Fedson DS, Jick SS, Jick H,
Meier CR: Statins and the risk of pneumonia:
A population-based, nested case-control
study. Pharmacotherapy 2007; 27:325-32
Mortensen EM, Restrepo MI, Anzueto A,
Pugh J: The effect of prior statin use on
30-day mortality for patients hospitalized
with community-acquired pneumonia. Re-
spir Res 2005; 6:82

Majumdar SR, McAlister FA, Eurich DT, Pad-
wal RS, Marrie TJ: Statins and outcomes in
patients admitted to hospital with commu-
nity acquired pneumonia: Population based
prospective cohort study. BMJ 2006; 333:999
Choi H, Park M, Kang H, Lim I, Choi C, You J:
Statin use and mortality in sepsis due to pneu-
monia. Crit Care Med 2007; 35(12 Suppl):1362

07



