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PATIENT PRESENTATION

The patient, a 58-year-old man, pre-
sented to a community hospital with fe-
ver, cough, myalgias, and shortness of
breath that worsened over 5 days. The
history was significant for past to-
bacco use. Temperature on presenta-
tion was 36.5°C, and physical exami-
nation revealed wheezing and rhonchi
in bilateral lungs. A nasopharyngeal
wash for viral testing and sputum for
bacterial Gram stain and culture were
obtained. Treatment for suspected com-
munity-associated pneumonia was ini-
tiated with moxifloxacin. Emergency
department evaluation showed severe
hypoxia, and the patient was trans-
ferred to a tertiary care center for fur-
ther assessment.

On arrival at the receiving center, the
patient’s arterial blood gas analysis
showed a pH of 7.42, Pco, of 31
mm Hg, and Pao, of 59 mm Hg (frac-
tion of inspired oxygen, 100%). Labo-
ratory testing revealed findings consis-
tent with severe sepsis: leukopenia
(white blood cell count, 1.3 cells X 10%
L), thrombocytopenia (platelet count,
106 X 10° cells/pL), acute kidney in-

CME available online at
@ www.jamaarchivescme.com
and questions on p 289.

Author Audio Interview available at
www.jama.com.

Bacterial coinfection complicated nearly all influenza deaths in the 1918 in-
fluenza pandemic and up to 34% of 2009 pandemic influenza A(H1N1) in-
fections managed in intensive care units worldwide. More than 65 000 deaths
attributable to influenza and pneumonia occur annually in the United States.
Data from 683 critically ill patients with 2009 pandemic influenza A(H1N1)
infection admitted to 35 intensive care units in the United States reveal that
bacterial coinfection commonly occurs within the first 6 days of influenza
infection, presents similarly to influenza infection occurring alone, and is as-
sociated with an increased risk of death. Pathogens that colonize the naso-
pharynx, including Staphylococcus aureus, Streptococcus pneumoniae,
and Streptococcus pyogenes, are most commonly isolated. Complex viral,
bacterial, and host factors contribute to the pathogenesis of coinfection. Re-
ductions in morbidity and mortality are dependent on prevention with avail-

able vaccines as well as early diagnosis and treatment.
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jury (creatinine level, 2.04 mg/dL
[180.34 pmol/L]), liver injury (aspar-
tate aminotransferase level, 308 U/L
[5.14 pkat/L]; alanine aminotransfer-
ase level, 197 U/L [3.29 wkat/L]), co-
agulopathy (prothrombin time, 16.3
seconds; partial thromboplastin time,
41.1 seconds; international normal-
ized ratio, 1.3), and tissue hypoperfu-
sion (lactate level, 3.7 mmol/L). Chest
radiography showed diffuse bilateral in-
filtrates (FIGURE 1).

The patient was intubated and ad-
mitted to the intensive care unit for hy-
poxic respiratory failure and subse-
quent vasopressor-dependent septic
shock. Refractory respiratory failure was
managed with high-frequency oscilla-
tory ventilation, and shock was man-
aged with high-dose norepinephrine.
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Initial sputum Gram stain showed
gram-positive cocci in clusters, and in-
travenous vancomycin was started. Os-
eltamivir (75 mg by nasogastric tube)
was also started.

Respiratory failure complicated by
hemoptysis and progressive shock led
to cardiac arrest. Cardiopulmonary re-
suscitation was initiated, with tempo-
rary return of spontaneous circula-
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tion. A family decision for no further
resuscitative efforts was made, and the
patient died within 24 hours of admis-
sion. Polymerase chain reaction test-
ing of an initial nasopharyngeal wash
specimen was positive for 2009 pan-
demic influenza A(H1IN1), and spu-
tum and blood cultures were positive
for methicillin-resistant Staphylococ-
cus aureus (MRSA).

COMMENT

The 1918 influenza pandemic re-
sulted in an estimated 50 million deaths
worldwide.! A review of 8398 autop-
sies performed during that time con-
firmed bacterial coinfection in nearly

Figure 1. Case Patient’s Chest Radiograph
Showing Diffuse Bilateral Infiltrates

all deaths.” The 2009 pandemic influ-
enza A(HIN1) virus resulted in an es-
timated 284 400 deaths worldwide.
Many deaths occurred in countries with
limited medical services.?> Even in coun-
tries with advanced medical services, in-
cluding in the United States, Canada,
Spain, Argentina, Australia, and New
Zealand, bacterial coinfection compli-
cated between 18% and 34% of 2009
pandemic influenza A(HIN1) cases
managed in intensive care units
(ICUs)*? and up to 55% of fatal cases,
based on published autopsy series.'*!?

This article describes the epidemi-
ology of influenza and pneumonia in
the United States over the past 30 years,
emphasizing the continued central role
of bacterial coinfection in severe and
fatal cases. The clinical course, patho-
genesis, and rational clinical manage-
ment of severe coinfection are dis-
cussed.

Epidemiology of Influenza and
Pneumonia and the Role of
Bacterial Coinfection

The overall precise mortality rate as-
sociated with influenza and bacterial
coinfection is unknown. The National
Vital Statistics System collects and pre-
sents the leading causes of death in the
United States. Cause of death, as typi-
cally determined by the treating phy-
sician at the time of death, is derived
from International Classification of Dis-
eases codes on death certificates, and

aggregate data are presented annually.
Deaths attributable to influenza and
bacterial coinfection are not directly
measured and so must be extrapo-
lated from available data. Based on these
extrapolated data, on average from 1976
to 2009, 66324 (range, 45030-
91871) deaths were attributed annu-
ally to the combined categories of in-
fluenza and pneumonia.’* Modeling
estimates predict that on average 23 607
(range, 3349-48 614) deaths with un-
derlying respiratory and circulatory
causes from 1976 to 2007 in the United
States were associated with influenza.'*

Based on National Vital Statistics Sys-
tem data, mortality rates from the com-
bined categories of influenza and pneu-
monia are highest in individuals 65
years or older and have declined from
1976 to 2009 predominantly in the old-
est and youngest age groups (FIGURE 2).
Although influenza infection typically
results in lower mortality rates in
younger individuals, H3N2 influenza
viruses that were prevalent in 1997 and
2003 (ie, A/Sydney[H3N2] and
A/Fujian[H3N2])'’ and the emer-
gence of the 2009 pandemic influenza
A(HIN1) virus resulted in excess mor-
tality in younger age groups.

Bacterial coinfection complicates ap-
proximately 0.5% of all influenza cases
in healthy young individuals and at least
2.5% of cases in older individuals and
those with predisposing conditions.®
Individuals at high risk of developing

Figure 2. Influenza and Pneumonia Death Rates by Age Group, United States, 1976-2009
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influenza-related complications includ-
ing coinfection include adults 65 years
or older, children younger than 5 years,
pregnant women, people who are mor-
bidly obese (body mass index =40, cal-
culated as weight in kilograms di-
vided by height in meters squared), and
people with preexisting medical con-
ditions including chronic pulmonary,
cardiovascular, renal, hepatic, neuro-
logic, metabolic, or immune-suppress-
ing conditions."

Colonization of the nasopharynx
with pathogenic bacteria may predis-
pose to coinfection. Specifically, colo-
nization with Streptococcus pneumo-
niae has been associated with increased
risk of ICU admission or death in the
setting of influenza infection,'® and
coinfection with S aureus, which colo-
nizes the nares of 30% of the adult
population,' has been associated with
increased risk of death in adults and
children infected with influenza.®*
MRSA coinfection in particular has re-
peatedly been associated with severe
disease and death in adults and chil-
dren. 2%

Clinical Course and Microbiology
of Severe Influenza
and Bacterial Coinfection

The typical time course of influenza ill-
ness in healthy adults experimentally
challenged with influenza virus is as fol-
lows: symptom onset occurs within 24
hours of influenza infection; peak vi-
ral shedding correlates with peak symp-
tom severity occurring 2 to 3 days
postinfection; and symptoms and vi-
ral shedding abate by day 8 post-
infection.”

In a series of 683 adults admitted to
35 ICUs in the United States with se-
vere 2009 pandemic influenza A(HIN1)
infection, 207 had clinical evidence of
bacterial coinfection, as defined by pre-
sumed bacterial pneumonia docu-
mented in the medical record or a posi-
tive blood culture within 72 hours of
ICU admission. The mean time from
symptom onset to hospitalization in the
coinfected group was 5.2 (SD, 4.9)
days.® Allowing for a 24-hour asymp-
tomatic period, on average these indi-
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viduals developed coinfection within
the first 6.2 (range, 1.3-11.1) days of
influenza infection. This time course of
illness suggests that coinfection pre-
dominantly occurs during periods of
high influenza viral shedding but may
occur concurrently with or shortly af-
ter influenza infection.

The mean time from symptom on-
set to hospital admission in this series
did not differ significantly between the
coinfected group and the influenza-
alone group (5.0 [SD, 4.5] days). Simi-
larly, the prevalence of presenting
symptoms of fever, cough, dyspnea, and
myalgias did not differ between groups.
One hundred fifty-four of the 207 pa-
tients (74%) with suspected coinfec-
tion had positive bacterial cultures. The
pathogens most commonly isolated
from respiratory cultures were S au-
reus (45%), S pneumoniae (16%), and
Streptococcus pyogenes (4%). Sixty-
two percent of the S aureus isolates were
methicillin resistant.

In a series of 838 critically ill chil-
dren with 2009 pandemic influenza
A(HIN1) infection, 274 (33%) had
clinical evidence of bacterial coinfec-
tion, defined as a diagnosis of bacte-
rial pneumonia or other evidence of
bacterial infection within 72 hours of
pediatric ICU admission.”® One hun-
dred eighty-three of the 274 patients
(67%) with suspected coinfection had
positive bacterial cultures. The patho-
gens most commonly isolated from re-
spiratory cultures were S aureus (39%),
Pseudomonas species (16%), S pneumo-
niae (8%), Haemophilus influenzae (7%),
and S pyogenes (4%). Forty-eight per-
cent of S aureus isolates were methicil-
lin resistant. Eighty-seven percent of pa-
tients with Pseudomonas infection had
chronic lung disease; many had trache-
ostomies in place.

Coinfection may also occur in the
hospital setting following admission for
influenza infection alone. Bacterial
pathogens frequently isolated in hos-
pital-associated coinfection include
MRSA, P aeruginosa, Acinetobacter spe-
cies, and other resistant enterobacte-
riaceae.**® In summary, coinfection
typically occurs within a few days of in-
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fluenza infection at times of high viral
shedding, presents similarly to severe
influenza infection alone, and promi-
nent coinfecting bacterial pathogens in-
clude S aureus, S pneumoniae, and S pyo-
genes, which commonly colonize the
nasopharynx.

Pathogenesis of Coinfection

Synergistic lethality of influenza and
bacterial coinfection has been ob-
served in animal models since shortly
after influenza viruses were first iso-
lated in early 1930s.%"*® Influenza vi-
ral infection contributes to respira-
tory epithelial cell dysfunction and
death through disruption of protein
synthesis and induction of apopto-
sis.??! Viral neuraminidase cleaves re-
spiratory epithelial cell sialic acids, con-
tributing to increased bacterial adhesion
and dissemination. This effect is re-
versed by neuraminidase inhibi-
tors.>?* PB1-F2, a proapoptotic influ-
enza protein expressed by many
strains—although not by 2009 pan-
demic influenza A(HIN1)—increases
susceptibility to bacterial coinfection
through unknown mechanisms.* Pro-
teases secreted by certain strains of
S aureus cleave influenza hemagglu-
tinin,’**>" a step required for multi-
cycle viral replication. Propagation of
virus along the respiratory tree im-
pairs mucociliary clearance of bacte-
ria from the lower respiratory tract,®>°
and epithelial cell death exposes the
basal cell layer and basement mem-
brane, allowing for increased bacterial
adherence and invasion (FIGURE 3).*#

Clinical Management

Clinical management of severe coin-
fection relies on measures to prevent,
diagnose, and treat both influenza and
bacterial infection. The following para-
graphs and the BoX describe a logical
approach to prevention, diagnosis, and
treatment of severe coinfection.

Influenza Vaccine

Annual influenza vaccination is rec-
ommended for persons older than 6
months. In children aged 6 months
through 8 years, 2 doses of vaccine are
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Figure 3. Model of Severe Influenza and Bacterial Copathogenesis
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recommended during their first sea-
son of vaccination after July 1, 2010.%
Evidence supporting efficacy and ef-
fectiveness of influenza vaccination for
the prevention of severe influenza-
related complications, including bac-
terial coinfection, hospitalization, ICU
admission, and death, particularly in the
high-risk elderly population, is rela-
tively sparse and of variable quality.
Trials assessing efficacy of new vac-
cines are limited in that it is unethical
to withhold vaccine from a placebo
group, and observational studies are
limited because of bias inherent in ob-
servational study design. A single ran-
domized clinical trial (RCT) evaluat-
ing efficacy of influenza vaccine in
community-dwelling individuals older
than 60 years showed that vaccine was
associated with protection against medi-
cally attended influenza illness. The in-
cidences of clinical influenza were 2%
and 3%, respectively (relative risk, 0.53
[95% CI, 0.39-0.73]). Prevention of
bacterial coinfection was not evalu-
ated.*” Observational studies have
shown up to a 45% reduction in pneu-
monia hospitalizations and a 60% re-
duction in deaths following influenza
vaccination*®*’; however, these stud-
ies have been criticized for their inabil-
ity to adequately control for patients’
baseline health status. Despite data limi-
tations, influenza vaccine remains the
best available tool for prevention of se-
vere influenza illness commonly asso-
ciated with bacterial coinfection.

Pneumococcal Vaccine

The 23-valent pneumococcal polysac-
charide vaccine (PPSV23) is recom-
mended in the United States for adults
65 years or older and for persons aged
2 through 64 years with underlying
medical conditions predisposing to se-
rious pneumococcal infection.*® Pre-
disposing conditions include but are not
limited to functional or anatomical
asplenia; chronic pulmonary, cardio-
vascular, renal, or hepatic disease; dia-
betes mellitus; tobacco use; and malig-
nancy and other immune-suppressing
conditions or medications. The 13-
valent pneumococcal polysaccharide

BACTERIAL COINFECTION IN INFLUENZA

conjugate vaccine (PCV13) is recom-
mended for children aged 2 through 59
months.*

A single RCT has evaluated the effi-
cacy of a multivalent pneumococcal
polysaccharide vaccine for the preven-
tion of influenza-associated pneumo-
nia in 37 107 African infants. In that
trial, a 9-valent conjugate vaccine was
associated with 41% efficacy (P=.006)
for the prevention of influenza-
associated pneumonia.”® No similar
RCT has been conducted among adults.
However, a population-based observa-
tional study in individuals older than
65 years showed an association be-
tween combined influenza and pneu-
mococcal vaccine and a reduction in
hospital admissions for influenza or
pneumonia and a reduction in pneu-
monia deaths relative to influenza vac-
cination or pneumococcal vaccina-
tion alone.”!

Indirect vaccine effects (ie, herd ef-
fects in unimmunized individuals) sig-
nificantly reduce invasive pneumococ-
cal disease in all age groups. Since the
introduction of 7-valent pneumococ-
cal conjugate vaccine in the United
States in 2000 (now replaced by
PCV13), rates of invasive pneumococ-
cal disease have decreased in vacci-
nated as well as unvaccinated age
groups. By 2007, invasive pneumococ-
cal disease was reduced by 40% (13.3
to 8.0 per 100 000 population) in per-
sons aged 18 through 49 years, by 18%
(24.0 to 19.8 per 100 000 population)
in persons 50 through 64 years, and by
37% (60.1 to 37.9 per 100000 popu-
lation) in persons 65 years or older.”

Diagnosis

Diagnosis of coinfection should be con-
sidered in individuals with an influenza-
like illness and lower respiratory tract
signs or symptoms suggestive of pneu-
monia (eg, cough with dyspnea, tachyp-
nea, or hypoxia) or evidence of sepsis.
Typical, though nonspecific, symp-
toms of influenza illness include fe-
ver, cough, myalgias, malaise, and head-
ache.”>* Rapid antigen-based influenza
diagnostics, which have false-negative
rates of up to 70%,” should not be re-
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Box. Key Points Regarding
Bacterial Coinfection in Influenza
Epidemiology

Between 1979-2009 there were an av-
erage of 66000 deaths per year at-

tributable to coinfection with influ-
enza and pneumonia

Bacterial coinfection is more com-
mon in the elderly, the very young,
pregnant women, patients with pre-
existing conditions, and morbidly
obese patients

Prevention

Influenza vaccination in all persons
older than 6 mo is recommended

23-Valent pneumococcal vaccine is
recommended for adults older than
65 y; 13-valent pneumococcal poly-
saccharide conjugate vaccine is
recommended for children aged
2-59 mo

Diagnosis

Diagnosis of coinfection can be dif-
ficult but should be suspected in pa-
tients who present with influenza-
like illness and dyspnea, tachypnea,
hypoxia, or signs and symptoms of
sepsis

Treatment

Early empirical antiviral treatment
and antibiotic treatment with a re-
spiratory fluoroquinolone or a com-
bination B-lactam plus a macrolide
should be initiated in all individu-
als with suspected coinfection

Antibiotic coverage for methicillin-
resistant Staphylococcus aureus
should be initiated when patients
have signs of necrotizing pneumo-
nia, including rapid onset of acute re-
spiratory distress or hemoptysis

lied on to rule out influenza infection,
and although more accurate influenza
diagnostics such as viral culture or mo-
lecular tests should be performed, treat-
ment decisions should not await their
results.

Subsequent interpretation of mo-
lecular influenza diagnostics must take
into account the time course of illness
relative to symptom onset and loca-
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tion from which a sample is collected
(upper vs lower respiratory tract), be-
cause sampling of the nasopharynx late
in the course of severe influenza infec-
tion has been associated with a 19%
false-negative rate relative to concur-
rent sampling of the lower airway by
bronchoalveolar lavage.” In addition to
suggestive clinical features, a demon-
strable infiltrate on chest radiographs
is required for the diagnosis of pneu-
monia’’; however, pattern of infiltrate
cannot reliably differentiate between in-
fluenza occurring alone vs coinfection.

Microbiologic testing of sputum for
Gram stain and culture should be per-
formed in patients with suspected coin-
fection and clinical or radiographic evi-
dence of pneumonia. Negative sputum
culture may not reliably rule out bac-
terial coinfection. False-negative re-
sults occur in the setting of prior anti-
biotic use and poor-quality specimen
collection or processing. Similar limi-
tations apply to tracheal aspirate and
bronchoalveolar lavage specimens. At
a minimum, blood cultures should be
obtained in patients with evidence of
sepsis, and S pneumoniae urine anti-
gen testing should be performed when
available.

Antiviral Treatment

Early empirical antiviral treatment
should be initiated in all individuals
with suspected coinfection. Efficacy of
oseltamivir and zanamivir for the treat-
ment of influenza infection alone has
been evaluated in multiple RCTs; how-
ever, lower respiratory tract complica-
tion was not the primary or secondary
end point in these trials. A meta-
analysis of 10 RCTs in patients with
confirmed influenza infection found
that oseltamivir use started within 36
hours of symptom onset was associ-
ated with a 55% reduction in the pri-
mary end point (4.6% vs 10.3% with
placebo; P<<.001) of lower respira-
tory tract complication (defined as
bronchitis, lower respiratory tract in-
fection, or pneumonia), resulting in ini-
tiation of antibiotic therapy 48 hours
after the start of the study and before
day 28. However, this result was attrib-
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utable to reduction in bronchitis and
not pneumonia. A statistically nonsig-
nificant reduction in hospitalizations
was observed.”® An independent re-
analysis of these 10 trials plus an ad-
ditional trial similarly found oseltami-
vir use associated with a 37% reduction
in lower respiratory tract complica-
tions requiring antibiotic therapy in pa-
tients with confirmed influenza infec-
tion. Subgroup analysis of bronchitis vs
pneumonia prevention was not re-
ported.”® Validity of these studies has
been challenged, given the possibility
of publication bias.*®

No RCT has evaluated the efficacy of
neuraminidase inhibitors for the pre-
vention of complications in hospital-
ized patients with influenza infection.
An increasing number of observa-
tional studies, however, have found an
association between oseltamivir use and
reductions in ICU admission and death
in this population. Earlier vs later ad-
ministration has been associated with
improved survival.®%* A recent meta-
analysis of observational studies of an-
tiviral therapy for the treatment of
influenza infection supports the asso-
ciation of antiviral therapy and im-
proved survival from influenza infec-
tion, yet correctly points out that the
confidence in the effects for decision
making from these observational stud-
iesis low.®” However, the efficacy of an-
tiviral therapy for the treatment of
influenza infection is dependent on sus-
ceptibility of circulating influenza
strains to available antiviral medica-
tions and the prevalence of antiviral-
resistant infection could increase un-
predictably.

Antibiotic Treatment

Patients with a clinical syndrome com-
patible with pneumonia with or with-
out suspected influenza infection
should receive initial empirical anti-
biotic treatment.”” Recommended
empirical antibiotic choices for hospi-
talized patients with community-
associated pneumonia that do not dis-
tinguish between presence or absence
of influenza infection include a respi-
ratory fluoroquinolone or a combina-

tion B-lactam (ie, ceftriaxone or cefo-
taxime) plus a macrolide. Empirical
coverage for MRSA with vancomycin or
linezolid should be initiated in pa-
tients with severe or necrotizing pneu-
monia and or sepsis. Clinical features
of necrotizing pneumonia include he-
moptysis, pleural effusion, rapid on-
set of acute respiratory distress, and
leukopenia.®® Empirical antibiotic treat-
ment for health care—associated pneu-
monia in patients with suspected or
confirmed influenza infection should
include coverage for MRSA and resis-
tant gram-negative pathogens depen-
dent on local antimicrobial patterns and
susceptibility. Antibiotics should be tai-
lored for specific bacterial pathogens
isolated from blood or a high-quality
sputum specimen.

Antibiotic treatment within 4 to 8
hours of hospital admission for com-
munity-associated pneumonia has been
associated with reduced mortality in
large observational studies,*” % and in-
appropriate use of initial empirical an-
tibiotics for health care—associated
pneumonia has been associated with in-
creased mortality.*"® Although opti-
mal timing of antibiotic administra-
tion in patients with suspected or
confirmed influenza and bacterial coin-
fection has not been determined, early
administration should be targeted.

Supportive Care

Aside from early administration of anti-
viral medications and antibiotics, man-
agement of severe coinfection is largely
supportive. Progressive hypoxia results
in the need for mechanical ventilation in
most patients admitted to the ICU with
severe influenza infection with or with-
out coinfection, and rescue modalities
such as prone positioning, bi-level or
high-frequency oscillatory ventilation, or
extracorporeal membrane oxygenation
have been used in cases in which hypoxia
persists despite use of standard ventila-
tor modes.>57!-" Septic shock from inva-
sive bacterial infection necessitates vaso-
pressor use in more than one-third of
critically ill patients with coinfection, and
acute renal failure requiring renal replace-
ment therapy occurs in up to 20%.5
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CONCLUSIONS

Influenza and bacterial coinfection re-
sult in significant morbidity and mor-
tality. Influenza vaccine remains the
best available tool for prevention of se-
vere influenza illness commonly asso-
ciated with bacterial coinfection and
should be encouraged in individuals
older than 6 months. PCV13 adminis-
tered to children aged 2 through 59
months and PPSV23 administered to
adults 65 years or older and to per-
sons aged 2 through 64 years with un-
derlying medical conditions reduce in-
vasive pneumococcal disease through
both direct and indirect herd effects. De-
spite these benefits, in a large observa-
tional study using US state inpatient
databases, timing of highest 2009 pan-
demic influenza A(H1N1) virus activ-
ity from late August to mid December
2009 was associated with a significant
increase in pneumococcal hospitaliza-
tions relative to a seasonal baseline from
the previous 6 years in individuals older
than 5 and younger than 65 years—
those not routinely vaccinated against
pneumococcal disease.” Similarly, mor-
tality rates from the combined catego-
ries of influenza and pneumonia in-
creased significantly from prior seasonal
baseline in this age range in 2009. Ex-
panded use of PPSV23 in individuals
older than 5 years and younger than 65
years may further reduce morbidity and
mortality related to influenza and bac-
terial coinfection.

Severe bacterial coinfection pre-
sents similarly to severe influenza in-
fection occurring alone but confers an
increased risk of death in adults and
children. Diagnosis of coinfection
should be considered in individuals
with an influenza-like illness and lower
respiratory tract signs or symptoms sug-
gestive of pneumonia, such as cough
with dyspnea, tachypnea, or hypoxia or
with evidence of sepsis. Early empiri-
cal antiviral therapy should be admin-
istered to all individuals with sus-
pected coinfection. Bacterial pathogens
isolated in coinfection typically colo-
nize the nasopharynx and cause
disease during periods of high influ-
enza viral shedding and clinical symp-

BACTERIAL COINFECTION IN INFLUENZA

toms. MRSA is the bacterial pathogen
most frequently isolated from criti-
cally ill patients with coinfection in
the United States®*° and is not cov-
ered by standard antibiotic therapy for
community-acquired pneumonia.
Vancomycin or linezolid should be ad-
ministered in addition to standard
therapy for community-acquired
pneumonia to patients with severe or
necrotizing pneumonia, sepsis, or
health care—associated coinfection.
Delayed administration of antiviral
or antibiotic therapy may result in
worse outcomes.

Critical care supportive services in-
cluding mechanical ventilation, vaso-
pressor therapy, and renal replace-
ment therapy are often required for the
management of severe coinfection. De-
spite advances in supportive care, up
to one-third of patients with coinfec-
tion admitted to ICUs in developed
countries die.”® Further advances in
vaccine technology for influenza and
common bacterial copathogens (spe-
cifically S aureus) are needed, as are im-
proved rapid and accurate diagnostics
for influenza and bacterial infection and
novel therapeutics addressing the com-
plex mechanisms contributing to in-
fluenza and bacterial copathogenesis.
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