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In the United States alone, seasonal (in-
terpandemic) influenza is responsible for
an average of 226 000 hospitalizations and
>23 000 deaths per year [1, 2]. Although
all age groups are susceptible to influenza
virus infections, children experience the
highest disease incidence, whereas older
adults suffer the most serious disease-
related complications and mortality. Many
of these events are secondary bacterial
pneumonias, most of which are thought
to be caused by Streptococcus pneumoniae
(the pneumococcus). Although several
observations have suggested that influenza
plays an important role in the pneumo-
coccal pneumonia incidence, its contri-
bution has been difficult to appreciate. In
this issue of the Journal, Weinberger and
colleagues present an elegant assessment
that helps to clarify the contribution of
influenza virus infections to pneumococ-
cal pneumonia hospitalizations during the
2009 influenza pandemic [3].

Several lines of evidence indirectly
support an interaction between influenza
First,

virus and the pneumococcus:
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pneumococcal nasopharyngeal acquisition
patterns mirror the seasonal patterns of
influenza outbreaks [4]. Second, increases
in pneumococcal pneumonias during
previous influenza pandemics have been
documented [5, 6]. Third, concurrent in-
fluenza infections and pneumococcal
pneumonias have been described [7, 8],
and prevention of these pneumonias has
been demonstrated in an efficacy trial of
a 9-valent pneumococcal conjugate vac-
cine in South African children. In that
randomized study, vaccination with
pneumococcal conjugate vaccine reduced
the incidence of influenza-associated
pneumonia (ie, pneumococcal pneumonia
with concurrent influenza infection) by
45% compared with controls [9]. This
decline, however, was seen only in human
chil-

dren, and significant reductions were also

immunodeficiency  virus—infected

observed for concurrent infections with
parainfluenza viruses and human meta-
pneumovirus [9, 10]. Last, mouse and
squirrel monkey models suggest that the
experimental infection with pneumococ-
cus in animals previously infected with
influenza results in severe disease and
death [11-14]. Whether factors common
to both pathogens (eg, neuraminidase)
[12, 13, 15] or other immunological host
factors (eg, interferon y) [16] mediate this
interaction is unclear. More recently,
studies in mouse and ferret models
suggested that influenza infection also
facilitates the
pneumococcus [17, 18].

transmission of the

Direct quantification of the burden of
influenza is challenging. Influenza di-
agnosis requires laboratory confirmation,
but testing is not routinely conducted.
Furthermore, available rapid diagnostic
tests have important limitations, and
molecular diagnostic techniques are not
widely available for routine use. Thus, the
burden of influenza is usually estimated
through labor-intensive active prospective
surveillance or, alternatively, by using
statistical modeling. Although different
strategies for influenza modeling exist, the
underlying principle is usually the same:
During periods of influenza activity, the
observed or predicted disease incidence is
compared with a baseline estimated from
periods when influenza was not circulat-
ing, and the difference between these
values represents the excess of disease
attributable to influenza. These strategies
have been widely used to estimate both
excess morbidity and mortality associated
with influenza [1, 2]. Nevertheless, most
of these comparisons have been restricted
to seasonal (interpandemic) periods,
where influenza circulated predominantly
during winter months. An important
difficulty these ecologic estimations often
face is that other winter-related factors,
including the concurrent activity of other
noninfluenza respiratory pathogens (eg,
respiratory syncytial virus or human
metapneumovirus) during influenza sea-
sons could also be associated with sig-
and death. When
complete information on these factors

nificant  disease
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and the activity of these viruses is avail-
able, it is possible to isolate their con-
statistically, but
disentangling the direct contribution of

tributions otherwise
influenza is complicated.

During the 2009 influenza pandemic,
influenza circulated before the winter
months, during a period when many
other respiratory viruses were not circu-
lating, and other typical winter-related
environmental factors (eg, low tempera-
ture or changes in daylight hours) [19]
and social factors (eg, winter holidays)
[20] were not present; thus, their poten-
tial influence on the evaluation of the
influenza—pneumococcus interaction was
minimized. Weinberger and colleagues
performed a comprehensive ecologic as-
sessment, using hospital discharge data-
bases and adapting modeling strategies
for estimation of influenza burden to
calculate the excess of pneumococcal
pneumonia hospitalizations during the
pandemic year of 2009. Their study
demonstrated that the incidence of pneu-
mococcal pneumonia hospitalizations
increased above an estimated baseline with
increasing influenza activity during the
pandemic year. Importantly, they also
conducted a number of secondary
analyses that lent further support to their
main findings. In an age-stratified analysis,
significant increases in pneumococcal
pneumonia were observed preferentially
among age groups that were heavily af-
fected by the 2009 influenza pandemic (ie,
the greatest relative increases were
observed among participants aged 5-
19 years, but no significant increases were
observed among seniors). The analysis
additional

the timing of influenza activity across

included evaluations  of

different states. In those states with earlier

influenza waves, earlier increases in
pneumococcal  pneumonia  hospital-
izations were observed. Furthermore,

Escherichia coli septicemia hospitalization
was evaluated as a control condition.
There was no systematic increase in
that condition during the pandemic
period, highlighting the specificity of
the interaction and showing that the

increases in pneumococcal pneumonia
were not part of a general increase in
hospitalizations.

Overall, these data strongly support
the previously suspected synergism be-
tween influenza virus and the pneumo-
coccus. However, important questions
remain. Is this synergism universal for
all influenza viruses and all pneumo-
coccal serotypes? Were particular types
of influenza or pneumococcal serotypes
responsible for the observed phenome-
non? Some animal model studies suggest
that the lethal synergism between in-
fluenza and pneumococcus may not be
a generalized phenomenon but that the
synergism may be pneumococcal sero-
type specific. Similar observations have
been derived from recent animal trans-
mission models [18]. This information
should be considered when interpreting
the data presented by Weinberger et al.
In the United States, routine vaccination
with a 7-valent pneumococcal conjugate
vaccine started in 2000 and substantial
reductions in invasive pneumococcal
disease and pneumococcal pneumonia
have been documented [21, 22]. More
important, the circulation of vaccine
serotypes have rapidly decreased after
vaccine introduction and this decrease
has been responsible for the indirect
protection  observed  after  im-
plementation of the pneumococcal con-
jugate vaccination program [21, 23].
Therefore, the increases in pneumo-
coccal pneumonia observed during the
2009 pandemic year likely represent
disease caused by nonvaccine serotypes.
Whether the clinical severity of pneu-
monia caused by nonvaccine serotypes
differs from that of pneumonia caused
by vaccine serotypes remains unclear.

Previous studies have also documented
that influenza can interact with other
nonpneumococcal bacteria. Reports from
identified other
Streptococcus species, Staphylococcus au-

previous pandemics
reus, and Haemophilus influenzae associ-
ated with influenza-related pneumonia
[24, 25]. Determining the etiology of
pneumonia, however, is very difficult. No

true gold standard diagnostic test exists,
available tests are not sensitive or not
specific enough, and prior antibiotic
use further complicates attempts to
assign etiology [26, 27]. In their study,
Weinberger and colleagues used coded
discharge diagnoses to identify pneu-
mococcal pneumonia. These discharge
diagnosis codes likely had high speci-
ficity [28], and similar findings were
observed when a secondary analysis used
coded pneumococcal septicemia as the
outcome. These findings are largely con-
sistent with those of a similar study that
focused on prospectively identified in-
vasive pneumococcal diseases as the main
[29].
sensitivity of available diagnostic tests

outcome Nevertheless, the low
likely resulted in an underestimation of
the true burden of pneumococcal pneu-
monia [30].

From a public health perspective, in-
fluenza and the pneumococcus are argu-
ably the most important respiratory
pathogens. To some extent, they appear
to operate synergistically in causing dis-
ease and death. But probably the most
important characteristic these pathogens
share is that effective vaccines against
both pathogens are available, and, thus,
much of the burden of disease associ-
ated with these pathogens is vaccine
preventable. Routine vaccination of in-
fants with pneumococcal conjugate vac-
cines has attained very high coverage and
has substantially modified the epidemiol-
ogy of pneumococcal diseases in both
vaccinated and unvaccinated individuals.
However, the use of seasonal influenza
vaccines remains suboptimal despite the
wide availability of influenza vaccines and
recommendations for annual use in most
of the US population [31]. Because in-
fluenza infections facilitate the occurrence
of many pneumococcal pneumonias, ef-
forts to increase influenza vaccine uptake
could effectively prevent related morbidity
and delay mortality.
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