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Bacterial Pneumonia and Pandemic
Influenza Planning

Ravindra K. Gupta,* Robert George,T and Jonathan S. Nguyen-Van-Tam#

Pandemic influenza planning is well under way across
the globe. Antiviral drugs and vaccines have dominated the
therapeutic agenda. Far less work has been conducted on
stockpiling and planning for deployment of antimicrobial
drugs against secondary bacterial pneumonia, a cause of
substantial illness and death in previous pandemics and ep-
idemics. In the event of a pandemic, effective antimicrobial
drug measures are expected to substantially benefit public
health. We address issues regarding use of antimicrobial
drugs as stocks of individual agents are diminished and the
role of resistance surveillance in informing such policy. Fur-
thermore, vaccination with polysaccharide and conjugate
pneumococcal vaccines is considered as part of a pandemic
strategy. Most illness and death from influenza are likely to
occur in developing countries, where neuraminidase inhibi-
tors and vaccines may be neither affordable nor available;
thus, compared with industrialized countries, the benefits of
treating bacterial complications in developing countries may
be substantially greater.

he threat of a pandemic has been raised by the recent

emergence of avian influenza virus (H5N1) in South-
east Asia. If an influenza pandemic of the same magnitude
and severity as the one in 1918-19 were to occur in the
present day, worldwide an estimated 51-81 million persons
would die (1).

To date, antiviral drugs, principally the neuraminidase
inhibitors, and vaccines have dominated the pharmaceuti-
cal countermeasures agenda in terms of research and de-
velopment, stockpiling, and planning for mass deployment.
However, the global supply of neuraminidase inhibitors is
likely to be limited, and an immunogenic vaccine matched
specifically to the pandemic strain would take at least 4-6
months to produce. Effective public health measures are
predicted to slow, rather than halt, the spread of infection.

*John Radcliffe Hospital, Oxford, UK; tHealth Protection Agency,
London, UK; and tUniversity of Nottingham, Nottingham, UK

DOI: 10.3201/eid1407.070751
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Large numbers of influenza cases are therefore likely to oc-
cur when a pandemic strain emerges.

Evidence from laboratory, clinical, and epidemiologic
studies suggests that bacterial co-infection contributes sub-
stantially to the illness and death that occurs in pandemic
and seasonal influenza. We consider bacterial co-infection
in the context of current preparedness activities and guide-
lines regarding antimicrobial drug stockpiling and deploy-
ment, including reference to existing quinolone stockpiles
held by a number of countries. We also discuss the poten-
tial role of vaccination against Streptococcus pneumoniae
in the context of pandemic influenza.

Bacterial Pneumonia and Pandemic Influenza

Ecologic studies have demonstrated temporal relation-
ships between influenza activity and bacterial pneumonia.
This association was perhaps most strikingly emphasized
by the 20th-century pandemics, which have been compre-
hensively reviewed by Brundage (2). Substantial laboratory
evidence for synergism between influenza A and bacterial
agents has been reviewed by McCullers (3).

Bacterial Pneumonia and Seasonal Influenza

Pandemics are relatively rare; therefore, more data are
available about bacterial infections associated with season-
al than pandemic influenza A strains. Secondary bacterial
pneumonia is a common cause of death in persons with sea-
sonal influenza; co-infections have been found with ~25%
of all influenza-related deaths (4,5). Pathogen-specific data
are summarized below.

Stl’ept0COCCUS pneumoniae

Of laboratory-confirmed cases of community-acquired
pneumonia, =~30% involve bacterial-viral co-infection
(6-8). S. pneumonia is the most common cause of commu-
nity-acquired pneumonia and bacterial co-infection with in-
fluenza A (9-12). Invasive pneumococcal disease is a term
used when the organism is isolated from a typically sterile
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site, such as blood or pleural fluid. This definition therefore
underestimates pneumococcal pneumonia where isolation
of the organism is not possible (13). Notwithstanding, a
number of studies have documented the temporal associa-
tion between influenza and invasive pneumococcal disease,
which suggests synergism. Grabowska et al. (14) recently
used 2 epidemiologic methods based on Swedish surveil-
lance data to estimate the excess cases of invasive pneu-
mococcal pneumonia associated with seasonal influenza at
12%-30%.

HIV-infected children have a 40x greater risk than
HIV-noninfected children for invasive pneumococcal dis-
ease and account for most cases of invasive pneumococcal
disease in certain sub-Saharan African countries (13,15).
HIV-infected children and adults would likely be more se-
verely affected by an influenza pandemic.

Staphylococcus aureus (Methicillin Sensitive
and Methicillin Resistant)

A retrospective study of influenza-related childhood
deaths in the United States in the 2003-04 season found S.
aureus to be the most common bacterial agent, accounting
for 46% of isolates, >50% of which were methicillin-re-
sistant strains (5). Surveillance for severe influenza-related
S. aureus community-acquired pneumonia in the United
States during the 2003-04 season recorded 17 cases (88%
methicillin-resistant S. aureus [MRSA]) and 5 deaths (4
with MRSA) and a median age of 21 years (16); laboratory
evidence of influenza infection was available for ~75%.
More recently, 10 cases of severe community-acquired
MRSA pneumonia in children (6 of whom died) from 2
southern states in a 2-month period were reported (17). For
30% of those patients, MRSA was recovered from sputum
only, and 4 had a documented recent history of MRSA skin
infection in themselves or in a close contact. Preceding
staphylococcal skin disease in persons with staphylococcal
pneumonia was described by Goslings et al. (18) during
the 1957-58 pandemic. In the context of emerging com-
munity-acquired MRSA skin infection in persons without
traditional risk factors, this association has substantial im-
plications for possible emergence of MRSA pneumonia in
a future pandemic (19).

Other Pathogens

A recent study from New Zealand (7) that aimed to
characterize viral causes of community-acquired pneumo-
nia reported viral-bacterial co-infection in 45 (15%) of 304
hospitalized patients. S. pneumoniae (67%) and Haemo-
philus influenzae (11%) were the 2 pathogens most com-
monly associated with influenza A infection; atypical mi-
crobes (Chlamydia pneumoniae, Mycoplasma pneumoniae,
and Legionella pneumophila) were also well represented
(22%). These figures are generally consistent with other

1188

published data; group A streptococci are a rare but serious
cause of community-acquired pneumonia (20) and have
been associated with fatal cases of influenza (5).

Stockpiling and Strategic Use
of Antimicrobial Drugs

In most modern healthcare systems, which increasingly
emphasize just-in-time supply chains, shortages of antimi-
crobial drugs may occur rapidly unless more are stockpiled.
These shortages would limit the treatment of secondary
bacterial infections in the middle and the later stages of a
pandemic. For this reason a range of antimicrobial drug op-
tions have been suggested, taking into account the likely
limitations of availability in diagnostics for community-
acquired pneumonia and the fact that, because of the sheer
number of patients, therapy is likely to be empirical. Clini-
cal management guidelines for pandemic influenza have
recommended amoxicillin + clavulanate or doxycycline
(21); third-generation cephalosporins or respiratory fluo-
roquinolones (22); and second-generation cephalosporins,
macrolides, doxycycline, or co-trimoxazole (23) as first-
line empirical therapies for community-acquired pneumo-
nia associated with pandemic influenza. Dependent on the
extent of any stockpile, shortages of these preferred agents
might occur first during a pandemic.

In the United States, the emergence of community-
acquired MRSA has prompted revision to include van-
comycin and other agents as empirical therapy for severe
cases (21,22). The demand created by empirical use of van-
comycin in such cases, the limited number of alternative
agents, and the limited global production capacity of this
drug are likely to lead to its shortage. Other treatment pos-
sibilities include linezolid, quinopristin/dalfopristin, and
tigecycline.

Fortunately, in the United Kingdom most MRSA iso-
lates are sensitive to doxycycline (95% of respiratory iso-
lates; Health Protection Agency [HPA], unpub. data) and
rifampin (97%; HPA, unpub. data); fewer are sensitive to
trimethoprim (72%). Less severe MRSA infections treated
with these widely available and inexpensive drugs would
be expected to respond. Rifampin and cotrimoxazole are
widely produced in developing countries, where the preva-
lence of tuberculosis and HIV infection are high.

Real-time Surveillance of Pathogen Resistance

After a country has committed to acquiring a stockpile
of antimicrobial drugs, several important practical and lo-
gistic issues arise. The first is deciding on the range of an-
timicrobial drugs to be stockpiled. After the World Health
Organization declares a global pandemic phase 5 alert, an-
timicrobial drug supplies will be quickly depleted as coun-
tries scour the global market to build up stocks. The choice
of available agents may be limited by this stage; therefore,
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procuring in advance is sensible, although this involves
predicting which bacterial agents will be of greatest impor-
tance. The UK HPA has developed a program of real-time
surveillance of antimicrobial susceptibility for the 3 most
likely influenza-related bacterial pneumonia pathogens: S.
pneumoniae, H. influenzae, and S. aureus. Contemporane-
ous data are available for each pathogen, enabling recom-
mendation of antimicrobial drugs on the basis of the pro-
portion of respiratory tract isolates likely to be susceptible
at a particular point in time. Such real-time data may be
useful for guiding the evolution of pandemic antimicrobial
drug treatment policy in order to optimize the use of scarce
antimicrobial drugs by drawing on a range of different
agents according to national stock availability at the time.
The surveillance program may also provide early warning
of likely clinical failures caused by emerging resistance.

Size, Storage, and Turnover of Stockpiles

Decisions about pandemic stockpiles, procurements,
and size depend primarily on financial considerations. De-
cision-makers must bear in the mind the need not only to
purchase the initial stockpile but also to maintain it, per-
haps for a sustained period. In most circumstances, stock-
piles of vaccines for influenza virus subtype H5N1 and
neuraminidase inhibitors are reserved exclusively for use
during or immediately before a pandemic; they are not in-
tended for day-to-day use on the same scale. In contrast,
antimicrobial drugs are widely used every day. This dif-
ference means that antimicrobial drugs could act as buffer
stock (conceptually similar to vendor-managed inventory)
in most healthcare systems, rather than a true stockpile.
Indeed, the word stockpile may be a misnomer in relation
to increased stores of antimicrobial drugs because these
drugs can be channeled into day-to-day use and replaced
through fresh procurement. Thus, over time the amount,
proportion, and range of these agents held can be slowly
altered. These 2 mechanisms, ongoing interpandemic use
and restocking, make such a stockpile far less vulnerable
than antiviral drugs to expiration before use and far more
responsive to changes in antimicrobial drug sensitivity de-
tected between the date of procurement and the onset of the
next pandemic.

Further considerations relate to storage. Whereas anti-
viral drugs and vaccines essentially need to be held in se-
cure centralized storage (the latter within the cold chain)
until eventual deployment, antimicrobial drugs can be held,
at least in part, lower down the supply chain by wholesalers
and community pharmacies or their equivalent.

Additionally, the proportion of pandemic influenza
cases that will progress to bacterial complications needs
to be estimated. The difficulty in making such an estimate
relates partly to the paucity of contemporary data that spe-
cifically describe the incidence of bacterial complications
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after influenza and partly to the fact that widespread use
of neuraminidase inhibitors, rarely used for seasonal influ-
enza, might reduce the development of antimicrobial drug—
related complications by 25%-40% (24,25). Data from the
extensive reviews by Brundage and Soper suggest that in
the 3 pandemics of the 20th century, bacterial pneumonia
developed in 15%-20% of influenza patients (2,26); some
estimates for seasonal influenza are far higher (27). It can
be argued that in 1918 the primary viral infection was so
virulent that it caused the premature demise of some pa-
tients who might otherwise have survived long enough for
bacterial pneumonia to develop; i.e., the reported frequen-
cy of bacterial complications was spuriously low. Coupled
with a population clinical attack rate that will most likely
lie in the range of 25% to 50%, an antimicrobial drug stock-
pile is likely to be needed for a minimum of 10% of the
population. This figure does not account for wastage, mis-
diagnosis (if, as is most likely, prescribing is based on clini-
cal suspicion alone), or a higher rate of secondary bacterial
complication than expected; it is also based on a strategy of
treatment only.

Treatment and Prophylaxis Strategies

Alternative strategies include offering antimicrobial
drug prophylaxis at the same time as antiviral treatment to
patients with conditions that put them at high risk, such as
chronic obstructive pulmonary disease. Antimicrobial drugs
(or a prescription for them) could be issued to high-risk pa-
tients at the same time as antiviral treatment. The ability
to start antimicrobial drug therapy with minimal delay and
without the need for repeat consultation if antiviral drugs
alone are not effective might be advantageous in an already
overstretched health system. Both of these strategies incor-
porate further uncertainty because the high-risk groups in
a pandemic are unknown and may not correspond to those
currently recognizable for seasonal influenza; if anything,
the high-risk groups are more likely than not to be larger in
a pandemic. This might increase the requirement for anti-
microbial drug stockpiling to 25% population coverage.

Each country should estimate its own needs. Country-
specific factors to take into account include treatment strat-
egy (treatment alone or treatment and prophylaxis), health
service configuration, historical use of antimicrobial drugs,
physician behavior, inappropriate prescribing linked to
misdiagnosis, and the availability of antiviral drugs.

Quinolone Stockpiles

A large number of countries hold stockpiles of quino-
lones, in particular ciprofloxacin, as a contingency against
bioterrorist threats. In the United Kingdom, ciprofloxacin
is active against all H. influenzae isolates (=100% of re-
cent UK respiratory tract isolates susceptible; HPA, unpub.
data), most methicillin-sensitive S. aureus isolates (=82%),

1189



PERSPECTIVE

and atypical organisms. Therefore, if these bacterial patho-
gens were known or suspected to predominate in influenza-
related pneumonia associated with a future pandemic, the
use of ciprofloxacin might be justified, and agents effec-
tive against MRSA would be reserved for severe cases and
those with culture-confirmed MRSA (99% of UK respira-
tory MRSA isolates, most of which are hospital acquired,
are quinolone resistant; HPA, unpub. data).

However, ciprofloxacin activity against S. pneumo-
niae (28) is only intermediate, and a significant number of
bacterial pneumonias complicating influenza may not re-
spond to empirical treatment. This fact is well supported by
evidence from mouse models; more modern “respiratory”
fluoroquinolones such as gatifloxacin demonstrate good re-
sults (29) against S. pneumoniae, which was not always so
for ciprofloxacin. Therefore, in a pandemic empirical cip-
rofloxacin use could be justified only if all other more suit-
able antimicrobial drug supplies were exhausted.

Given ciprofloxacin’s weak activity against pneumo-
cocci, reserving its use in a pandemic to empirical treatment
of persons previously vaccinated against pneumococcal in-
fection, who would be at reduced risk for co-infection with
this particular organism, would be reasonable. Theoretical
support for this hypothesis comes from the United States,
where use of a 7-valent conjugate vaccine since 2000 has
resulted in declining invasive pneumococcal disease (30)
and relatively infrequent influenza-related deaths caused by
pneumococci in children (5). A strategic approach might in-
volve the use of ciprofloxacin in fully immunized persons.

Pneumococcal Vaccination Strategies

Including a vaccination strategy in pandemic planning
would potentially reduce the amount of disease caused by
secondary S. pneumoniae bacterial pneumonia. We have
already described this pathogen’s role in community-ac-
quired pneumonia and influenza complications. The public
health benefit from vaccination could be substantial.

Pneumococcal polysaccharide vaccine (PPV) is cur-
rently recommended in many countries for persons >65
years of age and for high-risk groups of all ages. Few spe-
cific data exist on the effectiveness of PPV for reducing
pneumococcal pneumonia—associated illness and death
after infection with influenza A virus. Furthermore, in the
context of pneumococcal disease not specifically associated
with influenza, use of PPV has protected against invasive
pneumococcal disease but not against pneumococcal pneu-
monia in the absence of bacteremia (31). Therefore, on the
basis of current evidence, prior PPV administration could
not reliably be used to identify persons who could receive
empirical ciprofloxacin therapy for bacterial pneumonia as
a complication of influenza. It could, however, be used as
a large-scale preventive measure against invasive pneumo-
coccal disease in adults.

1190

The protective efficacy of a 9-valent pneumococcal
conjugate vaccine (PncCV) against nonbacteremic pneu-
monia as well as invasive pneumococcal disease has been
demonstrated in 37,107 children from South Africa among
whom the prevalence of HIV infection was 6.5% (32).The
vaccine also substantially reduced the incidence of first epi-
sodes of invasive pneumococcal disease that were resistant
to penicillin or trimethoprim-sulfamethoxazole.

PncCV may have more greatly reduced the incidence
of pneumonia in children when a virus was isolated (33).
This effect was more pronounced when influenza A was
isolated; protective efficacy was 41% (95% confidence in-
terval 13%-60%). The study provided indirect evidence
of the frequency of pneumococcal superinfection of viral
pneumonias in children in this setting. If similar results
could be achieved through vaccination before an influenza
pandemic, the benefits of preventing pneumococcal com-
plications could be substantial. The introduction of conju-
gate vaccine in the United States in 2000 has led to a de-
cline in invasive pneumococcal disease in not only children
but also adults; reduction was 32% for those 20-39 years of
age and 18% for those >65 years (30). Therefore, vaccina-
tion of children might be the most cost-effective policy. In
September 2006, the United Kingdom started vaccinating
children from the age of 2 months; early unpublished data
(minutes from the Joint Committee on Vaccination and Im-
munisation meeting on February 14, 2007, available from
www.advisorybodies.doh.gov.uk/jcvi/mins140207.htm)
suggest that invasive pneumococcal disease in children <2
years of age is already reduced.

The use of PncCV in children and 23-valent PPV in
adults as part of a pandemic strategy would be consistent
with recommendations resulting from current published
data. However, such use may still not allow for ciprofloxa-
cin stockpiles to be reliably targeted for specific popula-
tions, given the lack of protection against nonbacteremic
pneumoccal pneumonia associated with PPV. If conjugate
vaccine were used in all patients (although no convinc-
ing data exist to support efficacy of conjugate vaccine in
adults), ciprofloxacin might be more reliably targeted at a
group more likely to have a nonpneumococcal pneumonia.
However, a conjugate vaccine is likely to be expensive and
limited in serotype coverage, and approval for its use in
adults will take time.

Discussion

Substantial laboratory and epidemiologic evidence
shows that influenza A and bacterial pathogens often partic-
ipate in the pathogenesis of pneumonia. Several issues need
to be considered with regard to antimicrobial drug treatment
for large numbers of patients who have secondary bacterial
infection during a pandemic. Real-time antimicrobial drug—
resistance surveillance programs could be incorporated into
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preparedness frameworks; information from such networks
could result in stockpiling of inexpensive, generically man-
ufactured antimicrobial drugs. Vaccination against pneu-
mococcal disease, particularly vaccination of HIV-infected
persons, potentially will save lives in the short term as well
as provide protection in the event of a pandemic.

Dr Gupta is an infectious diseases physician undergoing

postgraduate specialist medical training. He is currently conduct-
ing research on HIV resistance in developing-world settings and
has an interest in pandemic influenza preparedness.
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Deaths from Bacterial Pneumonia
during 1918-19 Influenza Pandemic

John F. Brundage* and G. Dennis Shankst

Deaths during the 1918-19 influenza pandemic have
been attributed to a hypervirulent influenza strain. Hence,
preparations for the next pandemic focus almost exclusively
on vaccine prevention and antiviral treatment for infections
with a novel influenza strain. However, we hypothesize that
infections with the pandemic strain generally caused self-lim-
ited (rarely fatal) illnesses that enabled colonizing strains of
bacteria to produce highly lethal pneumonias. This sequential-
infection hypothesis is consistent with characteristics of the
1918-19 pandemic, contemporaneous expert opinion, and
current knowledge regarding the pathophysiologic effects of
influenza viruses and their interactions with respiratory bac-
teria. This hypothesis suggests opportunities for prevention
and treatment during the next pandemic (e.g., with bacterial
vaccines and antimicrobial drugs), particularly if a pandemic
strain—specific vaccine is unavailable or inaccessible to iso-
lated, crowded, or medically underserved populations.

Many influenza experts, policy makers, and knowl-
edgeable observers believe that a novel influenza
A (H1IN1) strain directly caused most deaths during the
1918-19 pandemic, often from a hemorrhagic pneumoni-
tis that rapidly progressed to acute respiratory distress
syndrome and death (1-3). Not surprisingly, plans and re-
sources to respond to the next influenza pandemic focus
almost exclusively on the virus, i.e., preventive vaccines
and antiviral treatment of infections with a novel influenza
strain (4). However, healthcare providers, medical experts,
and published data from the 1918 period suggest that most
deaths were caused by secondary bacterial pneumonias
(5-12); hemorrhagic pneumonitis that rapidly progressed
to death was considered an alarming but uncommon clini-
cal manifestation (8,11-13).

*Armed Forces Health Surveillance Center, Silver Spring, Mary-
land, USA; and tAustralian Army Malaria Institute, Enoggera,
Queensland, Australia
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Undoubtedly, the 1918-19 pandemic strain of influ-
enza had unique pathophysiologic effects. In the wake of
its worldwide spread, the number of deaths was unprec-
edented. However, contemporaneous reports suggest that
the pathophysiologic effects of the virus, in and of them-
selves, did not directly cause most (or even many) of the
deaths during the pandemic. If the pandemic strain was
not inherently hypervirulent (i.e., if direct pathophysio-
logic effects of the virus were necessary but not sufficient
to cause death in a large proportion of immunologically
susceptible hosts) and if bacterial infections were also
necessary causes of most deaths during the pandemic,
then preparations for the next pandemic should focus on
more than preventing and treating infections with a novel
influenza strain alone.

We have identified epidemiologic and clinical char-
acteristics of the 1918-19 pandemic that are not readily
consistent with the view that most deaths were caused by
the direct effects of an inherently hypervirulent virus and
were clinically expressed as rapidly progressing, ultimately
fatal pneumonitis. Our alternative hypothesis is consistent
with known characteristics and firsthand accounts of the
pandemic and contains implications for preparing for the
next pandemic.

Epidemiologic and Clinical Characteristics
of 1918-19 Pandemic

Disease Usually Mild and Self-limited

The 1918-19 pandemic spread worldwide with re-
markable speed. Over several months, a novel strain of
influenza virus attacked communities worldwide; most
persons were immunologically susceptible. However,
most cases followed a mild or self-limited course. Had
the pandemic strain been inherently hypervirulent, in the
absence of modern lifesaving measures one would expect
exceptionally high case-fatality rates for all affected pop-
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ulations. Yet during that pandemic, most infected persons
had self-limited clinical courses and complete recovery
(3,7,8,11,14). For most affected populations, the case-
fatality incidence was <2% and the overall mortality rate
was <0.5% (3,7,8,13,15,16).

Clinical Courses of Fatal Cases Highly
Variable and Often Prolonged

In most affected populations, <5% of deaths oc-
curred within 3 days of illness onset, median time from
illness onset to death was 7-10 days, and significant num-
bers of deaths occurred >2 weeks after initial symptoms
(5,17-22; Figures 1, 2). These findings do not suggest that
an inherently virulent virus caused fulminant disease and
rapid progression to death in high proportions of infected
persons—or even in most fatal cases. In the prominently
cited experience of Sydney, Australia, most influenza-re-
lated deaths occurred within 3 days of hospital admission
(2,23,24); however, only the sickest patients were admitted
to Sydney hospitals (23). In New South Wales overall, only
~10% of fatalities occurred within 3 days of illness onset
(Figure 1, panel F; Figure 2) (20).

A: b L B.

Progression to Death, No Difference between
Early and Late Pneumonias

If most deaths resulted from primary influenza pneu-
monias that progressed rapidly, one might expect that fatal
pneumonias that developed early in clinical courses would
progress more rapidly than those that developed later.
However, the findings of Opie et al. suggest that primary
influenza pneumonias did not progress unusually rapidly to
death. Opie et al. conducted postmortem examinations and
documented the clinical courses of 234 fatal cases that oc-
curred during the epidemic at Camp Pike, Arkansas, USA
(5). They found that the durations of pneumonia before
death were similar among those in whom pneumonia de-
veloped early (0-2 days) versus later (3-5, 6-8, >8 days)
after influenza onset (Figure 3) (5).

Mortality and Case-Fatality Rates High for
Young Adults and Other Unlikely Groups

During the pandemic, overall mortality and case-fatality
rates were higher for young adults, indigenous and other
relatively closed populations, and certain military and oc-
cupational subgroups than for their respective counterparts.
Case-fatality and mortality rates were higher for those 25-40
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Figure 1. Percentage distributions of fatal cases of influenza—pneumonia during
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bronchopneumonia, Cook County Hospital, Chicago, Illinois, USA (n = 599) (estimated
from chart 2 in [19]). B) Australian Imperial Forces, 1918 (n = 972) (G.D. Shanks,
unpub. data). C) General population, Prussia (n = 6,223) (22). D) US Army autopsy
series (n = 94) (estimated from supplementary Figure 2 in [17]). E) Influenza with
secondary staphylococcal pneumonias, Fort Jackson, South Carolina, USA (n = 153)
(interpolation of data in Table 1 in [21]). F) New South Wales, Australia (n = 3,866) (20).
G) US Army training camp, Camp Pike, Arkansas, USA (n = 234) (5). Horizontal bars
indicate interquartile ranges; vertical lines indicate medians.
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Figure 2. Cumulative percentage deaths from influenza—pneumonia,
by days (estimated) from illness onset, among fatal cases during
various epidemics, 1918-19 (5,17-22). Vertical arrows indicate
median no. days to death.

years of age (particularly men) than for those younger or
older (15,16). Explanations have included aberrant host im-
mune responses to infections with the subtype HIN1 pan-
demic strain—increasing the risk for “cytokine storm” (1)—
and higher cardiac stroke volumes in young adults (24).

However, at US military training camps, recent arrivals
had worse clinical outcomes than their similarly aged, male
counterparts who had been in camps longer. For example,
during wartime, 60% of all influenza—pneumonia deaths af-
fected soldiers who had been in the service <4 months (to-
tal influenza—pneumonia deaths, 34,446; deaths of soldiers
with <4 months of service, 20,837) (10). In the Australian
Imperial Forces, mortality rates differed by 50-fold across
units of similarly aged soldiers in France and the United
Kingdom (G.D. Shanks, unpub. data). US soldiers and Ma-
rines who were being transported on ships had similar influ-
enza case rates but higher case-fatality rates (influenza cases
11,385, case rate 8.80/1,000, deaths 733) than the sailors
who were permanently assigned to the same ships (influ-
enza cases 2,123, case rate 8.88/1,000, deaths 42) (Figure
4, panel A) (9). Among Australians and Americans, sharply
higher death rates were reported for civilian miners (6,25)
and military tunnelers (G.D. Shanks, unpub. data) than for
their similarly aged counterparts (Figure 4, panel B).

In South Africa, case-fatality rates were >2x higher
for “Blacks, Indians, and Coloureds” (influenza cases
2,162,152, deaths 127,745, case-fatality rate 5.9%) than for
“Whites” (influenza cases 454,653, deaths 11,726, case-
fatality rate 2.6%) (26); and the influenza-associated mor-
tality rate was >30x higher for Kimberley diamond miners
(influenza deaths 2,564, overall mortality rate 22.4%) (26)
than for Rand gold miners (influenza cases 61,000, deaths
1,147, case-fatality rate 1.9%, overall mortality rate 0.6%)
(26). In Rhodesia, influenza-related mortality rate was ~4x
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higher in mining compounds (9.2%) than in villages (2.3%)
(among mine workers, overall influenza cases 19,471,
deaths 2,851, case-fatality rate 14.6%) (27).

During the pandemic in New Zealand, death rates
were ~7x higher for indigenous (Maori) populations (influ-
enza deaths 2,160, mortality rate 42.3/1,000) than for other
residents (influenza-related mortality rate 4.5/1,000) (28).
Across other South Pacific islands, death rates were gener-
ally higher for indigenous populations than for others. For
example, death rates in Fiji were ~4x higher for indigenous
Fijians (influenza cases 5,154, mortality rate 5.7%) than for
Europeans (influenza cases 69, mortality rate 1.4%) (8). In
Guam, where military and indigenous populations were
both located, ~4.5% of the indigenous population, but only
1 sailor assigned to the US Naval base, died (9). In Saipan,
“practically all of the inhabitants contracted the disease”;
however, the mortality rate was reportedly sharply higher
for Chamorrans (12.0%) than for Caroline Islanders (0.4%)
(29). In Western Samoa, an estimated 22% (deaths 7,542)
of the entire population died (8,30).

In various communities of Canada, Sweden, Norway,
and the United States, mortality rates were estimated to
be 3-70x higher for indigenous than for nonindigenous
populations (8,31). Across British colonial countries of the
Caribbean, the difference in mortality rates was >45-fold
between the least affected (Bahamas: deaths ~60, mortality
rate ~0.1%; Barbados: deaths ~190, mortality rate ~0.1%)
and the most affected (Belize: deaths =2,000, mortality rate
~4.6%); in general, the highest mortality rates in the Carib-
bean affected East Indian workers, Native Americans, and
the poor (32).

The findings of sharply different clinical courses and
outcomes in subgroups of infected persons of similar ages,
sociocultural circumstances, and prior health states belie
the importance of host immune intensity and cardiac stroke

100.0

% Deaths, cumulative
@
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Days of pneumonia before death

Figure 3. Cumulative percentage deaths by days of pneumonia, in
relation to days of illness before pneumonia, among 234 US Army
soldiers who died of influenza—pneumonia at Camp Pike, Arkansas,
USA, autumn 1918 (5).
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volume as the definitive determinants of clinical outcomes
after infection. Undoubtedly, factors other than the inher-
ent virulence of the virus or the robustness of the host’s
immune response affected the clinical expressions of in-
fluenza infections. In his classic review, E.O. Jordan con-
cluded that “one of the chief reasons for the great variation
in case-fatality in different groups is undoubtedly the na-
ture and relative abundance of secondary invaders ... The
excessively high mortality in certain army camps, on cer-
tain transports and in particular hospitals or barracks seems
most readily explicable in this way” (6).
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Figure 4. A) Influenza—pneumonia-related morbidity and mortality
cumulative incidence rates, in relation to status on troop ships,
Cruiser and Transport Service, US Navy, 1918 (9). B) Influenza—
pneumonia mortality rates for white men, by employment as
coal miner versus other industrial occupation, and by age group,
October—December 1918 (6).
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Common Respiratory Bacteria Most Often
Recovered from Pneumonia Patients

During the 1918-19 pandemic, the bacteria most often
recovered from the sputum, lungs, and blood of pneumo-
nia patients, alive or dead, were common colonizers of the
upper respiratory tracts of healthy persons, i.e., Hemophi-
lus influenzae, Streptococcus pneumoniae, S. pyogenes,
and/or Staphylococcus aureus (5-13). During local epidem-
ics, 1 or 2 of these species accounted for most isolates from
pneumonia patients (5-13). For example, among pneumo-
nia patients at 21 US Army camps in the autumn of 1918,
S. pneumoniae (especially types 111 and 1V) predominated
at 12 camps, H. influenzae at 6, and Streptococcus spp. at
3 (5). S. aureus was a major cause of pneumonia among
persons with fatal cases at Camp Jackson, South Carolina,
USA, and Camp Syracuse, New York, USA (5,12,21).

The bacteria most often recovered from the lungs of
patients who died were all common colonizers of the up-
per respiratory tracts of healthy persons. Types Il and
IV pneumococci (ubiquitous colonizing strains) were of-
ten recovered from the lungs of patients who died during
the 1918-19 pandemic but were not considered important
pathogens otherwise. Opie et al. concluded, “Every patient
with influenza must be considered a potential source of
pneumococcus or hemolytic streptococcus infection for his
neighbor ... Every person engaged in the care of patients
with respiratory diseases must also be regarded as a poten-
tial source of danger” (5).

Mortality Rates More Strongly Correlated with
Pneumonia Rates than with Clinical Case Rates

If the pandemic strain had been inherently hyperviru-
lent and had directly caused most influenza-related deaths,
one would expect strong correlations between clinical case
rates and mortality rates across affected populations. Yet in
affected communities in general, correlations were stronger
between mortality and pneumonia rates than between mor-
tality and clinical case rates (15,16).

In general, age-related mortality rates and pneumonia
rates—but not clinical case rates—were W-shaped with
sharp peaks for young adults. Influenza-related mortality
rates peaked sharply for young adults 25-40 years of age.
Data from household surveys throughout the United States
suggest that pneumonia case rates also peaked for young
adults (Figure 5) (15,16). In contrast, influenza case rates
were highest for school-aged children, plateaued at a lower
level for young adults, and continuously declined through
older age groups (Figure 5) (15,16).

After reviewing US household survey data, a senior
statistician of the US Public Health Service concluded that
“... these relations indicate that the mortality is determined
primarily by the incidence of pneumonia. The cause of
the high mortality in young adult life evidently lies in the
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Figure 5. A) Estimated age group—specific influenza case rates
(15,16). B) Estimated age group-specific pneumonia rates and
mortality rates, based on household surveys of 10 communities
throughout the United States (15,16).

complicating pneumonia. All of the relations ... bear this
out...” (16)

Nonpharmaceutical Interventions Associated
with Lower Overall Mortality Rates

Systematic analyses of mortality data from large US cit-
ies have shown that nonpharmaceutical interventions (e.g.,
isolation, quarantine, closing schools, banning public gather-
ings) were associated with lower influenza-related mortality
rates during the autumn of 1918 (33). Given the rapidity of
spread of the pandemic, reductions of mortality rate asso-
ciated with nonpharmaceutical interventions are unlikely to
have been primarily related to reductions of influenza trans-
mission (particularly in large US cities during wartime).

On the basis of their extensive studies in US Army
camps during the 1918-19 pandemic, Opie et al. concluded
that “Secondary contact infection may be responsible for the
development of pneumonia in patients with influenza. ... It is
probable that secondary contact infection can be effectively
prevented only by individual isolation and strict quarantine

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 14, No. 8, August 2008

Deaths from Bacterial Pneumonia, 1918—-19 Pandemic

of every patient.” (5) Perhaps the reduction in mortality rate
after isolation, quarantine, and other social distancing mea-
sures were implemented resulted from decreased exposures
of persons with influenza to bacterial respiratory pathogens
to which they were transiently highly susceptible.

Firsthand Accounts and Reviews: Most Deaths
Caused by Secondary Bacterial Pneumonias
During the pandemic, medical journals contained hun-
dreds of detailed reports of local influenza epidemics. In ad-
dition, during and after the pandemic, remarkably detailed
reviews of relevant epidemiologic and clinical records and
population-based surveys were conducted by government
and academic institutions worldwide. Care providers and
experts of the day in epidemiology, pathology, bacteriology,
and infectious diseases clearly concurred that pneumonias
from secondary bacterial infections caused most deaths dur-
ing the pandemic (5-14). In his classic review, Jordan sum-
marized the key factors involved in the production of influ-
enza-related pneumonia during the pandemic as follows:
“(1) The influenza virus weakens the resistant power of
the pulmonary tissues so that various bacteria are able to
play the role of secondary invaders; (2) the precise na-
ture of the secondary—and tertiary—invaders is largely
a matter of accident, dependent on the occurrence of
particular bacteria in the respiratory tract of persons at
the time of infection, and in the case of group outbreaks,
on their occurrence in contacts; (3) the character of the
resulting pneumonia, clinical and pathologic, is largely
determined by the nature of the secondary invaders,
whether Pfeiffer bacillus, streptococcus, pneumococ-
cus, or other organisms; (4) there seems little doubt that
the influenza virus, besides depressing the general pul-
monary resistance, also acts directly on the pulmonary
tissues, causing capillary necrosis, edema, and hemor-
rhage; (5) it seems to be true, therefore, that the fatal
outcome of influenza pneumonia is determined partly
by the degree to which the influenza virus depresses lo-
cal and general pulmonary resistance, and partly by the
virulence and nature of the bacteria which invade the
tissues in the wake of the specific virus” (6).

Hypothesis

We endorse a sequential-infection hypothesis. This
hypothesis is consistent with the known epidemiologic and
clinical characteristics of the 1918-19 influenza pandemic,
reflects the consensus views of firsthand observers and con-
temporaneous experts, and incorporates current knowledge
regarding the effects of influenza on physical and immune
respiratory tract defenses and physiologic interactions be-
tween influenza and respiratory bacteria (12,13,34-36).

A novel strain of influenza spread rapidly through-
out the world in 1918. For most patients, infection with
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the virus was clinically expressed as an “influenza-like
illness” that was transiently debilitating but rarely fatal. In
addition, however, the virus induced aberrant immune re-
sponses, including excessive and prolonged production of
interferons, proinflammatory cytokines, and chemokines,
particularly among young adults (34). The pathophysi-
ologic effects included inflammation and destruction of
respiratory epithelium; immune cell infiltration of lung
tissue with edema and hemorrhage; and ultimately, degra-
dation or destruction of virtually all physical and immune
defenses of the lower respiratory tract (34). Increased sus-
ceptibility of the lower respiratory tract enabled invasion
by preexisting or newly acquired colonizing strains of
bacteria (12,35-38). The synergistic effects of infection
with the virus, aberrant immune responses to the virus,
and secondary opportunistic bacterial pneumonias were
severe and often fatal.

Finally, for brief periods and to varying degrees, af-
fected hosts became “cloud adults” who increased the
aerosolization of colonizing strains of bacteria, particularly
pneumococci, hemolytic streptococci, H. influenzae, and
S. aureus (39). For several days during local epidemics—
particularly in crowded settings such as hospital wards,
military camps, troop ships, and mines—some persons
were immunologically susceptible to, infected with, or re-
covering from infections with influenza virus. Persons with
active infections were aerosolizing the bacteria that colo-
nized their noses and throats, while others—often in the
same “breathing spaces”—were profoundly susceptible to
invasion of and rapid spread through their lungs by their
own or others’ colonizing bacteria.

Implications

Why is it important to determine the major pathophysi-
ologic pathways that led to deaths during the 1918-19 in-
fluenza pandemic? After all, the effective prevention and
treatment of influenza infections during a future pandemic
would prevent all secondary effects, including opportunis-
tic bacterial pneumonias. Yet concerns exist that an effec-
tive strain-specific vaccine and effective antiviral drugs
may not be produced and distributed to all at-risk popula-
tions in time to mitigate the effects of the next pandemic. In
the absence of an effective influenza vaccine and antiviral
drugs, circumstances during a modern influenza pandemic
could resemble those in 1918-19, with the notable excep-
tion of the availability of bacterial vaccines and antibacte-
rial drugs. The exclusive focus on the prevention and treat-
ment of a novel strain of influenza virus is risky because
it unnecessarily limits options and opportunities for other
potentially effective prevention and treatment methods,
especially in medically underserved populations in less-
developed countries.
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We suggest that preparations for the next influenza
pandemic should focus on more than preventing and treat-
ing influenza virus infections. A modified influenza pan-
demic plan might include the following components: 1)
Before a pandemic, expand indications for and decrease
barriers to receipt of vaccination against S. pneumoniae
(36-38,40). 2) During a pandemic, in communities not
yet affected, universally vaccinate with a safe and effec-
tive strain-specific influenza vaccine, if available. 3) Dur-
ing local epidemics, treat all 