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Abstract

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-limited (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 bacteria. 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 isolated, crowded, or medically underserved populations.

Many influenza experts, policy makers, and knowledgeable observers believe that a novel influenza A (H1N1) strain
directly caused most deaths during the 1918-19 pandemic, often from a hemorrhagic pneumonitis that rapidly
progressed to acute respiratory distress syndrome and death (7-3). Not surprisingly, plans and resources 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 (5-72); hemorrhagic pneumonitis
that rapidly progressed to death was considered an alarming but uncommon clinical manifestation (8,77-173).

Undoubtedly, the 1918-19 pandemic strain of influenza had unique pathophysiologic effects. In the wake of its worldwide
spread, the number of deaths was unprecedented. However, contemporaneous reports suggest that the
pathophysiologic effects of the virus, in and of themselves, 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 pathophysiologic 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 characteristics 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.
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Epidemiologic and Clinical Characteristics of 1918-19 Pandemic

Disease Usually Mild and Self-limited

The 1918-19 pandemic spread worldwide with remarkable 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 populations. Yet during that pandemic,
most infected persons had self-limited clinical courses and complete recovery (3,7,8,71,14). For most affected
populations, the case-fatality incidence was <2% and the overall mortality rate was <0.5% (3,7,8,73,15,76).

Clinical Courses of Fatal Cases Highly Variable and Often Prolonged
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Figure 1. Percentage distributions of fatal cases of influenza-pneumonia during 1918-19 influenza pandemics, by estimated days of illness before death. A) Influenza-
bronchopneumonia, Cook County Hospital, Chicago, Illinois, USA (n = 599) (estimated from...

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...

In most affected populations, <5% of deaths occurred within 3 days of iliness onset, median time from illness onset to
death was 7-10 days, and significant numbers of deaths occurred >2 weeks after initial symptoms (5, 77-22; 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-related 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).

Progression to Death, No Difference between Early and Late Pneumonias

Figure 3. Cumulative percentage deaths by days of pneumonia, in relation to days of iliness before pneumonia, among 234 US Army soldiers who died of influenza-
pneumonia at Camp Pike, Arkansas, USA, autumn 1918...
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If most deaths resulted from primary influenza pneumonias 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
occurred 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 developed 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 occupational subgroups than for their respective counterparts.
Case-fatality and mortality rates were higher for those 25-40 years of age (particularly men) than for those younger or
older (75,76). Explanations have included aberrant host immune responses to infections with the subtype H1N1
pandemic strain—increasing the risk for “cytokine storm” (7)—and higher cardiac stroke volumes in young adults (24).

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...

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
affected soldiers who had been in the service <4 months (total influenza-pneumonia deaths, 34,446; deaths of soldiers
with <4 months of service, 20,837) (70). 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 Marines who
were being transported on ships had similar influenza 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 (influenza 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 mortality rate was >30x higher for Kimberley diamond miners (influenza deaths 2,564,
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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 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 (influenza 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 generally 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 (8,37). 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 Caribbean 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
volume as the definitive determinants of clinical outcomes after infection. Undoubtedly, factors other than the inherent
virulence of the virus or the robustness of the host's immune response affected the clinical expressions of influenza
infections. In his classic review, E.O. Jordan concluded that “one of the chief reasons for the great variation in case-fatality
in different groups is undoubtedly the nature and relative abundance of secondary invaders ... The excessively high
mortality in certain army camps, on certain transports and in particular hospitals or barracks seems most readily
explicable in this way” (6).

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 pneumonia
patients, alive or dead, were common colonizers of the upper respiratory tracts of healthy persons, i.e., Hemophilus
influenzae, Streptococcus pneumoniae, S. pyogenes, and/or Staphylococcus aureus (5-13). During local epidemics, 1 or 2
of these species accounted for most isolates from pneumonia patients (5-73). For example, among pneumonia patients
at 21 US Army camps in the autumn of 1918, S. pneumoniae (especially types Ill and V) 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 (5,72,217).

The bacteria most often recovered from the lungs of patients who died were all common colonizers of the upper
respiratory tracts of healthy persons. Types lll and IV pneumococci (ubiquitous colonizing strains) were often 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 potential source of danger” (5).
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Mortality Rates More Strongly Correlated with Pneumonia Rates than with Clinical Case Rates

If the pandemic strain had been inherently hypervirulent 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
mortality and clinical case rates (75,76).

surveys of 10 communities throughout the United...

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) (75,76). 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) (75,76).

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 complicating pneumonia. All of the relations ... bear this out ...” (76)

Nonpharmaceutical Interventions Associated with Lower Overall Mortality Rates

Systematic analyses of mortality data from large US cities have shown that nonpharmaceutical interventions (e.g.,
isolation, quarantine, closing schools, banning public gatherings) 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
associated with nonpharmaceutical interventions are unlikely to have been primarily related to reductions of influenza
transmission (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
of every patient.” (5) Perhaps the reduction in mortality rate after isolation, quarantine, and other social distancing
measures 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
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During the pandemic, medical journals contained hundreds of detailed reports of local influenza epidemics. In addition,
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 during the pandemic (5-74). In his classic review, Jordan
summarized the key factors involved in the production of influenza-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 nature 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,
pneumococcus, or other organisms; (4) there seems little doubt that the influenza virus, besides depressing the general
pulmonary resistance, also acts directly on the pulmonary tissues, causing capillary necrosis, edema, and hemorrhage; (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 local 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).

Top

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
contemporaneous experts, and incorporates current knowledge regarding the effects of influenza on physical and
immune respiratory tract defenses and physiologic interactions between influenza and respiratory bacteria (72,73,34-36).

A novel strain of influenza spread rapidly throughout the world in 1918. For most patients, infection with the virus was
clinically expressed as an “influenza-like iliness” that was transiently debilitating but rarely fatal. In addition, however, the
virus induced aberrant immune responses, including excessive and prolonged production of interferons,
proinflammatory cytokines, and chemokines, particularly among young adults (34). The pathophysiologic effects included
inflammation and destruction of respiratory epithelium; immune cell infiltration of lung tissue with edema and
hemorrhage; and ultimately, degradation or destruction of virtually all physical and immune defenses of the lower
respiratory tract (34). Increased susceptibility of the lower respiratory tract enabled invasion by preexisting or newly
acquired colonizing strains of bacteria (72,35-38). 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, affected 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 recovering from infections with
influenza virus. Persons with active infections were aerosolizing the bacteria that colonized 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.

Top
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Implications

Why is it important to determine the major pathophysiologic pathways that led to deaths during the 1918-19 influenza
pandemic? After all, the effective prevention and treatment of influenza infections during a future pandemic would
prevent all secondary effects, including opportunistic bacterial pneumonias. Yet concerns exist that an effective strain-
specific vaccine and effective antiviral drugs may not be produced and distributed to all at-risk populations 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 exception of the
availability of bacterial vaccines and antibacterial drugs. The exclusive focus on the prevention and treatment 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.

We suggest that preparations for the next influenza pandemic should focus on more than preventing and treating
influenza virus infections. A modified influenza pandemic 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 effective strain-specific
influenza vaccine, if available. 3) During local epidemics, treat all serious clinical cases with an antibacterial agent that is
effective against S. pneumoniae, S. pyogenes, H. influenzae, and S. aureus (including methicillin-resistant S. aureus);
isolate patients with clinical cases from other patients and as many others as possible (35,37-39). 4) Conduct pandemic-
related surveillance that tracks the incidence, nature (e.g., species, affected sites, antimicrobial drug sensitivities), and
outcomes of bacterial infections that complicate influenza cases.

Given highly variable colonization and drug-sensitivity patterns across populations and locations, stockpiles of
antibacterial drugs should be tailored to their intended uses. Plans for providing medical care should include evidence-
based triage and treatment algorithms and home-care treatment guidelines (including prepackaged antiviral and
antibacterial drugs) to minimize hospitalizations and maximize home care. Perhaps most important, pandemic-related
research activities (including laboratory animal studies, statistical models, and clinical trials) should elucidate the
determinants and effects of bacterial pneumonias that occur secondary to influenza. Ultimately, research activities
should determine the most effective uses of antibacterial drugs and bacterial vaccines (e.g., indications, agents, doses,
and timing for prophylaxis and treatment) in preparation for and during pandemic influenza, particularly for medically
underserved and other high-risk populations.

Top
Dr Brundage is a physician-epidemiologist at the Armed Forces Health Surveillance Center. He has conducted
epidemiologic studies and public health surveillance of illnesses and injuries, primarily in military populations and
settings. His interests include the epidemiologic and clinical effects of interactions among cocirculating infectious agents.
Dr Shanks is director of the Australian Army Malaria Institute. He has conducted studies throughout the world of the
epidemiology, prevention, and treatment of tropical infectious diseases, particularly malaria.

Top

Acknowledgments

We gratefully acknowledge the Australian Imperial Force Influenza Study Group for data collection.

G.D.S. received financial support from the US Department of Defense Global Emerging Infections Surveillance and
Response System.

https://wwwnc.cdc.gov/eid/article/14/8/07-1313_article Page 8 of 12


javascript:void(0)
javascript:void(0)

Deaths from Bacterial Pneumonia during 1918-19 Influenza Pandemic ... Number 8 —August 2008 - Emerging Infectious Diseases journal - CDC 6/10/20, 06:01

Top

References

© N o oA

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.
20.

21

. Osterholm MT. Preparing for the next pandemic.N Engl ] Med. 2005;352:1839-42. DOl @ PubMed &z

Gerberding JL. Pandemic preparedness: pigs, poultry, and people versus plans, products, and practice.] Infect Dis.
2006;194(Suppl 2):577-81. DOIz PubMed

Oxford JS, Lambkin R, Elliot A, Daniels R, Sefton A, Gill D. Scientific lessons from the first influenza pandemic of the
20th century.Vaccine. 2006;24:6742-6. DOl = PubMed

Monto AS. Vaccines and antiviral drugs in pandemic preparedness.Emerg Infect Dis. 2006;12:55-60.PubMed 2
Opie EL, Blake FG, Small JC, Rivers TM. Epidemic respiratory disease. St. Louis: C.V. Mosby Co.; 1921.

Jordan EO. Epidemic influenza. A survey. Chicago: American Medical Association; 1927. p. 251, 271

Vaughan WT. Influenza: an epidemiologic study. American Journal of Hygiene Monographic Series, no. 1; Jul 1921.

Great Britain Ministry of Health. Reports on public health and medical subjects, no. 4: report on the pandemic of
influenza, 1918-19. London: His Majesty's Stationery Office; 1920. p. 359.

Annual Report of the Secretary of the Navy. 1919—miscellaneous reports. Washington: Government Printing Office;
1919. p. 2439, 2493-4,

Hall MW. Inflammatory diseases of the respiratory tract (bronchitis, influenza, bronchopneumonia, lobar
pneumonia). In: Communicable diseases, vol. IX. The Medical Department of the United States Army in the World
War; 1928. Washington: The Surgeon General's Office [cited 2008 May 30]. Available from
http://history.amedd.army.mil/booksdocs/wwi/communicablediseases/chapter2.1.htm &

Conner LA. The symptomatology and complications of influenza.JAMA. 1919;73:321-5.

Brundage JF. Interactions between influenza and bacterial respiratory pathogens: implications for pandemic
preparedness.Lancet Infect Dis. 2006;6:303-12. DOl @ PubMed &

Morens DM, Fauci AS. The 1918 influenza pandemic: insights for the 21st century.] Infect Dis. 2007;195:1018-28.
DOIz PubMed
Kilbourne ED. Influenza pandemics of the 20th century.Emerg Infect Dis. 2006;12:9-14.PubMed &

Frost WH. Statistics of influenza morbidity. With special reference to certain factors in case incidence and case-
fatality. Public Health Rep. 1920;35:584-97 [cited 2008 May 30]. Available from
http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=1996797&blobtype=pdf &

Britten RH. The incidence of epidemic influenza, 1918-19. Public Health Rep. 1932;47:303-39 [cited 2008 May 30].
Available from http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=1996206&blobtype=pdf &z

Mills CE, Robins JM, Lipsitch M. Transmissibility of 1918 pandemic influenza.Nature. 2004;432:904-6. DOI =z
PubMed z

Sertsou G, Wilson N, Baker M, Nelson P, Roberts MG. Key transmission parameters of an institutional outbreak
during the 1918 influenza pandemic estimated by mathematical modelling.Theor Biol Med Model. 2006;3:38. DOI &z
PubMed &

Keeton RW, Cushman AB. The influenza epidemic in Chicago.JAMA. 1918;71:1962-7.

Registrar General. Vital Statistics. Influenza, 1919—ages and duration of illness—New South Wales. In: Statistical
register of New South Wales. Sydney (Australia): Government Printer; 1919. p. 135 (Table 110).

Chickering HT, Park JH. Staphylococcus aureus pneumonia.JAMA. 1919;72:617-26.

https://wwwnc.cdc.gov/eid/article/14/8/07-1313_article Page 9 of 12


http://dx.doi.org/10.1056/NEJMp058068
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15872196&dopt=Abstract
http://dx.doi.org/10.1086/507563
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17163393&dopt=Abstract
http://dx.doi.org/10.1016/j.vaccine.2006.05.101
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17069939&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16494718&dopt=Abstract
http://history.amedd.army.mil/booksdocs/wwi/communicablediseases/chapter2.1.htm
http://dx.doi.org/10.1016/S1473-3099(06)70466-2
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16631551&dopt=Abstract
http://dx.doi.org/10.1086/511989
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17330793&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16494710&dopt=Abstract
http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=1996797&blobtype=pdf
http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=1996206&blobtype=pdf
http://dx.doi.org/10.1038/nature03063
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15602562&dopt=Abstract
http://dx.doi.org/10.1186/1742-4682-3-38
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17137517&dopt=Abstract
javascript:void(0)

Deaths from Bacterial Pneumonia during 1918-19 Influenza Pandemic ... Number 8 —August 2008 - Emerging Infectious Diseases journal - CDC 6/10/20, 06:01

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,
35.

36.

37.

38.

39.

40.

Nishiura H. Time variations in the transmissibility of pandemic influenza in Prussia, Germany, from 1918-19.Theor
Biol Med Model. 2007;4:20. DOl = PubMed

Armstrong WG. Part |. Epidemiology and administration, sec. V. Report on the influenza epidemic in New South
Wales in 1919. In: Report of the Director-General of Public Health, New South Wales, for the year ended 31st
December 1919. Sydney (Australia): Government Printer; 1919. p. 144-72.

Stevens KM. Cardiac stroke volume as a determinant of influenzal fatality.N Engl ] Med. 1976;295:1363-6.PubMed &z

Starr EB. Excessive mortality from influenza-pneumonia among bituminous coal miners of Ohio in 1918.Am J Public
Health. 1920;10:348-51.

Phillips H. Black October: impact of Spanish influenza epidemic of 1918 on South Africa. Pretoria (SA): The
Government Printer; 1990. p. 2, 53, 158.

Phimister IR. The “Spanish” influenza pandemic of 1918 and its impact on the southern Rhodesian mining
industry.Cent Afr ] Med. 1973;19:143-8.PubMed &

Rice GW. Black November: the 1918 influenza epidemic in New Zealand. Christchurch (NZ): Canterbury University
Press; 2005.

Crampton HE. On the differential effects of the influenza epidemic among native peoples of the Pacific
Islands.Science. 1922;55:90-2. DOl = PubMed &z

Tomkins SM. The influenza epidemic of 1918-19 in Western Samoa.. ] Pac Hist. 1992;27:181-97. DOI

Mamelund S-E. The Spanish influenza among Norwegian ethnic minorities 1918-1919. CDE working paper no. 2001-
11. Madison (WI): Center for Demography and Ecology, University of Wisconsin-Madison; 2001 [cited 2008 May 30].
Available from http://www.ssc.wisc.edu/cde/cdewp/2001-11.pdf &

Killingray D. The influenza pandemic of 1918-1919 in the British Caribbean.Soc Hist Med. 1994;7:59-87. DOI
PubMed &

Markel H, Lipman HB, Navarro JA, Sloan A, Michalsen JR, Stern AM, Nonpharmaceutical interventions implemented
by US cities during the 1918-1919 influenza pandemicJAMA. 2007;298:644-54. DOl = PubMed &z

Loo Y-M, Gale M. Fatal immunity and the 1918 virus.Nature. 2007;445:267-8. DOl = PubMed &1

McCullers JA. Insights into the interaction between influenza virus and pneumococcus.Clin Microbiol Rev.
2006;19:571-82. DOl = PubMed

Peltola VT, Murti KG, McCullers JA. Influenza virus neuraminidase contributes to secondary bacterial pneumonia.)
Infect Dis. 2005;192:249-57. DOl = PubMed &

Bogaert D, de Groot R, Hermans PWM. Streptococcus pneumoniae colonisation: the key to pneumococcal
disease.Lancet Infect Dis. 2004;4:144-54. DOl =z PubMed

Madhi SA, Klugman KP; Vaccine Trialist Group.A role for Streptococcus pneumoniae in virus-associated
pneumonia.Nat Med. 2004;10:811-3. DOl z PubMed &z

Bassetti S, Bischoff WE, Walter M, Bassetti-Wyss BA, Mason L, Reboussin BA, Dispersal of Staphylococcus aureus
into the air associated with a rhinovirus infection.Infect Control Hosp Epidemiol. 2005;26:196-203. DOI & PubMed &

Klugman KP, Madhi SA. Pneumococcal vaccines and flu preparedness[letter]. Science. 2007;316:49-50. DOI
PubMed &

Top

Figures

Figure 1. Percentage distributions of fatal cases of influenza-pneumonia during 1918-19 influenza pandemics, by estimated days of illness
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before death. A) Influenza-bronchopneumonia, Cook County Hospital, Chicago, Illinois, USA (n = 599)...

Figure 2. Cumulative percentage deaths from influenza-pneumonia, by days (estimated) from illness onset, among fatal cases during
various epidemics, 1918-19 (5,717-22). Vertical arrows indicate median no. days...

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,...

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......

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...
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