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SUMMARY

Mortality from influenza and pneumonia during the 1918-1919 pandemic was compared between
subgroups of civilian and military populations from states in Australia and the USA. Exposures
to crowded environments before and during the pandemic were used as proxies for exposure to
respiratory infections. In three separate datasets, civilian mortality from influenza and pneumonia
was higher in urban than rural populations. In contrast soldiers from these same urban
backgrounds had significantly lower mortality than their rural counterparts. This suggests the
lower mortality in rural civilians was due to the rural environment, probably due to the relative
social isolation in rural areas. This is encouraging for pandemic planning, as it suggests social
distancing interventions have the potential to reduce mortality in future pandemics. Soldiers
recruited before 1918 had significantly lower mortality than those recruited in 1918, and this
effect was separate from the protection given by urban origin to soldiers. Both these effects
substantially reduced mortality in soldiers. Further research to identify the mechanisms of these
separate protective effects may yield important evidence to inform pandemic planning strategies.
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INTRODUCTION

The influenza pandemic of 1918-1919 was one of the
most lethal infectious disease events ever recorded.
Evidence indicating protection from mortality during
the 1918-1919 pandemic could inform public health
preparations for future pandemics. Living in a rural
setting has been found to be associated with reduced
mortality during the 1918-1919 pandemic in a num-
ber of previous studies [1-3]. In British Com-
monwealth military populations in 1918 veterans
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appeared relatively protected from death due to in-
fluenza and pneumonia compared to recent recruits
[4]. Age is an important potential confounder con-
sidering the age-specific mortality observed during the
1918-1919 pandemic, when there was a peak in mor-
tality centred around age 30 years [5]. In this study
data from both civilian and military populations from
the same geographic arcas were used to further in-
vestigate urban and rural differences in mortality, as
well as the apparent protective effect due to time in
military service, controlling both for age. The aim of
this study was to investigate (1) whether higher
mortality in urban civilian populations was due to the
urban environment or due to intrinsic host suscepti-
bility in people of urban origin; and (2) whether
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reduced mortality in military veterans was due to the
same mechanism.

METHODS

We conducted analyses using six datasets concerning
deaths during the 1918 influenza pandemic: three
concerning civilian deaths and three concerning
military deaths. Civilian data were available for the
states of Indiana and Kansas, USA, and New South
Wales (NSW), Australia. Military data were available
for Indiana and Kansas, USA, and for Australian
soldiers from NSW, Queensland and Victoria.
Individual-level data were available for the Australian
military cohort; aggregate-level data were available
otherwise.

Civilian data

Data on civilian deaths that were due to influenza
and pneumonia and occurred in adult males aged
1844 years in Indiana and Kansas between
September and December 1918 were available from a
special survey by the US Census Bureau [6]. The
number of civilians at risk was calculated from the
1920 US census. An individual was defined as an
urban resident if they resided in a town with a popu-
lation >10000 in 1910; remaining individuals were
defined as rural residents. The number of civilian
deaths, and risk of death, due to influenza that
occurred between January and September 1919 in
NSW were taken directly from the report of the NSW
Director-General of Public Health [3]. An individual
was defined as an urban resident if they resided in the
Sydney metropolitan district, and as a rural resident
otherwise.

Military data

Military deaths due to influenza or pneumonia
between October and December 1918 in soldiers
recruited from Indiana and Kansas were taken from
special memorial books issued by the respective states.
The number of soldiers at risk was calculated from
selective service records [7, 8]. A soldier was defined
to be of urban origin if they were a resident of a town
with population >25000 in 1910, and to be of rural
origin if they were a resident of a county which con-
tained no towns with a population > 10000 in 1910.
Individual-level data for soldiers from NSW,
Queensland and Victoria were extracted from a
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previous case-control study [4]. All military deaths
(cases) due to influenza or pneumonia between
October 1918 and March 1919 are included. Controls
were selected randomly from all Australian soldiers
who survived the 1918-1919 pandemic period and
returned to Australia. Individual-level records were
used in this analysis if urban/rural origin could be
estimated. A soldier was defined to be of urban origin
if their place of enlistment was located within a central
postcode of a major city, and of rural origin if their
place of enlistment had the postcode of a country
town.

Formal institutional ethical clearance was pro-
vided from the University of Queensland Human
Research Ethics Committee number 2007001146
dated 29 August 2007.

Statistical analysis

For each dataset we computed the risk of mortality
according to urban/rural origin, and calculated rela-
tive risk of death by urban/rural origin. All civilian
data, and military data from the USA were available
only as aggregate data, and definitions of urban/rural
origin differ. For this reason, as well as the presum-
ably different methods used for estimating both case
numbers and denominators, no comparisons were
attempted between populations, only within them.
We undertook a multivariable analysis using the
Australian data as individual-level data were avail-
able. Urban/rural origin, length of time in the mili-
tary, and birth year were included as covariables.
Length of time in the military was categorized as
either veteran (enlisted in 1914-1917) or non-veteran
(enlisted in 1918). The years 1914-1917 were grouped
together as previous analysis has shown that mor-
tality from influenza or pneumonia was similar in
soldiers recruited in each of these years, but much
higher in soldiers recruited in 1918 [4]. Birth year was
categorized as 1888 or earlier, 1889-1891, and 1892 or
later. We investigated the significance of the interac-
tion between each pair of main effects in predicting
mortality by adding the interaction term to a model
involving all main effects and tested its significance
using the likelihood ratio test. In the presence of
interactions, stratified analyses were performed to
determine the effect of urban/rural origin. We in-
vestigated the interaction between age and both
urban/rural origin and veteran/non-veteran status to
assess whether the effect of urban/rural origin or
veteran status varied with birth year. We investigated
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Table 1. Mortality (deaths per 1000 population) during the 1918—-1919

influenza pandemic
Deaths Population Mortality RR (95% CI)
Civilian males aged 18—44 from Indiana
Urban resident 1181 260476 4-53 1-26 (1-16-1-37)*
Rural resident 1231 342322 3-:60 1-00
Civilian males aged 1844 yr from Kansas
Urban resident 517 78976 6-55 1-36 (1-23-1-51)*
Rural resident 1374 286427 4-80 1-00

Civilian females and males, all ages from New South Wales

3902 —
2342 —

Urban resident
Rural resident

Soldiers from Indiana

Urban origin 153 17424

Rural origin 573 33555
Soldiers from Kansas

Urban origin 52 5866

Rural origin 491 33935

433 1-97 (1-87-2-07)t

220 1-00

8-78 0-51 (0-43-0-61)}
17-08 1-00

886 0-61 (0-46-0-81)}
14-47 1-00

RR, Relative risk; CI, confidence interval.

* Relative risk of death recorded as due to influenza or pneumonia from October

to December 1918.

1 Relative risk of death recorded as due to influenza from January to September

1919 (taken directly from [3]).

1 Relative risk of death recorded as due to influenza or pneumonia between

15 September and 15 November 1918.

the interaction between urban/rural origin and
veteran/non-veteran status to assess whether these
exposures might have separate effects on mortality.
Data were analysed using Stata v. 11.1 (StataCorp,
USA).

RESULTS

Aggregated information was available on 602798
civilian male adults and 50979 soldiers from
Indiana, and on 365403 civilian male adults and
39801 soldiers from Kansas. Individual-level infor-
mation was available on 1482 Australian soldiers.
Among civilian populations in Indiana, Kansas and
NSW, urban residents experienced a significantly
higher risk of mortality from influenza and pneu-
monia in 1918-1919 than did rural residents (Table 1).
However, soldiers of urban origin, from both the
USA and Australia, experienced significantly lower
mortality than soldiers of rural origin (Tables 1 and
2). In a multivariable analysis, both urban origin (OR
0-65, 95% CI 0-53-0-81) and veteran status (OR 0-23,
95% CI 0-15-0-36) remained significantly associated
with reduced mortality in Australian soldiers
(Table 2). No interaction between urban/rural origin
and veteran status was found (P=0-99). The odds of
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death in veterans of urban origin was 0-15 (95% CI
0-07-0-35) times lower than in non-veterans of rural
origin, consistent with separate protection from urban
origin and veteran status. No interaction was found
between birth year and veteran status (P=0-29).
There was a significant interaction between urban/
rural origin and birth year (P=0-04). Upon stratifi-
cation by birth year, the apparent protective effect of
urban origin in soldiers from Queensland, NSW and
Victoria appeared to be stronger in those born prior
to 1889 (Table 3). The number of Australian soldiers
in each subgroup of exposure category is given in
Supplementary Table S1 (available online).

DISCUSSION

In our analysis of three separate civilian populations,
mortality due to influenza or pneumonia in late 1918
was lower in individuals of rural rather than urban
residence, confirming previous observations. In our
analysis of three separate military populations, mor-
tality was higher in individuals of rural rather than
urban origin, with all three studies exhibiting similar
effect estimates. In the Introduction we posed the
question: was higher mortality in civilian urban
residents due to the urban environment or due to
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Table 2. Mortality recorded as due to influenza or pneumonia during the
1918—1919 influenza pandemic in soldiers from Queensland, New South

Wales and Victoria

Unadjusted analysis Adjusted analysis

OR (95% CI)

OR (95% CI)

Deaths

(cases) Controls
Urban origin 445 490
Rural origin 311 236
Enlisted before 1918 650 697
Enlisted in 1918 106 29
Born 1888 or earlier 223 196
Born 1889-1891 1661 127
Born 1892 or later 372 403

0-69 (0-56-0-85)
1-00
0-26 (0-17-0-39)
1-00
1-00
1-11 (0-82-1-51)
0-81 (0-64-1-03)

0-65 (0-53-0-81)
1-00
0-23 (0-15-0-36)
1-00
1-00
1-15 (0-85-1-57)
0-76 (0-60—0-97)

OR, Odds ratio; CI, confidence interval.

Table 3. Protective effect of urban origin against death recorded as due to
influenza or pneumonia during the 1918—19 influenza pandemic in soldiers
from Queensland, New South Wales and Victoria, stratified by birth year

Deaths Unadjusted OR Adjusted OR
(cases) Controls  (95% CI) 95% CD*
Soldiers born before 1889
Urban origin 118 140 045 (0-30 to 0-:67)  0-43 (0-28 to 0-65)
Rural origin 105 56 1-00 1-00

Soldiers born 1889-1891 (previous pandemic)

Urban origin 101 90

Rural origin 60 37
Soldiers born 1892-1900

Urban origin 226 260

Rural origin 146 143

0-69 (0-42 to 1-14)
1-00

0-85 (0-64 to 1-14)
1-00

0-70 (0-42 to 1-16)
1-00

0-81 (0-60 to 1-09)
1-00

OR, Odds ratio; CI, confidence interval.
* (Qdds ratio adjusted for veteran status.

intrinsic host susceptibility in people of urban origin?
In soldiers recruited from the same states as in the
civilian analysis, those originating from urban areas
had lower mortality. This implies that soldiers from
urban backgrounds were intrinsically protected from
death, as exposure to infectious agents would be ex-
pected to be similar for soldiers from both urban and
rural backgrounds as they were mixed into various
military units. Thus the mechanism underlying the
lower mortality in civilian rural populations appears
to be environmental, probably due to the relative so-
cial isolation in rural populations. In 1918 influenza
spread effectively through all populations, with simi-
lar incidence in urban and rural areas [2, 9, 10].
Exposure to respiratory bacteria, however, may have
varied more between rural and urban settings, as
closer contact with greater numbers of persons is
generally required to transmit bacterial respiratory
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infections [11, 12]. As most respiratory bacterial dis-
ease appears due to newly acquired strains of bacteria
[13], this factor may account for the protective effect
of the rural setting. Consistent with this idea, menin-
gitis due to pneumococcus and Haemophilus influen-
zae was found to be higher in urban compared to
rural Tennessee in the 1960s [14].

The second question we investigated was whether
the reduced mortality in military veterans was a result
of the same mechanism as the reduced mortality
found in soldiers of urban origin. Our results suggest
separate protective effects were associated with vet-
eran status and urban origin in these soldiers. With
the data available here it is not possible to determine
the mechanisms of these apparent protective effects.
It is likely that they were due to acquired immunity
resulting from previous pathogen exposures, although
whether this was from protection from influenza
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infection itself or from secondary bacterial infection is
unclear. The protective effect associated with urban
origin varied according to birth year, with the stron-
gest association in the oldest soldiers (Table 3). This is
consistent with protection resulting from exposure to
influenza viruses circulating either before or during
the 1889—-1891 pandemic; however, it is also consist-
ent with a gradual accumulation of immunity to either
influenza or bacterial pneumonia in members of
successive birth cohorts over time. The apparently
separate protective effect associated with veteran sta-
tus may have been due either to exposure to ‘herald’
waves of influenza transmission in late 1917 or early
1918, or possibly due to prior exposure to respiratory
bacteria in the confined wartime conditions [15]. As
the pandemic did not reach Australia until 1919,
Australian soldiers already based overseas at the start
of 1918 would have had a greater chance of exposure
to herald waves than those who enlisted in 1918.

A key strength of this study is using the military
setting to examine the difference in intrinsic host sus-
ceptibility between individuals of urban and rural
origin, removing potential confounding due to differ-
ences in pathogen exposure in the civilian setting.
Another strength compared to previous studies is ad-
justment for age, measured using categories of birth
year, an important confounder for mortality during
the 1918 pandemic. A limitation is that this study
cannot specify the mechanisms of the observed
protective effects, apart from differentiating between
environmental and intrinsic host mechanisms. We
have discussed how previous exposures to respiratory
pathogens may explain the protective effects observed
in soldiers. An alternative explanation for these effects
would be differences in underlying health. Although
we could not control directly for differences in under-
lying health in our study subjects, recruits underwent
health screening before entry into the military,
standardizing the level of background health to an
extent. For Kansas and Indiana, rejection rates for
recruits following medical examination were available
and for both states rejection rates were higher in
urban recruits, implying that if anything general
health was worse in urban areas at the time, making
this an unlikely cause for the intrinsic host protection
seen in soldiers of urban origin. The protection in
civilian populations afforded by rural environment
was probably due to relative social isolation in
rural populations. We were unable to control for air
pollution in urban areas as a potential confounder. In
the Australian military study, there is likely to have
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been some measurement error in assigning urban/
rural origin according to the postcode of enlistment
office, as rural residents may have travelled to cities to
enlist. This error would have been similar in cases and
controls, thus any resulting bias would have been
non-differential. As the US population was becoming
more urbanized with time, using 1920 census data for
the denominators of the civilian mortality rates in
1918 may have relatively overestimated the mortality
in the civilian rural population. This would not have
changed the conclusions of the study.

Mortality during the 1918 pandemic varied sub-
stantially between different populations. This study
demonstrates that both setting and intrinsic host fac-
tors reduced mortality. This has relevance for influ-
enza control today, and is encouraging for pandemic
planning. The protection given by rural setting sug-
gests that social distancing interventions may protect
against mortality rather than just delaying infection,
possibly by reducing the risk of acquiring new respir-
atory bacteria while vulnerable following influenza
infection. Our analysis of Australian soldiers suggests
two separate intrinsic host factors were reducing
mortality. These effects were probably due to im-
munity acquired from previous pathogen exposures.
The substantial size of both of these protective effects
makes them very relevant to pandemic planning, and
justifies further study to elucidate the exact underlying
mechanisms.

NOTE

Supplementary material accompanies this paper on
the Journal’s website (http://journals.cambridge.org/
hyg).
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