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Background. The reasons for the unusual age-specific mortality patterns of the 1918–1919 influenza pandemic
remain unknown. Here we characterize pandemic-related mortality by single year of age in a unique statewide
Kentucky data set and explore breakpoints in the age curves.

Methods. Individual death certificates from Kentucky during 1911–1919 were abstracted by medically trained
personnel. Pandemic-associated excess mortality rates were calculated by subtracting observed rates during pan-
demic months from rates in previous years, separately for each single year of age and by sex.

Results. The age profile of excess mortality risk in fall 1918 was characterized by a maximum among infants, a
minimum at ages 9–10 years, a maximum at ages 24–26 years, and a second minimum at ages 56–59 years. The
excess mortality risk in young adults had been greatly attenuated by winter 1919. The age breakpoints of mortality
risk did not differ between males and females.

Conclusions. The observed mortality breakpoints in male and female cohorts born during 1859–1862, 1892–
1894, and 1908–1909 did not coincide with known dates of historical pandemics. The atypical age mortality patterns
of the 1918–1919 pandemic cannot be explained by military crowding, war-related factors, or prior immunity alone
and likely result from a combination of unknown factors.
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The 1918–1919 pandemic of influenza A virus subtype
H1N1 infection is one of the most dramatic infectious
disease events of the 20th century, with an estimated
20–100 million deaths worldwide [1, 2]. Signature fea-
tures of this pandemic included at least 2 successive
“waves” of mortality within a year in most locales [3],
increased severity of influenza-related infections [4]
associated with increased frequency of bacterial coin-
fections [5–7], and perhaps most puzzling, elevated

mortality risk among young adults, who are not a tra-
ditional risk group for severe outcomes [4, 8–13]. Mor-
bidity surveys suggest that young adults did not
experience particularly high influenza attack rates in
1918–1919, relative to those of children [14]. Despite
recent renewed interest in historical and experimental
studies of the 1918–1919 pandemic virus [15–18], the
reasons for the unusual epidemiological features of
this pandemic remain unclear [19–22].

Analysis of mortality archives from 1918–1919 has
shown that elevated mortality risk among young
adults was geographically widespread and included
Europe [4, 8, 13], North and South America [9–12],
and Asia [23, 24]. By contrast, epidemiological patterns in
older populations differed geographically, with decreased
mortality among people aged >45 years in the United
States and Europe [4, 9, 13] but not in Mexico, Colombia,
or remote islands [10, 11, 25]. Evidence from several
countries indicates that the mortality peak in young
adults disappeared by about 1921, if not earlier [4, 9, 26].
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Mortality statistics available from the 1918–1919 pandemic
period are typically aggregated by 5- or 10-year age groups
[4, 9–14, 23, 24], precluding highly detailed examination of the
age distribution of deaths. Furthermore, estimates of pandemic
mortality rates can be biased by war-related factors, including
military deaths and troop movements, and by differences in
diagnostic completeness and accuracy. Detailed data on the
age-specific risk of pandemic-related death, especially among
women, who were less directly affected by war conditions, are
useful to examine possible mechanisms behind the atypical se-
verity of the 1918–1919 pandemic. Here we analyze a unique
database of individual death certificates from Kentucky in the
years surrounding the pandemic, to explore detailed patterns
of influenza-related mortality rates by age, sex, and military
status.

METHODS

Historical Individual Death Records, Kentucky
To obtain detailed data on the age and temporal dynamics of
the pandemic, all individual death certificates from Kentucky
during 1911–1919 were abstracted and entered into a relation-
al database by medically trained personnel (Supplementary
Materials). Camp Zachary Taylor was the major military train-
ing camp in Kentucky, with a census fluctuating between
23 700 and 57 300 troops in 1918 [27]. We compiled daily,
weekly, and monthly time series by cause of death, military
status, sex, and single year of age and examined 3 outcomes
traditionally linked with influenza: pneumonia and influenza
deaths, respiratory deaths, and total deaths [4, 9, 10].

Historical Population Data, Kentucky
To obtain the annual Kentucky population by age, we used
linear interpolation of population estimates available from the
1910 and 1920 censuses (Supplementary Materials) [28, 29].

Excess Mortality Approach
To obtain an overall estimate of the mortality burden of the
1918–1919 pandemic in Kentucky by means of an approach
that would be comparable to that of previous studies, and to
explore the timing of the pandemic, we fitted cyclical Serfling
regression models to daily all-cause deaths that occurred
during 1911–1919 [4, 9]. These linear regression models in-
cluded temporal trends and harmonic terms for seasonality
and represented a theoretical baseline for mortality in the
absence of influenza activity [30]. The influenza-associated
excess all-cause mortality rate was estimated as the observed
value minus the model-predicted baseline value during 1918–
1919, the period of influenza activity (Supplementary
Materials).

In addition to the Serfling models, we used a modified
“model-free” approach [2, 23] to derive influenza-related

excess mortality rates by single year of age, sex, mortality
outcome, and military status. In this approach, excess mortali-
ty was calculated as the difference between mortality during
the months of 1918–1919 when the pandemic occurred and
mortality during similar months in 1913–1914, the baseline
period. Past research on the 1918–1919 pandemic suggests
that this approach compares favorably with traditional Serfling
seasonal models [23].

Of particular interest were breakpoints in the age curve of
pandemic-related excess mortality rates, which were identified
on the basis of the first derivative of spline functions (Supple-
mentary Materials).

RESULTS

General Pandemic Patterns, 1918–1919, Kentucky
We compiled information on 310 363 deaths occurring in
Kentucky between 1 January 1911 and 31 December 1919.
Primary and contributing causes of deaths were recorded for
143 898 deaths occurring in 1913–1914 and 1918–1919. Here,
for simplicity, we concentrated on the total number of
primary and contributing causes of death. Respiratory causes
were listed in 37% of death certificates in 1918, a much higher
proportion than in the baseline years of 1913–1914 (18.1%–

19.1%; P < .0001). The proportion of deaths attributed to re-
spiratory conditions remained elevated in 1919, relative to
baseline (P < .001).

Serfling seasonal regression applied to daily all-cause deaths
identified 2 periods with elevated mortality, fall 1918 and
winter 1919, which corresponded with pandemic influenza ac-
tivity (Figure 1). A sustained rise in all-cause mortality exceed-
ing baseline levels for >2 consecutive days was observed
during 1 October–20 December 1918 and 3 January–20
March 1919. Overall, the seasonal regression approach attrib-
uted 13 027 all-cause excess deaths (95% confidence interval
[CI], 12 657–13 397) to the 1918–1919 pandemic in Kentucky,
corresponding to an excess death rate of 0.54% (95% CI,
.52%–.55%) of the total population.

Pandemic Excess Mortality Rates, by Year of Age and Sex
Next, we calculated pandemic excess mortality rates by single
year of age, to explore potential age breakpoints in mortality
risk. Given the influenza activity periods previously defined
(Figure 1), we considered October–December 1918 and
January–March 1919 as pandemic periods, and we used
October–December and January–March of 1913–1914 as
baselines for excess mortality calculations. Age-specific excess
mortality estimates from all causes, respiratory causes, and
pneumonia and influenza were highly correlated (Spearman
ρ = 0.95; P < .0001). Below, we concentrate on age patterns in
excess respiratory deaths and provide results for the other out-
comes, as relevant. We also provide estimates of excess
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mortality rates for broad age groups in Table 1, for compari-
son with previous studies.

Crude rates of mortality due to respiratory conditions dis-
played a “W” shape in fall 1918, peaking in infants, young
adults, and seniors (Figure 2A). We subtracted baseline mor-
tality in prepandemic years to obtain influenza-attributable
excess mortality in fall 1918 (Figure 2B). The highest rates of
influenza-related excess mortality were found in infants <1
year old. Three breakpoints were identified in the age-specific
mortality curve: a minimum, at age 9.7 years (1908 birth
cohort), with a rate of 15 deaths per 10 000; a maximum, at
age 25.6 years (1892 birth cohort), with a rate of 80 deaths per
10 000; and a second minimum, at age 57.8 years (1860 birth
cohort), with a rate of 7 deaths per 10 000. Similar age

breakpoints were identified in excess pneumonia and influenza
mortality rates and all-cause mortality rates (age range across
outcomes, 9.3–9.9 years, 25.5–25.6 years, 57.8–58.7 years;
Figure 3). Excess mortality rates in individuals >58 years old
remained low, although estimates were more variable. One ad-
ditional extremum was identified in pneumonia and influenza
mortality among individuals aged 70 years (1848 birth cohort;
Figure 3), potentially because of low pneumonia- and influen-
za-associated death counts among older individuals.

There was no sex-related difference in baseline rates of mor-
tality due to respiratory conditions during the prepandemic
years of 1913–1914 (data not shown). However, excess mortal-
ity rates were 20%–80% higher among young adult males aged
15–50 years, compared with females aged 15–50 years, during

Table 1. Estimates of Excess Mortality Rates Attributable to Pandemic Influenza, by Time of Pandemic Wave, Age, and Cause of
Death, Kentucky, October–December 1918 and January–March 1919

Time, Cause of Death

Excess Death Rates per 100 000, by Age

0–4 y 5–18 y 19–24 y 25–49 y 50–64 y ≥65 y Overall

Fall 1918
Pneumonia and influenza 728.6 260.9 705.4 517.8 124.8 176.2 429.3

Respiratory conditions 687.1 244.4 687.0 506.1 109.5 145.4 410.3

All causes 682.4 254.4 696.8 516.3 68.7 90.2 413.4
Winter 1919

Pneumonia and influenza 321.7 103 196.2 203.0 97.2 19.1 167.6

Respiratory conditions 260.2 95.2 186.3 196.2 86.6 −2.0 152.4
All causes 131.9 85.9 146.3 159.7 54.3 −65.2 115.7

Figure 1. Daily time series of all-cause death rate in Kentucky, 1911–1919, showing observed death rates (blue line), baseline death rate predicted
by seasonal regression (pink line), and upper limit of the 95% confidence interval on the predicted baseline (green line). Light blue shaded areas
represent years for which cause-specific deaths were coded and digitized. The pink shaded area represents the main influenza pandemic period,
September 1918–March 1919.
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the fall 1918 pandemic wave, while sex-specific differences
were reversed in other age groups. Most importantly, despite
sex-related differences in estimates of excess mortality rates,
the age breakpoints for mortality did not differ between males
and females (absolute differences < 1 year; Figure 4). Sex-
related patterns were similar for excess pneumonia and influ-
enza deaths and all-cause deaths.

Our main analysis included deaths among all soldiers in
Kentucky, about one-third of whom were residents of another
state (Supplementary Materials), which may partly account for
the increased mortality risk among young adult males. A sen-
sitivity analysis that excluded deaths among soldiers who were
residents of another state revealed a lower age-related peak of
death among young adult males, compared with young adult
females (Figure 4), with an age-related breakpoint at 32 years
(1885 birth cohort), rather than 26 years (1892 birth cohort).

The late winter pandemic wave in March–April 1919 had
2–4-fold lower excess impact than the fall 1918 wave with
regard to respiratory mortality among individuals aged <50
years, with a much attenuated mortality peak among young

adults (Figure 5A). Excess mortality rates among older indi-
viduals during winter 1919 were similar to or less than those
during fall 1918, with some negative estimates for ages of >70
years. A minimum in the age-related risk profile was found at
the age of 9.8 years in winter 1919, in line with the fall 1918
wave, while the other extrema differed by 2–4 years between
the 2 waves. Overall, the mortality risk profile was more
uniform across age groups in winter 1919 than in fall 1918,
and that was true of both sexes (Figure 5B).

Comparison of Military and Civilian Populations
To explore pandemic patterns in military populations, we
stratified male deaths during 1918 by military status. A rise in
all-cause and respiratory mortality was observed on 29 Sep-
tember 1918 in Camp Taylor, predating the rise in civilian
mortality by 1 week (Supplementary Figure 1). Mortality at
Camp Taylor returned to baseline levels by late October 1918,
representing a shorter period of pandemic activity than that
among civilians. Military deaths represented 31.8% of the
3744 respiratory deaths occurring in Kentucky during
October–December 1918 among men aged 18–35 years.

Figure 3. Age-specific excess mortality rates from pneumonia and in-
fluenza and from all causes in the fall 1918 pandemic wave, Kentucky.
Excess death rates are calculated as observed death rates during
October–December 1918 minus baseline death rates during October–De-
cember 1913–1914, by single year of age, as in Figure 2. The blue dots
represent excess death rates, the blue solid line is a smoothing spline of
the excess death rates, and the grey-shaded areas are 95% confidence
intervals (CIs) on the splines. Vertical grey bars mark the age breakpoints
(ie, extrema) and associated birth years identified in the mortality age
risk.

Figure 2. Age-specific respiratory mortality in Kentucky in the fall
1918 pandemic wave and in baseline periods. A, Observed respiratory
death rates, by single year of age, during October–December 1918 (red
dots) and during the baseline months of October–December 1913–1914
(black triangles). Solid lines represent smoothing splines. B, Age-specific
excess respiratory death rates, calculated as observed (1918) minus base-
line (1913–1914). The blue dots represent excess death rates estimates;
the blue solid line is a smoothing spline of the estimated excess rates,
and the grey-shaded areas are 95% confidence intervals (CIs) on the
splines. Vertical grey bars mark the age breakpoints (ie, extrema) and
associated birth years identified in the mortality age risk.
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Exclusion of deaths among military personnel revealed that
excess mortality rates among civilian males were less than or
equal to those among females aged 18–32 years, and the trend
reversed among individuals aged >32 years (Supplementary
Figure 2).

DISCUSSION

To our knowledge, this is the first study to describe the age
profile and discontinuities in mortality risk associated with
the 1918–1919 pandemic by single year of age. Our results are

Figure 4. Age- and sex-related differences in excess respiratory mortality during the October–December 1918 pandemic wave in Kentucky. Dots
represent excess death rates, lines are smoothing splines of the excess rates, and grey-shaded areas are 95% confidence intervals (CIs). Vertical grey
bars mark the age breakpoints (ie, extrema) and associated birth years identified in the mortality age curves. A, Female-specific excess respiratory death
rates by single year of age during fall 1918. B, Male-specific excess respiratory death rates during fall 1918. Blue dots represent estimates based on
the entire mortality database, whereas red dots represent estimates after exclusion of deaths among Kentucky male military personnel who were not
Kentucky residents. Similar curves excluding military populations are presented in Supplementary Figure 2.

Figure 5. Comparison of age- and sex-specific excess respiratory mortality rates associated with the fall 1918 and winter 1919 pandemic waves in
Kentucky. Dots represent excess respiratory death rates, solid lines are smoothing splines of the excess respiratory death rates, and grey-shaded areas
represent 95% confidence intervals (CIs). A, Comparison of age patterns in fall 1918 (red) and winter 1919 (black) pandemic waves (October–December
1918 vs January–March 1919). B, Sex-specific differences during the winter 1919 pandemic wave (blue, males; red, females).
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based on a detailed database of individual death certificates
representing a population of 2.42 million individuals in Ken-
tucky. Kentucky experienced 2 waves of pandemic activity, in
fall 1918 and winter 1919, with a total population mortality
impact of approximately 0.54%, consistent with estimates
reported in other locations [4, 9, 10]. The most lethal pandem-
ic wave, in fall 1918, was associated with a complex age profile
of excess mortality rates, including maxima among infants <1
years and young adults aged 24–26 years (1892–1894 birth
cohorts) and minima at ages 9–10 years (1908–1909 birth
cohorts) and 56–59 years (1859–1862 birth cohorts). The age
breakpoints of mortality risk were similar in men and women.
Furthermore, excess mortality rates in young adults greatly de-
creased in winter 1919.

The age profile of the 1918–1919 pandemic mortality risk
in Kentucky is in agreement with previous studies relying on
broader age groups in populations from the Americas, Europe,
and Asia [4, 9, 10, 12–14]. While many hypotheses have been
put forward to explain the patterns of increased risk in young
adults and the (relatively) decreased risk among older individ-
uals in this pandemic, none have been conclusive. Below, we
discuss these hypotheses in the context of our findings and
those of previous studies.

A commonly cited hypothesis to explain the drop in influ-
enza-related excess mortality rates among older adults is “an-
tigenic recycling” [31], whereby prior exposure to antigenically
related influenza viruses confers relative protection against
mortality [9, 20]. This mechanism would entail lower rates of
1918–1919 pandemic–associated morbidity and mortality
among older adults, relative to their experience with pre-
1918 influenza viruses. Although detailed morbidity rates by
single year of age and season are lacking, Kentucky mortality
data are consistent with prior immunity to the 1918–1919
pandemic virus in age cohorts born before 1892–1894. The
global pandemic virus of the 1830s, the possibly related
transregional virus of 1847, and their descendants may have
conferred protection against the 1918 pandemic virus [8].
Accordingly, prior influenza exposure in the mid-to-late 19th
century may have protected older Kentucky adults against
severe 1918–1919 pandemic–associated mortality. In contrast,
individuals living in more remote areas in the 19th century
may have escaped these pandemic strains and, consequently,
may have experienced high excess mortality rates during the
1918 pandemic [10, 11, 25]. Thus, geographical differences in
adult mortality rates linked to historical influenza virus circu-
lation patterns tend to favor the antigenic recycling hypothe-
sis. Further rationale for this hypothesis comes from a related
mortality-sparing phenomenon that was observed in the 1957,
1968, and 2009 pandemics and associated with the presence of
neutralizing antibodies in older individuals [32–35].

Although the antigenic recycling hypothesis is an attractive
explanation of the low 1918–1919 pandemic excess mortality

rates among older adults, it is a less parsimonious explanation
for younger individuals. Distinct mortality profiles in different
regions of the world [4, 9, 10, 12, 13] point to the contribution
of distinct factors leading to increased risk among young
adults and to protection among seniors. Moreover, the rapid
attenuation of the excess mortality risk among young adults
by winter 1919 in Kentucky and Scandinavia [4, 26] and by
subsequent seasons in New York City [9] and Poland [8] is
consistent with a short time scale suggestive of the loss of a
pool of high-risk individuals, rather than long-lasting prior
immunity.

Another hypothesis stipulates that young adults were prone
to an immunopathogenic reaction following infection with
1918 influenza A virus subtype H1N1 [8]. Experimental animal
models of 1918 influenza virus infection and observational
studies of patients infected with influenza A virus subtype
H5N1 have supported the role of an immunopathogenic host
response to explain severe disease [17, 18, 36]. A related hypoth-
esis involves increased risk of bacterial superinfection due to ab-
errant immune responses mediated by CD8+ T cells, potentially
more frequent in young adults whose first influenza exposure
was to the 1889 pandemic virus [37, 38]. Although detailed
analyses of age-specific excess mortality and morbidity patterns
are lacking for the 1889 pandemic and subsequent waves in
1891 and 1892, high pandemic attack rates were reported
among all age groups. In addition, influenza-specific death rates
were highest among seniors—a marked departure from the age
signature of the 1918 pandemic [39, 40].

The age breakpoints for mortality identified in our data
correspond to birth cohorts of 1859–1862, 1892–1894, and
1908–1909, and our sensitivity analysis that excluded non-
Kentucky military personnel points to the cohort born in
1885. While 1885 and 1892 could correspond to the period
surrounding the 1889 pandemic, there is no evidence to
support unusual influenza events in the other years. Our
results for younger persons do not readily support hypotheses
involving the positive or negative effects of prior immunity
from exposure to past pandemic viruses, including antigen
recycling or immunopathological reactions. However, without
better knowledge of the subtypes and cross-reacting epitopes
of viruses circulating before 1918, it is not possible to rule im-
munity effects in or out.

A competing hypothesis stipulates that puberty could in-
crease the risk of severe influenza-related outcomes [41]. The
rise in influenza-related mortality starting at ages 9–10 years
in the Kentucky data is not inconsistent with this; however,
there is a gradual rise between ages 9–10 and 24–26 years,
rather than a sharp elevation around the age when puberty
occurs. In addition, we observed little difference in the age
breakpoints of mortality risk between boys and girls (<0.3
years), as would be expected if physiologic changes of puberty
were involved.
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Another hypothesis involves an uncharacterized synergistic
relationship between the 1918–1919 virus and coinfecting bac-
teria [6, 7, 42]. Most 1918–1919 pandemic deaths resulted
from secondary bacterial pneumonias [6, 43]. Mortality among
1918–1919 influenza patients was most strongly associated
with an increased incidence of pneumonia caused by common
bacterial pneumopathogens (especially pneumococci, strepto-
cocci, and staphylococci), rather than with an increased
severity of pneumonia, especially among individuals aged
20–40 years [14, 38]. In the Kentucky data, the rise in mortali-
ty risk between ages 9 and 26 years was steeper than the de-
crease between ages 26 and 50 years. It is interesting to
contrast this profile with historical observations on the age-
specific illness and case-fatality rates. Fall 1918 surveys indi-
cate that influenza illness rates remained relatively constant
between ages 10 and 30 years, at 31%–37%, and dropped
sharply at older ages [14]. The steep rise in the excess mortali-
ty risk among Kentucky teenagers and young adults is most
consistent with a rise in the severity of influenza-related infec-
tions due to the increased risk of pneumonia, in agreement
with these surveys [14]. In contrast, the slower decline in mor-
tality risk past the age of 26 years could be explained in part
by declining influenza rates among middle-aged adults, as is
typical of other pandemics [44].

Sex-based variations associated with the 1918–1919 influen-
za pandemic are confusing [45], with inconsistent sex-based
ratios in illnesses and deaths [14]. Assessment of male-specific
pandemic death rates are complicated by high mortality in
crowded military camps and troop movements, which tend to
bias estimates of population sizes and death numbers. Accord-
ingly, our sensitivity analysis excluding military deaths among
non-Kentucky residents points to a lower death rate among
young adult males and a peak risk later in life, compared with
the main analysis. However, we believe that this analysis un-
derestimates the death rates among males because it does not
include deaths occurring among Kentucky residents who were
training out of state or were involved in combat. Consistent
with other military settings, the population of Camp Taylor
had a much higher death rate than the rest of Kentucky, at
approximately 1.8%–1.9% (Supplementary Materials). In-
creased risk in the military population could be due to in-
creased influenza transmission, increased risk of bacterial
coinfection in crowded conditions, or both factors. The con-
sistency of the peak mortality risk at ages 24–26 years in the
full analysis of men and women, however, suggests that factors
other than military crowding contributed to the age-based risk
profile in Kentucky and other civilian settings [14].

Several locations in the United States and Europe reported
outbreaks of respiratory disease during February–August 1918
that have been speculated to be associated with early pandem-
ic virus activity [4, 9, 10, 46]. We identified a 2–3-fold eleva-
tion over baseline in mortality due to respiratory conditions

among young Kentucky adults in April 1918 (data not shown
and Supplementary Figure 3). However, the low overall
number of deaths and the lack of long-term historical records
available for comparison precluded association of this spring
outbreak to specific respiratory pathogens.

The atypically young age distribution of influenza-related
deaths in the recent 2009 pandemic of influenza A virus
subtype H1N1 infection was more reminiscent of the 1918–
1919 pandemic than of later pandemics [35, 47–49]. Compari-
son of the age-based mortality risk profiles of the 2 pandem-
ics, however, reveals substantial differences, most notably a
peak among adults aged 50–64 years in 2009 (Supplementary
Materials and Figure 6). These differences lend further
support to biological hypotheses that are unique to the 1918
virus and its historical context. Further comparisons of age-
based mortality profiles across pandemics putatively associated
with antigenic recycling would be interesting but would
require mortality data stratified by individual year of birth.

Several caveats are worth noting in our study. Kentucky had
a relatively large population in 1918 (2.4 million), which is ap-
propriate for estimation of mortality associated with severe
events such as the 1918–1919 pandemic. However, it is harder
to quantify the impact of more moderate epidemics, such as
the spring 1918 outbreak of respiratory disease Despite our
relatively crude approach to estimating excess mortality, which
used information from 1913–1914 as a baseline, we focused
on the specific months of 1918–1919 when pandemic activity
was most intense, limiting the potential for overestimation.
Furthermore, a sensitivity analysis with a traditional seasonal

Figure 6. Comparison of the age patterns of influenza-related deaths
during the fall 1918 pandemic in Kentucky and the 2009 pandemic in the
United States. Mortality rates for the 2009 pandemic (red curve) are
based on reports of laboratory-confirmed deaths in US states during
August 2009–March 2010 [49]. Mortality rates for the 1918 pandemic
(blue curve) are based on excess respiratory deaths in Kentucky, subtract-
ing observed death rates during October–December 1918 from observed
death rates during the same months of baseline years 1913–1914.
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Serfling approach yielded very similar excess mortality esti-
mates. Additionally, our excess mortality estimates for Ken-
tucky are highly consistent with those reported for other
locations [2, 4, 9, 10, 23]. It should also be noted that age-spe-
cific excess mortality rates reflect both age-specific incidence
and age-specific case-fatality rates, neither of which are known
for Kentucky. This may be problematic in comparing the
1918–1919 pandemic with the background period of 1913–
1914, because age-specific morbidity and potentially case-
fatality data could differ in seasonal outbreaks because of
residual population immunity.

Perhaps the most serious caveat in our analysis relates to
the unknown number of soldiers from out of state who were
training at Camp Taylor and the unknown number of soldiers
from Kentucky who were training elsewhere or were involved
in combat during the pandemic. Thus, our estimates of excess
mortality rates among young adult males should be considered
approximations of the true death patterns, with the main anal-
ysis relying on the entire mortality database providing an
upper bound for mortality and the sensitivity analyses limited
to Kentucky residents and civilians providing lower bounds.
Most importantly, our estimates among females are unaffected
by war-related displacements and likely reflect the most reli-
able profile of pandemic mortality risk by age so far. Finally,
our analysis is exclusively limited to mortality data and does
not allow quantification of influenza-associated morbidity pat-
terns, which would be useful to evaluate mechanisms involv-
ing prior immunity, contact patterns, and underlying risk
factors.

In conclusion, the data from Kentucky allow a more precise
characterization of the age-specific mortality risk associated
with the 1918–1919 pandemic than has been provided by
other data sets. We identified a steep increase in influenza-
related mortality rates between ages 9–10 and 24–26 years,
which were 2–3 times more pronounced in fall 1918 than in
winter 1919. Age breakpoints in mortality risks were similar
among men and women but did not strictly correspond to
known dates of past pandemic events. Increased risk of influ-
enza-related death in young adult men could be explained in
part by bacterial colonization epidemics in military camps
[6, 38, 43], but the risk profile for women suggests that factors
other than crowding in military camps were at play. Addition-
al studies of this type in other locations could shed light on
putative geographical variations in risk, while further experi-
mental and clinical studies will help assess age- and sex-based
variations in influenza immune responses [50].
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