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A Century of Influenza Prevention
in St. Louis
by Robert B. Belshe, MD

Public health measures
taken nearly 100 years
ago reduced significantly
the impact of the 1918
pandemic on the citizens
of St. Louis.

Abstract
The 1918 pandemic of
influenza in St. Louis was
ameliorated by the public
health efforts of the City
Health Department. At the
time, St. Louis was the sixth
largest city in the US; among
the ten largest cities, St. Louis
had the fewest influenza cases
and deaths. Closing schools,
churches, theaters, and other
public meeting places reduced
the severity of the pandemic
in St. Louis. The benefits
of contemporary influenza
vaccines to prevent influenza
and economic disruption are
summarized.

Introduction

Robert B. Belshe, MD, is in the Division of
Infectious Diseases, Allergy & Immunology
Department of Internal Medicine at
Saint Louis University School of Medicine.
Contact: belsherb@slu.edu

Influenza remains one of the
most serious and common illnesses
during the winter months. This
review will summarize the events
in St. Louis during the 1918
pandemic, and focus on what is
widely believed to be a successful
public health campaign in St. Louis
that mitigated the severity of the
pandemic. St. Louis had fewest
deaths in contrast to other cities,
such as New York or Philadelphia,
where much larger numbers of
deaths occurred. In addition to
describing the epidemiology of
influenza in St. Louis in 1918 and
its partial control through public
health measures, I will summarize

the state of the art for vaccine
prevention today in St. Louis,
including recent results from the
Center for Vaccine Development
at Saint Louis University on live
attenuated influenza vaccines.
Figure 1 illustrates the past
centur y of life expectancy in the
United States.1 A centur y ago
one could expect to live to be
approximately 46 years of age, and
today one can expect to live to be
76 years of age. There has been a
steady increase in longevity for the
past centur y, with the exception of
1918, when large numbers of young
healthy adults died. The influenza
pandemic of 1918 resulted in a
precipitous drop in life expectancy
to an average life expectancy of 38
years (See Figure 1). Subsequently,
pandemics occurred in 1957 (Asian
flu), 1968 (Hong Kong flu), and
2009 (pandemic H1N1), but in
none of those pandemics was a
decrease in life expectancy seen.
The viruses were less virulent and
the pandemics were mitigated by
vaccine, antibiotics for complicating
infections, and improved medical
care in general.

The 1918 Pandemic
in St. Louis
An excellent summar y of the
effect of the 1918 influenza on the
city of St. Louis is found in the
thesis by Marilynn Nancy Vessel
written in 1977 for the Graduate
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On October 4,130 cases were
reported in Springfield, Mo., and
Life expectancy from 1900 to 2001 showing the impact of the 1918 influenza pandemic. Data
are adapted from the National vital Statistics Reports, vol. 52, No. 14, February 18, 2004.
500 cases were found at Jefferson
Barracks Army Base in South St.
Louis. Dr. Starkloff asked the Board
of Alderman to increase Health
Department powers and a vigorous
discussion was publicly held between
Starkloff and Mayor Kiel who
advocated that no drastic action was
warranted at that time. However,
within three days it was obvious that
large numbers of cases of influenza
were going to occur in St. Louis. By
October 7, 115 cases of influenza
had been diagnosed in St. Louis,
and on October 9, the Board of
Alderman granted special powers
to the Health Department in order
to effect the closure of schools,
School of Southern Illinois University.2 I am grateful
theaters, and other public places in
to her resource and what follows is a summar y of a few attempts to reduce the transmission of influenza. On
key points from her thesis.
October 12 flu was made a reportable disease.
In 1918 the key players in St. Louis were Max
A proclamation was signed by Mayor Kiel and Dr.
C. Starkloff, MD, the St. Louis Board of Health
Starkloff as follows: “That Spanish influenza is now
Commissioner, and Henr y W. Kiel, Mayor of St. Louis
present and probably will become epidemic in the city
(See Figure 2).3, 4 In August 1918 cases of flu were
of St. Louis.”
occurring in the New England states, but none had
The proclamation continued, “I hereby order that
occurred in St. Louis. By early September 1918 the
all theaters, moving picture shows, schools, pool and
epidemic in the US
billiard halls, Sunday
was front page news,
schools, cabarets, lodges,
and by late September
societies, public funerals,
four soldiers from St.
open air meetings, dance
Louis had died from
halls and conventions to
influenza in army
be at once closed and
bases elsewhere in the
discontinued until further
United States. On
notice.” Archbishop
September 28, two St.
Glennon announced that
Louisans who had died
the closing of churches,
of influenza while on
“would suspend the
vacation in the East were
obligation of Catholics to
brought to St. Louis for
hear mass on Sunday as
burial. Closed caskets
long as the order remains
Figures
2
in force.”
were ordered at their
Left - St. Louis Board of
Right - Mayor of St. Louis,
Specific advice
funerals in St. Louis in
Health Commissioner,
1913 – 1925, Henry W. Kiel.
provided
by the
order to prevent the
St. Louis Public Library.
Dr. Max C. Starkloff.
Department of Health
introduction of influenza Halftone, ca. 1900. MHS Library.
of St. Louis included,
into the populous.
Figure 1
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“Go to bed and place yourself under a physician’s care.
If you must go about, avoid gatherings of persons,
crowded streetcars, elevators, etc. Do not sneeze,
cough or spit unless you protect nose or mouth with
a handkerchief. Remember your cold, under other
conditions is a trivial matter, is now a public menace.
Well persons are advised to avoid crowds, to sleep in
well-ventilated rooms, to avoid using common cups and
towels, and to wash the hands frequently. Immunizing
serum treatments may be had free at the Municipal
Courts building.”

The Health Department noted that the situation
was well in hand on October 13. However, this was a
false impression. Five days later, on October 18, 1918,
559 cases and 32 deaths per day occurred. The Health
Department had clearly misjudged the epidemic.
However, by November 1, the number of cases
did begin to decline and the Mayor and businesses
requested that the ban on public gatherings be
removed. Dr. Starkloff thought this was premature and
denied the reopening of businesses, churches, theaters,
and saloons. In the subsequent 12 days the epidemic
did seem to decline and on November 12 theaters
and churches were finally allowed to
reopen. Schools reopened November
Table 1
14, but this was a short-lived respite.
Calculation of the case fatality rate in St Louis for Pandemic Influenza, 1918
Oct 7 – Dec 28
31,693 cases of influenza
A large rise in the number of cases in
		
2,004 deaths with influenza as a diagnosis
children occurred, and by November
		
906 deaths with pneumonia as a diagnosis
28 schools were closed again and
Case Fatality rate
2,910 / 31,693 = 9.2%
children less than 16 years of age
were banned from stores, including
Figure 3
department stores, ten-cent stores,
Deaths in St. Louis from influenza by week from October 1 to early January 1919.
and theaters. By December 3 the
epidemic peaked, and the number of
new cases per day was 1,467. Deaths
peaked seven days later with 58
deaths per day occurring December
10. Thereafter, the number of cases
of flu and associated deaths declined
rapidly; on December 28 all bans
were lifted.
The number of influenza deaths
per week is summarized in Figure 3.
Two peak times of cases occurred, a
stunted wave occurring in October
and November; then a sharper peak
Figure 4
Deaths from influenza in St. Louis, September 1 to December 31, 1918, by age.
occurring largely in December 1918
associated temporarily with reopening
schools. The measures taken by Dr.
Starkloff and Mayor Kiel are largely
thought to be responsible for blunting
the overall effects of the pandemic in
St. Louis. Of the ten largest cities in
the United States, St. Louis had the
fewest number of influenza cases and
deaths.
Figure 4 illustrates the classic
finding from the 1918 epidemic;
young adults were the group most
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likely to die from influenza. Also,
children less than five years of age,
who classically bear the brunt of
influenza, were at increased risk
of death. The unusual mortality
cur ves have never been completely
explained, but one explanation is
that a related H1N1 virus circulated
approximately 40 years prior to 1918
so that persons over the age of 40
retained that immunity and were not
susceptible. Why children and young
adults ages 5 – 20 also had relatively
lower mortality during the pandemic
compared to young healthy adults
has never been explained. Table 1
summarizes the number of cases of
influenza in the city of St. Louis,
and the number of deaths diagnosed
as either influenza or pneumonia.
Deaths from influenza or pneumonia
totaled 2,910 deaths that were likely
due to influenza. The case fatality
rate was 9%. This is likely an over
estimate since cases of influenza
that were mild may not have been
diagnosed or counted in this analysis,
but the death count is more accurate.
Even if three times the number of
cases of influenza occurred compared
to the number actually reported,
that would still leave a case fatality
rate of 3%, a strikingly high number
compared to what we are used to in
contemporar y times.

Figure 5

Kaplan-Meier curve of time to first culture confirmed modified CDC-ILI influenza
caused by any wild-type strains ATP population. Data from Belshe et al., NEJM,
356:685-696, 2007.

Figure 6

Relative efficacy of live attenuated influenza vaccine vs. inactivated vaccine
in young children for all influenza, lower respiratory disease or acute otitis
media. Data adapted from Belshe et al., NEJM, 356:685-696, 2007.

Prevention of Influenza
The public health measures
undertaken by the city of St. Louis
to reduce person to person contact
during the pandemic may have
resulted in reduced transmission and
significantly fewer cases of influenza.
Today we have a more practical way
of preventing influenza through vaccine. Two types of
vaccines are currently available in the United States.5,6
Subunit inactivated influenza vaccine (the trivalent
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inactivated vaccine which is injected IM) consisting
primarily of purified hemagglutinin molecule.6 In
addition to killed virus vaccine, live attenuated vaccine
(LAIV sprayed intra-nasally) is also available for
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healthy persons age 2 – 49 and represents a significant
advance, particularly for children in our ability to
prevent influenza. 5
Both TIV and LAIV contain three strains of
influenza are combined in order to cover the three
most likely strains of influenza to circulate. Two of
them are subtype A virus vaccines and one is subtype
B virus.
Saint Louis University had the opportunity to
lead an international head-to-head clinical trial to
compare the safety and efficacy of trivalent inactivated
vaccine to intranasal live attenuated vaccine in
young children. 5 The results of that clinical trial are
summarized in Figures 5 and 6. Figure 5 illustrates
the Kaplan Meyer plot of the accumulation of cases in
children given either TIV or LAIV. As illustrated in
the figure, despite two doses of TIV for children never
previously vaccinated, or one dose for those who
were previously vaccinated, more than 9% of children
acquired culture confirmed influenza like illness
during the subsequent influenza season. In contrast,
fewer than 4% of children given intranasal vaccine
developed culture positive flu. Several reasons exist
for the improved efficacy of the live attenuated
vaccine. Live attenuated vaccine is believed to induce
secretor y IgA and in studies at the Vaccine Center
we have been able to demonstrate cellular immune
responses are also stimulated by live attenuated
vaccine. 7, 8
The relative efficacy of live vaccine vs. inactivated
vaccine for several endpoints is summarized in
Figure 6. For all cases of symptomatic influenza
there was a 50% reduction in the live vaccine
group compared to the inactivated vaccine group.
The live vaccine protected against not only well
matched influenza vir uses, but against mismatched
influenza vir uses. We know that some influenza
circulates that is not antigenically close to the
vaccine and when that happens the vaccine may
not be as effective, but in this instance we see
that live vaccine provided broad protection against
not just strains well matched to the vaccine, but
also mismatched viruses. The live vaccine was also
significantly better at protecting against two of the
complications of influenza in young children, lower
respirator y disease (46% improvement) and acute
otitis media (51% fewer cases). 5, 7, 9, 10, 11

Conclusion
Public health measures taken nearly 100 years ago
reduced significantly the impact of the 1918 pandemic
on the citizens of St. Louis. Fortunately, we now have
good vaccines that can be made relatively quickly and
the most recent pandemic experience revealed that
live vaccine or inactivated vaccine could significantly
reduce the impact of seasonal influenza and pandemic
influenza. Future directions in vaccine development
will continue to improve on our ability to prevent
influenza not only in healthy people, but improved
vaccines for the elderly and improved vaccines for
young infants are being developed.
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