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The global influenza pandemic that emerged in 1918 has become the event of reference for a broad

spectrum of policymakers seeking to learn from the past. This article sheds light on multiple waves of

excess mortality that occurred in the US state of Michigan at the time with insights into how epidemics

might evolve and propagate across space and time. We analyzed original monthly data on all-cause deaths

by county for the 83 counties of Michigan and interpreted the results in the context of what is known about

the pandemic. Counties in Michigan experienced up to four waves of excess mortality over a span of two

years, including a severe one in early 1920. Some counties experienced two waves in late 1918 while others

had only one. The 1920 wave propagated across the state in a different manner than the fall and winter

1918 waves. The twin waves in late 1918 were likely related to the timing of the statewide imposition of a

three-week social distancing order. Michigan's experience holds sobering lessons for those who wish to

understand how immunologically naive populations encounter novel viral pathogens. (Am J Public Health.
2021;111:430-437. https://doi.org/10.2105/AJPH.2020.305969)

The 1918 influenza pandemic, one of
the most devastating pandemics to
affect humankind, affected nearly ev-
ery inhabited part of the globe, killing an
estimated 50 million people.*> The lack
of attention paid to this pandemic over
the subsequent century is surprising
and earned it the title “the Forgotten
Pandemic.”® Yet the global and relatively
recent nature of the pandemic make it a
rich source for enhancing our under-
standing of pandemics, and knowledge
about the 1918 pandemic has formed
the basis of modern pandemic pre-
paredness planning.” The emergence of
the COVID-19 pandemic has under-
scored the value of such knowledge.

A question of central importance to
the COVID-19 pandemic is whether it will
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manifest as a single wave or multiple
waves, and how severe and long these
waves will be. As the unfolding experi-
ence is demonstrating, much will de-
pend on human behavior and how
effectively measures such as social dis-
tancing are implemented. The 1918
pandemic can provide insights into how
respiratory viral pandemics evolve and
propagate. The objective of this article is
to analyze the dynamics of that pan-
demic in Michigan, a geographically di-
verse state in the Midwestern region of
the United States.

In this article, we used monthly
county-level data on deaths in Michigan
to estimate excess deaths during the
period 1918 to 1920. We identified
the number and timing of waves of

mortality and their geographic spread
and examined the waves sequentially
for evidence of patterns that may fur-
ther elucidate the dynamics of these
epidemics or, if they were part of the
same pandemic, the pandemic in its
entirety. This exercise produced three
phenomena of note, including (1) a
widespread and steep fourth wave of
excess deaths in early 1920 (also seen
in the US state of Arizona and other
countries® '), which, in some counties,
was more severe than the better-
known waves in late 1918 and early
1919; (2) variations in the timing and
number of peaks in different counties in
late 1918; and (3) notable differences in
the way the 1920 wave and the late
1918 waves propagated across the


http://ascopubs.org/doi/full/10.2105/AJPH.2020.306136
http://ascopubs.org/doi/full/10.2105/AJPH.2020.306026
https://doi.org/10.2105/AJPH.2020.305969

state. Collectively these findings mean
that Michigan experienced four waves of
excess mortality over a span of two years,
and not the two or three that earlier
studies have identified.

METHODS

The data set contains monthly counts of
all-cause deaths for the 83 counties of
Michigan for the period 1914 to 1921
(n=7968)."> We selected all-cause
deaths because cause-specific data
were not reported uniformly across
allrelevantyears and the challenge of
determining which reported causes
of death should count as “influenza-
attributable” for those waves that
may have been caused by the pandemic
influenza virus. For example, a contem-
porary report from Massachusetts iden-
tified 85 different conditions as possible
causes of pandemic-related mortality.'®
Furthermore, using seasonally unad-
justed influenza, pneumonia, and
broncho-pneumonia deaths produced a
spatio-temporal picture that very closely
mirrors the phenomena described here.
It should be noted that, while all-cause
mortality data may accurately identify
the timing of mortality peaks, they are
less accurate when used for the com-
putation of actual mortality."”

We estimated excess deaths by sea-
sonally adjusting county-level data using
the additive mode of the PROC X12
module in SAS (SAS Institute Inc, Cary,
NC) as follows'®:

1 a trend moving average was com-
puted from the original data on
deaths,

2 the original time series was de-
trended using the moving average
mentioned in step 1,

3 outliers (including a winter epidemic
in 1915 to 1916 and the pandemic

peak(s] of 1918 to 1920) were
identified and replaced with non-
extremal estimates,

4 a2 month-wise average was com-
puted from the series in step 3 to
produce initial estimates of regular
monthly (seasonal) components,

5 the monthly components were
subtracted from the series in step 3
to obtain a preliminary seasonally
adjusted series,

6 the trend was re-estimated using
the series obtained in step 5, and

7 steps 1 to 6 were repeated
twice more, but using the series
generated in step 5 from the previ-
ous iteration.">®

The outputs of this process consisted
of three components: a trend or long-
term component, a cyclical or seasonal
component, and an irregular or residual
component. These components can be
added to reproduce the original time
series. We examined the irregular
component, which identifies excess
deaths not explained by normal sea-
sonal variations or long-term trends. We
defined an episode of excess deaths as
a“wave" if, for at least one month during
the episode, the excess was large
enough to be designated an outlier by
the X12 algorithm and the episode oc-
curred between January 1918 and July
1920. We interpolated the resulting
monthly county-level time series to
produce weekly estimates of excess
deaths.

RESULTS

Figure 1 shows aggregate excess deaths
in Michigan. The four prominent peaks
occurred during

1 March to May 1918,
2 September to November 1918,

COVID-19 & HISTORY

3 November 1918 to January 1919,
and
4 January to March 1920.

Notably, the fourth peak, which was as
severe as the fall 1918 peak, does not
form part of the Centers for Disease
Control and Prevention’s (CDC's) char-
acterization of the pandemic (Figure 2).
In addition, the early wave in 1918, also
seen in Figure 2, emerged in the vast
majority of counties across the various
regions of the state.

Figure 3a compares the timing of the
fall and winter 1918 peaks in four geo-
graphically dispersed counties, Wash-
tenaw and Wayne in the east, Ingham in
south-central Michigan, and Kent in the
west.?® These counties were selected for
their large populations and, thus, lower
likelihood that outliers would affect the
overall mortality patterns. Overlaid on
this graph are two vertical lines marking
the dates on which Michigan Governor
Albert Sleeper issued (October 19)
and subsequently lifted (November 7)
a statewide order banning public
gatherings.?"*?

The two counties in eastern Michigan
experienced peaks in October 1918 with
virtually no subsequent excess mortality
in 1918 to 1919. By contrast, Ingham
County in south-central Michigan ex-
perienced two peaks of similar size, one
each in October and December 1918.
Kent County in the west experienced its
only peak in December 1918. If in fact
the deaths were caused by the same
pathogen, the epidemic appears to have
spread westward across the state, with a
single early peak in the east, a single late
peakin the west, and both an early and a
late peak in the center. The pattern in
the center of the state (Ingham County)
conforms best to the CDC's character-
ization of two separate waves in late
1918, but was not observed in all parts
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FIGURE 1— The Four Waves of Excess Deaths in Michigan: 1918-1920

of Michigan. Indeed, an approximately
even fraction of counties in Michigan
experienced each of the two waves of
late 1918, suggesting that the bimodal
pattern of October and December 1918
for the entire state, seen in Figure 1, is as
much the result of aggregation across
counties as it is a reflection of the ex-
periences of individual counties. The
same observation likely applies to the
pattern observed for the entire United
States and other countries.

The fourth wave, by contrast, con-
sisted of a single peak, occurring si-
multaneously across almost all the
counties of Michigan during the weeks
of February 8 and 15, 1920 (Figures 1
and 3b). For the rest of this article,
therefore, we will refer to the two late-
1918 peaks as two separate waves: the
“Fall 1918" or “second” wave and the
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“Winter 1918" or “third” wave, respec-
tively. The 1920 wave will be referred to
as the “1920" or “fourth” wave.

In terms of duration, the Fall 1918,
Winter 1918, and 1920 waves each
spanned eight to nine weeks (Figures 1,
33, and 3b). The 1920 wave shows a
particularly marked concentration in the
four weeks of February 1920, with ex-
cess death totals of 1322 and 1314 in
the first two weeks alone. The highest
excess deaths in any of the three earlier
waves, in the second week of October
1918, totaled 1023.

Figures 4a and 4b show weekly spatial
snapshots of excess deaths across the
counties of Michigan during the weeks in
the Fall and Winter 1918 waves when
the largest numbers of counties were
peaking. Figure 4c is a snapshot of the
same phenomenon during the 1920

wave. The shades of gray represent the
status of the epidemic during the week
in question in each county, with dark
gray signifying the peak week for the
county, the next darkest gray signify-
ing the week with the second-highest
number of excess deaths, and lighter
shades of gray signifying the third- and
fourth-highest weeks, respectively.

The Fall 1918 wave (Figure 4a) was
more pronounced than the Winter 1918
wave (Figure 4b) in two regions of
Michigan. The first region consisted of
the counties in the main population
centers of southern Michigan along the
Detroit, Michigan, to Chicago, lllinois,
transportation routes. These included
the population centers of Detroit, Ann
Arbor, and Jackson, Michigan. The sec-
ond region consisted of the counties
straddling two major shipping routes
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During 1918, the US was engaged in WWI.

Hundreds and thousands of US soldiers traveled

FIRST
WAVE
SPRING

across the Atlantic to deploy for war. The mass troop

1918 movement contributed to the global spread of flu.

More people died during the 1918 pandemic than the total
The first outbreak of flu-like illnesses was number of military and civilian deaths that resulted from WWI.
detected in the US in March. with more

than 100 cases reported at Camp

Funston in Fort Riley, Kansas.

SECOND
WAVE
FALL T
1918 ¥
'2 4
a8
In 1918, many health professionals 1“[\
served in the US military during WWI, 4 T . D e e e o S S I
resulting in shortages of medical 1918 1919

personnel around the US. The economy
suffered as businesses and factories were
forced to close because of sickness
amongst workers.

There were three different waves of iliness during the pandemic, starting in
March 1918 and subsiding by summer of 1919. The pandemic peaked in

the US during the second wave, in the fall of 1918. This highly fatal second
wave was responsible for most of the US deaths attributed to the pandemic.

‘ A third wave of illness occurred during the winter and spring of 1919,
THIRD 1 adding to the pandemic death toll. The third wave of the pandemic

WAVE " ' oy subsided during the summer of 1919.
WINTER : v,

1918

An estimated one third of the world’s population was infected
with the 1918 flu virus—resulting in at least 50 million deaths
worldwide.

The Motor Corps of St. Louis chapter of
the American Red Cross on ambulance
duty during the influenza epidemic,
October 1918.

FIGURE 2— A screenshot From the Centers for Disease Control and Prevention’s Web Site Commemorating the
Pandemic and Showing the Spring (Herald), Fall, and Winter 1918 “Waves”

History Essay Peer Reviewed  Chandra et al.

€ ON'LLL [OA 'L20T Y2IeN  HdIY

433



COVID-19 & HISTORY

AJPH  March 2021, Vol 111, No. 3

434 History Essay

—Wayne (City of Detroit; east)
— -Washtenaw (City of Ann Arbor; east)

- Ingham (City of Lansing; central)
-- Kent (City of Grand Rapids; west)

a b
§ 600+ 70 g § 600- 702
= A 0 5 S X 60 o 2
-E 5004  Ban on public Ban on public gatherings = Z ‘E’ 5004 [l
S gatherings lifted (November7,1918) | = Ss S T g
O 400- imposed [ X v O 4004 >0 x..‘:
W) (October ‘E’ ) I <
[} 19,1918) 40 g ] ) 40 5 g
€ 3001 © £ 3001 <9
> ~ < V) > [e))
© AR 30 @ © 30 2" =
= 200 / X =2 =0 RN c s
< / \ 20 € 2 ¢ PN 120 £ S
b2} . \\\ _8 g 4] :"// AR E z
< 100 Iz N\ K L10 € < < 100+ i, N L10 = &
+= 4 N7 © W = 7 W\ - ©
8 4 S i o © 8 / N P <] ;
[a) o———t 0 QO ; e Ol — " =/ s T 0 a

€O 0O 00 00 00 GO 00 00 60 00 00 00 00 00 00 00 00 00 O O\ O\ O 2022999922993 283828%

_________ P E e R R R 2RSS e =2

OO\ O\ O\ O\ Oy OY OY OY Oy Oy O O\ O O O O O O O O O OO NNARNNRANNDN AR Q

RARA AR AR A A _—ee 222222 c2 222222222222

.:odtﬁm‘g‘@nﬁgﬁrﬁo‘l\‘ﬁ\—“odufﬁgu{&o{g Nfa‘gﬁ:-—‘odﬁ-:odtﬁﬁgr\‘fa‘gf\—‘od(ﬁ

- - = - - = = - - = gt
585588555223388 8885555 iy srRsss08582855525588
- -
nnas83 OOOZZZZDOQQQ |87 DQQQ [P ee S5 << <
Week Week

FIGURE 3— Excess Deaths During (a) the Second (Fall 1918) and Third (Winter 1918) Waves and (b) the Fourth (Spring
1920) Wave: Highly Populated Counties in Michigan

connecting the Great Lakes, the Straits
of Mackinac between Lake Michigan
with Lake Huron, and the St Mary's River
connecting Lake Superior with Lake
Huron. The Winter 1918 wave was
more pronounced than the Fall 1918
wave in the central part of the Lower
Peninsula of Michigan and in the cen-
tral and western parts of the Upper
Peninsula.

The 1920 wave (Figure 4c) matched
the combined Fall 1918 and Winter 1918
waves in terms of severity (Figure 1).
Thirty-nine out of 83 counties (46%)
experienced their absolute peak week
(i.e., maximum excess deaths across all
four waves) during the 1920 wave. The
February 1920 volume of the Michigan
Bulletin of Vital Statistics describes “a
most notable increase” in the number of
deaths from influenza compared with
January of the same year, adding “In fact,
there were 312 more deaths from
pneumonia during the month than
there were in the month of October
1918, the month of greatest mortality
during the previous epidemic,">*®1"
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pneumonia being a common and often
fatal complication of influenza.*

DISCUSSION

The data show a robust wave of excess
mortality in early 1920 in Michigan. It was
as severe as the lethal Fall 1918 or
Winter 1918 waves and, in its peak week,
considerably more severe than either
earlier wave. In addition, the 1920 wave
was an isolated wave that propagated
rapidly across the state and peaked si-
multaneously across the vast majority
of counties in all regions of the state
(Figure 4¢). The Fall 1918 and Winter
1918 waves, by contrast, were consec-
utive waves that appeared with differing
degrees of severity, singly or in a pair,
across the different counties of Michi-
gan, and the preceding Spring 1918
wave was the least pronounced of the
four.

The question of whether these four
waves were part of a single pandemic
unfolding serially or separate epidemics
caused by different pathogens remains

an open one. Reasons to be cautious in
interpreting the four waves as part of a
single pandemic include (1) the absence
of genetic evidence from Michigan that
any of the four waves was caused by the
same pathogen that caused any of the
other waves, (2) the possibility of im-
munization effects across different in-
fluenza viruses that may have caused
different waves,** (3) the absence of
cross-protection from infection across
waves,?® and (4) the absence of proof
that the unusual pattern of age-specific
mortality during the late 1918 and early
1920 waves of excess mortality (Figures
A and B, available as supplements to the
online version of this article at http:/
www.ajph.org)*'® were directly caused
by a virus.?® On the other hand, findings
consistent with different combinations
of waves being part of a single pandemic
include (1) the same unusual pattern of
age-specific mortality across the late
1918 and 1920 waves (Figures A and B);
(2) research from other locations
showing cross-protection between the
Spring 1918 and Fall 1918 waves, a
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‘ mm Peak week mm 2nd highest week = 3rd highest week 1 4th highest week 1 Nonpeak week

I FIGURE 4— Peak Influenza Pandemic Weeks in Michigan Counties on the Weeks of (a) October 13, 1918, (b) December 15,

1918, and (c) February 15, 1920

Notes. Part a shows counties in which the Fall 1918 wave was higher than the Winter 1918 wave with their status the week of October 13, 1918. Part b shows
counties in which the Winter 1918 wave was higher than the Fall 1918 wave with their status the week of December 15, 1918. Part ¢ shows the status of
the 1920 wave in Michigan counties the week of February 15, 1920. Note the simultaneous statewide peak in 1920 in contrast to the spatially distributed

peaks in 1918 (a and b).

possible indicator that the waves were
caused by the same pathogen?’; and (3)
the classification of the waves in Michi-
gan in both years as being caused by
“influenza” (rather than some other
disease). In sum, given the contradictory
nature of the literature comparing the
different waves of excess mortality, the
possibility that the early 1918, late 1918,
and 1920 waves were caused by a dif-
ferent pathogen or that different waves
were caused by different mutations of
the same virus cannot be ruled out.

A number of factors may have played
a role in producing the four-wave pat-
tern of excess deaths observed in
Michigan. These include

1 Public health responses: Shortly
after Governor Sleeper’'s ban on
public gatherings was imposed
(October 19, 1918),"8'° excess
deaths declined (Figure 3a). This
nonpharmaceutical interven-
tion could also account for the

consecutive nature of the Fall and
Winter 1918 waves, as was ob-
served in several major US cities?®—
soon after the ban was lifted, cases
began to increase again in some
counties. Similar phenomena are
now being observed in the context
of the ongoing COVID-19 pandemic
in Michigan and other US states.
Weather conditions: Influenza
transmission is most efficient at ap-
proximately 40 degrees and low
relative humidity.?®° Weather con-
ditions during the Fall 1918, Winter
1918, and 1920 waves were likely
ideal for transmission of an influenza
virus, whether or not it was the same
one across the three waves. The lack
of daily humidity data by county
impedes detailed analysis of the
connection between weather con-
ditions and transmission. However,
the Weather Bureau reported in
January 1920 that “unusually cold
weather of December continued

with increasing severity during most
of January,”'®® and the following
month, February 1920, “was not
nearly so cold” with temperatures
returning to or slightly above the
average. *®'3 |t appears that favor-
able conditions for the rapid and
efficient spread of influenza viruses,
not present in January 1920, devel-
oped in February, perhaps contrib-
uting to the abruptness and severity
of the 1920 wave if it was an influ-
enza wave.

Short-term demographic changes:
Some 8000 young men from the
Michigan Guard who were in war-
time Europe in 1918 had returned by
February 1920. ** This change in the
composition of the population and
its increased mobility could have
facilitated the more rapid spread of
the pathogen that caused the severe
excess mortality in 1920.

Other behavioral and economic
factors: more people spending time
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indoors in close proximity during the
uncommonly cold winter of 1919 to
1920°" and Michigan's extensive

shipping and rail systems at the time
may also have facilitated the spread

34-37

of the pathogen.

The findings presented in the article
suggest several opportunities for further
research to better understand the se-
quence of four waves of excess deaths
in Michigan and elsewhere in 1918 to
1920. These include

1 factors accounting for the difference
in propagation between the Spring
1918, Fall 1918, Winter 1918, and
1920 waves;

2 possible cross-protection effects (or
the absence thereof) between the
various waves, which could illumi-
nate whether they were caused by
the same or a similar pathogen2#27;

3 the roles of transportation net-
works, climate and weather, non-
pharmaceutical interventions, and
demographic changes (troops
returning from World War | during
the summer of 1919) in accounting
for the differences in propagation
between the various waves;

4 analysis of county-level data from
other states for the purposes of
comparison and validation of our
findings; and

5 genetic analysis of tissue samples
taken from victims from the
four different waves to identify
the pathogen(s) underlying
each one.

CONCLUSIONS

A central finding of this article is the
emergence of four waves of infection
and mortality in 1918 to 1920 in Michi-
gan. In addition to the relatively mild
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wave in the spring of 1918, counties
in Michigan experienced one or two
waves of excess mortality in late 1918,
depending on their locations and,
very likely, on the timing of the gov-
ernor’s statewide ban on public
gatherings. A year later, the counties of
the state were struck by another almost
uniformly devastating wave of infections
and mortality.

Michigan's experience holds sober-
ing lessons for those who wish to un-
derstand how immunologically naive
populations encounter novel viral
pathogens. First, the timing of non-
pharmaceutical interventions of the
kind being applied to the COVID-19
pandemic today may play a role in the
emergence and severity of “trailer”
waves of infection and death.?”“° Sec-
ond, the second and third waves
identified by the CDC in Figure 2 may
reflect the combination of three phe-
nomena: (1) a delayed wave, with the
early wave dominating in some parts of
the United States and the late wave
dominating in others; (2) the gradual
movement of the same pathogen from
its place of introduction to other areas;
and (3) the effects of the timing of the
adoption and subsequent relaxation of
social distancing measures, giving rise
to one or two waves depending on the
timing of the measures. And third, if the
1920 wave was caused by the same
virus that caused one or more of the
three 1918 waves, the findings in this
article raise the sobering possibility
that, even after one or more severe
rounds
of infection and death have subsided,
the pandemic may re-emerge with a
vengeance months or years later
when conditions—including weather,
mobility of people, and the availability
of susceptible hosts—are favorable for
a resurgence. AJPH
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