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ABSTRACT  Against a back drop of extreme racial health inequal ity, the 1918 influ
enza pan demic resulted in a strik ing reduc tion of nonWhite to White influ enza and 
pneu mo nia mor tal ity disparities in United States cit ies. We pro vide the most com plete 
account to date of these reduced racial disparities, show ing that they were unex pect
edly uni form across cit ies. Linking data from mul ti ple sources, we then exam ine 
poten tial expla na tions for this find ing, includ ing citylevel sociodemographic fac tors 
such as seg re ga tion, implementation of nonpharmaceutical inter ven tions, racial dif
fer ences in expo sure to the milder spring 1918 “her ald wave,” and racial dif fer ences 
in earlylife influ enza expo sures, resulting in dif fer en tial immu no log i cal vul ner a bil ity 
to the 1918 flu. While we find lit tle evi dence for the first three expla na tions, we offer 
sug ges tive evi dence that racial var i a tion in child hood expo sure to the 1889–1892 
influ enza pan demic may have shrunk racial disparities in 1918. We also high light 
the pos si bil ity that dif fer en tial behav ioral responses to the her ald wave may have 
protected nonWhite urban pop u la tions. By pro vid ing a com pre hen sive descrip tion 
and exam i na tion of racial inequal ity in mor tal ity dur ing the 1918 pan demic, we offer 
a frame work for under stand ing disparities in infec tious dis ease mor tal ity that con sid
ers inter ac tions between the nat u ral his to ries of par tic u lar micro bial agents and the 
social his to ries of those they infect.

KEYWORDS  1918 influ enza pan demic  •  Racial disparities  •  Immunological imprint ing  
•  Nonpharmaceutical inter ven tions  •  Residential seg re ga tion

Introduction

The 1918 socalled “Span ish flu” pan demic was dis tinc tive for at least three rea sons, 
two of which  are wellknown. The pan demic was  immensely destruc tive,  caus ing 
50–100 mil lion  deaths  glob ally  and  per haps  675,000  in  the United States  (Ewing 
2021; Spreeuwenberg et al. 2018). The virus also killed in a unique Wshaped age 
pat tern: along side the more uni ver sally vul ner a ble very young and old, young adults 
in their late 20s and early 30s expe ri enced rel a tively high mor tal ity rates. Within the 
United States, a third dis tinc tive fact about the 1918 pan demic is less wellknown. As 
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we show in this study, the nonWhite/White racial dis par ity in influ enza and pneu mo
nia mor tal ity was around three fourths smaller than in prior years.

This narrowing of inequal ity is sur pris ing for sev eral rea sons. It is the oppo site of 
mor tal ity trends observed dur ing the COVID19 pan demic and the HIV/AIDS pan
demic (Hutchins et al. 2009), dur ing which oppressed groups, includ ing poor peo ple 
and com mu ni ties of color, have expe ri enced com par a tively high mor tal ity owing to 
increased risks of dis ease inci dence and sever ity.1 The narrowing also diverges from 
health dis par ity trends through out the early twen ti eth cen tury, when nonWhite mor
tal ity far exceeded White mor tal ity in every nonpandemic year (Boustan and Margo 
2016; Feigenbaum et al. 2019; Jackman and Shauman 2019; WrigleyField 2020). 
And, although the avail  able med i cal care at the time was quite lim ited, the pat tern is 
nev er the less nota ble because the U.S. healthcare sys tem was rife with rac ism; dur ing 
the pan demic, both north ern and south ern cit ies opened Whitesonly clin ics (Bristow 
1992:72; Byrd and Clayton 2001).

Despite being so dis tinc tive, these reduced mor tal ity disparities have received rel
a tively lit tle schol arly atten tion. Researchers fre quently relied on anec dotal evi dence 
from news pa pers and pub lic health reports but did not sys tem at i cally mea sure race
spe cific pan demic mortalities (Gamble 2010; Schlabach 2019). Earlier stud ies from 
the 1920s and 1930s used mil i tary  sta tis tics and  local  sur veys  to exam ine mor tal
ity pat terns for spe cific sub groups of the Amer i can pop u la tion. In a com pre hen sive 
review  of  such  stud ies, Økland  and Mamelund  (2019)  found  some  evi dence  of  a 
racial mor tal ity cross over when the pan demic was most severe in the United States, 
dur ing the fall of 1918: mor tal ity rates may have been lower for Black peo ple than 
for White peo ple dur ing those months, although it is not clear whether these find ings 
are gen er al iz able to the full U.S. pop u la tion.

The driv ers of these pat terns also remain unclear. Scholars have hypoth e sized that 
Black com mu ni ties may have been dis pro por tion ately exposed to a less deadly “her
ald wave” in the spring of 1918 (Crosby 2003; Økland and Mamelund 2019), pro
vid ing par tial  immu nity against  the dead lier  fall wave. Segregation may also have 
func tioned as an acci den tal cor don sanitaire that insu lated nonWhite com mu ni ties 
against infec tion (Schlabach 2019). Still, “shock ingly sparse” data (Krishnan et al. 
2020:474) have prevented the ver i fi ca tion of such hypoth e ses (Gamble 2010).

In  this  study, we  pro vide  the  first  com pre hen sive  descrip tion  of  racial  dispari
ties dur ing  the pan demic  in U.S. cit ies. We also exam ine why these racial dispari
ties were strongly reduced. Integrating the o ries from demog ra phy, soci ol ogy, pub lic 
health, and virol ogy and immu nol ogy, and linking data from var ied sources, we posit 
and assess four pos si ble expla na tions. Two are linked to citylevel char ac ter is tics— 
sociodemographic  fea tures  and  nonpharmaceutical  inter ven tions  (NPIs),  such  as 
school clos ings—while the other two con sider the life course his to ries of infec tious 
dis ease  expo sure  (“social  immu nol ogy”;  Shattuck  2021)  among  urban White  and 
nonWhite pop u la tions of this era. The first of these social immu nol ogy expla na tions, 
pro posed pre vi ously (Crosby 2003; Økland and Mamelund 2019), sug gests that mor
tal ity  inequalities  in 1918 may have been  reduced because non-White pop u la tions 

1  The ratio of ageadjusted nonHis panic Black to nonHis panic White total mor tal ity in 2019 was 1.18; 
in 2020, it was 1.34 (authors’ cal cu la tions from Ahmad et al. 2021 and Centers for Disease Control and 
Prevention 2021).
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were more likely to have had a prior influ enza expo sure (to a less severe her ald wave 
of 1918’s new H1N1 viral strain) that was pro tec tive. In con trast, the sec ond sug gests 
that disparities in 1918 may have been reduced because White pop u la tions were more 
likely to have had a prior influ enza expo sure (to an ear lier pan demic peaking in 1890) 
that  resulted  in  “immu no log i cal  imprint ing”  that  proved  harm ful when  the H1N1 
pan demic influ enza emerged.

We exam ine expla na tions related to citylevel char ac ter is tics and social immu nol
ogy using a com bi na tion of empir i cal tests and sim u la tions. Our empir i cal tests com
bine data from dig i tized mor tal ity records for 70 U.S. cit ies; linked cen sus records 
that estab lish urban res i dency across mul ti ple decades; and a novel, com pre hen sive 
data set on  the  tim ing of NPIs—such as school shut downs, man da tory clo sures of 
the aters and bars, and bans on pub lic gath er ings—col lected from his tor i cal news pa
per accounts. Simulations allow us to ascer tain the plau si bil ity of spec u la tive expla
na tions for which no direct mea sure ments are avail  able. To test the immu no log i cal 
imprint ing expla na tion, we employ a com bi na tion of five sug ges tive (but not defin i
tive) empir i cal and sim u la tion tests.

Consistent with  prior work  using  dif fer ent  data  (Gamble  2010; Krishnan  et  al. 
2020; Økland and Mamelund 2019; Schlabach 2019), we find that racial disparities 
in pan demic mor tal ity were almost uni formly reduced com pared with prepandemic 
years. Turning to poten tial expla na tions for these reduc tions, we find that citylevel 
char ac ter is tics, such as seg re ga tion and NPIs, fail to explain them. We also find lit tle 
evi dence  that par tial  immu nity due  to her ald wave expo sure  accounts  for  reduced 
racial  disparities  in  pan demic  mor tal ity,  although  we  spec u late—based  on  qual i
ta tive accounts—that  the 1918 her ald wave may have  induced rel e vant behav ioral 
responses  that  protected  Black  com mu ni ties  dur ing  the  pan demic’s  peak months. 
This expla na tion mer its fur ther explo ra tion. The expla na tion we are unable to refute 
is the one based on immu no log i cal imprint ing. We argue that the 1918 pan demic’s 
reduced racial disparities may reflect a his tor i cal con tin gency, built on the inter ac tion 
of the dis tinc tive migra tion and pub lic health expe ri ences of nonWhite and White 
urban pop u la tions with the his tor i cal sequence of influ enza strains that suc ces sively 
emerged between the late nineteenth cen tury and 1918. This per spec tive on infec tious 
dis ease mor tal ity explic itly draws atten tion to the his tor i cally con tin gent inter play 
between the macrosocial his to ries of differently racialized groups and the micro bi o
log i cal char ac ter is tics of par tic u lar epi dem ics.

Potential Explanations for the Racial Gap in Influenza  
and Pneumonia Mortality in 1918

The uniquely nar row racial mor tal ity gap was rec og nized  in 1918. Chicago health 
offi cials noted that racespe cific inci dence counts were “quite con trary to what would 
have been expected” (Schlabach 2019:41), while a prominent Black rev er end pro
claimed that God had been try ing “to show [the White man] the folly of the empty 
con ceit  of  his  vaunted  race  supe ri or ity,  by  deal ing with  him  just  as  he  dealt with 
the  peo ples  of  darker  hue”  (Bristow 1992:73). Mortality  tables  constructed  in  the 
wake of  the pan demic also  reveal unex pect edly high White mor tal ity and reduced 
Black/White disparities in influ enza mor tal ity (Frankel and Dublin 1919).
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Two poten tial expla na tions have been pro posed to account for these reduced mor
tal ity disparities, although nei ther has been tested sys tem at i cally. The first focuses on 
local sociodemographic char ac ter is tics, which often affect infec tious dis ease mor tal
ity dur ing pub lic health emer gen cies (Bonds et al. 2010; Hart et al. 1998; Valleron 
et al. 2010; Waitzman and Smith 1998). Mortality in 1918 cor re lated with local illit er
acy rates in Chicago (Grantz et al. 2016) and may have been ele vated in com mu ni ties 
with intense res i den tial crowding (Mamelund 2018; Økland and Mamelund 2019). 
Residential  seg re ga tion may  also have offered  tem po rary pro tec tion  to  nonWhite 
com mu ni ties dur ing the 1918 pan demic if it dis tanced these groups, phys i cally and 
socially, from cen ters of com mu nity trans mis sion (Krishnan et al. 2020; Schlabach 
2019).

The sec ond existing expla na tion focuses on the shortterm immu no log i cal his tory 
of  dif fer ent  racial  groups. Although  the over whelm ing major ity  of  1918  influ enza 
deaths occurred in the United States between Sep tem ber and Decem ber, a less lethal 
flu  strain  began  cir cu lat ing—and  rais ing  mor tal ity  rates  beyond  nor mal  sea sonal  
fluc tu a tions—between Jan u ary and March (Hoffman 2011; Olson et al. 2005; Patterson  
and  Pyle  1991).  Recent  evi dence  sug gests  that  this  influ enza  strain  sub se quently 
evolved to evade immune responses, account ing for its rad i cally increased lethal ity 
by Sep tem ber (Patrono et al. 2022). Crosby (2003:229) spec u lated that expo sure to 
the anti gen i cally sim i lar spring her ald wave may have primed the  immune sys tem  
for a more effi cient response dur ing the fall. NonWhite com mu ni ties may have dis
pro por tion ately benefited from such par tial immu nity because they were more likely 
than White com mu ni ties to expe ri ence res i den tial con di tions that are con du cive to the 
spread of infec tious dis eases, such as overcrowding and lack of access to handwash
ing oppor tu ni ties (Mamelund 2018; Økland and Mamelund 2019). In this sce nario, 
par tial immu nity induced by the her ald wave might explain the com par a tively small 
mor tal ity disparities dur ing the fall because it made nonWhite indi vid u als dis pro por
tion ately resis tant.

In addi tion to these existing hypoth e ses, we pro pose and eval u ate two addi tional 
poten tial expla na tions based on recent work in his tor i cal and social immu nol ogy. 
First, we extend  the  lit er a ture on NPIs. During  the peak months of  the 1918 pan
demic, many U.S. cit ies sought to con tain the spread of infec tions by clos ing schools, 
the aters, and bars; ban ning gath er ings in pub lic places; and quar an tin ing infected 
per sons. Cities that implemented these NPIs early and sustained them until the end 
of the pan demic tended to expe ri ence lower mor tal ity than cit ies that delayed NPIs 
or lifted them pre ma turely (Hatchett et al. 2007; Markel et al. 2007).2 Because non
White pop u la tions had a much higher base line risk of  infec tious dis ease mor tal ity, 

2  One  rea son  that NPIs were not  sustained  lon ger  is  that  they were often highly con tro ver sial. As one 
Topeka, Kansas, news pa per arti cle put it in declar ing the pan demic defeated in Topeka (after two flufree 
days in April 1919): “Both [health com mis sion er] Porter and [health offi cer] Clark have been the tar get, 
dur ing the last few months, for gobs of crit i cism and insub or di na tion against what was termed the autoc
racy  they were establishing  in depriv ing  the cit i zens of  the priv i lege of  free dom of action,  the  right  to 
min gle with ‘flu’ germs” (“Topeka free of flu” 1919). There was, how ever, con text beyond the dis rup tion 
asso ci ated with NPIs; Clark had been mocked by the same paper three weeks ear lier for a snob bish dec
la ra tion: “‘How can you expect the com mon peo ple to heed influ enza warn ings,’ snorted Doctor Clark, 
‘when our socially best peo ple some times show just as lit tle sense about such things?’” (“Affair riles Dr. 
H. L. Clark” 1919).
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they may have dis pro por tion ately benefited from NPIs. This hypoth e sis is anal o gous 
to  Troesken’s  (2004)  argu ment  that  water  and  sew age  improve ments  in  south ern 
cit ies dis pro por tion ately benefited Black indi vid u als because of their higher risk of 
water borne dis ease. In this case, evi dence supporting this expla na tion would show 
that  cit ies with  early NPI  onset  and  long NPI  dura tion  expe ri enced  reduced  non
White/White mor tal ity ratios in addi tion to reduced total mor tal ity.

We addi tion ally pro pose and eval u ate the novel expla na tion that immu no log i cal 
imprint ing from a late nineteenthcen tury pan demic may account for reduced racial 
disparities  in  1918.  Pandemics  are  trans for ma tive  events  that  reshape  pop u la tions 
with  longlast ing epi de mi o log i cal con se quences (Noymer 2010). We posit  that  the 
dis tinc tive social and geo graphic his to ries of 1918’s urban pop u la tions—spe cifi  cally, 
the dis pro por tion ately rural ori gins of  the urban nonWhite pop u la tion—may have 
pro duced  racial  dif fer ences  in  earlylife  flu  expo sures  that  trans lated  to  increased 
immu no log i cal vul ner a bil ity, pri mar ily for White young adults, dur ing the 1918 pan
demic. This expla na tion builds on his tor i cal immu nol ogy research argu ing that early 
child hood expo sure to a pan demic that reached U.S. port cit ies  in Decem ber 1889 
may account for the unusu ally high mor tal ity of young adults in 1918 (Gagnon et al. 
2013, 2015; Hallman and Gagnon 2014; Luk et al. 2001; Mamelund 2011; Shanks 
and Brundage 2012; Woo 2019; Worobey et al. 2019; Worobey et al. 2014). (We refer 
to this pre vi ous pan demic as the “1890 pan demic,” reflecting its dead li est year; it has 
also been widely referred to as the “Russian flu.”) Extending the imprint ing hypoth
e sis to con sider racialized life course expo sures offers the entic ing pos si bil ity of a 
consilience (Whewell 1858) between two of the most strik ing fea tures of the 1918 
pan demic: its unusual age shape and its reduced racial disparities.

This expla na tion turns on cur rent hypoth e ses about evolv ing influ enza A strains 
over the decades lead ing up to 1918. The 1918 flu was an H1N1 influ enza; the lead
ing hypoth e sis is that the 1890 pan demic was caused by an H3N8 influ enza (Dowdle 
2006). Because H1 and H3 hem ag glu ti nin come from dif fer ent phylogenic groups, 
their antibodies offer lit tle crosspro tec tion (Gostic et al. 2019), while first expo sure to 
influ enza within the same phylogenic group can offer longlast ing pro tec tion (Gostic  
et al. 2016). Virological  work  (Worobey  et  al.  2014)  sug gests  that  H3 may  have 
remained in cir cu la tion until around 1900, when it was replaced by H1, pro duc ing a 
likely H1N8 out break in the early 1900s. The same virol o gists spec u late that H1N8, 
or another influ enza with hem ag glu ti nin sim i lar to that of H1, predominated before 
the 1890 pan demic. Thus, peo ple born around 1890 would have likely had their ear li
est expo sure to H3N8 influ enza—with sub stan tial phylogenic dif fer ence from 1918’s 
H1N1—while those born much ear lier or later would have likely had early expo sure 
to a homotypic influ enza. We also explore a var i ant of this imprint ing hypoth e sis in 
which expo sure to the 1890 pan demic need not be one’s first influ enza expo sure to 
result  in  imprint ing dur ing early child hood, via a mech a nism called “immu no log i
cal refocusing” (Gagnon et al. 2015); in that case, the key ques tion is who had early 
child hood expo sure to the 1890 pan demic, irrespective of ear lier expo sures.

According to the immu no log i cal imprint ing expla na tion of ele vated young adult 
mor tal ity  in  1918,  immune  sys tems  “imprinted”  with  the  1890  virus  often  had  a 
dysregulated response to the 1918 virus: an abun dance of antibodies that could not 
neu tral ize that virus crowded out a more effec tive immune response and pro duced 
deadly tis sue dam age that left peo ple sus cep ti ble to sec ond ary bac te rial infec tions. 
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By  hypoth e siz ing  that  such  imprint ing  was  more  prev a lent  among  1918’s  urban 
White young adults than urban nonWhite young adults, we extend this pos si bil ity to 
poten tially account for reduced racial disparities.

Notably, the immu no log i cal imprint ing expla na tion explored here pre sumes that 
the 1890 pan demic was  indeed caused by an H3N8 influ enza. There are  two clear 
alter na tives: an H2N2 influ enza (Mulder et al. 1958) and a coronavirus (Brüssow and 
Brüssow 2021; Vijgen et al. 2005; Vijgen et al. 2006). Since H2 is in the same phy
logenic group as H1, it is not clear that immu no log i cal imprint ing with H2N2 would 
have been as deeply del e te ri ous in 1918 as this expla na tion requires; and should the 
1890 pan demic turn out to stem from a coronavirus, the imprint ing mech a nisms just 
outlined would be moot. In either of these cases, child hood expo sure to the 1890 pan
demic pre sum ably could account for vul ner a bil ity in 1918 only if it pro duced griev
ous bodily harm resulting in sub se quent frailty (the “long COVID” of the nineteenth 
cen tury, per haps).

Altogether,  this  leaves us with  four poten tial  expla na tions—two  rooted  in city 
spe cific char ac ter is tics (Explanation A: seg re ga tion/illit er acy/den sity and Explanation 
B: NPIs) and two rooted in social immu nol ogy (Explanation C: pro tec tive immu nity 
due to her ald wave expo sure and Explanation D: reduced immu nity due to child hood 
imprint ing). While the two poten tial expla na tions rooted in cityspe cific char ac ter is
tics focus on local con di tions dur ing the 1918 pan demic, the expla na tions rooted in 
social immu nol ogy build on the dis tinc tive social his to ries of expo sure of each racial 
group prior to the pan demic. The urban White pop u la tion of this era was a com bi
na tion of recent immi grants from abroad, grown chil dren of ear lier immi grants, and 
some inter nal migrants, par tic u larly through west ward expan sion. In con trast, many 
nonWhite  urban  res i dents  had migrated  only  recently  from  rural  south ern  areas, 
where they expe ri enced com par a tively low influ enza expo sure dur ing child hood, to 
south ern and north ern cit ies, where they were forced, by law and by vio lence, into 
intensely crowded con di tions rife with infec tious dis ease (Ager et al. 2020; Økland 
and Mamelund 2019:15; Roberts 2009). This com bi na tion of rel a tively low earlylife 
expo sure followed by intense expo sure after urban migra tion allows for the mix of 
poten tially pro tec tive and harm ful expo sures that we explore.

Data and Methods

First, we exam ine racial mor tal ity disparities across the United States by inte grat ing 
a  series  of  annual  racespe cific  and  causespe cific mor tal ity  rates  for  70 U.S.  cit
ies that is based on annual death counts col lected by the Department of Commerce  
(Feigenbaum  et  al.  2019),  sup ple men tary  data  sets with  agespe cific  and monthly 
mor tal ity rates for a smaller num ber of cit ies (n = 20), and mea sures of an array of city 
char ac ter is tics and pub lic health responses to the pan demic (sum ma rized in Table 1). 
Our mor tal ity mea sure is based on recorded influ enza and pneu mo nia deaths, since 
pneu mo nia was the prox i mate cause of many pan demic deaths. We report disparities 
for alter na tive mea sures in sec tion IB of the online appen dix.

Historical Vital Statistics  from  the  Department  of  Commerce  report  published 
death counts. The cov er age of  these mor tal ity data  sets  includes cit ies  from states 
that were included in the Death Registration Area (DRA) in 1918, as well as sev eral 
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Table 1 Data sets and data sources

Variables
N 

(cit ies)
Years 

Covered Comment Source

Annual Mortality, 
Cause and 
RaceSpecific

70 1900–1930 Limited to states and cit ies that 
were included in the Death 
Registration Area in 1918; 
pre1918 data are miss ing for 
some cit ies

U.S. Department of 
Commerce (dig i
tized by research 
team)

Annual Mortality, 
Cause, 
Race, and 
AgeSpecific

20 1900–1930 Limited to states and cit ies that 
were included in the Death 
Registration Area in 1918; 
pre1918 data are miss ing for 
some cit ies

U.S. Department of 
Commerce (dig i
tized by research 
team)

Monthly Mortality, 
Cause and 
RaceSpecific

20 1910–1920 Limited to states and cit ies that 
were included in the Death 
Registration Area in 1918; 
pre1918 data are miss ing for 
some cit ies

U.S. Department of 
Commerce (dig i
tized by research 
team)

Population Counts, 
Cause and 
RaceSpecific

1,205 1900–1930 Loginter po lated val ues for inter
cen sal years based on 1910 and 
1930 cen sus counts

U.S. Department of 
Commerce/IPUMS

City 
Characteristics, 
Including 
Residential 
Density, 
Residential 
Segregation, 
Illiteracy Rates, 
and Share of 
Foreignborn 
Residents

Up to 
881

1900–1930 Density mea sures are esti mated 
on the basis of 1% cen sus 
sam ples; num ber of cit ies in 
the data set varies between 329 
(for res i den tial den sity esti ma
tes) and 881 (for res i den tial 
seg re ga tion indi ces)

U.S. Department of 
Commerce/IPUMS

Childhood Urban 
Residency 
Rates, 
RaceSpecific

601 1900–1910 Low per cent age of linked cen sus 
records may dis tort esti mated 
rates

Census Linking 
Project/IPUMS

NPIs 52 1918–1919 — Original data col lec
tion through news
pa pers  .com

NPIs (alter na tive 
mea sures)

43 1918–1919 Cause and racespe cific mor tal
ity data are avail  able for 18 
cit ies in this data set

Markel et al. (2007)

Spring Wave 
Influenza 
Mortality (alter
na tive mea sure)

45 1918 — Crosby (2003)
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addi tional large cit ies in states such as Texas (which had not yet joined the DRA but 
reported death counts for spe cific cit ies). While our pri mary data set with annual race
spe cific mor tal ity  rates  includes  large  and mediumsized  cit ies  across  the United 
States, monthly  race  and agespe cific mor tal ity esti ma tes are avail  able only  for  a 
reduced num ber of large cit ies. The smallest city included in our monthly data is 
Nashville, Tennessee, with an esti mated 126,000 res i dents in 1918. Our find ings may 
not extend to smaller cit ies or non ur ban set tings, or  to cit ies that were exclu sively 
White.

To  con vert  these  death  counts  into  death  rates, we  esti mate  racespe cific,  age 
spe cific pop u la tions for each city. Because the 1920 cen sus likely reflected sub stan tial 
pop u la tion dis tor tions resulting from the pan demic, we avoid draw ing on that cen sus 
in constructing our pop u la tion denom i na tors. Instead, our main mea sure inter po lates 
pop u la tions (on log scale) from 1910 to 1930. (We include alter na tive mor tal ity cal
cu la tions that draw on 1920 data in the online appen dix.) Since our main mea sure 
may be distorted by chang ing migra tion pat terns, we also  con struct  an  alter na tive 
denom i na tor by esti mat ing pop u la tion sizes from annual non in fec tious death counts 
(details are reported in the online appen dix). These two mor tal ity mea sures, which 
make very dif fer ent assump tions when esti mat ing 1918 pop u la tion counts, evince rel
a tively close agree ment: the alter na tive mea sure esti ma tes the nonWhite/White ratio 
of flu and pneu mo nia mor tal ity at 1.39 in 1918 (vs. 1.35 with our main mea sure) and 
2.41 in 1910–1917 (vs. 2.33).

The Vital Statistics  report deaths  in “White” and “Colored” pop u la tions. In  this 
era, nonWhite urban pop u la tions were over whelm ingly Black, and we inter pret them 
as a mea sure of Black mor tal ity. We mea sure disparities on a mul ti pli ca tive scale, 
using the ratio of nonWhite to White mor tal ity in descrip tive results and esti mat ing 
regres sions in logit scale. Our unit of anal y sis is cit ies.

Next,  we  assess  our  four  pos si ble  expla na tions  for  the  racial  mor tal ity  gap  in 
1918—A:  citylevel  seg re ga tion,  illit er acy,  and  res i den tial  den sity;  B:  citylevel 
NPIs; C: par tial immu nity from the spring 1918 her ald wave; and D: immu no log i cal 
imprint ing. To explore  the first  two expla na tions, we com bine mor tal ity data with 
a wide array of city and racespe cific mea sures of seg re ga tion, res i den tial den sity, 
illit er acy,  air  pol lu tion,  age  com po si tion,  and  the  onset  and  dura tion  of NPIs. We 
col lected NPI data from a qual i ta tive sur vey of his tor i cal news pa per records. Spe
cifically, we recorded the num ber of total days that man da tory quar an tine, bans on 

Variables
N 

(cit ies)
Years 

Covered Comment Source

Infant Mortality, 
CitySpecific

43 1910 — Collins (1930)

Air Pollution and 
Infant Mortality, 
CitySpecific

878 1915–1925 Missing data for some cit ies/ 
years; air pol lu tion is  
cal cu lated from local coalfired 
elec tric ity gen er a tion capac ity

Clay et al. (2019)

Note: NPI = nonpharmaceutical inter ven tion.

Table 1 (continued)
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pub lic gath er ings—which included the clo sure of the aters, bars, and res tau rants—and 
school clos ings were in effect. We did not count NPIs implemented only in mil i tary 
camps, since those camps were com monly located beyond city lim its and admin is
tered by the U.S. mil i tary rather than munic i pal author i ties. Following Markel et al. 
(2007), we cal cu lated total NPI dura tion by sum ming across all  NPI types. We find 
a high cor re la tion (r = .9) between our orig i nal NPI mea sures and those obtained by 
Markel et al. (2007) for cit ies appearing in both data sets. We also mea sured the num
ber of days between the first locally recorded infec tion and the start of NPIs, which 
we treat as a mea sure of NPI delay. In total, we were  able to expand Markel et al.’s 
(2007) data set on the date and dura tion of school clos ings and bans on pub lic gath
er ings from 43 cit ies to 52 cit ies, 34 of which reported racespe cific death counts and 
are included in our ana ly ses.

Cityspe cific cal cu la tions of seg re ga tion indi ces and mea sures of city and race
spe cific  illit er acy  rates  and  res i den tial  den sity  are  based  on  cen sus microdata  via 
IPUMS (Ruggles et al. 2020), while addi tional citylevel var i ables are  taken  from 
sev eral prior stud ies (Clay et al. 2019; Collins et al. 1930; Crosby 2003; Markel et al. 
2007), as sum ma rized in Table 1. We use fullcount cen sus data to cal cu late illit er acy 
rates and four seg re ga tion indi ces: the dis sim i lar ity index (White 1983),  the diver
gence index (Reardon and O’Sullivan 2004), the var i ance ratio index (Roberto 2016), 
and the sequence index of seg re ga tion (Grigoryeva and Ruef 2015). We use the 1% 
cen sus sam ple to con struct indi ces of res i den tial den sity based on the aver age num ber 
of per sons per dwell ing and the per cent age of res i dents liv ing in mul ti fam ily homes; 
we use this sam ple because the required var i ables are not reli able in the cur rent iter
a tion of the IPUMS USA fullcount data (Ager et al. 2020).

We use these data to con struct a series of bivar i ate and mul ti var i ate mod els that 
test the pre dic tions of each hypoth e sis and con trol for var i ables such as age com po si
tion and NPI implementation, which are known to have affected pan demic mor tal ity. 
Specifically, we  con struct mul ti var i ate  lin ear mod els  that  regress  logged mor tal ity 
ratios on city  and  racespe cific mea sure ments of  illit er acy and  res i den tial den sity 
and cityspe cific racial seg re ga tion indi ces, con trol ling for  logged base line mor tal
ity  that  cap tures  poten tial  unob served  timeinvari ant  con found ers  (predicted  from 
1910–1917 trends for each city), local age com po si tion (mea sured as the per cent age 
of res i dents aged 20–39), and local NPIs. Likewise, to assess the asso ci a tion between 
racespe cific mor tal ity and NPIs, we con struct a series of lin ear mod els that regress 
logged  racespe cific mortalities  and  logged mor tal ity  ratios  on NPI  dura tion, NPI 
delay,  and  racespe cific  base line mortalities  and  base line mor tal ity  ratios  for  each 
city.  Full  details  on  these mod els  (includ ing  regres sion  equa tions)  are  reported  in 
sec tion II of the online appen dix; power cal cu la tions for all  mod els are reported in 
sec tion IIE. Models are gen er ally wellpowered, with the excep tion of the anal y sis of 
the her ald wave; we dis cuss this lim i ta tion when we report those results.

We  test  the par tial  immu nity hypoth e sis, which pos its  that  racial dif fer ences  in 
expo sure  to  the milder  spring  1918  her ald wave  con trib uted  to mor tal ity  pat terns 
dur ing  the dead lier  fall wave,  by  answer ing  two ques tions: First, were nonWhite 
pop u la tions more affected by the her ald wave than White pop u la tions? Second, was 
greater expo sure to the her ald wave asso ci ated with reduced mor tal ity dur ing the fall 
wave? These ana ly ses use influ enza/pneu mo nia mor tal ity dur ing Jan u ary–June 1918 
as a proxy for pop u la tionlevel par tial immu nity dur ing Sep tem ber–Decem ber 1918.  
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Because  this  proxy mea sure  assumes  equal  infec tion  fatal ity  across  racial  groups  
and  cit ies,  it  is  highly  imper fect, made  nec es sary  by  the  almost  total  lack  of  his
tor i cal data on racespe cific influ enza expo sure rates. To our knowl edge, such data 
were col lected only dur ing the peak of the 1918 pan demic (rather than the spring) 
from non ran dom sam ples in six U.S. cit ies and sev eral mil i tary camps (Britten 1932; 
Frost 1920; Ireland 1929). The gen er al iz abil ity of these sur veys is severely lim ited, 
yet they indi cate that, dur ing fall 1918, Black pop u la tions may have expe ri enced an 
∼30% higher  infec tion  fatal ity  rate com pared  to White pop u la tions,  and  that  race
spe cific expo sure rates may have been as low as 5% and as high as 50%. These data 
sug gest that the bias in our proxy mea sure ment for spring expo sure may lead us to 
over es ti mate  the prev a lence of her ald wave  infec tions  in nonWhite com mu ni ties, 
and thereby also over es ti mate racial dif fer ences in her ald wave expo sure—the key 
pur ported  rea son  for  racespe cific  dif fer ences  in  immu nity. We dis cuss  the  con se
quences of this poten tial bias, and more broadly of poten tial noise, when we pres ent 
the her ald wave results.

To test the immu no log i cal imprint ing expla na tion (for which no direct mea sure
ments are avail  able), we use a rough empir i cal proxy for var i a tion in child hood expo
sure to the 1890 pan demic: 1918 urban pop u la tions’ urban ori gins, esti mated from the 
Census Linking Project (Abramitzky et al. 2021; Abramitzky et al. 2020), work ing 
from the assump tion that urban chil dren would have had greater influ enza expo sure 
than rural chil dren in 1890. We also develop a set of sim ple sim u la tions that eval u ate 
the effects of 1890 flu expo sure on the mag ni tude of agespe cific mor tal ity in 1918, 
exploiting cohort var i a tion in the like li hood of the 1890 pan demic being indi vid u als’ 
first flu expo sure. These sim u la tions allow us  to answer  two ques tions. First, how 
high would mor tal ity need to be among indi vid u als who were “imprinted” with the 
H3N8 virus dur ing child hood to gen er ate age and racespe cific mor tal ity rates that 
we observe in 1918? Second, what expo sure rates to the 1890 flu (and prior influ enza 
strains) would be required to pro duce these imprint ing rates? We assess the plau si
bil ity of the resulting param e ter ranges con sis tent with the imprint ing expla na tion 
by  com par ing  them  to  empir i cal  data obtained  in other  immu no log i cal  stud ies.  In 
par tic u lar, we focus on assessing the plau si bil ity of the param e ter ranges for 1918’s 
urban White young adults—the key pop u la tion driv ing reduced aggre gate disparities. 
This twopronged empir i cal and sim u la tionbased meth od o log i cal approach allows 
us to nar row the space of plau si ble expla na tions despite the scar city of his tor i cal 
health data (par tic u larly from the nineteenth cen tury). The immu no log i cal imprint
ing tests are explained in fur ther detail in the sec tion Explanation D: Immunological 
Imprinting.

Details of all  data, mea sures, and mod els are given in the online appen dix. Data, 
code book, and soft ware code are avail  able at http:  /  /doi  .org  /10  .17605  /OSF  .IO  /NJGHD.

Non-White and White Influenza and Pneumonia Mortality in 1918

The 1918 pan demic occurred in the con text of extreme, ubiq ui tous racial inequal ity 
in  the United States—includ ing  inequal ity  in  infec tious dis ease mor tal ity. Prior  to 
1918,  nonWhite  res i dents  across U.S.  cit ies  (which were  over whelm ingly Black) 
were more than twice as likely to die from influ enza/pneu mo nia as White res i dents. 

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/5/1953/1646343/1953w

rigley-field.pdf by guest on 18 April 2024

http://doi.org/10.17605/OSF.IO/NJGHD
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NonWhite pop u la tions still expe ri enced some of the highest recorded mor tal ity rates 
dur ing  the  1918  pan demic,  but  the  nonWhite/White  inequal ity  in  influ enza mor
tal ity was around three fourths smaller  than in pre vi ous years; we find the median 
city’s nonWhite/White mor tal ity ratio was 1.35 in 1918, com pared with 2.33 over 
the pooled years 1910–1917. Equally strik ing is the small var i a tion in 1918 influ enza/ 
pneu mo nia mor tal ity disparities across cit ies (Figure 1). The 1910–1917 median stan
dard devi a tion in nonWhite/White mor tal ity ratios across 70 cit ies was 1.11, yet it 
shrank to 0.32 in 1918. This is unex pected, con sid er ing which sub pop u la tions were 
represented in agegroups most at risk dur ing the pan demic: the very young, the very 
old, and young adults. White peo ple were over rep re sented among the very young and 
old, but nonWhite peo ple were over rep re sented among young adults, who had fairly 
high mor tal ity rates.

This sud den decline in the mor tal ity ratio reflects the fact that, on aver age, non
White flu deaths in 1918 were around three times the prepandemic aver age—while 
White flu deaths were five times the prepandemic aver age. Young adults aged 10–39 
expe ri enced the larg est pro por tional mor tal ity increase. Figure 2 shows that the aver
age nonWhite influ enza/pneu mo nia mor tal ity among those aged 10–39 grew from 
156 deaths per 100,000 peo ple in prepandemic years to 732 deaths in 1918, and the 
aver age White mor tal ity increased from 42 deaths per 100,000 peo ple to 627 deaths. 
In the group with the highest excess mor tal ity dur ing the 1918 pan demic—Whites 
aged 20–29—mor tal ity was almost 20 times as high in 1918 as in the pooled 1910–
1917 years.

The narrowing of racial disparities in mor tal ity was largely due to a mor tal ity con
ver gence among those aged 10–19, 20–29, and 30–39 (Figure 2). These three groups 
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Fig. 1  NonWhite/White ratios of influenza and pneumonia mortality by year. Mortality values (unlogged) 
are portrayed on a loggedscale yaxis. The 1918 pandemic (gray shading) was characterized by uniformly 
reduced racial disparities in mortality relative to in nonpandemic years. The dotted line indicates a mortal
ity ratio of 1, that is, an equal number of White and nonWhite deaths per 100,000 individuals. The thick 
horizontal lines indicate citylevel medians, with lines above and below indicating 75th and 25th percen
tiles, respectively. Vertical lines span 1.5 times the interquartile range.
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had the highest prepandemic disparities—with the nonWhite/White influ enza/pneu
mo nia mor tal ity ratios mea sur ing 4.48, 4.15, and 3.39 respec tively—but had among 
the smallest disparities  in 1918. Disparities were nota bly non ex is tent  in  the 20–29 
and 30–39 agegroups. Compared with 1910–1917, nonWhite/White flu and pneu
mo nia mor tal ity disparities in 1918 declined by 78% in the 10–19 agegroup, by 95% 
in the 20–29 agegroup, and by 98% in the 30–39 agegroup.

In con trast, racial disparities in influ enza/pneu mo nia mor tal ity among the very young 
and the very old were con sid er ably less affected by the pan demic. At ages 70+, non
White mor tal ity was (and remained) roughly com pa ra ble to White mor tal ity. This low 
inequal ity likely reflected the oper a tion of selec tive mor tal ity at youn ger ages (Vaupel  
and Yashin 1985), given  the high nonWhite mor tal ity  rates of  this era. And among 
chil dren aged 0–9, nonWhite mor tal ity was (and remained) higher than White mor tal
ity. NonWhite chil dren expe ri enced a median of 890 influ enza/pneu mo nia deaths per 
100,000 dur ing the pooled 1910–1917 years and a median 1,571 deaths per 100,000 in 
1918, com pared with a prepandemic median of 268 deaths per 100,000 and a pan demic 
median of 608 deaths for White chil dren. Because of the high mor tal ity among these 
youn ger  ages, most  of  the  abso lute  dif fer ence  between nonWhite  and White  death 
counts in 1918 can be traced to dif fer ences among chil dren aged 0–9 (Figure 2).

Potential Explanations for Reduced Disparities in 1918

A sum mary of find ings from the sug ges tive tests conducted for each of the pos si ble 
expla na tions for reduced racial disparities in 1918 urban pan demic mor tal ity appears 
in Table 2. We describe the results pertaining to each of these expla na tions in turn.
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Fig. 2  Prepandemic (1910–1917) and pandemic (1918) influenza and pneumonia mortality per 100,000 
individuals by race and agegroup, for the 20 cities for which such data are available. Mortality values 
(unlogged)  are portrayed on a  loggedscale yaxis. Mortality  among  the very young and very old was 
almost  uniformly  high,  but  those  aged  20–39  experienced  large  increases  in mortality and the largest 
declines in nonWhite/White mortality ratios during the 1918 pandemic. See Figure 1 for description of 
the boxandwhisker plots.
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Table 2 Possible expla na tions for reduced racial disparities in 1918 urban pan demic mor tal ity

Research Questions and Testable 
Predictions Results Conclusions

City-Level Organization and Action
A. Were lev els of res i den tial seg re ga

tion, res i den tial den sity, and illit er acy 
asso ci ated with nonWhite/White 
mor tal ity ratios?

Cities with high prepandemic infec tious 
dis ease mor tal ity are also hit hard by 
the pan demic, but city demo graph ics 
are unlikely to explain the spe
cific mor tal ity sig na ture of the 1918 
pan demic.

  A1. Cities with high prepandemic 
mor tal ity are hit harder by the 1918 
pan demic

  A2. Illiteracy, den sity, and seg re
ga tion asso ci ated with mor tal ity 
disparities in 1918

A1. Yes

A2. No evi dence 
in support

B. Did nonpharmaceutical inter ven tions 
(NPIs) offer pro tec tions and dis pro
por tion ately ben e fit nonWhites?

NPIs help to explain cumu la tive total 
mor tal ity but are unlikely to explain 
reduced racial disparities.

  B1. NPI implementation asso ci
ated with raceinde pen dent (total) 
mor tal ity

B1. Yes

  B2. NPI implementation asso ci ated 
with racespe cific mortalities and 
mor tal ity disparities

B2. No evi dence 
in support

Social Immunology
C. Did racial dif fer ences in her ald wave 

expo sure gen er ate dif fer ences in 
par tial immu nity, dis pro por tion ately 
protecting nonWhite com mu ni ties?

Partial immu nity is unlikely to explain 
reduced fall disparities, though her ald 
wave expo sure may have mattered 
for nonimmunological rea sons (e.g., 
behav ioral changes). (Note: Low 
sta tis ti cal power may reduce abil ity 
to detect asso ci a tions; cal cu la tions 
are based on poten tially noisy/biased 
proxy mea sures.)

  C1. NonWhites had greater spring 
wave expo sure

C1. Yes

  C2. Greater spring wave expo sure 
asso ci ated with lower fall wave 
mor tal ity

C2. Mixed 
evi dence 
(incon sis tent)

D. Did racial dif fer ences in early child
hood flu expo sure to the 1890 influ
enza virus pro duce greater influ enza 
mor tal ity among Whites com pared 
with nonWhites in 1918?

We can not rule out 1890 expo sure as a 
major driver of high mor tal ity among 
White young adults, and thus reduced 
disparities, in 1918. If 1890 expo
sure is to fully account for such high 
mor tal ity, his tor i cal flu expo sure and 
immu no log i cal imprint ing param e ters 
need to line up in rel a tively nar row 
ways, albeit ones con sis tent with some 
his tor i cal influ enza lit er a ture. (Note: 
We are unable to directly mea sure 
imprint ing.)

  D1. Reduced 1918 disparities are 
driven by cohorts who would have 
had 1890 expo sure

D1. Yes

  D2. Proportion of city res i dents with 
urban ori gins is greater for White 
than for nonWhite pop u la tions

D.2. Yes

  D3. Proportions of city res i dents with 
urban ori gins pos i tively asso ci ated 
with mor tal ity

D3. Yes 
(though only 
sug ges tive)

  D4. Aggregate mor tal ity in the 20–29 
and 30–39 age bands is con sis tent 
with “rea son able” mor tal ity among 
the hypo thet i cally imprinted

D4. Yes (but 
only if 
imprint ing is 
close to ubiq
ui tous in some 
cohorts)
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Explanation A: Segregation, Illiteracy, and Residential Density

We assess the link between sociodemographic indi ca tors and mor tal ity pat terns by 
test ing whether lev els of res i den tial seg re ga tion and nonWhite/White ratios of res i
den tial den sity and illit er acy were asso ci ated with nonWhite/White mor tal ity ratios 
in 1918. We expect that more highly seg re gated cit ies and cit ies with smaller racial 
disparities in illit er acy and res i den tial den sity expe ri enced smaller racial dis par ity in 
influ enza/pneu mo nia mor tal ity.

We observe that the racespe cific base line mor tal ity—that is, the expected mor tal ity 
in a city in 1918, given its mor tal ity trends in the years 1910–1917—was a strong pre
dic tor of 1918 observed mor tal ity. This sug gests that com mu ni ties that were gen er ally 
vul ner a ble  to  infec tious dis eases  remained  so dur ing  the pan demic. But we find no 
evi dence that seg re ga tion, illit er acy rates, or res i den tial den sity were asso ci ated with 
racial disparities dur ing the pan demic (see Table S1 in the online appen dix). Our socio
demographic pre dic tors from 1918 were also sta tis ti cally indis tin guish able from coef
fi cients for nonpandemic years between 1910 and 1930. Although city char ac ter is tics 
and sociodemographic indi ca tors may explain gen eral infec tious dis ease mor tal ity rates 
dur ing  the  early  twen ti eth  cen tury,  our find ings  sug gest  that  they  are  insuf fi cient  to 
explain the spe cific mor tal ity pat terns and mor tal ity disparities of the 1918 pan demic.

These find ings are robust to the sub sti tu tion of alter na tive seg re ga tion and den sity 
indi ces and to the use of logged racespe cific mor tal ity and excess mor tal ity rather 
than  logged mor tal ity ratios as  the depen dent var i able.  In an addi tional model, we 
also include a mea sure of local coalfired powerplant capac ity as a proxy for air pol
lu tion, which has been found to be pre dic tive of 1918 influ enza mor tal ity in an ear lier 
study (Clay et al. 2019). This also does not pre dict 1918 nonWhite/White disparities.

Explanation B: Nonpharmaceutical Interventions

As in prior stud ies that used weekly mor tal ity data (Hatchett et al. 2007; Markel et al. 
2007), we find evi dence that early NPI onset—that is, a shorter delay between the 
first locally reported infec tion and the implementation of NPI mea sures—was asso
ci ated with lower annual nonWhite mor tal ity. For White pop u la tions, we observe a 
sim i larly pos i tive, but sta tis ti cally insig nifi  cant, asso ci a tion between NPI delay and 
annual mor tal ity. At first glance, these find ings may sug gest a slight but poten tially 

Research Questions and Testable 
Predictions Results Conclusions

  D5. Estimated imprint ing rates are 
con sis tent with “rea son able” his
tor i cal influ enza attack rates

D5. Yes (but 
the param
e ter space 
is highly 
constrained 
for the 20–29 
agegroup)

Table 2 (continued)
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dis pro por tion ate impact of NPIs on nonWhite mor tal ity. Yet we find no sta tis ti cally 
sig nifi  cant effect of NPI onset or NPI dura tion on nonWhite/White mor tal ity ratios, 
and no evi dence that coef fi cients for the asso ci a tion between NPIs and mor tal ity were 
sig nifi  cantly dif fer ent for nonWhite and White pop u la tions (Figure 3; see Table S2 in 
the online appen dix). These null find ings are robust to dif fer ent model spec i fi ca tions 
and to the sub sti tu tion of NPI data from other sources (Hatchett et al. 2007; Markel 
et al. 2007) for our mea sures. It there fore appears unlikely that the reduced mor tal
ity disparities dur ing the 1918 pan demic were due to pro nounced racially dis pa rate 
impacts of osten si bly raceneu tral mea sures such as NPIs.

Explanation C: Partial Immunity

We test the par tial immu nity expla na tion by answer ing the two fol low ing ques tions.

Question C1: Were Non-White Communities More Affected by the Herald Wave Than 
White Communities?

Cities that expe ri enced high influ enza mor tal ity dur ing the 1910–1917 period were 
also more likely to expe ri ence high mor tal ity dur ing the 1918 spring wave. Along
side this cityspe cific mor tal ity pen alty, nonWhite pop u la tions expe ri enced a more 
severe spring wave than White pop u la tions (Figure 4). In com par i son with the period 
1910–1917,  median  nonWhite  mor tal ity  increased  by  50%  while  median White 
mor tal ity  increased  by  30%. As  a  result,  the  median  nonWhite/White  mor tal ity 
ratio in the spring of 1918 was 2.79, com pared with 2.43 dur ing the pooled period  
1910–1917. This made the spring of 1918 among the most unequal peri ods recorded 
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Fig. 3  Racespecific influenza and pneumonia excess mortality in 1918 relative to in prepandemic years, 
as a function of nonpharmaceutical interventions (NPIs). Linear regression trend lines and shaded 95% 
confidence bands are shown separately for the two populations.
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in our prepandemic data, tying mor tal ity disparities observed dur ing the 1912 spring 
wave and exceed ing disparities dur ing the (least unequal) 1915 spring wave by 42%.

Question C2: Across Cities, Was Greater Exposure to the Herald Wave Associated 
With Lower Mortality During the Deadlier Fall Wave?

We pre dict a raceinde pen dent neg a tive spring/fall asso ci a tion, since pop u la tions that 
expe ri enced greater mor tal ity in the spring should be par tially immune to the pan demic 
viral strain and there fore expe ri ence lower mor tal ity dur ing the fall. Yet we find the 
asso ci a tion between spring and fall mor tal ity to be indis tin guish able from zero for non
White pop u la tions and either  indis tin guish able from zero or pos i tive for White pop
u la tions,  depending on  the  con trol  var i ables  included  in  the model  (Figure 4). This 
null find ing is robust to changes in the depen dent var i able (e.g., using mor tal ity ratios 
rather than racespe cific mor tal ity and using spring/fall mor tal ity data published in the 
appen dix to Crosby 2003); to a sub sti tu tion of NPI data taken from Markel et al. (2007) 
for our orig i nal data; to dif fer ent spec i fi ca tions of the her ald wave’s dura tion; and to 
a strat i fi ca tion of our model into mul ti ple tiers of her ald wave sever ity (all  results are 
shown in Table S4 in the online appen dix). These find ings make it unlikely that mor tal
ity disparities dur ing the pan demic can be explained by greater par tial immu nity among 
nonWhite pop u la tions as a result of her ald wave expo sure.

Overall Assessment of the Analysis of Partial Immunity

Although we are  able to exam ine the asso ci a tion between spring expo sure and fall 
mor tal ity more  sys tem at i cally  than were prior  stud ies, our anal y sis has  two major 
lim i ta tions. First,  the rel a tively small num ber of cit ies  included in the sam ple lim
its  the  sta tis ti cal  power  of  our mod els. The  power  of mod els  that  test  the  asso ci
a tion  between  spring wave  expo sure  and  fall mor tal ity  ranges  from  0.21  to  0.62: 
well below a con ven tional  thresh old of 0.8. This means  that we would be   able  to  
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Fig. 4  Fall 1918 influenza and pneumonia mortality as a function of spring 1918 influenza and pneumonia mor
tality, logged, for all racial groups and by race. Linear regression trend lines and shaded 95% confidence bands 
are shown for the full population (left panel) and separately for nonWhite and White populations (right panel).

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/5/1953/1646343/1953w

rigley-field.pdf by guest on 18 April 2024



1969Racial Disparities in Mortality During the 1918 Pandemic in U.S. Cities

dis tin guish only large effects, and it leads us to treat our null find ing as merely sug
ges tive evi dence that needs to be cor rob o rated through future his tor i cal work. Second,  
if infec tion fatal ity rates were higher in nonWhite pop u la tions, then excess deaths 
among those pop u la tions should imply fewer infec tions than the same excess deaths 
in White pop u la tions. The expo sure inferred from mor tal ity would then be erro ne
ously high for nonWhite pop u la tions ver sus White pop u la tions, and our esti ma tes of 
disparities in her ald wave expo sure would be upwardly biased.

The poten tial bias in overstating expo sure disparities would lead us to over state one 
key prem ise of the her ald wave hypoth e sis (C1 in Table 2), but the poten tial nois i ness 
could con trib ute to dis guis ing a clear sig nal of the other key prem ise, namely, a race
inde pen dent neg a tive asso ci a tion between spring expo sure and  fall mor tal ity  (C2  in 
Table 2). Given that such an asso ci a tion is essen tial to the par tial immu nity hypoth e
sis, the poten tial over state ment of nonWhite/White expo sure disparities is a less acute 
lim i ta tion than the mod els’ low sta tis ti cal power and poten tial crosscity mea sure ment 
error. Perhaps the best sum mary of the total state of evi dence that can be given is that, 
at the end of our anal y sis, it remains the case that—across all   lit er a ture on the 1918  
pan demic—there is no clear empir i cal evi dence for the her ald wave hypoth e sis.

We are also unable to deter mine whether sta tis ti cally sig nifi  cant dif fer ences between 
nonWhite  and White  spring/fall  mor tal ity  asso ci a tions  are  arti facts  of  our  mod els 
or hint at poten tial  racespe cific effects of her ald wave expo sure. Such racespe cific 
effects would lend them selves to mul ti ple pos si ble inter pre ta tions. The dis tri bu tions of 
White and nonWhite pop u la tions’ spring expo sure barely over lap (Figure 4), leav ing 
the pos si bil ity that gen u inely pro tec tive par tial immu nity was dis cern ible only at the 
high expo sure lev els of nonWhite pop u la tions. Alternatively, poten tially racespe cific 
effects  of  her ald wave  expo sure may  reflect  behav ioral,  rather  than  immu no log i cal, 
responses. Because the reg u lar hos pi tal sys tem often refused to admit Afri can Amer i cans  
or triaged them into sub stan dard care, pub lic health cam paigns in nonWhite com mu
ni ties  relied more  heavily  on  com mu nitybased  pre ven tion  and  edu ca tion  (Gamble 
2010; Krishnan et al. 2020; Schlabach 2019). Those ini tia tives, as well as the per sis tent 
expe ri ence of high  infec tious dis ease mor tal ity, may have con trib uted  to greater  lay 
knowl edge  about  infec tious  dis eases  in  urban  nonWhite  com mu ni ties  (Økland  and 
Mamelund 2019:13) and pre cip i tated greater vig i lance dur ing  the pan demic even as 
main stream news pa pers ini tially played down the sever ity of infec tions (Crosby 2003).

Explanation D: Immunological Imprinting

No direct mea sure of expo sure to the 1890 influ enza virus is avail  able, so as an alter
na tive, we con duct sug ges tive tests of five pre dic tions (sum ma rized in Table 2) based 
on nec es sary con di tions for the hypoth e sis that immu no log i cal imprint ing explains 
reduced 1918 disparities (outlined in Table 3).

Analysis D1: Impact of Young Adults on Mortality Disparities

We find that the reduced disparities in 1918 were driven by the age bands that would 
have been most likely to have first flu expo sure to the 1890 pan demic strain (Figure 5):  
reduced disparities reflect strik ingly high mor tal ity among urban Whites in their 20s 
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and 30s (as already shown in Figure 2). A coun ter fac tual esti mate of mor tal ity dispar
ities sug gests that up to three fourths of the decline in mor tal ity disparities in 1918 
(com pared with the 1910–1917 period) was due to reduced disparities among those 
aged 20–29 and 30–39 (details are pro vided in sec tion IIIA in the online appen dix).

The key role of these two agegroups is con sis tent with the hypoth e sis that immu
no log i cal imprint ing accounts for reduced racial disparities. However, that hypoth e sis 
seem ingly leaves the rel a tively small disparities at ages 10–19—while not as small in 
abso lute terms or rel a tive to prepandemic val ues as those for the 20–29 and 30–39 age
groups—as an anom aly. Yet, from a broader per spec tive in which del e te ri ous imprint
ing works hand in hand with help ful H1 expo sures (Worobey et al. 2014:8110–8111), 
this agegroup may be less anom a lous: they may have been likely can di dates for H1 
expo sure in the years before the 1918 pan demic, par tic u larly for nonWhite chil dren 
liv ing in appall ingly poor urban con di tions. Urban White chil dren and teen ag ers may 
have been more likely to be fully immu no log i cally naive to H1N1.

Table 3 Summary of eval u a tion of the “imprint ing expla na tion”: The idea that racially dif fer en tial  
pat terns of early child hood expo sure to the 1890–1892 influ enza explain the reduced racial disparities  
in 1918 pan demic mor tal ity

Necessary Conditions for the Imprinting 
Explanation Analysis Result

1. Reduced aggre gate disparities in 1918 
were driven by cohorts that could have 
been exposed to the 1890 virus dur ing 
crit i cal devel op men tal peri ods.

Empirical Yes: Reduced disparities were driven by 
cohorts aged 20–39 in 1918.

2. Either
  a. rel e vant cohorts of urban White 1918 

pop u la tions had greater expo sure to 
the 1890 flu than rel e vant cohorts of 
urban nonWhite 1918 pop u la tions or

  b. rel e vant cohorts of these pop u la
tions had sim i lar expo sures, which 
swamped other fac tors that tended to 
pro duce higher nonWhite influ enza 
mor tal ity in other years.

Empirical Suggestive yes (2a): Using urban ori gins 
as a proxy for child hood influ enza 
expo sure, young adult urban White pop
u la tions had greater expo sure than young 
adult urban nonWhite pop u la tions.

Suggestive no (2b): Citylevel fac tors were 
not less pre dic tive of disparities in 1918 
com pared to prior years, fail ing to pro
vide evi dence of imprint ing “swamping” 
other fac tors (anal y sis reported in the 
online appen dix).

3. Populations with greater 1890 flu expo
sure had higher mor tal ity in 1918.

Empirical Suggestive yes: Using urban ori gins as a 
proxy for child hood influ enza expo sure, 
city pop u la tions with greater expo sure 
had higher 1918 mor tal ity.

4. 1890 influ enza expo sure was suf fi ciently
  a. prev a lent and
  b. del e te ri ous to sur vival in 1918
  to account for reduced racial disparities  

in the rel e vant cohorts.

Simulation Not disproven: Simulations find that, to 
account for reduced disparities, imprint
ing would need to be highly prev a lent 
among urban Whites in rel e vant cohorts, 
but that this prev a lence could result from 
plau si ble attack rates.

Note: The leftmost col umn lists nec es sary con di tions for the expla na tion to hold. Conditions 1–3 are eval
u ated, respec tively, by tests D1–D3 of Table 2. Conditions 4a and 4b are jointly eval u ated through test D4, 
and the out come of test D4 is fur ther eval u ated through test D5.
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Analysis D2: Differential 1890 Exposure

Since no direct mea sure of  expo sure  to  the 1890 virus  is  avail  able, we use urban 
res i dency dur ing child hood and ado les cence as a proxy for 1890 flu expo sure, given 
greater infec tious dis ease prev a lence in urban com pared with rural areas (Feigenbaum  
et al. 2020). We find that such urban ori gins were more prev a lent among the 1918 
urban White pop u la tion than among the 1918 urban nonWhite pop u la tion (Condi
tion 2a in Table 3; see dis cus sion of alter na tive Condition 2b in sec tion IIIA in the 
online appen dix). Specifically, among cohorts aged 20–39  in 1918 and resid ing  in 
cit ies in 1910, we esti mated the national pro por tion with longterm urban res i dency at 
nearly half of the nonWhite pop u la tion com pared with nearly two thirds of the White 
pop u la tion. We esti mated the pro por tion with longterm res i dence in cit ies of at least 
100,000 res i dents (whose influ enza expo sure may have been height ened; Feigenbaum  
et al. 2020) at around one fifth of nonWhite and more than one third of White res i
dents. Thus, we find that it is indeed plau si ble that urban White young adults in 1918 
may have had higher child hood expo sure to the 1890 pan demic than urban nonWhite 
young  adults  in  1918,  owing  to  the White  indi vid u als’  greater  chances  of  hav ing 
spent child hood in a city. Because these cal cu la tions require the linking of indi vid u
als across mul ti ple censuses, they include con sid er able uncer tainty owing to the small 
per cent age of linkable per sons; we dis cuss this lim i ta tion, and other choices made in 
constructing this mea sure, in sec tion IIIA in the online appen dix.

Analysis D3: Effect of 1890 Exposure on Mortality in 1918

We find that cit ies with a larger pro por tion of long time urban res i dents had higher 
1918 mor tal ity. Specifically, we tested whether the esti mated citylevel var i a tion in 

0

10

20

30

40

A
ge

1880 1890 1900 1910 1918
Year

Im
pr

in
tin

g 
ye

ar
s

Born too late for pandemic imprinting

Potential seasonal 
H1N8 exposure 

pandemic exposure

Fig. 5  Lexis diagram illustrating cohorts that might have been immunologically imprinted by the 1890–
1892 pandemic flu virus, depicted in gray

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/5/1953/1646343/1953w

rigley-field.pdf by guest on 18 April 2024



1972 M. Eiermann et al.

the por tion of  the  total, White, and nonWhite pop u la tions with urban ori gins was 
asso ci ated with  greater  1918 mor tal ity  in  total  and  in  the  20–29  and  30–39  age
groups, with and with out con trols for NPI tim ing and dura tion. This asso ci a tion is 
in the expected direc tion (i.e., hav ing more res i dents with urban back ground is asso
ci ated with greater mor tal ity) in all  mod els. We also find that hav ing a higher pro
por tion of res i dents with urban ori gins is asso ci ated with reduced nonWhite/White 
mor tal ity ratios, although the coef fi cient becomes sta tis ti cally insig nifi  cant when we 
con trol for NPIs (full regres sion results are reported in Table S5 in the online appen
dix). Given the small sam ples and impre cise mea sures, we con sider these results to 
be broadly sug ges tive but hardly defin i tive.

Analysis D4: Simulated Individual-Level Effect Sizes

To  eval u ate  whether  the  imprint ing  expla na tion  rests  on  plau si ble  assump tions 
about the prev a lence and con se quences of imprint ing, we sim u late cohort mix tures 
of imprinted and nonimprinted indi vid u als. We find that the imprint ing expla na tion 
need not require imprint ing prev a lence or indi vid uallevel effects (Conditions 4a and 
4b in Table 3) that are clearly implau si ble. Specifically, our sim u la tions answer two 
ques tions. First, how high would the mor tal ity of the imprinted indi vid u als need to 
be, as a func tion of the imprinted per cent age in each cohort, to gen er ate the observed 
agegroupspe cific, racespe cific mor tal ity rates? Assuming an upper limit on “rea
son able” mor tal ity rates imposes a lower limit on what por tion of this 10year age
group must have been imprinted. When com bined with assump tions about how many 
sin gleyear  cohorts  were  par tially  imprinted,  this  also  gen er ates  lower  lim its  on 
withincohort imprint ing. These lower bounds on the por tion of a birth cohort that 
would need to be imprinted can be eval u ated for plau si bil ity. Second, what rates of 
expo sure to pre vi ous flus could gen er ate these cohort imprint ing rates? High rates of 
imprint ing imply high rates of 1890 pan demic expo sure and either low rates of prior 
H1N8 expo sure (i.e., the sea sonal flu var i ants cir cu lat ing before 1890) or high rates 
of immu no log i cal refocusing, all  of which can like wise be eval u ated for plau si bil ity. 
The  sim u lated  answers  to  this  sec ond ques tion,  in par tic u lar,  are  explor atory. Our 
goal is not to defin i tively eval u ate these immu no log i cal hypoth e ses (with and with
out refocusing) as an expla na tion of 1918’s reduced racial disparities, but rather, by 
clar i fy ing their impli ca tions, to con struct a foun da tion that would allow them to be 
eval u ated in future his tor i cal viro log i cal work.

To address the first ques tion, we first lever age the sharper age cut off in the 20–29 
agegroup: indi vid u als who were youn ger than 25 in 1918 were too young to have 
been exposed to the “Rus sian” flu, with out antibodies devel oped  in utero or while 
breastfeeding, in 1890–1893 (using 1893 as a gen er ous cut off date for the pan demic). 
Given the immense aggre gate 1918 mor tal ity in the 20–29 agegroup, we esti mate 
that this restric tion implies very large indi vid uallevel imprint ing effects indeed: to 
fully account for the greater aggre gate mor tal ity in this agegroup com pared with oth
ers, 1890 imprint ing would need to increase indi vid uallevel mor tal ity by a fac tor of 
at least 1.9 in nonWhite pop u la tions and 3.75 in White pop u la tions. Constraining the 
indi vid uallevel effect to be on the smaller end of the range of effect sizes essen tially 
implies that the cohorts aged 25–29 had close to uni ver sal 1890 imprint ing among 
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urban White  indi vid u als. For exam ple, urban White peo ple aged 25–29 who were 
imprinted by the 1890 virus in child hood would have to have had greater mor tal ity 
than urban White peo ple aged 70+ in 1918, unless at least 85% of urban Whites in the 
25 to 29yearold cohort had been imprinted (see Figure S2 in the online appen dix; 
details, includ ing equa tions, are given in sec tion IIIBi). For com par i son, sero log i cal 
evi dence from the Netherlands (not from a spe cifi  cally urban pop u la tion) found that 
about half of the 1893 birth cohort showed evi dence of early H3 imprint ing (Dowdle 
1999).

Since the mor tal ity  jump among those aged 20–39, com pared with surrounding 
agegroups, is smaller in the nonWhite pop u la tion, this same con straint is com pat
i ble with a far greater range of 1890 cohort imprint ing, rang ing below 60%. To the 
extent that the urban White pop u la tion’s greater like li hood of urban child hood cor re
sponds to a higher prev a lence of imprint ing, the smaller mor tal ity increase for non
White  com pared with White  young  adults  is  com pat i ble with  these  dif fer ences  in 
ori gin.

Analysis D5: Historical Plausibility of Estimated Imprinting Rates

To pro vide some rough, explor atory cal i bra tion of the indi vid uallevel flu attack rates 
implied by these cohort expo sures, we sim u lated annual rates of child hood expo sure 
to H1 strains before 1890, rates of expo sure to an H3N8 influ enza in 1890–1892 for 
urban and rural pop u la tions, and rates (includ ing 0%) of immu no log i cal refocusing 
con di tional on expo sure to H3N8 after expo sure to an H1 strain. These sim u la tions 
sug gest that, for immu no log i cal imprint ing to account for the dra matic spike in urban 
White young adult mor tal ity, either the rate of expo sure dur ing the 1890–1892 pan
demic or the rate of immu no log i cal refocusing given expo sure in that pan demic must 
have been very high (see Figure S3 in the online appen dix; details, includ ing equa
tions, are given in sec tion IIIBii)—though not out side the bound aries of the attack 
rates esti mated for the 1890 flu (Valleron et al. 2010), or for pan demic influ enza attack 
rates gen er ally (Mathews et al. 2009:147; SaundersHastings and Krewski 2016:7).

Discussion and Conclusion

Analyses of citylevel mor tal ity data sug gest that racial disparities dur ing the 1918 
pan demic were unex pect edly small across cit ies. The excess mor tal ity for nonWhite 
com pared with White pop u la tions shrank 74% (from 133% to 35% excess), driven 
pri mar ily by unusu ally high mor tal ity among Whites aged 20–39. These find ings are 
sur pris ing, since racial disparities in infec tious dis ease mor tal ity were stag ger ingly 
large dur ing the early twen ti eth cen tury (Feigenbaum et al. 2019), and since pub lic 
health responses to the pan demic rou tinely pro vided sub stan dard care to nonWhite 
com mu ni ties (Bristow 1992; Byrd and Clayton 2001).

In 1918, pub lic health offi cials attempted to explain reduced mor tal ity disparities 
with racial pseudosci ence that cast nonWhite pop u la tions as nat u rally immune to 
infec tious dis eases (Schlabach 2019). Subsequent schol arly works took a very dif fer
ent per spec tive and focused on racespe cific immu no log i cal his to ries and the spa tial 
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geog ra phy of urban  life  in  the early  twen ti eth cen tury (Crosby 2003; Grantz et al. 
2016; Krishnan et al. 2020; Økland and Mamelund 2019), although none tested these 
hypoth e ses sys tem at i cally.

Our find ings, which are based on ana lyz ing racespe cific mor tal ity and a host of 
citylevel char ac ter is tics for up to 70 cit ies, do not sup port two of the most fre quently 
cited hypoth e ses: par tial immu nity in nonWhite com mu ni ties stem ming from higher 
expo sure to a spring her ald wave and reduced nonWhite expo sure as a result of res i
den tial seg re ga tion. In par tic u lar, prior stud ies (Crosby 2003; Økland and Mamelund 
2019)  have  pro posed  the  her ald  wave  hypoth e sis  as  a  plau si ble,  but  empir i cally 
unsub stan ti ated, expla na tion for reduced racial disparities dur ing the fall pan demic. 
We test it more sys tem at i cally than prior stud ies and find no evi dence to sup port it. 
However,  lim i ta tions owing  to  scarce his tor i cal data pre vent us  from con clu sively 
rejecting the hypoth e sis; these par tial immu nity results are merely sug ges tive because 
of  the  lim ited sta tis ti cal power of our mod els. We also do not find sup port  for  the 
hypoth e sis  that  nonpharmaceutical  inter ven tions,  such  as  school  clos ings,  which 
reduced over all mor tal ity (Hatchett et al. 2007; Markel et al. 2007), explain reduced 
mor tal ity disparities.

Instead, our find ings pro duce a diverse and sug ges tive set of evi dence suggesting 
that the unique migra tion and pub lic health his to ries of nonWhite and White pop
u la tions may  have  intersected with  the  virol ogy  of  the  1918  influ enza  to  pro duce 
espe cially  high mor tal ity  among White  young  adults,  thereby  con trib ut ing  to  the 
unex pect edly reduced mor tal ity disparities. This expla na tion draws on the idea that 
“immu no log i cal imprint ing” to the 1890 influ enza pan demic in early child hood may 
have driven immu no log i cal  responses  in 1918, nearly  three decades  later (Gagnon 
et al. 2013; Worobey et al. 2014). We hypoth e size that the dis pro por tion ately urban 
ori gins of urban White young adults in 1918, in con trast with the fact that nonWhite 
young adults had often migrated from rural areas, may have resulted in dif fer en tial 
expo sure to the 1890 flu pan demic dur ing crit i cal child hood devel op men tal win dows. 
This expo sure then pro duced a unique racial pat tern ing of vul ner a bil ity in 1918. We 
attempt to refute this novel expla na tion for reduced racial disparities in five empir i
cal and sim u la tion ana ly ses; all  five instead pro duce results broadly com pat i ble with 
the expla na tion—although its mech a nisms would have had to operate nearly uni ver
sally in key cohorts to fully account for the dis tinc tively high mor tal ity among White 
young adults.

More broadly, these results estab lish that dis tinc tive expo sure his to ries among dif
fer ent racial groups and racial pat terns of mor tal ity can be used to develop and eval u
ate hypoth e ses in his tor i cal virol ogy. Some of the spe cific ana ly ses reported here will 
likely be obvi ated if future viro log i cal work con firms the stillspec u la tive hypoth e sis 
that the 1890 pan demic was caused by a coronavirus (Brüssow and Brüssow 2021; 
Vijgen et al. 2006; Vijgen et al. 2005) rather than an H3N8 influ enza (Dowdle 2006; 
Worobey et al. 2014). In that case, pat terns of prior H1 influ enza expo sure will remain 
rel e vant to out comes in 1918, but pat terns of expo sure to the 1890 pan demic may not, 
unless their mech a nism is not immu no log i cal imprint ing but rather longterm mor
bid ity stem ming from child hood expo sure to the coronavirus.

Our  ana ly ses  also  leave  room  for  com pet ing  hypoth e ses  to  be  resus ci tated  or 
adapted. For exam ple, nonWhite com mu ni ties may have changed their behav ior to 
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reduce their influ enza expo sure in the fall of 1918. These pop u la tions, excluded from 
the reg u lar pub lic health sys tem but accus tomed to high infec tious dis ease mor tal
ity, reg u larly relied on com mu nitybased edu ca tion and pre ven tion to reduce infec
tions and may have been more cir cum spect dur ing the pan demic’s peak (Krishnan 
et al. 2020; Schlabach 2019). While our data can not test this hypoth e sis directly, our 
(under pow ered) find ings of a pos si ble racespe cific asso ci a tion between her ald wave 
expo sure and pan demic mor tal ity offer sug ges tive sup port to expla na tions that reflect 
the agency and social action of Black com mu ni ties.

More broadly, this work offers a gen eral approach to ana lyz ing racial disparities in 
infec tious dis ease mor tal ity that is widely appli ca ble to a vari ety of peri ods, con texts, 
and microbes. We treat racial categories as socially constructed prox ies for group
spe cific social his to ries that reflect broader struc tures of inequal ity, not as readymade 
bio log i cal or demo graphic facts. The mor tal ity sig na ture observed in the 1918 pan
demic results from the inter ac tion of a par tic u lar microbe with those racialized social 
his to ries of expo sure. Understanding the pat terns and driv ers of inequal ity in infec
tious dis ease mor tal ity there fore requires exam in ing how struc tural and insti tu tional 
arrange ments shape social and micro bial expo sures over time.

Perhaps most impor tantly, sim plis tic com par i sons between 2020, 2021, or 2022 
and  1918  are mis guided  because  the  spe cific  virol ogy  of COVID19  and  the  his
tor i cally rooted vulnerabilities of dif fer ent social and racialized groups dif fer from 
those of  the early  twen ti eth cen tury.  It  is nota ble  that mor tal ity at  the peak of  the 
1918 pan demic was sub stan tially higher than monthly mor tal ity rates recorded dur
ing the COVID19 pan demic (Weinberger et al. 2020). More gen er ally, while racial 
disparities are usu ally con di tioned by con texts of struc tural rac ism, their prox i mate 
causes may dif fer across pan dem ics. For exam ple, in the 1918 pan demic, Black pop u
la tions had lower mor bid ity but higher case fatal ity (Krishnan et al. 2020; Økland and 
Mamelund 2019), but stud ies of the COVID19 pan demic return ambig u ous results 
about the rel a tive impor tance of expo sure and immu no log i cal sus cep ti bil ity (Navar 
et al. 2021; Ogedegbe et al. 2020; Rentsch et al. 2020; Zelner et al. 2021). The details 
of one pan demic’s course can not be imported whole sale to under stand another. The 
endur ing les son is, rather, the broader frame work of attend ing to the inter sec tion 
between the nat u ral his tory of a microbe and the social his to ries of the pop u la tions 
that are exposed to it. ■
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