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The Social Geography of
Diphtberia IMortality in Mamilton

by Heather T. Battles and Bobbie-Leigh Jones

1. Introduction

amilton, Ontario, Canada is a

city of strong social geographi-

cal contrasts, which can have
substantial impacts on health. The dis-
crepancies in health and mortality be-
tween the north and south of Hamilton
emerged during the initial industrialisa-
tion of the city in the nineteenth and
early twentieth centuries, as factories and
heavy industry became increasingly con-
centrated in the northern end of the city
on the edge of Lake Ontario. The sur-
rounding neighbourhoods became more
crowded and housed a population of
lower socioeconomic status (SES) than
the southern part of the city towards the
Niagara Escarpment. The current social
geography of health is a topic of research

and public discussion in Hamilton to-

day.! In contrast, according to Rosemary
Gagan, in the early twentieth century
“no one” in Hamilton commented on
the mortality differences between wards.?
Gagan examined mortality patterns in
Hamilton for the 1900-14 period, and
found that generally mortality was high-
est in the wards with the lowest standards
of living.* However, data regarding mor-
tality from individual infectious diseases
by ward prior to 1910 was largely unavail-
able at the time of her research. Using
data from the Ontario Sessional Papers
and the Hamilton Spectator newspaper,
Gagan was only able to partially recon-
struct mortality from contagious diseases
by ward for 1901, for example. By using
individual death records and identifying
the residential locations of these individ-

!'See for example Murray M. Finkelstein, Michael Jerrett, Patrick DeLuca, Norm Finkelstein, Dave K.
Verma, Kenneth Chapman, & Malcolm R. Sears, “Relation between income, air pollution and mortality:
A cohort study,” Canadian Medical Association Journal 169, 5 (2003), 397-402; Jim Latham & Tina Mof-
fat, ‘Determinants of variation in food cost and availability in two socioeconomically contrasting neigh-
bourhoods of Hamilton, Ontario, Canada, Health and Place 13 (2007), 273-87; Kathi Wilson, John Eyles,
Susan Elliott, & Sue Keller-Olaman, “Health in Hamilton neighbourhoods: Exploring the determinants
of health at the local level,” Health and Place 15 (2009), 374-82; Patrick DeLuca with Steve Buist & Neil

Johnston, “The Code Red project: engaging communities in health system change in Hamilton, Canada,”

Social Indicators Research 108:2 (2012), 317-27.

2 Rosemary R. Gagan, “Disease, mortality, and public health, Hamilton, Ontario, 1900-14” (unpub-

lished MA thesis, McMaster University, 1981), 88-9.
3 Ibid., 211.
* Ibid., 87.
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uals, we can now gain a better
understanding of the mortal-
ity disparities in Hamilton at
this time.

Specifically, mortality due
to the infectious disease of
diphtheria can be used as a lens
through which to glimpse the
impact of these socioeconomic
and geographic disparities.
Diphtheria today is known to
be linked to poor social condi-
tions such as crowding.’ How-
ever, it has also been viewed
in different times and places
as more of a socially neutral
disease or even a disease that
targeted the better-off. Anne
Hardy describes how the new
diphtheria pandemic mani-
fested in London, England,
first in the 1850s-60s as a dis-
case which seemed to target
wealthy areas, before becom-
ing more common among
those of lower SES.¢ Seen as a
‘socially ubiquitous’ disease in
the 1880s, in the 1890s it was
observed that while wealthy
districts often had high diph-

7 \
4 A lstract A

This Hamilton, Ontario today displays stark socioeco-
nomic disparities in health which pattern along north/
south lines within the city. Diphtheria provides a useful
lens for examining the historical nature of these socioeco-
nomic disparities. Data were collected from death reg-
istrations for the period 1900 to 1921 and 321 deaths
were mapped in ArcMap. Diphtheria mortality rates
were higher in the north overall; however, no differ-
ence was found, for the S—16 year age group (school age).
Higher mortality in children under age five in the north
due to factors associated with low SES may explain the
differing rates. These results demonstrate the social in-
equalities in health that existed in early-twentieth cen-
tury Hamilton and their geographic dimension.

Résumé: La ville d’Hamilton en Ontario présente
aujourd hui de fortes disparités socioéconomiques en
termes de santé qui se moulent a la division nord/sud
de la ville. La diphtérie nous permet dexaminer la na-
ture historique de ces disparités. Des données recueillies
de lenregistrement des décés depuis 1900 jusqua 1921
ont permis lanalyse de 321 décés dans ArcMap. Mal-
gré le fait que le taux de mortalité de la diphtérie était
plus élevé au nord en général, ancune différence na été
repérée dans le groupe dige de S 4 16 ans. Dans le nord,
le taux de mortalité plus élevé chez les enfants de moins
de S ans sevait alors lié aux facteurs associés avec une fai-
ble position socioéconomique. Ces résultats démontrent
la dimension géographique de l'inégalité sociale en mat-
iére de santé qui existait & Hamilton au début du 20e
siécle..

L J

theria mortality rates, the highest were in  used for this analysis as well as the spatial

the poorest districts.”

and statistical methods employed. We

Below, we provide some background present the results of analysis of diph-
information on Hamilton and diphthe- theria mortality rates for the northern
ria. We then describe the data sources versus southern city wards and of the age

> See for example Charles R. Vitek & Melinda Wharton, “Diphtheria in the former Soviet Union:
reemergence of a pandemic disease,” Emerging Infectious Diseases 4:4 (1998), 539-50.
¢ Anne Hardy, The Epidemic Streets: Infectious Diseases and the Rise of Preventative Medicine (Oxford:

Oxford University Press, 1993), 99-100.

7 Ibid.
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patterns in each area, showing that diph-
theria mortality rates were higher in the
northern wards and that this is likely due
to higher mortality in the 0-4 age group
in the north. Finally, we discuss possi-
ble explanations for these findings, spe-
cifically the roles of crowding, economic
pressures impacting treatment and recov-
ery, and insult accumulation.

2. Background

2.1 Hamilton, Ontario

he City of Hamilton is located on

the south-western shore of Lake On-
tario in southern Ontario. It was growing
rapidly in the early twentieth century in
both populationand geographicarea. The
City’s tax assessment books record a total
population of 51,277 in 1900, reaching
118,243 in 1921. This increase was the
result of a combination of in-migration,
natural increase, and annexations that
incorporated surrounding areas into the
city.* Hamilton’s urban population was
largely blue-collar working class, with an
increasing number of men employed in

the steel and construction industries.” It
styled itself as “The Ambitious City” and
“the Birmingham of Canada.”® It was
then, and is still today, characterized by
strong socioeconomic geographic divi-
sions (residential segregation), primarily
between the northern and southern parts
of the city. The northern end (wards Four
through Eight) bordered the lakefront
and was dominated by industry and hous-
ing for the industrial workers and their
families; the northeast in particular was
criss-crossed by rail lines and affected by
pollution from industrial activities and
sewage.!! Wards Six and Seven had the
highest population densities in the city."?
The southern part of the city (wards One
through Three) bordered the Niagara
Escarpment and had larger homes and
much lower densities, lowest in wards
One and Two."?

A number of studies have examined
various aspects of Hamilton’s health and
disease history in the early twentieth cen-
tury.'* As mentioned above, Gagan’s 1981
Master’s thesis provides a microanalysis

$ For details see John C. Weaver, Hamilton: An Illustrated History (Toronto: James Lorimer & Com-

pany, 1982), 199.

* H.A. Wood, “Emergence of the modern city: Hamilton, 1891-1950,” in Szee/ City: Hamilton and
Region, edited by M.J. Dear, J.J. Drake and L.G. Reeds (Toronto: University of Toronto Press, 1987), 119-

37.

1 See for example the promotional booklet Hamilton: The Electric and Natural Gas City of Canada

(Hamilton: Times Printing Company, 1906).

" Ken Cruikshank & Nancy B. Bouchier, “Blighted areas and obnoxious industries: constructing
environmental inequality on an industrial waterfront, Hamilton, Ontario, 1890-1960,” Environmental

History 9:3 (2004), 464-96.

12 Gagan, “Disease, mortality, and public health.”

1 Ibid.

!4 These include Rosemary R. Gagan, “Mortality patterns and public health in Hamilton, Canada,
1900-14,” Urban History Review 17:3 (1989), 161-75; Martyna A. Janjua, “Infant mortality during the
Great Depression in Hamilton, Ontario (1925-1935): trends, causes, and implications” (unpublished
MA thesis, McMaster University, 2009), 94-8.; D. Ann Herring & Ellen Korol, “The north-south divide:
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of cause-specific mortality for the 1900-
14 period in the context of public health
efforts.’” Gagan concluded that mortality
worsened in the first decade of the cen-
tury, before beginning to improve again,
and found that working class infants and
children were especially impacted by
worsening health conditions.' In 1900,
the highest crude death rates were in
the northern wards, at 14.0-15.7 deaths
per 1,000 population, and lowest in the
southern wards at 11.1-12.2 per 1,000.”

2.2 Diphtheria

he pathogen responsible for diph-

theria is toxigenic Corynebacterium
diphtheriae. The bacterium is infected
with avirus (acorynebacteriophage) which
carries a fox gene, resulting in the produc-
tion of a toxin. Classical diphtheria, the
type investigated here, is spread prima-
rily person to person through respiratory
droplets.’® Symptoms include sore throat
and low fever, though some people can
be asymptomatic carriers. In serious cas-
es, the formation of a pseudomembrane

can block the respiratory tract and cause
suffocation. The toxin can also enter the
circulatory system and damage the nerv-
ous system, heart, and other organs, with
death resulting from myocarditis or renal
failure. Death may occur during the ini-
tial acute infection or weeks later in the
convalescent period.” Diphtheria case
fatality rates are generally higher for chil-
dren under age five than other age groups.
Dr. John G. Fitzgerald and colleagues at
Toronto’s Connaught Laboratories not-
ed that during the pre-vaccine diphtheria
era in Canada, children under age five ac-
counted for one quarter of all diphtheria
cases but half of diphtheria deaths.®

The understanding of diphtheria
upon which Ontario’s Board of Health
based their decisions in this period is
described by Dr. W. Logie in an article
in the board’s report for the year 1904.
Logie, a physician from Sarnia, Ontario,
defined the disease as “an acute infec-
tious and contagious disease with or
without pseudo membrane, produced by
the presence and development of Klebs

social inequality and mortality from the 1918 influenza pandemic in Hamilton, Ontario,” in Epidemic
Encounters: Influenza, Society, and Culture in Canada 1918-20, edited by M. Fahrni and EW. Jones (Van-
couver: University of British Columbia Press, 2012), 97-112; Heather T. Battles, “Differences in polio
mortality by socioeconomic status in two southern Ontario counties, 1900-1937," Social Science History
41 (2017), 305-32; and Natalie C. Ludlow, “Historical population health: spatiotemporal mortality pat-
terns of Hamilton, Ontario 1880-1882 and 1910-1912” (unpublished PhD thesis, University of Saskatch-

ewan, 2017).

'> Gagan, “Disease, mortality, and public health.”

1€ Ibid.; Gagan, “Mortality patterns and public health in Hamilton, Canada”

17 Gagan, “Disease, mortality, and public health,” Table 14, 87.

'8 Andrea Burkovski, “Diphtheria and its etiological agents,” in Corynebacterium diphtheria and re-
lated toxigenic species, edited by Andreas Burkovski (Dordrecht: Springer, 2014), 1-14.

! T.L. Hadfield, P. McEvoy, Y. Polotsky, V.A. Tzinserling, and A.A. Yakovlev, “The pathology of
diphtheria,” Journal of Infectious Diseases 181 (2000), 116-20.

20].G. Fitzgerald, R.D. Defries, D.T. Fraser, P.J. Moloney, & N.E. McKinnon, “Experiences with
diphtheria toxoid in Canada,” dmerican Journal of Public Health 22, 1 (1932),25-8.
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LofHler bacillus.” Logie cautioned that
since other bacteria can also produce
similar inflammations in the throat, mi-
croscopic examination was the only real
means of positive diagnosis of diphthe-
ria.”2 However, he also cautioned that the
presence of the “Diphtheritic Bacillus”
did not define diphtheria as a disease in
the absence of any clinical illness.”> Logie
described three types of diphtheria, na-
sal, pharyngeal/tonsillar, and laryngeal,
the latter having been otherwise known
as ‘membranous croup’ as it frequently
resulted in a hoarse, high-pitched cough
or stridor as in viral croup.? He noted
that diphtheria could be complicated by
a secondary infection such as pneumo-
nia, or occur as a ‘mixed’ infection along
with another disease such as one of those

caused by group A streptococcus (e.g.
scarlet fever).”

The early twentieth century saw the
end of a diphtheria pandemic which be-
gan in the 18505 An antitoxin serum
was developed in 1894 and was quickly
adopted for use in cities around the world,
including Hamilton. Public health ofh-
cials in Hamilton, and in Ontario gener-
ally, seem to have been convinced of the
curative powers of antitoxin and attrib-
uted declines in mortality to its increased
use.” Logie was especially rapt in his de-
scription, stating that it “acts like magic”
and that “no remedy has done so much
for the human race... except perhaps vac-
cine.”® It was considered a great improve-
ment over previous interventions such as
tracheotomy, which Logie called “a last

2'W. Logie, “Diphtheria and its treatment,” in Ontario Board of Health Annual Report, 1904 (To-

ronto, 1905), 95-100.

22 Jbid.; previous Board of Health annual reports mention specific diseases which diphtheria was
often mistaken for, such as strep throat and oral thrush, in Onzario Board of Health Annual Report, 1902
(Toronto, 1903), 165, and laryngitis, ulcerated sore throat, and tonsillitis, in Ontario Board of Health An-
nual Report, 1901 (Toronto, 1902), 93. These reports similarly used such examples as arguments for the

necessity of laboratory testing.

 Logie, “Diphtheria and its treatment,” 95-100.

 Ibid.
 Ibid.

26 Marie C. Nelson, “Diphtheria in late-nineteenth-century Sweden: policy and practice;,” Continuity

and Change 9 (1994), 213-42.

%7 See for example D.A. McClenahan’s comments in Onzario Board of Health Annual Report, 1918
(Toronto, 1919), 14; McClenahan was a District Officer of Health from Hamilton, in charge of the Dis-
trict Three, which included Wentworth County and thus the City of Hamilton. However, physicians at
the time, and historians since, have debated whether the advent of antitoxin had any substantial effect on
diphtheria mortality rates. Condran argues diphtheria mortality rates were already declining when anti-
toxin was put into use, but that the antitoxin did help to accelerate that decline; see Gretchen A. Condran,
“The elusive role of scientific medicine in mortality decline: diphtheria in nineteenth- and early twentieth-
century Philadelphia,” Journal of the History of Medicine and Allied Sciences 63:4 (2008), 484-522. Nelson,
“Diphtheria in late-nineteenth-century Sweden,” also argues that antitoxin is the most likely explanation
for the decline in case fatality rates observed in Sweden. Hardy, The Epidemic Streets, argues from her
study of diphtheria in London, England, that a shift to a milder type of diphtheria was already underway
when the antitoxin came into use there.

8 Logie, “Diphtheria and its treatment,” 95-100.

Y Ibid.
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resource.”” Some risk with the antitoxin
was acknowledged, though it was not
to the patient; rather, if antitoxin made
a child well sooner, there was a risk that
they might be prematurely returned to
school while still infectious, and thus
spread the disease to others. A continu-
ing theme in the annual Provincial Board
of Health reports is the emphasis on en-
couraging earlier administration of anti-
toxin serum, as well as the use of larger
doses.”! Physicians were advised not to
wait for a laboratory diagnosis, but to use
antitoxin immediately in all suspected
cases.”? This belief in the critical value of
antitoxin contributed to the decision to
make it available free of charge to all On-

tarians in 1916.3

2.3 The End of Diphtheria in Hamilton
Immunisation against diphtheria began
carly in Hamilton compared to else-
where. Toxin-antitoxin (TAT) immuni-
sation campaigns were carried out in the
city between January 1922 and 1926.*
Hamilton was also among the sites of
the toxoid immunisation trials in 1925,
followed by more extensive campaigns
beginning in 1926 as the new toxoid vac-
cine proved effective.” It is because of
these early immunisation campaigns that
this study ends in 1921.

Table 1 provides a brief timeline of
relevant dates.

30 Ontario Board of Health Annual Report, 1900 (Toronto, 1901), 8.

31 See for example Chairman E.E. Kitchen’s comments in Ontario Board of Health Annual Report,
1905 (Toronto, 1906), and John W.S. McCullough’s comments in Ontario Board of Health Annual Re-
port, 1918 (Toronto, 1919), 3 that it was still not being used early enough or in large enough doses despite
now being free of cost. Roberts gives his own slogan as “Antitoxin early and in large doses” in Onzario
Board of Health Annual Report, 1915 (Toronto, 1916), 129.

32 For example, Logic’s comments in Ontario Board of Health Annual Report, 1904 (Toronto, 1905),
99; see also comments in Ontario Board ome[t/ﬂ Annual Report, 1915, 72. H.M. Lancaster’s comments
regarding the laboratory’s activity in the Ontario Board of Health Annual Report, 1916 (Toronto, 1917),
80 indicate that this advice was being heeded, at least by some.

33 While public health officials credited the free availability of antitoxin with reducing the diphtheria
death rate in 1916, they also blamed the war for limiting their ability to reduce it further; the Provincial
Board of Health’s Chief Officer noted that they would not be able to launch a full campaign aimed at

increasing the use of antitoxin “early enough and in sufficient quantity” until after the war, Ontario Board
of Health Annual Report, 1916, 1-2. D.A. McClenahan described the financial limitations imposed by the
war but expressed the hope that “with the incoming year peace may once more be restored to the Empire
and then we shall be able to pick up the loose threads of public health work.., Onzario Board of Health
Annual Report, 1916, 18.

34 Toxin-antitoxin immunisation involved injecting a mixture of diphtheria toxin and antitoxin to
provide protection against diphtheria that lasted longer than the protection offered by injection of anti-
toxin alone. However, the protection offered by toxin-antitoxin immunisation was still relatively short-
term, at up to two years; see Evelynn Maxine Hammonds, Childhood’s Deadly Scourge: The Campaign to
Control Diphtheria in New York City, 1880-1930 (Baltimore: The Johns Hopkins University Press, 1999),
176-77.

% James Roberts, “A campaign against diphtheria,” The Canadian Journal of Medicine and Surgery
(February 1931), 41-52.
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3. Sources and Methods

3.1 Data sources
Data were collected from death reg-
istrations for the City of Hamilton
for the period 1900 to 1921. Death
registrations for Ontario are considered
generally complete from the beginning
of the twentieth century. All registra-
tions for city residents whose Cause of
Death (COD) information included
“diphtheria,” “diphtheritic croup,” “mem-
branous croup, or “membranous lar-
yngitis” were recorded (n=399). These
were transcribed into a Microsoft Excel
spreadsheet both directly from Archives
of Ontario microfilm (for 1900-04 and
1920-21, in previous research in 2008)
and from Archives of Ontario records via
Ancestry.ca (for 1905-19) in 2014. We
excluded those with insufficient residen-
tial address information for mapping in
ArcGIS and those whose residences fell
outside the city boundaries in the year of

their deaths (and thus not covered by the
assessment record population counts).
We also excluded two individuals who
lacked age information. The final total
for analysis consisted of 312 individuals.

Assessment records for the City of
Hamilton held at the Hamilton Public
Library’s Local History and Archives
provided annual population data by
ward.” This included not only total ward
population by year but also specifically
the population aged 5-16. Analysis was
done on total population (all ages) and
well as on diphtheria mortality rates for
ages 5-16 specifically. In the northern
wards, the mean percentage of the popu-
lation in that age category over the 1900-
21 period was 22.2 per cent compared to
19.6 per cent in the south.

The assessment data should be con-
sidered with some caution. The city’s
population was growing at this time and
its physical boundaries were expanding
rapidly. Furthermore, there was substan-

Table 1. Timeline of Diphtheria Treatment and Prevention
in Hamilton, Ontario (1890s-1920s)

Diphtheria antitoxin becomes available in Ontario for general use
Ontario Board of Health resolves that antitoxin should be available free of charge for

Antitoxin becomes available from the University of Toronto Antitoxin Laboratory at

Antitoxin becomes available free of charge from Ontario government

1895
1907
indigent and poor patients
1914
much lower prices than commercial labs
1916
1922 Toxin-antitoxin (TAT) immunisation campaign begins in January
1925  Toxoid vaccine trials in Hamilton
1926  Toxoid immunisation campaigns begin

3¢ Archives of Ontario, Registrations of Deaths, 1900-21, MS 935, reels 95-284 ( Toronto, Ontario,

Canada).

%7 Hamilton Assessment Department, City of Hamilton Assessment Rolls, 1901-22 (Hamilton, On-

tario, Canada).
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tial residential mobility into, out of, and
within the city. Thus, the ward population
counts in the assessment records taken
at the mid-point of the year might dif-
fer from the ward population at another
point in the year, especially in years when
annexations occurred and ward bounda-
ries shifted. Also, discrepancies between
population estimates for Hamilton from
different sources have previously been not-
ed, particularly in regards to the effect on
calculated mortality rates.”® The fact that
the assessment records provide population
counts by ward on an annual basis makes
them far preferable to decennial census
data for the purposes of this study. Never-
theless, the diphtheria mortality rates cal-
culated here are best considered relative to
cach other, rather than directly compared
to rates from other populations.

3.2 Mapping in ArcMap

apping was done using ESRI’s

ArcMap geographic information
system (GIS) software version 10.3.1.
Modern map shapefiles were obtained
from the City of Hamilton containing
public sector data made available under
the City of Hamilton’s Open Data li-
cense. Residential addresses of diphtheria
deaths were checked for changes in street

names, georeferenced, and subsequently
plotted in ArcMap.” Ward boundaries as
of 1910 and 1920 were drawn and saved
as separate layers, and used to assign each
death to specific ward according to the
boundaries for their year of death (see
Figures 1 and 2). Plotted deaths were
also checked against boundary changes
over the period as areas were annexed to
the city.* For further analysis, wards One
through Three were grouped as ‘south’
and wards Four through Eight as ‘north’
Ward Eight deaths were included as of
1910, when assessment records first gave
population counts for that area.
Comparison of the mapped versus
unmapped diphtheria deaths showed mi-
nor differences between the two groups.
Addresses which could not be mapped
were slightly more likely to be in north-
ern wards, thus their absence potentially
biases outcomes in favour of the null hy-
pothesis that there was no difference in
diphtheria mortality between the wards.

3.3 Statistical methods

Statistical analyses were conducted
in Microsoft Excel and IBM’s SPSS

Statistics 22 software. The distributions

of the annual diphtheria mortality rates

were assessed for normality using visual

38 See Gagan, “Disease, mortality, and public health,” 113-15. Gagan notes that in calculating mortal-
ity rates for Hamilton, Ontario’s Provincial Board of Health used population estimates which were likely
too low, thus producing rates which overestimated mortality in the city.

% Using street names in a detailed 1903 city map produced by the Scarborough Company, JW. Tyr-
rell, City of Hamilton, Ontario, scale 300 feet=1 inch (Hamilton, 1903).

% Ward boundaries for 1910 were drawn according to the details in Hamilton Public Library, “Wards
in 1910” (2011), available on <http://www.myhamilton.ca/myhamilton/LibraryServices/Genealogy/
wards+in+1910.hm> (accessed 8 February 2011); ward boundaries for 1920 were drawn according to

information in Weaver, Hamilton.
# Changes detailed in Weaver, Hamilton.
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Figure 1. Map of Hamilton showing ward boundaries as of 1910. Ward boundaries drawn according to information
from Hamilton Public Library, “Wards in 1910” (2011).
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Figure 2. Map of Hamilton showing ward boundaries as of 1920. Ward boundaries drawn according to informa-
tion from John C. Weaver, Hamilton: An Hllustrated History (Toronto: James Lorimer & Company, 1982).
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Table 2. Annual diphtheria mortality rates per 10,000 population
for Hamilton, Ontario, 1900-21

South (Wards 1-3) North (Wards 4-8)
Year Mortality rate n Mortality rate n
1900 1.02 2 3.47 11
1901 0.99 2 3.88 13
1902 1.47 3 2.68 9
1903 0.96 2 1.47 5
1904 1.40 3 1.66 6
1905 1.84 4 291 11
1906 1.37 3 4.24 16
1907 0.46 1 0.71 3
1908 0.43 1 0.91 4
1909 1.30 3 2.86 11
1910 1.56 4 3.19 13
1911 1.44 4 0.91 4
1912 0.34 1 1.25 7
1913 0.63 2 1.67 9
1914 0.60 2 1.65 9
1915 0.91 3 1.85 10
1916 1.76 6 2.90 16
1917 2.01 7 1.75 10
1918 0.85 3 0.92 6
1919 2.99 11 1.10 7
1920 1.31 5 391 30
1921 0.25 1 3.92 31
Sources: Ontario Death Registrations, Archives of Ontario; City of Hamilton Tax Assessment Records,
Hamilton Public Library Local History and Archives

assessment of histograms, z-scores of
skewness and kurtosis, and Kolmogorov-
Smirnov tests. Both the overall distribu-
tion of rates and the distribution for the
5-16 years age group were assessed, in-
cluding north and south separately and
collectively. Due to various indications
of non-normality, particularly skewness,
the non-parametric Mann-Whitney U
test was selected for analysis of mortality
rates. Fisher’s exact test was used for com-
parison of frequencies between north
and south. Statistical significance was set

at p < .05. Specific p values are reported
top =.001.

4. Results

Mann-Whitney U test indicated

that annual diphtheria mortality
rates (deaths per 10,000 population) for
the 1900-21 period were higher in the
northern wards (median = 1.8) versus
the southern (median = 1.2), U = 106,
Z=-3.19,p =.001, r = -.48 (see Table 2
and Figure 3). Epidemic waves track gen-
erally across both areas of the city over
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the study period, with the exception of
1919-21 (see Figure 4).

The age span of the 312 mapped
diphtheria deaths ranged from an infant
aged 1 month and 10 days to an older
adult aged 65 years. There are very few
deaths over the age of 17 years (z = 13;
see Figure 5). Looking then at the 5-16
years age group (diphtheria deaths 7 =
157), there is no evidence of a difference
in the annual diphtheria mortality rates
between north and south (U = 170.5, Z
=-1.68, p =.093) (see Table 3 and Figure
6).

This leaves the 0-4 age group as the
probable source of the difference in mor-
tality rates between north and south. It is

not possible to test this directly without
annual population data on 0-4 year-olds.
However, an examination of the pro-
portions of deaths in each age group in
north and south provides some evidence
(see Figure 7). In the north, 47.3 per cent
of diphtheria deaths were under age five,
compared to 39.4 per cent in the south,
though this difference is not statistically
significant according to a Fisher’s exact
test (p = .279). A Mann-Whitney U test
also found no evidence of a difference in
overall age at death in the north (median
= 5.0 yrs, n = 241) versus the south (me-
dian =6.0yrs, n =71), U=7437.5,Z =
-1.680, p = .093. However, one-year-olds
in particular appear to stand out with

s Figure 3. Box plot displaying distribution of annual diphtheria mortality rates
(deaths per 10,000 population) for Hamilton’s southern and northern wards for
the 1900-21 period.
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10.8 per cent of deaths (72 = 25) in the
north compared to 2.8 per cent (72 =2) in
the south, though the difference does not
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Figure 4. Three-year moving average of diphtheria mortality rates in
Hamilton per 10,000 population (all ages), 1900-21.

309 Figure 5. Number of diphtheria deaths by age in Hamil-
ton’s northern versus southern wards, 1900-21.
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reach statistical significance according to
a Fisher’s exact test (p = .054).
Finally, there were no significant dif-
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South

ferences in time (year of death) between
north (7 = 241; mean = 1912.1; SD =
7.1; median = 1913) and south (z = 71;
mean = 1912.5; SD = 6.2; median =
1915), U=8513.5,Z =-.063, p = .95.

5. Discussion

Higher diphtheria mortality rates in

the north of Hamilton can pos-

sibly be explained by a combination of

crowding, economic pressures impacting

treatment and recovery, and insult accu-
mulation.

In terms of the most proximate or

Figure 6. Box plot
displaying distri-
bution of annual
diphtheria mortality
rates for ages 5-16
per 10,000 popula-
tion aged 5-16 in
Hamilton’s southern
and northern wards
Jfor the 1900-21
period.

North

direct influences, diphtheria mortality
might be increased by crowding both in
terms of overall population density by
ward and crowding within homes. One
study of boarding schools in Russia found
that both physical proximity and duration
of contact influenced spread of diphtheria
infection, with most transmission occur-
ring in dormitories at less than 1 metre
distance.” Crowding might also have con-
tributed to increased severity of diphtheria
infections as well as incidence, as has been
demonstrated in other childhood infec-
tious diseases, both viral and bacterial.®

“L.A. Favorova, “The influence of overcrowding and prolonged contact on transmission of the diph-
theria pathogen,” Journal of Hygiene, Epidemiology, Microbiology, and Immunology 13 (1969), 73-82.

“ P. Aaby, J. Bukh, LM. Lisse, & A J. Smit, “Overcrowding and intensive exposure as determinants of
measles mortality,” American Journal of Epidemiology 120 (1984), 49-53; N.M. Nielsen, P. Aaby, J. Wohl-
fahrt, J.B. Pedersen, M. Melbye, & K. Molbak, “Intensive exposure as a risk factor for severe polio: a study
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Table 3. Annual diphtheria mortality rates for ages 5-16 years per 10,000 population
aged 5-16 years in Hamilton, Ontario, 1900-21
South (Wards 1-3) North (Wards 4-8)
Year Mortalityrate  n Mortalityrate _ n
1900 0.00 0 991 7
1901 4.25 2 8.05 8
1902 6.59 3 5.25 5
1903 2.21 1 2.04 2
1904 4.39 2 2.04 2
1905 6.09 3 7.18 7
1906 4.52 2 3.22 3
1907 0.00 0 1.14 1
1908 0.00 0 0.89 1
1909 3.86 2 6.81 6
1910 5.24 2 5.56 4
1911 4.59 2 2.69 2
1912 0.00 0 2.26 2
1913 4.25 2 6.41 6
1914 1.95 1 4.93 5
1915 1.94 1 3.02 3
1916 5.57 3 5.76 6
1917 3.98 3 4.51 6
1918 2.58 2 2.25 3
1919 7.04 5 1.99 3
1920 3 .02 2 11.57 18
1921 0.00 0 11.16 19
Sources: Ontario Death Registrations, Archives of Ontario; City of Hamilton Tax Assessment Records,
Hamilton Public Library Local History and Archives.

Health officials were well aware of
overcrowding problems in Hamilton.
Gagan suggests that between 1905 and
1909, the city was dependent on immi-
gration to maintain its industrial work-
force and would not have been keen on
the health department making noise

of multiple family cases,” Scandinavian Journal of Infe

about housing and health in the city.*
But this changed in 1910, she says, when
a new by-law was passed relating to sani-
tary conditions, which expanded the
powers of the city’s Board of Health.®
And in fact, in his report for the year
1912, Medical Officer of Health (MOH)

ctious Diseases 33 (2001), 301-305; N.M. Nielsen,

K. Hedegaard, & P. Aaby, “Intensity of exposure and severity of whooping cough,” Journal of Infection 43
(2001), 177-81; A. Poulsen, F. Cabral, J. Nielsen, A. Roth, I.M. Lisse, B.E. Vestergaard, & P. Aaby, “Vari-

cella zoster in Guinea-Bissau: intensity of exposure and severity of infection,” Pediatric Infections Disease

Journal 24 (2005), 102-7.

* Gagan, “Disease, mortality, and public health,” 175-86.

® Ibid.
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Figure 7. Proportion of diphtheria deaths at each age within Hamilton'’s northern versus southern

wards, 1900-21.

James Roberts stated that in his percep-
tion housing conditions had worsened in
Hamilton in the past few several years.
He described an investigation that had
found severe overcrowding in the central
city, with many families living in rented
basements and attics, remarking, “we
have evidence that the germs of the slum
are here, alive, making vigorous efforts at
growth...”” As Gagan noted, the high-
est population densities in the city were
found in the north, especially wards Six
and Seven.*

The Hamilton Spectator newspaper
highlighted poor living conditions in the

city centre within its pages to elicit dona-

tions for its “fresh air outings” fund for
local children. Alongside photographs of
houses and yards in Hamilton’s central
city were captions such as this:
This is no fanciful picture, but a true repre-
sentation of conditions as they are in a spot
not two blocks distant from Hamilton’s city
hall. In this hen-coop of a yard, with its ac-
cumulation of debris and filth, these children
and others have their only playground. The
others who are not in the picture are out on
the street playing. It is for such children as
those that the “Tatler’s’ fresh-air outings are
being given. Take a good look at the picture
and then send in your subscription.”’

These problems continued through-
out the period. Visiting nurse Mrs. C.H.

“ Ontario Board of Health Annual Report, 1912 (Toronto, 1913), 449-52.
¥ Ibid. According to Roberts, the Chief Inspector described such basement dwellings as “more sug-
gestive...of a morgue than a dwelling house,” in Onzario Board of Health Annual Report, 1912, 450.

48 Gagan, “Disease, mortality, and public health.”
¥ Hamilton Spectator, 6 August 1910.
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Jarvis noted in her report to Hamilton’s
MOH in 1920, “Houses in Hamilton,
as everyone knows, have been scarce and
there has been a tendency to overcrowd-
ing”* Regarding how much Hamilton’s
public officials were aware of and ac-
knowledged the socioeconomic and geo-
graphic disparities in health in their city,
it is useful to look at the data obtained
from the 1922 immunization campaign.
Toxin-antitoxin immunization work be-
gan in January of that year, and focused
on a clinic and six schools, mostly in the
city’s northern wards.’' Schick tests were
conducted to see who lacked immunity.”
The decision to concentrate on schools in
the northern part of the city suggests an
awareness of where diphtheria rates were
highest. This is supported by the follow-
ing passage by James Roberts in his 1923
report:

It is interesting to note that the children from
the poorer districts gave a lower percentage of
positive reactions and especially those from
the districts where diphtheria is most preva-
lent. In one school, out of 203 children, only
36 gave a positive reaction. This is no doubt
due to the widespread immunity acquired by

frequent contact with the disease.”

Economic pressures might also have
been at play in increased diphtheria mor-

50

port, 1920 (Toronto, 1921), 228.

tality in the north. One way in which
this could affect mortality is in how
much time the sick individual is able to
take to recover. This can potentially be
illustrated in the case of one death in
1921, a ten-year-old in the north, the
son of Polish immigrants, whose death
registration specifically states that he was
“let up too soon.” In contrast, Figure 8 is
a photo of Archie Dixon taken in March
1909 entitled “Archie convalescent.” It is
unclear whether or not the illness he was
recovering from was diphtheria; however
his sister Marion had died suddenly of
diphtheria two months previously. The
Dixons lived in the south of Hamilton.
Economic pressures could also im-
pact medical treatment. While for much
of this period antitoxin was available free
of charge or at low cost (see Table 1) from
the provincial government, physicians’
fees and hospital fees could still be sig-
nificant costs. Cortiula’s examination of
social class at Hamiltons City Hospital
(renamed Hamilton General Hospital in
1919) notes that the poor were placed in
crowded rooms while those with funds
could get private rooms.* The industrial
boom of 1900-13 brought more people to
Hamilton and further increased the pres-

sure on the hospital.’> Among the diphthe-

Roberts included her report in his report for Hamilton in the Onzario Board of Health Annual Re-

>! Ontario Board of Health Annual Report, 1923 (Toronto, 1924), 364.

>2The Schick test, named after inventor Béla Schick, was used to test for immunity to diphtheria. A
lack of reaction to an injection of diluted diphtheria toxin under the skin (negative result) indicated im-
munity, while a positive reaction indicated susceptibility.

53 Ontario Board of Health Annual Report, 1923, 364.

54 Mark W. Cortiula, “Social class and health care in a community institution: the case of Hamilton
City Hospital,” Canadian Bulletin of Medical History 6 (1989), 133-45.

55 Ibid., 142.
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Figure 8. Archie convalescent.
Courtesy of Local History &
Archives, Hamilton Public
Library.

no indication that hos-
pital deaths were more
frequent in the north;
92 of 241 diphthe-
ria deaths, or 38.2 per
cent, died in hospital in
the north versus 33 of
71 deaths, or 46.4 per
cent in the south. Care
at home was sometimes
possible, with the po-
tential benefit of not
being exposed to addi-
tional infections in hos-
ria deaths for Hamilton this was the only  pital.** However, this usually meant that
hospital recorded as a place of death. Of  the entire houschold was placed under
the 312 individuals in this study, 125 died ~ quarantine, a severe burden for the wage
at the City Hospital, 24 died at home, earner, and increased the risk of contagion
and the location of death for the rest (z =  within the houschold.”” New provincial
163, 52.2 per cent) is unknown. Therefore  regulationsin 1903 required that diphthe-
a direct comparison of the proportion of ria (and scarlet fever) patients be removed
hospital deaths in north and south is un-  to hospital, yet Hamilton’s MHO at the
likely to be reliable. In any case, there is  time, Walter Langrill, noted that this

5¢In 1907, a dispute arose regarding the death of 21-year-old Hamilton resident Clayton Young.
There was an accusation that he contracted diphtheria in hospital (after developing erysipelas from being
struck with a puck), and thus that hospital staff were in some way at fault. His death registration recorded
his cause of death as “erysipelas complicated with diphtheria”; see Archives of Ontario, Registrations of
Deaths. An inquest was held, and the jury concluded his death was due to erysipelas alone; see “Clayton
Youngs death due to erysipelas,” Globe, 28 March 1907, 8. The case highlights the concerns about contam-
ination between patients with contagious diseases in hospital, and perhaps helps to explain the reluctance
and resistance of many parents and guardians to allow their children to be removed to hospital, which
frustrated public health ofhicers; see Hamilton Medical Health Officer (MHO) Walter F. Langrill’s com-
ments in Ontario Board of Health Annual Report, 1903 (Toronto, 1904), 36.

57 Gagan, “Mortality patterns and public health in Hamilton,” 170. Gagan mentions that in Hamil-
ton’s 1905-06 scarlet fever outbreak, only 55 of 147 cases could be accommodated in the isolation wing of
the hospital, which was an economic burden on families of those who could not be accommodated since
they then had to be quarantined for six weeks. Thus James Roberts, who became MHO in 1905, pushed

(unsuccessfully) for a separate isolation hospital.
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could not always be accomplished.” Those
of lesser means might also delay calling a
physician, as early symptoms might be at-
tributed to a less serious sore throat.”

In terms of more indirect or complex
contributors to diphtheria mortality risk,
insult accumulation could explain higher
diphtheria mortality in the northern
wards.® As Gagan has shown, the north-
ern wards had higher mortality from
many causes, indicating a heavy disease
burden.® Janjua found that for the 1925-
35 period, slightly later than that con-
sidered here, infant mortality rates for
airborne and respiratory diseases as well
as food- and water-borne diseases were
higher in Hamilton’s north, though the
rates were then declining throughout the
city.? Higher diphtheria mortality might
thus be a reflection of overall poorer
health in the north, rather than indicat-
ing that conditions were particularly con-
ducive to diphtheria. Co-infections and

super-infections give some direct insight
into this, as multiple infections were list-
ed on death registrations. We know that
such additional infections, particularly
with streptococcus bacteria, contribute
substantially to diphtheria morbidity
and mortality.® In Hamilton, 7 out of 71
diphtheria deaths in the south (9.9 per
cent) had co-infections listed (measles,
strep, bronchopneumonia, bronchitis,
scarlet fever), compared to 14 of 241 in
the north (5.8 per cent) (measles, scarlet
fever, mumps, pneumonia, polio, erysip-
clas, bronchopneumonia, influenza). In-
terestingly, the individual with the high-
est number of co-infections (diphtheria,
scarlet fever, measles, and bronchopneu-
monia) was in the south. A Fisher’s exact
test showed no evidence of a difference in
the frequencies of co-infections between
north and south (p = .279). It is possible
that diphtheria patients in the south were
more likely to be cared for by private

>8 According to Langrill, “In a good many instances,... parents have refused to allow me to remove
their children to hospital, and I was obliged to leave them in their homes, believing that forcible means
and harsh measures would ultimately defeat the attempt to win public opinion...,” Ontario Board of Health

Annual Report, 1903, 36.

>? See J.T. Phair & N.E. McKinnon, “Mortality reductions in Ontario 1900-1942: V. Diphtheria,”
Canadian Journal of Public Health, 37:2 (1946), 69-73, regarding the 1921 survey detailed in J.G. Fitzger-
ald, “An analysis of diphtheria deaths in Ontario,” pamphlet issued by the Provincial Board of Health,

Ontario (1921).

% Robert Woods & Nicola Shelton, An Atlas of Victorian Mortality (Liverpool: Liverpool University

Press, 1997).

¢! Gagan, ‘Disease, mortality, and public health’; and Gagan, ‘Mortality patterns and public health in

Hamilton’

% Janjua, “Infant mortality during the Great Depression in Hamilton,” 94-98.

% Condran, “The elusive role of scientific medicine,” notes higher mortality in co-infection cases.
Serious diphtheria cases were often also infected with strep and staph bacteria—see Annick Opinel, “The
anti-diphtheria apparatus at the Institut Pasteur, 1894-1905,” Dynamis 27 (2007), 83-106, and Annick
Opinel, Ulrich Trohler, Christian Gluud, Gabriel Gachelin, George Davey Smith, Scott Harris Podolsky,
& lain Chalmers, “Commentary: The evolution of methods to assess the effects of treatments, illustrated
by the development of treatments for diphtheria, 1825-1918,” International Journal of Epidemiology 42

(2013), 662-76.
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physicians, who might have been more
likely to return multiple causes of death.*
Therefore, the recorded co-infections on
the death registrations might not reflect
actual numbers of co-infections in diph-
theria deaths, especially for the north.
However, as discussed above, there is no
direct evidence from this sample that
diphtheria deaths in the south were more
likely to have been cared for by private
physicians rather than in hospital.

One caveat to this study is that it is
based on residential geography, not per-
sonal SES. Occupation information was
only provided in some of the death reg-
istrations; since most were children, of-
ten this line is left blank, or else occupa-
tion was given as “student,” “infant,” etc.
However, there are some examples of low
SES deaths in the south. The individual
mentioned above as having the highest
number of co-infections was a three-
year-old whose death registration gives
“Occupation” as “Father is a labourer.”
This child lived in Ward Three, the gen-
erally well-off southwest area of the city.
Previous work on the cities of Hamilton
and nearby Toronto has shown that even
where early twentieth-century neigh-
bourhoods could be broadly classified
along socioeconomic lines, there was of-
ten substantial heterogeneity in the social
geography that was revealed in examina-
tion of mortality patterns.®

6. Conclusion

his study has found that from 1900

through 1921, the City of Hamil-
ton’s annual diphtheria mortality rates
were higher in its northern wards. The
evidence presented here suggests that
this difference was concentrated among
children under five years old, with no
evidence of a difference between north
and south in mortality rates for the 5-16
year age group. This is supported by the
results of the 1922 Schick testing, which
found widespread immunity in children
of school-age in Hamilton’s “poorer dis-
tricts.” These socio-geographic differ-
ences in diphtheria mortality persisted
despite the decreasing cost of antitoxin.
Crowding, a known problem in Hamil-
ton’s northern wards in this time period,
provides a likely explanation for some of
the higher mortality in the north. Other
factors associated with poverty and low
SES, such as economic pressures reduc-
ing recovery time, delaying treatment, or
increasing exposure to additional patho-
gens, are also likely to have played a role
in producing the observed mortality dif-
ferentials, though the available informa-
tion makes it difficult to implicate any of
them directly.

These results demonstrate the social
inequalities in health that existed in early
twentieth-century Hamilton and their
geographic dimensions. They show that

¢ Condran, “The elusive role of scientific medicine,” 507.

¢ Michael E. Mercier, “The social geography of childhood mortality, Toronto, 1901,” Urban Geogra-
phy 27 (2006), 126-51; Heather T. Battles, “Examining mortality patterns in the epidemic emergence of
poliomyelitis in southern Ontario, Canada (1900-1937)” (unpublished PhD thesis, McMaster University,

2013), 124.

% Ontario Board of Health Annual Report, 1923, 364.
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residents of the city’s northern, lower SES
wards were at higher risk of dying from
diphtheria, and that this risk was likely
concentrated in Hamiltons youngest
residents: children under the age of five.
This pattern suggests that those most vul-
nerable to diphtheria in early-twentieth
century Hamilton were found among the
large populations of industrial working
class immigrants living in crowded areas
close to the factories. These families lived
disproportionately under economic pres-
sures that led to sick children spendingless
time resting and recovering, and in condi-
tions that fostered repeated infections and
further increased their susceptibility.
Thus, these findings support Ga-
gan’s speculations that “chances for sur-
vival” were in fact lower in Hamilton’s
northern wards, especially for its infants
and children, than in the comparatively
well-off south, at least for this particular
serious infectious disease. They add to a
recent growing literature on this aspect
of Hamilton’s health history, which has
revealed similar mortality disparities for
other infectious diseases.” For exam-
ple, Natalie Ludlow’s investigation of
Hamilton’s mortality patterns in the late
nineteenth and early twentieth centuries

found that industrialization had major
consequences for human health, increas-
ing inequalities within the city.® Ludlow
attributes these disparities in large part
to uneven development and infrastruc-
ture that did not keep pace with rapid
population growth.® More broadly, this
research expands our understanding of
social and economic inequalities in one
of Ontario’s major urban, industrial cen-
tres by elucidating the consequences of
such inequalities for human health and
mortality” It also highlights how lo-
cal and provincial public health officials
perceived the problem of the diphtheria
mortality in Hamilton and its relation-
ship to social inequalities, and the ways
in which they tried to address it—par-
ticularly, their focus on the “miracle” of
antitoxin treatment.

Future research could utilize SES in-
formation on individualsand households,
such as that from occupations listed on
the death registrations or other linked
records, to dig deeper into these pat-
terns of SES and residential geography.
This could illuminate some of the more
complex patterns of urban social geogra-
phy and their relationship to health and

mortality.

¢ See Janjua, “Infant mortality during the Great Depression in Hamilton”; Herring & Korol, “The
1 «in: . . . . . »
north-south divide”; and Battles, “Differences in polio mortality by socioeconomic status.

% Ludlow, “Historical population health.”

@ Ibid.

70 For research on historical economic inequalities in Hamilton and its immediate area, see M.B.
Katz, The People 0f ‘Hamilton, Canada West: Fami[y and Class in a Mid ]Vineteenth-Cem‘ury City (Cam-
bridge, MA: Harvard University Press, 1975); D. Gagan and R. Gagan, “Working-class standards of living
in late-Victorian urban Ontario: a review of the miscellaneous evidence on the quality of material life,”
Journal of the Canadian Historical Association 1 (1990), 171-93; and L. Di Matteo and P. George, “Ca-
nadian wealth inequality in the late nineteenth century: a study of Wentworth County, Ontario, 1872-

1902, Canadian Historical Review 73 (1992), 453-83.
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