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Abstract
Four synchronous epidemics of measles and scarlet fever are observed in the historical data
collected by colonial authorities in Victoria, Australia from 1853 to 1876, suggesting some
sort of synergistic relationship between the two diseases. While epidemics of measles, as
recorded by the colonial record keepers, still occurred during the remainder of the study
period (until 1916), no further epidemics of scarlet fever occurred after 1876. This is sug-
gestive of a change in Victoria’s disease ecology in the late 1870s. After analysis of the
historical data for potential artifactual cases, it does not appear to be the result of confusion
in diagnosis and changes in case definitions do not appear to have affected reporting of the
causes of death. We conclude that the most likely explanation for the observed pattern is an
epidemic synergy that ended after the 1876 epidemic. We hypothesize that this synergistic
relationship between measles and scarlet fever in mid-nineteenth-century Victoria ended
due to a shift in the dominant group A streptococci (GAS) M-type or the loss of a GAS
bacteriophage. Support for this hypothesis comes from observations that other diagnoses
associated with group A strep infections also changed their mortality profiles during the
1870s, particularly “Bright’s disease,” a possible descriptor of post-streptococcal glomeru-
lonephritis. We situate the emergence and end of this pattern within the demographic and
socioeconomic conditions of the Victorian gold-mining boom in the 1850s to 1870s and
postboom changes in fertility, mortality, and housing infrastructure, highlighting the
importance of social conditions in disease evolution.

Introduction
In the nineteenth century, Victoria was a growing British colony in the southeast
corner of the Australian land mass. The massive gold rush in the early 1850s,
encouraged by the success of the gold rush to California in 1849, added hundreds
of thousands of miners and settlers to its population. In the course of this demo-
graphic explosion and accompanying socioeconomic developments, the mortality
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profile of the region changed. Meanwhile, in 1853 the Victorian colonial govern-
ment adopted a version of William Farr’s nosology index for the recording causes
of death, becoming one of the first places outside of the United Kingdom to do so.
The resulting historical record has facilitated the observation of many unusual pat-
terns in mortality, one of which we examine here.

This article discusses an observed synchrony between measles and scarlet fever in
the Australian colony and subsequently the state of Victoria from 1853 through
1876, and an absence of synchrony thereafter. We begin with this pattern (described
in the following text), discovered through the analysis of mortality data from the
Victorian Registrar General’s reports. We evaluate the available evidence to deter-
mine whether an artifactual explanation (misdiagnosis) is sufficient to explain the
pattern. After ruling out this alternative as unlikely, we provide support for a plau-
sible biological explanation for the synergistic pattern using recently published epi-
demiological and immunological research demonstrating the phenomenon of
measles-induced immune modulation in the form of both temporary immunosup-
pression and lasting immune memory loss (“immune amnesia”). We then consider
possible explanations for the end of the synchronous pattern after 1876, examining
the changing social, demographic, and economic context. We discount new direct
medical interventions or a change in case definition as probable explanations for the
end of the synchrony, and instead point to either a change in group A Streptococcus
(GAS) type or loss of the bacteriophage (a bacteria-infecting virus) leading to a loss
of virulence in the scarlet fever pathogen (S. pyogenes), coinciding with the end of
the scarlet fever pandemic in other Western countries.

Numerous authors have argued for a change in group A Streptococcus biology in
the nineteenth century as a proximal explanation for the rise of the scarlet fever
pandemic and its sudden end prior to medical intervention (see Gaworewska
and Colman 1988; Hardy 1993; Mathews 2005; McKeown 1976; Musser et al.
1993; Swedlund and Donta 2003), opening up questions about the broader causes
of such biological changes. Furthermore, previous historical work in Britain and the
United States has identified associations between various “childhood” diseases, par-
ticularly the “traditional pairing” of measles and pertussis (Woods and Shelton
1997: 77; see for example Coleman 2015; Hardy 1993; Noori and Rohani 2019).
Woods and Shelton (1997: 89) show that for early childhood mortality in
England and Wales in the 1860s, after pertussis, measles was most closely associated
with scarlet fever. However, such work has often focused on the diseases sharing age
profiles (Woods and Shelton 1997) and the effects of poor nutrition exacerbated by
successive infections (Hardy 1993). These patterns have not yet been considered in
relation to the recently published evidence for measles-induced immune modula-
tion, which has the potential to contribute substantially to our understanding of
these relationships.

We suggest that the pattern of measles and scarlet fever mortality examined here
likely emerged at least in part due to the particular demographic and socioeconomic
context of the Victorian gold-mining boom in the 1850s to 1870s. The rapid
population increase without adequate infrastructure, combined with an increased
proportion and absolute number of young children, may have created conditions
not only for a heavy burden of such diseases operating independently but
also for a synchronous relationship with measles that may have increased
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susceptibility to scarlet fever particularly and resulted in more severe disease out-
comes—including increased scarlet fever mortality. This pattern ended when fertil-
ity and mortality later declined and crowded, makeshift housing conditions eased as
infrastructure began to catch up with the increased population. This analysis thus
contributes a new perspective to the historical literature on nineteenth-century
infectious disease patterns, specifically the scarlet fever pandemic and the interac-
tions between measles and other diseases, highlighting the role of social conditions
in disease evolution.

Sources and Methods
Mortality records for this article come from the Victorian Registrar General’s
reports created from issued death certificates. To produce cause-specific mortality
rates the first author (PR) combined the Registrar General’s reports’ descriptions of
causes of death with the annual population estimations published in the Victorian
Parliamentary Papers and colony/state censuses. PR assessed the extent of correla-
tion and, looking at all the bivariate correlations, found a way to focus on those
appearing most important. Following this, PR and second author HB undertook
a process of elimination to consider potential explanations for the apparent synergy
between the scarlet fever/scarlatina and measles diagnoses. The consideration of
these potential explanations resulted in additional analyses and we will present
the methods associated with these concurrently.

The Pattern
Figure 1 shows four apparent major epidemics of scarlet fever/scarlatina in Victoria
from 1853 to 1876 (which had peak mortality in 1853, 1860–62, 1866–68, and 1875–
76), synchronized closely with recorded deaths by measles in that period. Measles
epidemics still occurred in 1880, 1884, 1893, and 1898 but epidemic scarlet fever/
scarlatina mortality was no longer accompanied by the measles epidemics after
1876. Crude mortality rates and annual reported deaths for the measles and scarlet
fever/scarlatina diagnoses are presented in Appendix A.

This graph raises a number of questions, the first of which is whether the results
are a product of a “real” biological reality or an artifact of recording methods.
Additional questions arise about the demographic profile of the population, socio-
economic context, and other observations of disease synergies. Not all these ques-
tions can be fully answered with the data available from this period. In this article we
weigh the available evidence and argue for the mostly likely underlying cause of
these mortality patterns.

Current Understanding of Measles and Group a Streptococcus
The measles virus is one of the most contagious microbes known to infect humans.
It is an RNA virus in the Paramyxoviridae family spread person to person through
respiratory droplets. It is thought to have diverged from the rinderpest virus, which
infects cattle, after the advent of the Neolithic—with recent research suggesting a
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divergence date as late as the eleventh to twelfth centuries (Furuse et al. 2010).
Measles mortality is typically due to respiratory or neurologic complications
(Barkin 1975). Its effects include suppression of the host’s immune response that
can last well beyond the active measles infection, from weeks to years (Mina
et al. 2015). The specific elements of measles-induced immune modulation include
reducing a person’s antibody memory to past infections (Mina et al. 2019), and a
depletion of B cells, which generate antibodies (Petrova et al. 2019). Thus, the cur-
rent literature demonstrates that the presence of measles has the potential to
increase morbidity and mortality of other infectious diseases such as scarlet fever.

Scarlet fever, also once known as “scarlatina,” is caused by Streptococcus pyo-
genes, one of the most common pathogenic bacteria that infect humans.1 In
Victoria, the Registrar General used “scarlatina” until 1885 and “scarlet fever” there-
after. This was part of a refinement in 1886 of the cause of death classifications used
by the Victorian Registrar General, which mostly followed changes in British nosol-
ogy of the time.2 The Streptococcus genus diversified greatly after the adoption of
agriculture by its human host (Mathews 2005), and the structure of S. pyogenes
has been researched extensively. The strep bacterium has a protein (M) that takes
different forms, and these differences can account for variation in the virulence and
manifestation of the disease (Walker et al. 2014). Therefore, M-typing has been

Figure 1. Scarlet fever versus measles mortality in Victoria 1853 to 1916 per 100,000 living population.
Calculated from Victorian Registrar General’s Reports.

1Scarlatina and scarlet fever are recognized as being diagnostic synonyms (CDC 2017).
2As an example of a modification to the Farr index, the Victorian classifications included “bite of snake or

insect,” which was not in the parent classification.
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useful, and a change in the frequency of different types of GAS diseases over time
could signal a change in the dominant circulating M-type.3

Historically, group A strep infections were categorized by the location within the
body, but the disease effects are not limited to the initial site of infection. For exam-
ple, the body’s immune response to a pharyngeal (throat) or skin infection can lead
to inflammation in the kidneys (post-streptococcal glomerulonephritis) (Wilks et al.
1995: 171). Other sequelae to group A strep infections such as scarlet fever and strep
throat include acute rheumatic fever and rheumatic heart disease (U.S. National
Library of Medicine 2020).

As well as variation in disease manifestation due to different M-types, the pres-
ence or absence of bacteriophages also plays a role. Bacteriophages are viruses that
infect bacteria, and in some cases cause those bacteria to produce toxins. True scar-
let fever is caused by the effects of pyrogenic exotoxins secreted by the infected
Streptococcus. Of these, Exotoxin A is best studied; it is produced when the bacteri-
ophage T12 infects the bacteria (McShan and Ferretti 1997). Thus, both shifts in
M-types and gain or loss of the bacteriophage are key determinants of changes
in scarlet fever virulence.

While the propensity for bacterial infections to follow viral ones is well known, as
are measles’s particular immunosuppressive effects (see de Vries et al. 2012; Hahm
2009; Karp et al. 1996; Schneider-Schaulies and Schneider-Schaulies 2009), to our
knowledge epidemic synchrony between measles and scarlet fever has not been pre-
viously identified. There has been some debate over whether common childhood
infectious diseases, including measles and scarlet fever, have operated indepen-
dently. For example, Coleman’s (2015) examination of average measles and pertus-
sis (whooping cough) incidence rates in the United States in the mid-twentieth
century found that their incidences were positively associated, and that pertussis
peaks lagged measles peaks by three to four weeks. Coleman argues that this pattern
can be explained by measles-induced immunosuppression in combination with
other factors; for example, both diseases target the respiratory epithelium and affect
children at a similar age. Using model-based interference applied to historical
weekly records of morbidity and mortality in London (England), Noori and
Rohani (2019) similarly found support for the link between measles infection
and pertussis morbidity and mortality, but variable magnitude estimates. They note
that the inconsistency in their findings might reflect variability in the effects of mea-
sles infection related to factors such as age and/or the need for additional models;
their study did not account for loss of previous immunity to pertussis following
measles infection (ibid. 2019: 7). Rohani et al.’s (2003) modeling also suggests that
other factors, such as the birth rate, can affect whether measles and pertussis
co-occur; they found that when the birth rate was low, the two diseases

3For example, glomerulonephritis is caused by M-types 2, 49, 57, 59, 60, and 61, while rheumatic fever is
associated with M-types 1, 3, 5, 6, 14, 18, 19, and 24 (Wilson et al. 2002: 104). Current practise has shifted
away from traditional serological typing (M-types) and toward typing based on genetic analysis of the
hypervariable region on the emm gene encoding the M protein (Moses et al. 2003; Walker et al. 2014).
This has a number of advantages for contemporary work, namely requiring less time and expense and allow-
ing for a wider range of GAS strains to be typed (Moses et al. 2003). However, for the purposes of this article
we refer to the serological “M-types” in our discussion.
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peaked in the same year, whereas when the birth rate was high, they peaked in alter-
nating years.

Coleman (2016) similarly argues for a relationship between scarlet fever and
another viral childhood disease, varicella (chickenpox). Work by Smallman-
Raynor and Cliff (2013) using data from English public boarding schools in the
1930s suggests that the major common childhood infectious diseases operated
largely independently, with little interaction in either cause or consequence.
However, they note that this finding might be due to some confounding factor such
as a lack of cocirculation of certain pathogens in these semiisolated populations
(ibid. 2013: 344). Furthermore, as their study only included school-aged children,
this might not hold when younger children are considered (Coleman 2015).

The mid-nineteenth-century scarlet fever pandemic is considered to have
occurred between the 1820s and 1880s (Parish 2004; Swedlund and Donta 2003),
with some variation by location. For England, Creighton (1894: 726) gives
1839–40 as the date of the first major scarlatina (scarlet fever) epidemic there,
and the last big epidemic year as 1874. With registrations of deaths beginning in
the then-colony in 1853 and cause-specific figures printed in the Victorian
Registrar General’s reports, there is an opportunity to examine whether mortality
patterns and relationships identified elsewhere might also apply in Victoria.

Part 1: Epidemic Synergy, 1853–76
In late 1851 vast resources of gold were discovered in the central-western regions of
Victoria. With the legend of the Californian Gold Rush of 1849 fresh in people’s
minds, there was a similarly large migration of people into southeastern
Australia in 1852 and 1853. In 1853 more than half the colony’s population con-
sisted of new migrants in their first year of settlement (Roberts 2006). This massive
influx dramatically overtaxed resources and infrastructure, potentially affecting the
at-risk population for certain diseases. At the time of the 1861 census, 39 percent of
Victoria’s population was living in temporary dwellings such as tents and drays
(Jackson and Bridge 1987: 349; see also Butlin 1964: 219–20 for further details of
the materials used in these dwellings and changes over time).

Concurrent with the overall increase, the population profile of Victoria changed
dramatically over the study period. In the 1850s, men outnumbered women by two
to one, single men between the age of 20 and 30 making up a large proportion of the
population. Women began migrating to Victoria in larger numbers in the 1860s,
and although men still greatly outnumbered women, fertility rates increased and
the proportion of children grew (Roberts 2013). With the increase in the child pop-
ulation came an increase in childhood (endemic) diseases and establishment of
cyclic epidemic patterns. Despite the relatively small number of women, the highest
fertility rates for the period of study were in the early 1860s (see “Part 2: The End of
a Synergy”; information on fertility rates from the 1850s is unavailable).

The changing population demographics through this period are reflected in other
diseases from the time. Diarrheal diseases were an important cause of death for chil-
dren, especially in the 1860s with mortality rates often around 3,000 deaths per
100,000 in the under one age group (Roberts, unpublished). This was by far the most
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common cause of death of children through the period of study. The diphtheria
pandemic arrived in Victoria in the late 1850s and would remain important until
the end of the century. “Whooping cough” (pertussis) was another frequent descrip-
tor as a cause of death (Roberts 2006, 2013). Quarantine practices in Victoria man-
aged to limit the impact of other infectious diseases such as cholera (Maglen 2005)
and while epidemics of influenza occurred in the 1840s and 1890s (Campbell 2002),
influenza was not influential in the period between 1853 and 1876 (Roberts 2006,
2013). Measles and scarlet fever, the focus of this study, were not only independently
very important threats to children but also showed the strongest epidemic patterns.

When examining results based on historical data, the first potential explanation
to consider is whether the observation could be due to misdiagnosis or some other
data-collection anomaly. Misdiagnosis must be considered as a potential explana-
tion for the association between “measles” and “scarlet fever” diagnosed deaths, as
the two diseases produce a red rash and might superficially appear similar. We reject
misdiagnosis as an explanation in this data set for several reasons, detailed in the
following text.

Firstly, it is a common untested assumption by modern researchers that
nineteenth-century and other historical physicians were less able to diagnose dis-
eases they encountered because they did not have access to the same technology
and scientific knowledge as their modern counterparts. However, this may not
always have been the case. Indeed, it is very likely that nineteenth-century doctors
were, on average, seeing many more cases of measles and scarlet fever than most
modern physicians do and would have been very familiar with the differences in
the signs and symptoms of the two diseases.

Misdiagnosis with other epidemic diseases is also unlikely. Diphtheria, whooping
cough, and typhoid, which had mortality rates similar to measles and scarlet fever in
this period, were easily identifiable by their distinctive symptoms. Many of the clas-
sical symptoms of scarlet fever were identified as early as the sixteenth century
(Rolleston 1928). John Philip Ingrassias in Naples (1553), Willan (1565) in
Lower Germany, and Jean Cottyar (1578) in Poitiers reported on its specific clinical
symptoms; they also discussed the occurrence of “dropsy” (edema, which can be
related to kidney disease) and arthritis as sequelae of the disease (Rolleston
1928).4 Sydenham’s descriptions of measles and scarlet fever from 1683 also support
the long antiquity of doctors being able to differentiate the two diseases from their
physical symptoms. He states, “[T]he whole skin [of a patient with scarlet fever]
becomes covered with small red maculae, thicker than those of measles, as well
as broader, redder and less uniform. These last for two or three days and then dis-
appear. The cuticle peels off, and branny scales remain lying on the surface like
meal” (Sydenham 1683, as quoted in Rolleston 1928: 927).5

Historical descriptions of the diagnosis of measles and scarlet fever from the
study period support the position that they were clearly distinguished and not

4It was not until 1827 that Bright identified that nephritis could be connected to scarlet fever (Rolleston
1928: 926).

5Although potential confusion in diagnosis arose late in the seventeenth century when Richard Morton
suggested that measles and scarlet fever were the same disease. By the eighteenth century, Rolleston reports
that most writers were differentiating the two (1928: 927).
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routinely misdiagnosed at this time. For example, both Atken and Squire point to
the dark red spotted rash of measles compared to the scarlet “efflorescence” of scar-
let fever (Aitken 1864: 319), the former preceded by catarrhal symptoms and the
latter frequently associated with renal symptoms (Aitken 1864: 304, 319; Squire
1882a: 924, 1882b: 1387).

The data presented in this article are based on mortality, not morbidity, and
therefore the diagnoses are likely to be more reliable. While misdiagnosis is possible,
even likely, in the early stages of these diseases, as symptoms progress the risk of
misdiagnosis reduces. For example, measles does not cause peeling or ulceration
of the skin, which scarlet fever does, and measles causes catarrhal reactions in
the eyes while scarlet fever does not (Garcia 2010; U.S. National Library of
Medicine 2020; Warrack 1918).

Furthermore, the usage of the term “measles” as a cause of death drops to very
low number between epidemics, whereas the “scarlet fever” diagnosis rates do not
(see figure 1 and Appendix A). This corresponds with the necessary build up of a
nonimmune population before a measles epidemic can take place (Bartlett 1960;
Kim-Farley 2003: 212), which is thought to be more than 250,000 people
(Wilcox and Gubler 2005). The observation of a rapid die out of measles between
epidemics in Victoria is supported by the heat mapping presented in figures 2 and 3.
Figure 2 shows the dramatic reduction in deaths attributed to “measles” in all age
groups following an epidemic. It also shows that—with the exception of the epi-
demic years 1867, 1874–75, 1880, 1893, and 1898—the diagnosis of measles was
rarely given to a person over the age of 10 years, which was not the case for the
“scarlet fever” and “scarlatina” diagnoses. After the 1898 epidemic, the frequency
of use of “measles” as a diagnosis depicts a more endemic pattern, which is consis-
tent with the behavior of that disease in larger populations.

If there was frequent confusion between the two diagnoses, we should see cor-
relations between them in both epidemic and nonepidemic years. However, table 1
and figure 4 show little correlation in the frequency of diagnosis of the two diag-
nostic categories outside of the epidemic periods. For example, looking at the ratios
of the frequency of diagnosis of scarlet fever/scarlatina versus measles, and
vice versa, displayed in table 1, in 1876 the diagnosis of “scarlet fever” was used
448 times more frequently than “measles” but in 1875 the diagnosis of “scarlet fever”
was used nearly half as frequently as “measles.” Figure 4 presents a scatter plot of the
number deaths per 100,000 given as “measles” and “scarlet fever”/“scarlatina,” yield-
ing a Pearson’s correlation coefficient of only 0.42 and even lower if separate peri-
odization is removed from the analysis.6 In nonepidemic years the correlation, while
still not significant, improves slightly suggesting that if there is a correlation during
nonepidemic years between the two diagnoses it is negative and monotonic.7 This
causes us to reject the hypothesis that “measles” and “scarlet fever” diagnosis were
used as synonyms in the nineteenth century in the study area. Indeed, outside the
epidemic years there is very little correlation between the two diagnoses’ usage.

6If the four epidemic periods (1853, 1860–61, 1866–67, and 1874–76) are removed, the correlation coef-
ficient of r(62)= 0.42, p < .05 is dramatically reduced to r(54) = –.05, p > .05.

7Spearman’s rho correlation slightly improves the correlation relationship in nonepidemic years to rs(54)
= –0.23, p > .05.
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Table 1. Crude mortality rates for “measles” and “scarlet fever”/“scarlatina” (per 100,000) and ratios of number of measles deaths for every “scarlet fever”/“scarlatina” death and
vice versa, calculated from Victorian Registrar General’s Reports 1853 to 1916

Measles
deaths per
100,000

Scarlet fever/
scarlatina deaths

per 100,000

Ratio (number of
measles for every

SF)

Ratio (number of
scarlet fever for every

measles)

Measles
deaths per
100,000

Scarlet fever/
scarlatina deaths

per 100,000

Ratio (number of
measles for every
scarlet fever)

Ratio (number of
scarlet fever for every

measles)

1853 110.6 66.5 1.7 0.6 1885 7.1 1.4 4.9 0.2

1854 62.1 20.2 3.1 0.3 1886 2.0 1.4 1.4 0.7

1855 0.5 4.1 0.1 7.5 1887 7.6 0.4 19.5 0.1

1856 1.5 1.8 0.9 1.2 1888 2.8 1.9 1.4 0.7

1857 1.7 5.4 0.3 3.1 1889 1.7 3.7 0.5 2.2

1858 0.8 5.7 0.1 7.3 1890 0.1 6.0 0.0 68.0

1859 0.4 16.2 0.0 43.0 1891 0.3 2.2 0.2 6.5

1860 50.9 79.4 0.6 1.6 1892 0.1 2.2 0.0 26.0

1861 46.5 160.8 0.3 3.5 1893 56.0 1.8 31.4 0.0

1862 3.6 74.9 0.0 20.8 1894 2.7 5.7 0.5 2.1

1863 1.4 54.3 0.0 39.0 1895 0.0 2.7 0.0 ∞

1864 1.2 45.9 0.0 39.7 1896 0.3 3.7 0.1 14.7

1865 1.8 34.3 0.1 19.5 1897 0.6 7.4 0.1 12.4

1866 66.3 71.7 0.9 1.1 1898 56.7 3.6 16.0 0.1

1867 95.5 94.1 1.0 1.0 1899 2.9 1.3 2.3 0.4

1868 3.5 67.2 0.1 19.2 1900 9.4 0.5 18.7 0.1

1869 3.4 31.5 0.1 9.3 1901 2.2 0.2 13.0 0.1

1870 0.4 3.3 0.1 8.0 1902 2.1 1.2 1.7 0.6

(Continued)
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Table 1. (Continued )

Measles
deaths per
100,000

Scarlet fever/
scarlatina deaths

per 100,000

Ratio (number of
measles for every

SF)

Ratio (number of
scarlet fever for every

measles)

Measles
deaths per
100,000

Scarlet fever/
scarlatina deaths

per 100,000

Ratio (number of
measles for every
scarlet fever)

Ratio (number of
scarlet fever for every

measles)

1871 0.6 3.7 0.1 6.8 1903 1.7 3.8 0.5 2.2

1872 0.9 17.5 0.1 19.3 1904 0.0 1.0 0.0 ∞

1873 0.1 23.8 0.0 188.0 1905 3.4 0.2 14.0 0.1

1874 31.7 14.8 2.1 0.5 1906 1.2 0.2 7.5 0.1

1875 189.1 120.9 1.6 0.6 1907 2.2 0.1 28.0 0.0

1876 0.6 270.6 0.0 448.0 1908 0.2 0.5 0.5 2.0

1877 0.7 21.5 0.0 30.5 1909 0.3 3.2 0.1 10.5

1878 0.6 15.5 0.0 27.2 1910 2.5 2.1 1.1 0.9

1879 0.3 6.9 0.0 20.3 1911 5.6 0.3 18.5 0.1

1880 29.4 3.0 9.7 0.1 1912 6.6 0.5 14.5 0.1

1881 7.0 9.8 0.7 1.4 1913 3.4 0.5 7.5 0.1

1882 1.7 9.9 0.2 5.9 1914 8.0 0.2 52.5 0.0

1883 0.8 6.4 0.1 8.4 1915 2.4 0.9 2.7 0.4

1884 24.7 3.6 6.9 0.1 1916 1.4 2.2 0.7 1.5
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Table 1 reveals that the peak in deaths assigned to measles often occurred in the
year before the peak in “scarlet fever”/“scarlatina” deaths, which suggests measles
was making the population vulnerable to infection with the GAS pathogen. This
observation of a delay between the measles and scarlet fever mortality peaks is con-
sistent with the hypothesis of Mina et al. (2015) that the period of immune memory
loss after an infection with measles can last months or years, possibly until
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1866 128 283 203 126 124 41 3 0 0 0 0 0 2 0 0 0 0 0 0 0 0
1867 576 1280 377 230 130 66 9 2 6 6 5 2 0 4 0 0 0 0 42 0 0
1868 30 38 13 9 10 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1869 25 47 13 4 5 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1870 4 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1871 8 0 0 4 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1872 16 0 4 4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1873 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1874 157 334 181 136 45 37 11 3 4 6 4 0 0 0 0 0 0 0 0 0 0
1875 1288 2437 964 381 362 147 38 45 40 22 13 14 6 10 6 11 22 0 45 0 0
1876 4 0 4 4 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0
1877 8 9 4 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1878 4 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1879 0 4 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1880 251 367 172 96 62 19 6 3 2 4 0 2 0 0 0 0 6 0 0 0 0
1881 64 89 30 31 9 3 1 2 0 0 7 0 4 0 0 0 0 0 0 0 0
1882 16 22 4 9 4 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1883 4 8 8 4 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1884 187 294 175 77 50 23 4 0 1 5 3 0 0 0 0 0 0 0 0 0 0
1885 85 87 23 12 8 6 1 2 4 0 0 0 0 0 0 0 0 0 0 0 0
1886 18 15 8 8 8 1 2 1 0 0 2 0 0 0 0 0 0 0 0 0 0
1887 59 79 52 19 27 8 1 0 1 2 0 0 0 0 0 0 0 0 0 0 0
1888 30 33 11 0 4 3 1 0 1 0 1 0 2 0 0 0 0 0 0 0 0
1889 19 25 0 7 0 1 0 1 1 0 0 0 0 0 0 0 3 0 0 0 0
1890 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1891 9 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1892 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1893 485 802 306 127 80 43 12 7 10 6 9 8 8 7 2 5 3 5 22 16 25
1894 22 28 7 0 0 2 2 2 2 0 1 0 2 2 0 0 3 5 0 0 0
1895 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1896 7 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1897 10 4 0 0 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1898 330 817 351 145 157 62 14 12 15 5 9 14 9 4 5 15 3 4 6 0 0
1899 48 7 4 4 4 2 1 2 1 2 3 1 0 0 3 0 3 0 0 0 0
1900 59 161 74 30 15 11 1 3 1 0 1 0 0 0 0 0 0 0 0 0 0
1901 35 30 0 4 4 2 0 0 2 0 1 0 0 0 0 0 0 0 0 0 0
1902 17 30 8 11 0 3 1 0 1 2 0 0 0 0 0 0 0 0 0 0 0
1903 21 30 12 4 8 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1905 14 44 23 7 0 6 0 0 0 0 2 0 4 0 2 2 3 0 0 7 13
1906 7 4 0 0 0 0 2 0 0 1 2 0 0 2 0 2 9 3 0 7 0
1907 13 29 23 15 4 3 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0
1908 3 4 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1909 7 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 3 0 0 0 0
1910 20 38 22 7 4 3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1911 52 65 29 32 4 5 1 1 0 4 2 1 0 1 3 2 0 0 0 0 10
1912 48 103 33 21 18 11 0 1 1 0 1 1 1 1 1 0 0 0 0 0 0
1913 22 24 22 17 14 6 1 0 1 1 1 1 1 1 0 2 0 0 0 0 0
1914 72 95 82 24 10 11 1 0 2 1 1 0 0 0 1 0 0 0 0 0 0
1915 22 14 0 3 0 0 1 1 9 2 2 1 0 2 0 0 0 0 0 0 0
1916 6 10 11 7 7 1 0 1 3 1 0 0 0 0 0 0 0 0 0 0 0

Figure 2. Specific mortality rates for Age and Year (deaths per 100,000) for deaths described as “Measles,”
calculated from the Victorian Registrar General’s Reports as a heat map, 1864 to 1916.
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reexposure to the relevant agents (Mina et al. 2019). We explore this possibility fur-
ther in the following text.

A simple explanation for the apparent epidemic synchronization between scarlet
fever andmeasles is that children were being infected with both measles and group A
strep at the same time. The Registrar General reported a single cause of death in the
Victorian mortality statistics and did not report contributing factors that may have
affected the progression of a disease to death, therefore rates of coinfection are not
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1864 109 217 244 196 149 107 16 18 7 3 0 4 0 0 0 0 0 0 0 0 0
1865 80 157 169 165 123 83 18 2 1 0 0 0 0 4 0 0 0 0 0 0 0
1866 26 119 151 150 186 70 12 2 3 4 0 0 0 0 0 0 0 0 0 0 0
1867 134 414 542 489 371 185 31 17 6 14 10 4 2 0 0 9 0 0 0 0 0
1868 81 244 350 420 272 138 26 19 10 2 3 4 0 3 0 0 0 0 0 0 0
1869 105 169 140 151 95 63 16 6 0 0 2 2 0 0 0 0 0 0 0 0 0
1870 17 18 13 9 5 7 2 0 0 2 0 0 0 0 0 0 0 0 0 0 0
1871 16 14 13 8 22 4 6 0 2 0 0 0 0 0 0 0 0 0 0 0 0
1872 29 90 105 84 67 31 10 0 4 2 2 0 2 3 0 0 0 0 0 0 0
1873 62 158 92 110 116 43 16 5 0 0 2 0 0 0 0 0 0 0 0 0 0
1874 37 99 76 47 67 28 9 7 0 0 0 2 0 3 0 0 0 0 0 0 0
1875 183 486 689 616 518 287 70 21 11 9 6 4 2 3 3 0 7 0 0 0 0
1876 497 1170 1289 1216 1013 686 196 73 40 22 18 17 0 10 3 0 7 0 42 0 0
1877 50 157 145 117 89 31 15 5 2 2 0 2 0 0 0 0 0 0 0 0 0
1878 51 85 90 87 62 33 7 3 4 0 0 0 2 0 3 0 0 0 0 0 0
1879 25 45 43 26 36 10 3 1 4 4 2 2 0 0 0 0 0 0 0 0 0
1880 21 31 4 13 18 5 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0
1881 17 49 60 84 45 19 3 1 0 6 0 0 0 0 0 0 0 0 0 0 0
1882 8 69 42 90 52 14 5 2 0 3 0 2 0 0 0 4 0 0 0 0 0
1883 8 21 29 42 17 17 3 5 3 0 2 0 2 0 0 0 0 0 0 0 0
1884 11 12 36 12 12 9 1 0 0 3 0 0 0 0 0 0 0 0 0 0 0
1885 11 12 8 0 12 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
1886 0 8 8 12 0 5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1887 3 4 0 4 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1888 10 7 4 22 15 3 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0
1889 3 14 21 29 41 6 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1890 19 17 35 46 29 14 5 0 0 1 0 0 0 0 2 0 0 0 0 0 0
1891 3 14 14 0 21 7 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1892 0 10 3 24 14 6 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0
1893 3 17 7 11 7 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1894 10 25 39 36 25 16 2 1 1 1 0 0 0 0 2 0 0 0 0 15 0
1895 3 4 22 18 22 5 2 1 2 0 0 0 0 0 0 0 0 0 0 0 0
1896 7 14 29 26 18 6 2 2 2 2 1 0 0 0 0 0 0 0 0 0 0
1897 23 33 41 29 22 23 5 2 2 3 0 3 0 0 0 0 0 0 0 0 0
1898 13 7 8 22 34 9 2 3 0 1 0 0 0 0 0 0 0 0 0 0 0
1899 0 4 15 8 0 2 3 0 0 1 0 0 0 0 0 0 0 0 0 0 0
1900 0 4 0 0 0 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
1901 0 4 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1902 0 0 24 4 0 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
1903 10 11 23 23 15 9 4 2 0 0 0 0 1 0 2 0 0 0 0 0 15
1904 0 0 12 0 15 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1905 0 0 0 0 4 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1906 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1907 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1908 0 0 7 4 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
1909 3 14 33 25 18 7 2 1 2 0 0 1 0 0 0 0 0 0 0 0 0
1910 7 7 4 4 11 7 4 0 4 1 0 0 0 0 0 0 0 0 0 0 0
1911 0 3 0 4 4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1912 0 3 4 0 4 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1913 3 0 7 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1914 3 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1915 0 7 11 3 0 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1916 0 7 7 21 10 8 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0

Figure 3. Specific mortality rate for Age and Year (deaths per 100,000) for deaths described as “Scarlet
Fever” and “Scarlatina,” calculated from the Victorian Registrar General’s Reports as a heat map, 1864 to
1916.
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available from the mortality statistics. Coinfection of measles virus and S. pyogenes
would increase the extent of the skin reactions and the risk of pneumonia, empyema,
ear and sinus infections, and meningitis (GAS)/encephalitis (measles), which are
symptoms and complications of both diseases (U.S. National Library of Medicine
2020). Furthermore, bothmeasles and groupA strephave immune-suppressing influ-
ences, and thus coinfection might result in a bidirectional synergistic effect.8

However, figure 1 and table 1 show that measles deaths were often peaking
just before the peak in deaths from scarlet fever. An infection of scarlet fever might
have been secondary to the measles infection (i.e., an opportunistic infection), the
virus damaging an individual’s respiratory epithelium and weakening their immune
system—an opportunity then exploited by the bacteria. Furthermore, beyond
immediate secondary infections, the combination of immunosuppression and
longer-term (months to years) immune memory loss following measles might have
contributed to a rapid increase in the pool of hosts susceptible to scarlet fever infec-
tion, and thus “forced” the timing of the next group A strep epidemic. Mathematical
modeling could aid in testing this hypothesis.

There is a strong correlation between measles and scarlet fever in the following
year.9 Variably intense immunosuppression and immune memory loss would be
consistent with the variation in lag time between the epidemic peaks of measles

Figure 4. Regression chart of “scarlet fever” and “scarlatina” mortality rates per 100,000 compared to
“measles” mortality per 100,000 (r= 0.42) calculated from Victorian Registrar General’s Reports.

8Coleman (2016) argues the same for varicella (chickenpox) and group A strep.
9A targeted lagging analysis of the period in which a relationship between the two diseases is suggested

improved the correlation between measles mortality, year� 1 (1853–76) and scarlet fever mortality
(1854–77) to r(22)= 0.70, p< .001. This supports the hypothesis that scarlet fever mortality lagged measles
mortality by approximately a year.
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and scarlet fever seen in figure 1 and table 1. Moreover, the combination of measles
and scarlet fever epidemics might have increased mortality rates as some individuals
would have been hit by both diseases in short succession (see Aaby 1991 for a review
and discussion of excess morbidity and mortality following measles).

This is an area that requires further research, as mortality statistics, which
sample the population without replacement, are not necessarily a good proxy for
morbidity—yet morbidity records from the period are problematic. Unfortunately,
the period of the proposed lagged epidemics under examination here yields series
that are too short for time-series analysis, which requires around 50 degrees of free-
dom for reliable prediction. Additionally, this relationship would be better tested
with weekly or monthly data, which are unavailable here. Ideally, we would also
want data to determine scarlet fever fatality rates of recent measles survivors versus
nonrecent measles survivors. With historical data, such ideal criteria are rarely met.

While measles-induced immunosuppression can explain why a bacterial disease
suchas scarlet feverwould followmeaslespeaks, it doesnot explainwhy this synchrony
inVictoria occurred for scarlet fever andnot another bacterial disease such aspertussis
or diphtheria. It also does not explain why scarlet fever did not respond to themeasles
epidemics of 1884, 1893, 1898, and 1900.However, ecological interferencemight have
played a role, in that an interference interaction occurred such that scarlet fever
excluded other diseases (see Rohani et al. 2003).When scarlet fevermortality declined
and the synchrony with measles ended, there is some indication that pertussis might
have filled its vacated niche. Measles epidemics in 1884, 1893, 1898, and 1900 were
followed by pertussis peaks in 1884–86, 1894, 1889, and 1901–2, respectively. This
is only a suggestion at this point and requires further investigation.

The synergy between measles and scarlet fever in Victoria in the 1853–76 period
might have been unidirectional or bidirectional. A unidirectional synergism, with mea-
sles preceding scarlet fever, could have seen scarlet fever developing as a secondary
infection in measles-infected hosts, the virus making the respiratory epithelium more
vulnerable to bacterial colonization. Alternatively, it might have been the result of
measles-induced immune modulation lasting weeks to months beyond the viral infec-
tion, creating a pool of susceptibles and “forcing” the timing of scarlet fever epidemics.

While there is very little evidence for bacterial facilitation of viral infection, there
is a considerable amount of research supporting the role of viral infections in facili-
tating bacterial ones (Bosch et al. 2013). Similarly, with scarlet fever mortality gen-
erally lagging measles in the Victorian data presented here, there is less evidence for
a bidirectional synergy, though it remains a possibility. At a social level, practices
regarding quarantine and isolation within hospitals might have played a role in
transmission in both directions (measles transmission to scarlet fever patients,
and vice versa). The two pathogens might also have been transmitted simulta-
neously from coinfected individuals; previous studies have found evidence that
coinfection can increase transmission of both pathogens (see Alizon 2013b).
Both measles and GAS have immune-suppressing effects, so coinfection is likely
to increase mortality risk.

We have demonstrated a temporal association between measles and scarlet fever
epidemics from 1853 to 1876, but this data does not permit any evidence of a spatial
association between the two diseases other than that they occurred in the same
colony/state.
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At the time of writing, historic quantitative data sources on a spatial association
between measles and scarlet fever have not been analyzed. Potential sources of infor-
mation below the colony/state level such as hospital admission records, contain
their own confounding variables that must be navigated with care (e.g., hospital
admission policies). Here we will briefly discuss some qualitative data from contem-
porary newspapers that indicate a spatial and temporal relationship between these
two diseases was noted locally at the time.

A search of the National Library of Australia’s Trove database on digitized news-
papers containing the terms “measles” plus “scarlet fever,” excluding advertisements,
returns 160newspaper articlematches for the 1870s and56 for the 1860s.Anumber of
articles discussmeasles and scarlet fever epidemics co-occurring in the same commu-
nity (including, Anonymous 1874: 15; Anonymous 1875: 7; Bunce 1877: 4; Ratepayer
1875: 6;West-Ford1876: 1).Oneof the articles reviewed specifically observes apattern
of scarlet fever outbreaks followingmeasles: “After dying out for lack ofmore subjects
to ferment, therewas a lull of active trouble until scarlet fever came, followingmeasles,
as it sometimes, though not in variably, will do” (Thomson 1877: 4).

Part 2: The End of a Synergy
Thus far this article has shown that there was an apparent disease synergy between
measles and scarlet fever in Victoria, Australia from 1853 to 1876, and that this
observation was not artifactual of nineteenth-century disease recording. The next
question is, why did scarlet fever mortality rates stop responding to measles epidem-
ics after 1876? For this we currently have little direct data, so the following discus-
sion is largely speculative. However, the timing of the end of this disease synergy
points to some potential explanations.

By the mid-1870s, while gold production was still very important to the economy
of Victoria, farming and manufacturing had also become significant industries and
Melbourne had developed a key position on the “Clipper” trade route (Blainey
2006). The same factors argued by others as contributing to the decreased virulence
of the scarlet fever pathogen might also at least partially explain why the observed
synergy between measles and scarlet fever in Victoria ended in 1876. These factors
include demographic and economic changes that reduced the pool of susceptible
individuals as well as improvements in public health measures, such as improved
hygiene and better isolation of patients, which decreased transmission and tilted
selection pressures in favor of less virulent strains (Katz and Morens 1992;
Mathews 2005). We hypothesize that this reduced virulence was due to a shift in
the dominant M-type or loss of the bacteriophage and provide evidence to support
this. In the text that follows, we review the possibility that population growth, a
shifting demographic profile, and economic change contributed to the loss of syn-
chrony in mortality from measles and group A streptococcal infections.

During the 1850s the dramatic increase in population overtaxed the colony’s exist-
ing infrastructure, with a detrimental impact on living conditions. Over the course of
the rest of the century, the infrastructure gradually caught up with the needs of the
population and living conditions improved (Blainey 2006). As an example of the
reduction in secondary health stresses through an improvement in living conditions,
table 2 shows the improvement in the quality of housing inVictoria as recorded in the
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Table 2. Materials of outer walls of dwellings in Victoria (total). Modified from Jackson and Bridge (1987:349)

Brick/Stone Wood Tent/Dray Other Not Stated Total

1861 18,990 59,346 42,750 9,280 3,966 134,332

14% 44% 32% 7% 3% 100%

1871 33,461 101,635 4,656 16,499 2,230 158,481

21% 64% 3% 10% 1% 100%

1881 45,615 115,143 2,632 12,604 3,822 179,816

25% 64% 1% 7% 2% 100%

1891 69,545 154,843 5,858 4,841 6,473 241,560

29% 64% 2% 2% 3% 100%

1901 72,096 157,112 3,423 5,758 3,021 241,410

30% 65% 1% 2% 1% 100%
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censuses. Particularly dramatic is the reduction in the number of people living in tent/
drayhousingbetween the 1860s and1870s. Thismight explain theoverall reduction in
mortality rates and, by reducing transmission, could have contributed to a shift in the
dominantGASM-type in the1870s. Similarly, lower generalmortalitymight alsohave
contributed to decreased virulence. Increased backgroundmortality in a host popula-
tion can select for increased virulence because the parasite has limited time to exploit
the host’s resources (Alizon 2013a)—therefore as host population mortality rates
declined, selection pressures toward virulence might have weakened.

In addition to overall population growth, it is important to consider the demo-
graphics of the population in terms of the groups most at risk, namely children
who were the most likely to lack immunity and for whom these diseases were more
severe. To do this we can look to fertility rates and the proportion of children in
the population. The fertility rates presented in figure 5 and population counts for cen-
sus years of 1861, 1871, 1881, and 1891 (figure 6) suggest that the proportion of chil-
dren under five years of age in the population was higher before the mid-1870s. The
period between 1875 and 1885 where the scarlet fever epidemic cycle appears to have
been broken shows a generally declining fertility rate in the study area. This change in
the proportion of the population in the youngest (and most susceptible) age groups
might have contributed to a change in GAS type.

While other researchers have observed a change in the virulence of scarlet fever in
the nineteenth century, it is not fully understood why the scarlet fever epidemic cycle
ended in the 1870s. Appleby (1975) and Duncan et al. (1996) show that scarlet fever
epidemics in England and Wales between 1847 and 1880 occurred at an interval of
five to six years, in a similar pattern to those in Victoria. Duncan et al. (1996) conclude
that the epidemic cycle ended because of improved nutrition due to a dramatic fall in
the wheat price. Appleby (1975) also hypothesizes on some association between bread
prices and scarlet fever epidemics in England and Wales. This fall in the wheat prices
was due, in part, to the development of large-scale wheat farming in the Wimmera
and Mallee regions of Victoria during the 1870s. Other factors that led to the drop in
wheat prices included progressively larger steam-powered shipping replacing sail
transport, the invention of the combine harvester, and the development of a world-
wide telegraph network (Bate 1988), which enabled better transport and distribution
of wheat from areas such as Victoria to the rest of the world. Similar to improvements
in living conditions, improved nutrition could not only have increased scarlet fever
survivorship directly by increasing host resistance but also it might have facilitated a
change in the dominant type of GAS by reducing background mortality.

Another consideration is whether medical and public health developments could
have played a direct or indirect role in the change in group A strep and measles mani-
festation in the late 1870s. In 1874 Billroth demonstrated the presence of streptococci in
pus fromwound infections, and Pasteur identified streptococci in the blood of a woman
with puerperal sepsis in 1879 (Porter 1999). The 1870s also saw some major reforms to
medical practice through the work of Florence Nightingale and other like-minded indi-
viduals. Nurse-to-patient ratios dramatically improved and hospital administration and
practice were enhanced (ibid.). The Public Health Act was passed by the British
Government in 1875 (Hurren 2005), and its measures were adopted relatively quickly
by Australian medical practitioners (DeCosta 2002).
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Figure 5. General Fertility Rate, 1864 to 1920, calculated from information in Caldwell (1987) (number of
babies born per 1,000 women aged between 15 and 49 years).

Figure 6. Age groups as a percentage of total population, Victorian Census Reports 1861, 1871, 1881, and
1891.
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While Joseph Lister’s antiseptic advancements probably reduced rates of postsur-
gical infections with GAS, the late 1870s is far too early for any recognized medical
development to treat either disease. Although primary care medicine improved with
the professionalization of nurses, direct medical interventions probably played no
significant part in the observed disease changes (see Alter 2004; Livi-Bacci 1991;
McKeown 1976; Smith 1990; Szreter 1988). However, these health-care-related
developments might have played an indirect role in facilitating a change in the dom-
inant type of GAS affecting the population.

A further possibility often raised in historical studies of disease is that the observed
changes in disease frequency might be due to a change in case definition—in other
words, that this might explain the decline in scarlet fever mortality and the end of the
synergy. We recognize that when studying disease frequency, especially in a historical
context, what is being studied is the artifact that is diagnosis, not the direct biological
reality (Roberts 2014). In examining a change in frequency of a diagnosis, we must
first distinguish between a change in case definition and a change in the biological
reality of the disease. Nosological classifications did change over the period of study,
concurrent with the large number of medical and scientific discoveries in the nine-
teenth century. However, the diagnosis-specific mortality patterns displayed for mea-
sles and scarlet fever do not fit a typical pattern for a change in case definition.

We present an example of what a change in case definition looks like in the mor-
tality data in figure 7. This chart shows the mortality rates for the diagnoses
“typhoid/typhus fever” and “enteritis.” Between 1889 and 1991, Victoria’s
Registrar General’s reports show a reduction in the number of deaths described
as “typhoid/typhus fever” but an approximately equal and opposite increase in
the number of deaths described as “enteritis” at the same time. When the total num-
ber of deaths from intestinal infections is calculated, using both nosological classi-
fications, a constant increase in mortality can be observed. With the available data,
the change in mortality given as “typhoid/typhus fever” and “enteritis” is best
explained as artifactual of a change in case definition and not the result of a change
in the biological reality of the disease. This pattern is not observed for mortality
given as “measles” and “scarlet fever/scarlatina.”

We suggest that reduced group A strep virulence in Victoria from the late 1870s
was due to either an alteration in the dominant M-type and/or a loss of, or change
in, the bacteriophage affecting the local GAS pathogen. Both scenarios could have
resulted in a less virulent pathogen, leading to a decrease in mortality from initial
group A strep infections such as scarlet fever and an increase in mortality frommore
chronic causes. As different GAS M-types cause different infections at different
rates, we also examined other diagnoses that could be associated with group A strep
infections. These were diagnosed as “puerperal fever,” “erysipelas,” “rheumatic
fever,” and “Bright’s disease” in the Victorian Registrar General’s reports.10

As expected, the mortality frequency for “puerperal fever,” “erysipelas,” and
“rheumatic fever” parallel the mortality described as “scarlet fever” (figures 8, 9,

10This highlights an important side note, which is that GAssS infections are potentially under reported or
diluted in the historical record because of the separation of the diagnoses. Infections with Treponema pal-
lidum, for example, are associated with a diagnosis of “syphilis” regardless of the organ infected, which is not
the case for group A strep.
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and 10). Figure 10 is a cumulative chart because of apparent changes in case defi-
nition for diagnoses that could be associated with rheumatic fever; mortality figures
for this category are potentially incomplete, especially in the period 1903–7.
Mortality rates associated with “erysipelas,” a skin infection and an initial disease
form, appear to decrease after the cessation of the scarlet fever epidemics. At the
same time, mortality attributed to “puerperal fever” and “rheumatic fever” appears
to have increased slightly. The mortality rate for “Bright’s disease” also increased
from the 1870s onward, but much more dramatically (figure 11). This change in
frequencies of mortality from different types of group A strep infections, especially
sequalae infections, supports the hypothesis that there was a change in GAS M-type
or a loss of the bacteriophage sometime in the late 1870s.

Inflammation of the kidneys, or nephritis, can have many causes, including infec-
tion, poisoning, hypertension, congenital causes, and pregnancy (Del Mar and
Murray 2006). Importantly, it often occurs as a progression of another infection,
and infection with GAS (post-streptococcal glomerulonephritis) is considered the
most common cause of the disease in the past (Larson 2003). As early as the eigh-
teenth century “edematous swelling with scanty, dark and at times totally sup-
pressed urine” was identified as a dangerous complication that occurred in the
convalescent period following scarlet fever (Burserius de Kanifeld 1801).

Two groups of diagnoses (figure 11) could be considered to describe nephritis
within the study period: “nephritis” and “nepria/Bright’s disease.” Of these, “nep-
ria/Bright’s disease” diagnosis is probably more likely to include the disease cur-
rently called post-streptococcal glomerulonephritis. Stewart’s (1882: 175)

Figure 7. “Enteritis” and “typhus fever”/“typhoid”mortality rates per 100,000 summed to produce a mor-
tality rate for total intestinal infections, calculated from the Victorian Registrar General’s Reports.
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Figure 8. Diagnosis specific mortality rates for “metria/puerperal fever” per 100,000 in Victoria from 1853
to 1900 as calculated from the Annual Victorian Registrar General’s reports.

Figure 9. Cause specific mortality rates for “erysipelas” per 100,000 in Victoria from 1853 to 1916 with age
standardized mortality for 1901 as calculated from the Annual Registrar General’s reports.
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statement that “Bright’s disease” often resulted from an infection with scarlet fever,
erysipelas, or acute rheumatism supports this. The observed increases in mortality
rates from “nepria/Bright’s disease” in 1855, 1860–62, and 1866–68, which follow
the scarlet fever epidemics, also support this conclusion. The correlation of mortal-
ity between “scarlet fever” and “nepria/Bright’s disease” is moderately positive for
1853–76 but switches to a negative in the 1877–1916 period.11 This suggests a shift
in the manifestation of GAS infections, in this case from a highly virulent epidemic
disease of children (in the form of scarlet fever) to an endemic disease of adults.

While post-streptococcal glomerulonephritis is a childhood disease, it can con-
tribute to renal failure later in life; this accounts for the observation that “Bright’s
disease” was predominately a cause of death given to older adults (Hoy et al. 2012).
This would also correlate with a reduction in virulence and therefore an increase in
the potential to survive initial GAS forms. Therefore, there may be an argument that
the increase in Bright’s disease mortality was a result of the aging of the pre-1877
scarlet fever survivors. One would expect, however, that there would be a decrease of
Bright’s disease cases over time as a result of the pre-1877 scarlet fever survivors
making up a progressively smaller percentage of the population. Because the
Bright’s disease cases are sustained in high numbers from the 1870s into the twen-
tieth century, we do not believe the number of survivor cases is significant.
Furthermore, the legacy of past GAS infections can lead to rheumatic heart disease
in later life. If these legacy cases were causing the increase in Bright’s disease from

Figure 10. Diagnosis-specific mortality rates for “rheumatic fever”per 100,000 in Victoria from 1853 to 1900
calculated from the Annual Registrar General’s reports to Parliament (note charted as cumulative figures).

11The correlation coefficient of r(23) = 0.43, p < .05 for 1853–1876 and r(38) = –0.45, p < .05 for 1877–
1916.
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the 1870s to 1916, deaths from rheumatic heart disease should also show a similar
pattern, which they do not.

In summary, the end of the synergistic relationship between measles and scarlet
fever after 1876 lacks an obvious singular explanation. However, the same factors
suggested by others as contributing to the increasing and subsequent decreasing vir-
ulence of the scarlet fever pathogen through changing selection pressures, namely
levels of hygiene and degree of isolation of patients (Katz and Morens 1992: 305;
Mathews 2005), might have played a role. Additionally, Zhu et al. (2015) found that
genetic changes that increased toxin production in GAS also increased transmission.
Thus, it is plausible that the combination of decreased virulence with decreased
transmission ability changed its relationship with measles epidemics.

Conclusion
In Victoria from the 1850s to the mid-1870s we see an apparent five- to nine-year
synchronic cycle of measles and scarlet fever, with each disease causing more than
100 deaths per 100,000 in the peak epidemic years. We examined potential explan-
ations for this pattern in the preceding text. The antiquity of differentiation between
cases of measles and scarlet fever along with the patterns of diagnosis suggest that
nineteenth-century doctors were not confusing these diseases at death in a statisti-
cally significant proportion of cases. The patterns of mortality rates also do not fit a
change in case definition, which we have observed for other diseases in this data set.
There were major shifts in the demographics and socioeconomics of the study

Figure 11. Cause-specific death rates for “nephritis” and “nepria/Bright’s Disease” per 100,000 in Victoria
from 1853 to 1900 as calculated from the Annual Victorian Registrar General’s reports.
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population over the period, as well as improvements in public health and medicine,
and these might have contributed to selection pressures that led to a shift in the
dominant GAS M-type present in the population. Therefore, the analysis of data
associated with the synchronization of measles and scarlet fever, and the rejection
of other potential causes for the pattern, leads to a hypothesis that there was a syn-
ergistic relationship between measles and group A strep infections before the 1876
epidemic, which was lost afterward.

There are several limitations to the analyses and arguments presented here. First of
all, there are the inherent problems faced in using historical mortality data. These
include, but are by no means limited to, studying infectious disease in a period when
contagion theory was only developing, analyzing mortality patterns using historic data
sources produced very early in the development of public registration, and dealing with
the complexity inherent in large data sets. Additionally, as Hahn et al. (2005) have
shown, the mechanisms of many group A strep infections are still not fully understood,
and the work by Mina et al. (2019) and others is just beginning to tease out the variable
impact of measles infection on the immune system and immune memory.

Despite these challenges, this work demonstrates the value of detailed analysis of
historical death records. The potential synergistic relationship between measles and
scarlet fever in Victoria, previously unidentified, appears tied to the gold rush con-
text of high fertility and mortality, crowding, and makeshift housing (tents, drays);
when those factors changed, there was a corresponding change in the epidemiologi-
cal pattern. Although we cannot establish a causal relationship with the data avail-
able, this close examination of the Registrar General’s reports in conjunction with
other historical data provides new insight into an important period in Australian—
and global—history. It also adds to our knowledge of the effects of measles beyond
immediate morbidity and mortality and supports arguments for a change in the
GAS pathogen as the primary cause of the end of the nineteenth-century scarlet
fever pandemic. In particular, we point to the importance of social conditions
beyond creating vulnerabilities to infection or social disparities in health (e.g., along
lines of socioeconomic status or class), to shaping broader processes, including
pathogen evolution and patterns of interaction between diseases. It is our hope that
this work will spur others to investigate potential similar relationships elsewhere,
particularly where more precise historical data is available.

This topic is unfortunately timely given the current measles epidemics in many
countries and the recent and continuing rise in invasive S. pyogenes infections in
England and elsewhere (Lynskey et al. 2019). Once thought to be on the decline
following the discovery of antibiotics, diseases associated with group A strep (nota-
bly rheumatic fever, puerperal sepsis, necrotizing fasciitis, and toxic shock–like syn-
drome) have been increasing in frequency over the last 20 years, due in part to
multidrug-resistant strains of the bacteria (Leboffe and Pierce 2005).
Furthermore, virulence in group A strep appears to show a cyclic pattern
(Denny 2000; McKeown 1976: 82–83). Meanwhile, measles immunization rates
have declined in some regions and the disease is becoming more common in many
lower-income countries (Mina et al. 2015: 694). The potential of a revival of a dor-
mant relationship between measles and scarlet fever should not be dismissed. Future
research might use mathematical modeling to further investigate the potential rela-
tionship between measles and virulent GAS and other pathogens and begin the
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analysis of some of the more problematic historical data on disease morbidity from
the study period.
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APPENDIX A
Foundation Data

Table A1. Foundation data

Population
Estimation

Total Deaths: All
Causes

Crude
Mortality Rate

Total Deaths:
Measles

Total Deaths:
Scarlet Fever

1853 222,436.00 4,316 1,940.33 246 148

1854 312,307.00 6,261 2,004.76 194 63

1855 364,324.00 6,601 1,811.85 2 15

1856 397,560.00 5,668 1,425.70 6 7

1857 463,135.00 7,449 1,608.39 8 25

1858 504,519.00 9,015 1,786.85 4 29

1859 530,262.00 9,469 1,785.72 2 86

1860 537,847.00 12,061 2,242.46 274 427

1861 535,527.00 10,423 1,946.29 249 861

1862 554,115.70 10,057 1,815.03 20 415

1863 572,704.40 9,475 1,654.45 8 311

1864 591,293.10 8,887 1,502.98 7 278

1865 609,881.80 10,461 1,715.25 11 215

1866 628,470.50 4,202 668.61 226 198

1867 647,059.20 11,733 1,813.28 630 621

1868 665,647.90 10,067 1,512.36 24 460

1869 684,236.60 10,630 1,553.56 24 224

1870 702,825.30 10,420 1,482.59 3 24

1871 721,414.00 9,918 1,374.80 4 27

1872 735,507.20 10,831 1,472.59 7 135

1873 749,600.40 11,501 1,534.28 1 188

1874 763,693.60 12,222 1,600.38 256 120

1875 777,786.80 15,287 1,965.45 1,541 985

1876 791,880.00 13,561 1,712.51 5 2,240

1877 805,973.20 12,776 1,585.16 6 183

1878 820,066.40 12,702 1,548.90 5 136

1879 834,159.60 12,120 1,452.96 3 61

1880 848,252.80 11,653 1,373.76 252 26

1881 862,346.00 12,302 1,426.57 62 86

(Continued)
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Table A1. (Continued )

Population
Estimation

Total Deaths: All
Causes

Crude
Mortality Rate

Total Deaths:
Measles

Total Deaths:
Scarlet Fever

1882 890,151.90 13,634 1,531.65 15 89

1883 917,957.80 13,006 1,416.84 7 59

1884 945,763.70 13,486 1,425.94 233 34

1885 973,569.60 14,383 1,477.35 69 14

1886 1,001,375.50 14,952 1,493.15 20 14

1887 1,029,181.40 16,005 1,555.12 78 4

1888 1,056,987.30 16,287 1,540.89 30 21

1889 1,084,793.20 19,392 1,787.62 19 41

1890 1,112,599.10 18,012 1,618.91 1 68

1891 1,140,405.00 18,631 1,633.72 4 25

1892 1,146,498.60 15,851 1,382.56 1 26

1893 1,152,592.20 16,508 1,432.25 659 21

1894 1,158,685.80 15,430 1,331.68 32 67

1895 1,164,779.40 15,636 1,342.40 - 32

1896 1,170,873.00 15,714 1,342.08 3 44

1897 1,176,966.60 15,126 1,285.17 7 87

1898 1,183,060.20 18,695 1,580.22 671 42

1899 1,189,153.80 16,578 1,394.10 34 15

1900 1,195,247.40 15,215 1,272.96 112 6

1901 1,201,341.00 15,994 1,331.35 69 2

1902 1,212,762.20 16,283 1,342.64 51 15

1903 1,224,183.40 15,722 1,284.28 21 46

1904 1,235,604.60 6,559 530.83 - 12

1905 1,247,025.80 6,589 528.38 52 3

1906 1,258,447.00 7,109 564.90 53 2

1907 1,269,868.20 6,823 537.30 28 1

1908 1,281,289.40 7,486 584.26 3 6

1909 1,292,710.60 14,436 1,116.72 4 42

1910 1,304,131.80 14,736 1,129.95 32 28

1911 1,315,551.00 15,217 1,156.70 74 4

1912 1,325,464.30 16,720 1,261.45 87 6

1913 1,335,377.60 15,945 1,194.02 45 6

1914 1,345,290.90 16,974 1,261.75 105 2

(Continued)
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Table A1. (Continued )

Population
Estimation

Total Deaths: All
Causes

Crude
Mortality Rate

Total Deaths:
Measles

Total Deaths:
Scarlet Fever

1915 1,355,204.20 16,300 1,202.76 32 12

1916 1,365,117.50 17,110 1,253.39 19 29

Note: There are a couple of minor things to note in the data presented here. First, for 1866 the crude mortality rate is
nearly a third of 1865 and 1867 despite being an epidemic year. This is most likely an error in the source data. The number
of deaths reported as “measles” and “scarlet fever” may only represent a fraction of the total deaths from these causes.
This is also the case from 1904 to 1908, which may have been an administrative teething problem with recording of public
data changing from being a colonial to federal responsibility with the unification of the Australian colonies in 1901. There
is, however, continuity of mortality rates outside of these exceptions.

Cite this article: Roberts, Phillip M. and Heather T. Battles (2021) “Measles and Scarlet Fever Epidemic
Synergy and Evolving Pathogenic Virulence in Victoria, Australia, 1853–1916,” Social Science History 45:
187–217. doi:10.1017/ssh.2020.41
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