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Abstract

Obijectives: The aim of the research is to investigate the historical relationship between varicella and Streptococcus pyogenes
infections. In the past few decades, varicella has been identified as a risk factor for invasive group A streptococcus infections.
The question is whether this relationship also existed between varicella and scarlet fever in the historical era.

Methods: The analysis begins with a search of historical medical reports on the relationship between varicella and scarlet
fever epidemics in the late 19th and early 20th century, as well as in more recent empirical studies. Correlations and cross-
correlations between varicella and scarlet fever are analyzed using weekly public health case reports from 1924 to 1932
for Boston, Chicago, New York City, and Philadelphia. Regression models are used to estimate the relationship between
varicella and scarlet fever after controlling for seasonal forcing.

Results: Historical records give limited support for a causal relationship between varicella and scarlet fever but indicate that
these diseases often occurred close in time to each other. Likewise, statistical analysis shows that varicella and scarlet fever
epidemics are closely aligned with each other, and varicella has a strong relationship with scarlet fever. The relationship is
stronger than reported in any previous research on the two diseases.

Conclusion: The close correspondence of the two diseases likely depends on multiple factors, including seasonal forcing,
a causal relationship, and co-infections. The results raise questions about whether this close relationship might have had a
synergistic effect or a role in the evolution of S. pyogenes from the virulent, high incidence epidemics of the |9th century to
the relatively benign scarlet fever of the 1950s.
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Introduction

Recent studies give estimates for the likelihood of vari-
cella leading to an invasive GAS infection. Among 1575

The aim of this research is to investigate the historical rela-
tionship between varicella (chickenpox) and group A strep-

tococcus (GAS) infections. GAS infections include scarlet
fever and pharyngitis (strep throat), as well as invasive
infections, such as toxic shock syndrome, necrotizing fas-
ciitis (“flesh-eating” disease), cellulitis, and septicemia,
among other serious conditions. The invasive infections,
which are caused by genetic variants of Streptococcus pyo-
genes, re-emerged in the 1980s after several decades of
limited and benign incidence.! Although invasive GAS
infections are still uncommon, varicella is a risk factor.25
The reason for this is unknown. The question for this
research is whether varicella was a risk factor for historical
scarlet fever epidemics.

children hospitalized with varicella in France, 113 (7%) had
GAS superinfections.® A nationwide analysis of invasive
GAS infections in Germany revealed that 21 of 1342 (1.6%)
were associated with prior varicella,” and a varicella infec-
tion increases the risk of a GAS infection for up to 30 days.*
Serious GAS infections are related to an evolutionary change
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in the prevalent genetic varieties of S. pyogenes—a change
that has spread worldwide and led to epidemics of pharyngi-
tis as well as the invasive infections.>3?

Not only have GAS infections increased since the 1980s,
but in the last few years scarlet fever epidemics have returned
in several countries, including China and the United
Kingdom?:10-11 There is little information, however, on whether
these epidemics might be associated with varicella or genetic
changes in S. pyogenes. It is known, however, that there are
over 200 strains of GAS, indicating its potential for evolution-
ary change.

Method of analysis

Historical review

In this research, the historical relationship between varicella
and scarlet fever or GAS infections was examined in three
ways. The first was a search of historical medical reports that
might have information about such a relationship. The search
was done in three languages—English, German, and French—
covering the late 19th and early 20th centuries. The next phase
examined more recently published epidemiological studies of
varicella and scarlet fever epidemics and their relationship—
all with historical data. And, finally, the relationship between
varicella and scarlet fever epidemics in the early 20th century
was investigated through statistical analysis of American pub-
lic health records for four cities—Boston, Chicago, New York
City, and Philadelphia.

Sources from the late 19th century and early 20th century
describe a frequent but inconsistent relationship between
scarlet fever and varicella. Welch!? reports that it was “not
uncommon” for varicella to develop during scarlet fever, but
scarlet fever might also develop after varicella. Similarly,
Eichhorst!3 writes that varicella epidemics often follow epi-
demics of measles or scarlet fever, or precede them, or
come at the same time. Invasive streptococcal infections
were a frequent complication of scarlet fever. A pediatric text
cites that scarlet fever often follows varicella by infecting
pustules.'* Thomas'> writes in Germany that any of varicella,
measles, or scarlet fever can come first. But a French account
reports that one of the most frequent associations of varicella
is that with scarlet fever.!® Because both of these diseases
were very common, it is possible that some of the historical
observations reflect chance events. But the reports also sug-
gest the likelihood of co-infections and some degree of a
causal relationship.

A rare quantitative study of the relationship between dis-
eases, when one childhood disease directly follows another,
was conducted at the Stockwell Fever Hospital of London
over a 4-year period. A report to the Epidemiological Society
of London in 1894 states that of 362 such cases, scarlet fever
was primary in 197; it was followed by diphtheria in 97
cases, varicella in 43, and measles in 31.!7 But in the 23 cases
when varicella was the primary disease, scarlet fever fol-
lowed in 20. The author further estimates that the likelihood

of varicella or measles following scarlet fever was not greater
than they might independently occur. The report also notes
that if scarlet fever followed varicella, it had a normal course,
but if varicella followed scarlet fever, it might attain the seri-
ousness of smallpox.

The literature review found only one contemporary study
that directly examines the connection between varicella and
scarlet fever. Smallman-Raynor and Cliff'® investigate the
possible comorbidity of about two dozen childhood illnesses
in the 1930s in English boarding schools. Although their
analysis is able to identify clusters of diseases having like
symptoms, such as a sore throat and ear ache, they conclude
that common childhood diseases are immunologically inde-
pendent of one another, including varicella and scarlet fever.
Because most students were in the age range of 13—17 years,
however, a large proportion would have acquired immunity
to childhood diseases from earlier infections.

A comparison of scarlet fever and varicella epidemics in
Copenhagen from 1911 to 1930 shows significant differ-
ences between them.!® Scarlet fever and varicella (and four
other childhood diseases) had annual cycles and strong sea-
sonal effects, but scarlet fever and varicella had different
patterns of seasonality. The analysis was based on cases
reported weekly, the ages of infected persons within ranges,
and birth rate. This allowed estimation of a compartmental
Time series—Susceptible—Infected—Recovered (TSIR) math-
ematical model for each disease. The analysis tested whether
seasonality could be explained by seasonal forcing, namely,
the result of children returning to school in the fall when
infection could easily spread among them. However, the
model was not completely successful and other factors must
be involved. In particular, varicella fits the model well with
incidence peaking in September, but scarlet fever did not, as
incidence increased rapidly in June during the school holi-
day. However, there was some correlation between varicella
and scarlet fever, as they both increased to a lesser degree in
December. The model was not successful at explaining the
amplitude of seasonal cycles.

Scarlet fever epidemics in England and Wales from 1847
to 1880 had a different temporal pattern than seen in
Copenhagen.?’ Deadly epidemics occurred at intervals of
4-6 years without seasonal forcing. They were correlated
with dry conditions in summer and spring and with the price
of wheat at a lag of 3 years. The researchers speculate that
high wheat prices increased malnutrition, making children
more susceptible to infection for several years. Scarlet fever
epidemics subsided after 1880 when wheat prices decreased.
But evolutionary change might have attenuated its virulence.
A mathematical model for scarlet fever in Canada also found
seasonal forcing and annual cycles in the period 1924 to
1955, but in less-populated Western Canada epidemics came
in 6-year cycles without seasonal forcing.?!

In their classic epidemiological study, London and
Yorke?? estimate a model for varicella dynamics using aver-
age monthly cases reported in New York City from 1931 to



Coleman

1960. They use ordinary differential delay equations to
model the seasonal dynamic sinusoidally, and computer sim-
ulations of the model are consistent with the observed facts
that there was a sharp rise in cases at the beginning of the
school term and a rapid drop at the end of the school year, as
predicted by the forcing model. They also contend that cold
weather increased contact rates and incidence.

Statistical analysis

This analysis uses data collected and made public by Project
Tycho®, which has the goal of encoding all weekly US pub-
lic health records of reportable diseases.?? (Data are available
at no cost from http://www.tycho.pitt.edu). Aggregate vari-
cella and scarlet fever case reports are currently available for
several US cities, and the analysis includes Boston, Chicago,
New York City, and Philadelphia. Reported cases of strepto-
coccal sore throat are included in the totals with scarlet fever.
Scarlet fever weekly case reports run from 1906 to 1948, and
varicella from 1924 to the 40th week of 1932. So, compari-
son of the two diseases is limited to the overlapping range of
years 1924 to 1932. Within this period, some weeks are
missing data, and some years have a 53rd week, but gener-
ally cases reported after the 52nd week are included in the
first week of the next year. Tables 1-4 show the available
cases for each year in each city and the mean number of
cases reported weekly for each disease.

Because the number of scarlet fever and varicella cases
rose exponentially as the epidemics peaked, the distribution
of case data is highly skewed. To solve the problem, case data
were transformed logarithmically for subsequent analysis.
Graphical plots of the time series were fitted with negative
exponential smoothing; that is, when estimating a given
point, the weight given to other points decreases exponen-
tially with horizontal distance from the estimated point.
Finally, incidence rates per 100,000 were calculated for each
city for each year so that the cities could be compared. The
annual population was estimated by linear interpolation of
population data between the 1920 and 1930 censuses. The
weekly public health data have no other information about
the diseases and their victims, such as age and gender.

The weekly data were analyzed first for correlations
between varicella and scarlet fever and for cross-correlations
in their time series. As the results will show, both diseases
showed a strongly seasonal forcing effect from 1924 to 1932
and, in fact, had almost identical seasonal patterns except for
amplitude. Both diseases increased markedly about the time
school started in the fall and continued through the school
year before ebbing to their nadirs in late summer. The analy-
sis had to take this into account in order to estimate the rela-
tionship between varicella and scarlet fever independent of
seasonal forcing.

Based on other research, several models for a seasonal
forcing pattern were considered as candidates for analysis.
Frequently, a sinusoidal model has been used, but this can
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Table I. Boston: Mean weekly reported scarlet fever and

varicella cases and number of weeks without missing data.

Year Mean Weeks Mean Weeks
scarlet scarlet varicella varicella
fever cases fever data cases data

1924~ 76.1 53 38.1 50

1925 55.9 51 29.7 38

1926 59.8 52 41.2 52

1927 80.2 52 54.4 51

1928 50.8 51 39.8 50

1929 52.6 50 44.4 51

19302 50.3 52 41.0 50

1931 70.5 52 44.0 51

1932 93.8 52 394 39

aThis year has 53 reporting weeks.

Table 2. Chicago: Mean weekly reported scarlet fever and

varicella cases and number of weeks without missing data.

Year Mean Weeks Mean Weeks
scarlet scarlet varicella varicella
fever cases fever data cases data

19242 95.8 53 104 53

1925 148 52 66.6 52

1926 96.1 52 100 52

1927 89.6 52 79.9 52

1928 835 52 95.8 51

1929 150 51 86.7 51

19302 181 53 87.2 52

1931 158 52 88.5 52

1932 230 52 84.5 39

aThis year has 53 reporting weeks.

Table 3. New York City: Mean weekly reported scarlet fever

and varicella cases and number of weeks without missing data.

Year Mean Weeks Mean Weeks
scarlet scarlet varicella varicella
fever cases fever data cases data

19242 161 53 158 50

1926 168 51 147 50

1926 151 51 125 49

1927 350 52 183 50

1928 206 52 141 48

1929 149 50 170 49

1930 151 52 150 51

1931 230 52 176 51

1932 405 52 174 39

aThis year has 53 reporting weeks.

only describe general, recurring characteristics of epidemics
and would not be adequate for estimation in a regression anal-
ysis. On the other hand, more detailed and accurate recursive
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Table 4. Philadelphia: Mean weekly reported scarlet fever and
varicella cases and number of weeks without missing data.

Year Mean Weeks Mean Weeks
scarlet scarlet varicella varicella
fever cases fever data cases data

19242 63.9 53 68.7 53

1925 97.7 51 70.9 51

1926 65.3 51 88.0 51

1927 82.9 52 82.4 52

1928 55.9 52 58.2 52

1929 52.3 49 84.1 49

19302 93.8 52 714 52

1931 107 52 85.8 52

1932 126 52 62.3 52

aThis year has 53 reporting weeks.

models would demand more information about the population
than is available, such as the age structure (as in the
Copenhagen study). A recent study compared four time-series
models in their ability to predict nine different infectious dis-
eases, including recent scarlet fever epidemics.?* The four
models were regression, with seasonality and trend compo-
nents; exponential smoothing; autoregressive integrated mov-
ing average (ARIMA; autoregressive time series); and support
vector machine. All the models did fairly well at estimating or
predicting scarlet fever, with exponential smoothing the best;
but for forecasting, regression was the best and ARIMA by far
the worst. The authors believe that nonlinear relationships in
the scarlet fever time series inhibit successful use of ARIMA
models. None of the models included covariates. In light of
previous modeling efforts and to include varicella as a covari-
ate in a model that takes seasonality into account, regression
analysis was chosen for this analysis. Regression models have
the additional advantage over recursive or time-series models
in that the interpretation of covariates is well understood.

The goal of the analysis is to discern any association of
varicella with scarlet fever apart from the simultaneous
effects of seasonal forcing on both diseases and the fact that
both have very similar annual cycles. In other words, the
analysis must control for seasonal forcing. Because the
annual epidemics are very much alike, the empirical distri-
bution of scarlet fever in an earlier or later year can be used
to control for seasonal forcing in the year under analysis. So,
weekly scarlet fever rates within a year were regressed (with
ordinary least squares (OLS)) on two independent variables:
the weekly varicella rate from that year and the weekly scar-
let fever rate from another year, which is taken as the
expected rate owing to seasonal forcing. That is, the regres-
sion analysis was estimated with the heuristic model

Scarlet feverratein a given year
= Lagged or expected scarlet fever
rate (seasonal forcing )

+varicella rate + error

More formally, the regression model for log scarlet fever
(SF) rate and log varicella (V) rate at year t is

LogSF, = Constant +b, logSF,,,
+b,logV, fork=1or—1

Two criteria were used to select years for analysis. First,
the scarlet fever trends for each year in the regression model
had to be statistically identical. This was tested with a non-
parametric Kolmogorov—Smirnov (K-S) test for statistical
equality of the cumulative distribution functions. Also, scar-
let fever and varicella epidemics were compared in years
when scarlet fever incidence was relatively low. The purpose
was to reduce the possible effects of missing independent
variables in the regression model, which would be more of a
problem in years with high scarlet fever incidence. As the
Copenhagen analysis showed, amplitude of incidence is not
well explained by the forcing model. One case that met the
criteria well was picked for each city, and New York City had
two cases that fit the criteria especially well. Years selected
for analysis are indicated by boldface type in Tables 1-4.

This type of regression model presents some difficulties:?’
(1) there may be multicollinearity between the independent
variables because both diseases have very similar seasonal
cycles; (2) there may be serial correlation in the dependent
variable, which is common in a time series; and (3) the use of
the lagged dependent variable as an independent variable can
cause estimation bias. Each of these situations must be consid-
ered when interpreting the results.

Results

The numbers of reported scarlet fever and varicella cases are
positively correlated in every year in each city, ranging from
0.39 to 0.95—all statistically significant. Over the period
1924-1932, the correlation in each city is as follows: Boston
0.65, Chicago 0.61, New York City 0.69, and Philadelphia
0.59. All are statistically significant at p < 0.001. But this is
not the whole story. As Figure 1 shows for Chicago, the time-
series patterns of the two epidemics are so close to each other
in timing, and often in amplitude, that correlations do not
adequately describe the relationship. Figure 2 shows the
cross-correlation between scarlet fever and varicella in
Chicago—a pattern that is typical of all four cities. For
Chicago, New York, and Philadelphia, the peak cross-
correlation is at zero lag; for Boston, it is at —1 week lag,
with varicella leading. The distribution of cross-correlation
values is symmetrical over positive and negative lags of sev-
eral weeks for each city. Table 5 gives a different view of the
relative timing of the epidemic cycles as it shows the weeks,
on average, from 1924 to 1932, when peaks and nadirs occur
for both epidemics in the four cities. Peaks and nadirs were
found by inspection of the empirical distributions. Varicella
precedes scarlet fever, on average, at the peak except for
New York City where they occur at the same time. For
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Figure 2. Chicago, 1924-1932, cross-correlation between
scarlet fever and varicella.

example, varicella peaks in Boston in the first week of the
year, on average, and scarlet fever in week 11. There is also
a high rate of varicella in week 53 for Philadelphia, but this
seems to be a reporting or statistical anomaly, as there are
only two 53rd weeks of reporting in Philadelphia. The timing
of the nadirs is almost the same in all cities, with scarlet fever
hitting its nadir in late summer just before varicella and just
as school terms start. However, when interpreting the timing
of epidemics, be aware that the incubation period for vari-
cella is 2 weeks or more versus 1-7 days for scarlet fever,

Table 5. Timing of peaks and nadirs by week for average case
numbers of varicella and scarlet fever, 1924—-1931, by city.

City Varicella  Scarlet fever Varicella ~ Scarlet fever
average  average average  average
peak week peak week nadir week nadir week

Boston | I 36 35
Chicago 49 10 34 33
New York City 12 12 36 34
Philadelphia 2 6 36 33

and that there may be an additional delay of a week or more
from diagnosis to public reporting. One can infer that when
there is zero lag in the cross-correlation, it implies that vari-
cella leads scarlet fever. And the true nadirs of scarlet fever
and varicella happen at about the same time and somewhat
earlier than Table 5 indicates. In sum, cross-correlation anal-
ysis and the timing of peaks and nadirs support the hypoth-
esis that varicella may have a causal relationship with scarlet
fever.

The regression analysis shows a strong association between
varicella and scarlet fever rates when controlling for seasonal
forcing, although caution about interpretation is warranted.
Estimates for the regression models are in Table 6, and graphs
of the (natural) logarithms of reported cases for the years of
the models are in Figures 3—7. Table 6 shows the full models
estimated with both independent variables and then without
the lagged scarlet fever term. The solid lines in the figures
represent negative exponential smoothing, as discussed ear-
lier. The regression models are estimated with the rates per
100,000 population for comparison across cities. Coefficients
for varicella in the full models are almost the same in Boston
(0.45), Chicago (0.43), and 1924 New York (0.44) but lower in
1930 New York (0.22) and Philadelphia (0.38). R2 varies from
0.71 in Philadelphia to 0.98 in New York City.

Because of the close correspondence between the two
epidemics, the regression models were checked for multicol-
linearity (tolerance < 0.2), which implies a high Figure 7.

correlation between lagged scarlet fever rate and vari-
cella rate. In this situation, the model predictions (R?) are
correct but estimates of the coefficients may be unreliable or
have excessive standard errors. However, high multicollin-
earity is only an issue in the two New York cases, and both
cases were re-estimated without the lagged term. In 1924
New York, a regression model with varicella as the only
independent variable has R? = 0.92 and, similarly, for 1930
has R2=0.92 (Table 6). The explanatory strength is reduced
only slightly from the full model, and this also has the
advantage of removing problems associated with the lagged
dependent variable in the model. It is reasonable to choose
the varicella term over the lagged term because there is no
assertion that the lagged term has a causal relationship with
the dependent variable. In the other cities, the lagged value
of the scarlet fever rate results in a negative bias in the esti-
mate of its coefficient. Despite this, the OLS estimate of the
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Table 6. Regression models: log of weekly scarlet fever incidence rate in relation to previous year’s or next year’s log scarlet fever rate
and log varicella rate; Kolmogorov—Smirnov (K-S) test for equality of cumulative distribution functions for scarlet fever years.

City Year Constant Log scarlet fever (SE)/year Log varicella R? N K-S test, p
Boston 1930 0.18 (0.15); p=0.21 0.45 (0.12); 1929; p<0.001 0.45 (0.08); p<0.001 0.85 45 0.61
Boston 1930 0.65 (0.08); p<0.001 0.70 (0.05); p<0.001 0.80 49

Chicago 1927 0.15 (0.05); p=0.003 0.45 (0.07); 1926; p<0.001 0.43 (0.06); p<0.001 0.90 52 0.73
Chicago 1927 0.34 (0.05); p<0.001 0.75 (0.05); p<0.001 0.82 52

New York 1924 0.21 (0.04); p<0.001 0.39 (0.07); 1925; p<0.001 0.44 (0.08); p<0.001 0.95 47 0.66

New York 1924 0.19 (0.04); p=0.04 0.84 (0.04); p<0.001 0.92 50

New York 1930 -0.02 (0.03); p=0.40 0.78 (0.07); 1929; p<0.001 0.22 (0.07); p=0.003 0.98 45 0.99

New York 1930 0.015 (0.05); p=0.75 0.91 (0.04); p<0.001 0.92 50

Philadelphia 1929
Philadelphia 1929

0.17 (0.09); p=0.08
0.14 (0.08); p=0.11

0.28 (0.16); 1928; p=0.09

0.38(0.12); p=0.003 071 43 0.8
0.58 (0.05); p<0.001 072 47

SE: standard error; K-S: Kolmogorov—Smirnov.
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Figure 3. Log reported scarlet fever and varicella cases by week:
Boston, 1929-1930.

coefficient is consistent and considered the most appropri-
ate estimator.?6 The bias can be estimated as about —2/N
multiplied by the coefficient, which is relatively small in
samples of about 50 cases.?’” In Philadelphia, the lagged
term is not statistically significant and the model was re-
estimated with varicella as the only independent variable
and no loss of predictive power (Table 6). A Durbin—Watson
test indicates that all the cases except New York in 1924 are
affected by serial correlation. This has the likely result of
increasing the R? values while decreasing the estimated
standard errors of the coefficients. When both independent
variables are significant, as in Boston and Chicago, the log-
arithmic terms in the model imply a multiplicative effect on
scarlet fever rate.

The regression analysis shows a strong relationship
between varicella and scarlet fever. The model was designed

Log Cases
(r) In
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|
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Figure 4. Log reported scarlet fever and varicella cases by week:
Chicago, 1926—1927.

to separate the endogenous seasonality of the scarlet fever
epidemics from their relationship with varicella using a
lagged independent variable that had the same cumulative
distribution function as the dependent variable, within a mar-
gin of statistical error. However, because of the very close
correspondence between scarlet fever and varicella epidem-
ics, it is hard to be certain that the models completely disen-
tangle the varicella—scarlet fever relationship from their
simultaneous seasonality. And one cannot exclude the pos-
sibility of a reciprocal association between the two epidem-
ics. One would have to know more about infections at the
individual level to resolve the issue. The close connection of
scarlet fever and varicella epidemics echoes the historical
reports from the late 19th century.

Apart from the regression models, the synchronicity of
the epidemics also points to the possibility of co-infections
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Figure 6. Log reported scarlet fever and varicella cases by week:
New York City, 1929-1930.

during their peak seasons. The two diseases affect the same
school populations at the same time in an age cohort where
most children will contract varicella, and the likelihood of a
scarlet fever infection was usually greater than a varicella
infection in this period.

Discussion

The statistical analysis has a number of limitations. Foremost
is the fact that data are only available for both diseases for 9
years in the four cities, and within that period, regression
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Figure 7. Log reported scarlet fever and varicella cases by week:
Philadelphia, 1928-1929.

models cover only 5 of the 36 cases. Models are further
restricted to years with relatively low levels of scarlet fever
incidence, and the models lack covariates that might account
for changes in incidence rates over time or among cities.
Another limitation is the lack of a sound explanatory model
for scarlet fever epidemics that would account for seasonal-
ity, magnitude, and the periodicity of cycles. Nevertheless,
this research finds a stronger association between varicella
and scarlet fever than seen in previous research.

Within the limitations of the research, one can raise three
points of discussion from the analysis: (1) the possibility of a
causal relationship between varicella and scarlet fever, and
why that might come about; (2) the possibility of co-infec-
tions of varicella and scarlet fever owing to the simultaneity
of their annual epidemic cycles, and implications of that; and
(3) the theory of seasonal forcing and whether it accounts for
the close timing of the two disease cycles.

As to the first point, the historical review and the fact that
varicella is a risk factor for invasive GAS infections support
the inference that at least to a limited degree, varicella infec-
tions may increase the incidence of scarlet fever. The statisti-
cal analysis is consistent with this. But the degree of correlation
in the four cities seems to be much stronger than historical
evidence or recent data on invasive GAS infections would
suggest. For example, in a causal relationship, one might
expect to see a stronger correlation between the two diseases
in the Copenhagen analysis, and historical observers would
more likely have reported a causal relationship. By compari-
son, there is much stronger historical evidence that measles is
a specific risk factor for pertussis, which is supported well by
statistical analysis using the Tycho data.?® Another factor to
consider is the comparative pathogenesis of varicella and scar-
let fever. For two diseases to have a causal connection, one
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should look to the factors they have in common. These may
include, among other possibilities, age of victims, points of
initial infection, season and method of transmission, and their
methods of avoiding an immune response. In fact, these match
up for measles and pertussis and also for varicella and scarlet
fever.28 Varicella and scarlet fever infect children at about the
same age and season and through the respiratory system, while
immunological research shows that both diseases have at least
one common pathway for inhibiting the immune system. In
both diseases, suppressor CD8 (Leu-2a+) T cells increase sig-
nificantly, while CD4 (Leu-3a+) helper/inducer T cells
decrease.?*3! The fact that both diseases have an immune-
suppressing tactic in common suggests that varicella may
enhance susceptibility for scarlet fever, or vice versa, and that
there may be a synergistic effect in a co-infection.

The possibility of co-infection seems likely given the
strong overlap of the annual epidemic cycles in the four cit-
ies and the fact that they affect children at about the same age
through school contacts. Co-infections may account for
some of the increased correlation and synchronicity of the
two epidemics beyond a causal relationship. In addition,
people can be asymptomatic carriers of the streptococcus
pathogen, further increasing its likely spread.

The mechanisms and outcomes of co-infections are an
important area of study. For example, increased virulence of
influenza strains may be related to susceptibility to bacterial
co-infections.>3 Co-infection can increase the virulence of
diseases and alter their dynamics across a population.3 Also,
the interaction between respiratory viruses and bacteria may
be bidirectional, and they may be spread at the same time
from infected persons.3*33 Another consideration is whether
S. pyogenes might have evolved during the years of possible
co-infection with varicella.3¢ S. pyogenes has a great variety
of genetic variants in circulation and has considerable poten-
tial for mutation and evolution.’

The final point of discussion is the seasonality of the epi-
demics. Although the connection to the school year seems
obvious, this inference should be viewed cautiously. Other
childhood diseases also had strong seasonality but at differ-
ent times: polio peaking in late summer, diphtheria in the late
fall, and measles in the spring. The close correspondence of
scarlet fever and varicella is the exception. Reviewing the
topic of seasonality, Grassly and Fraser?® conclude that it is a
common, yet complex, phenomenon that is not well under-
stood. Many factors can be involved. It would be difficult,
for example, to rule out weather-related conditions in the
explanation of seasonality seen here. Sometimes, a compara-
tive analysis of epidemics is revealing, as with Copenhagen
and the American cities. The scarlet fever epidemics in these
cities happened at roughly the same time in cities of similar
size and climate, but the timing of seasonality is quite differ-
ent in Copenhagen. Recent scarlet epidemics in China also
show a different pattern of seasonal forcing with peaks in
both June and December.2* So, it is hard to attribute the close
synchronization of scarlet fever and varicella epidemics in

the United States exclusively to school-based transmission.
And the amplitude of seasonal cycles in Copenhagen is not
well explained by models based on school terms and student
ages. Grassly and Fraser further contend that the dynamics of
seasonality can be affected by the interaction of pathogens
with one another or by their effect on immune suppression.
Such conditions, moreover, can modify the genetic diversity
of pathogens with long-term implications for disease preva-
lence or virulence.

Conclusion

This research opens a short window in time on the scarlet
fever epidemics of history and their relation to varicella. The
years of analysis stand about midway between the high inci-
dence, virulent scarlet fever epidemics of the late 1800s, and
the minor impact that scarlet fever had in the 1950s. In the
late 1800s, case fatality rates in New York City and
Philadelphia were 12% and almost twice that in children 1-5
years old.?® The decline in scarlet fever has been attributed to
improvements in nutrition, pasteurization, public health, and
decreased virulence of the disease. The return of more viru-
lent strains in the late 20th century, however, supports the
idea that S. pyogenes has the evolutionary potential for
cycles in its virulence. The resurgence of invasive GAS
infection and scarlet fever has renewed attention to the rela-
tionship between S. pyogenes and varicella that medical
authorities had debated at the end of the 19th century. The
research here is pertinent in showing a potential for causal
and co-infections between varicella and scarlet fever that
might have influenced its evolutionary trend. Further histori-
cal analysis and, possibly, recovery of S. pyogenes samples
from the early 20th century might complete the picture.
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