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One of the many catastrophies of Europe that did not occur in the
United States was a tremendous diphtheria epidemic with a total in
1943 of about 630,000 reported cases in all Europe except Russia.
Estimates allowing for incompleteness of reporting and nonreporting
countries (except Russia) put the total at a million cases in 1943 and
at least that many in 1944 (29).

The countries which suffered the greatest increases (19) in diph-
theria cases were: Norway, where the annual prewar level (median
1928-38)? was 968 cases of diphtheria but at the height of the epidemic
in 1943, there were 22,787 cases, or 24 times the prewar level. Belgium
with a prewar median of 2,089 cases reported 16,072 in 1943, or 7.7
times the expectancy.

The Netherlands, with a median of 3,967 cases in prewar years,
reported 56,603 cases in 1943 and 60,226 in 1944, or 14 to 15 times
the prewar level in 2 consecutive years. In France the 46,539 cases
in the peak year of 1943 and 40,430 in 1944 were 2.3 and 2.0, respec-
tively, times the prewar expectancy of 19,839 cases. Denmark, how-

1 From the Division of Public Health Methods.
2 In some countries the mean 1935-39 level of reported cases was considerably below the median 1928-38

which is used in this discussion, but generally the two averages are of the same order of magnitude.
(203)
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ever, showed only 12 percent increase in its 1944 peak of 3,333 cases
over the 1928-38 median of 2,969 cases. England and Wales (except
for 50,797 cases in 1941) showed an uninterrupted decrease from a
prewar level of 59,319 cases to 29,446 in 1944, or just about half the
prewar expectancy.

In Germany the relative increase was not as great as in some of
the overrun countries, but the actual numbers of cases were higher,
reaching a peak of 244,500 in 1942 for the territory included in pre-
war Germany, or 3.1 times the prewar level of 78,452 for the same
territory. Cases in 1943 were nearly as high, 238,409, or 3.0 times
the prewar level.

Southern European countries were not generally affected to the
same extent as the northern countries. Austria, Bulgaria, and
Hungary, at their 1943 peaks, showed, respectively, only 24, 18, and
4 percent more cases than their medians for 1928-38; Roumania and
Turkey showed decreases in 1943 of 55 and 27 percent, respectively,
from their prewar levels.

The neutral countries of Sweden and Switzerland also suffered
large increases in diphtheria cases. Sweden increased from a 1928-38
median of 1,484 to 6,040 cases in 1944, or 4.1 times the prewar level;’
cases in Switzerland increased from a median of 2,188 for 1928-38
to 4,211 in 1944, or 1.9 times the prewar level.

In Norway, Sweden, and to a lesser extent in the Netherlands and
Switzerland, the reported cases of diphtheria were decreasing rather
rapidly so that the level for 1935-39, and particularly for 1938 and
1939, was considerably below the 1928-38 medians used as the prewar
level in the above discussion. Stowman (29) states that the low
incidence in these countries, at least in Norway and the Netherlands,
was reached without the aid of extensive artificial immunization and
that few countries in Europe were thoroughly immunized, Hungary
being the best immunized. He concludes that the reduction of
diphtheria toward the vanishing point gives rise to a dangerous
situation unless it is accompanied by extensive immunization.

In Great Britain the immunization program was greatly expanded
during the war years when children were being relocated in rural
areas for protection against bombing. As already noted diphtheria
continued to decline in England and Wales throughout the war years
but in Norway and the Netherlands, where immunization was not
prevalent, there was a tremendous rise in incidence.

TREND OF DIPHTHERIA IN THE UNITED STATES

In the Upnited States as a whole there has been a rapid decline in
diphtheria incidence from about 120,500 reported cases in 1924 to
14,150 in 1944, or from 106 cases per 100,000 population to about
one-tenth of that figure, 10.7 in 1944. Mortality has declined at a
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similar relative rate from 10,035 registered deaths in 1924 to 1,145
in 1944, or from 8.8 per 100,000 to 0.86 in 1944. However, there was
some slackening in the relative rates of decline after 1940 and some
cities and geographic sections showed an increased incidence in 1944
and particularly 1945, according to provisional data for the latter year.
For the country as a whole the excess in reported cases over the
median for corresponding months of 1940—44 has increased during 1945
until it amounted to 30 to 45 percent for the last months of the year.

Trends in certain States.—Cases and deaths from diphtheria are
available in a few States for exceptionally long periods. The recorded
diphtheria death rate in Massachusetts is available back to 1842,
in Michigan to 1869, and in New York to 1885. If the Massachusetts
mortality records are complete for the early years, which may be
doubted, diphtheria was on the increase up to roughly 1880, reaching
peaks of nearly 200 deaths per 100,000 total population in 1863 and
again in 1876. After this second peak there was a gradual decrease
until around 1925, after which the general trend declined at a markedly
accelerated rate. The straight line drawn in figure 1 through the
fluctuating diphtheria death rates from 1898 to 1924 indicates the
approximate trend during the 27-year period just preceding the great
acceleration in the decline.

Reported cases during this same quarter-century decreased very
little but in 1925 the trend of the case rate began a rapid decline
which paralleled that in the death rate. Aside from considerable
decline a few years prior to 1900, the recorded case fatality decreased
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FIGURE 1.—Trend of diphtheria incidence, mortality, and case fatality in three States during 40 to 100
years ending in 1944 for deaths and 1945 (provisional) for cases. (Actual rates per 100,000 total population;
deaths recorded by State registrars and cases reported to health departments (26, £7, 28, $4).)
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gradually until about 1933 when there was an increase to & maximum
in 1938 followed by a decline to the approximate level of 1930. Al-
though the rapid decline in the late nineties came at about the time
when antitoxin first became available, it is based on the early years of
case reporting and so may be unreliable.

Similar rates for Michigan and New York State are also plotted in
figure 1. The data for Michigan are more variable, with an apparent
iincrease in the case rate over a considerable period of years which may
be due to better reporting. However, the general picture is the same,
with a sharp change in the trend of the incidence and mortality from
diphtheria about 1925, but with no marked change in the trend of case
fatality. :

New York State shows approximately the same history except that
(a) from about 1890 to the late twenties the decline in the death rate
was somewhat greater than in the two other States, and (b) there was

some downward trend in the case rate during this early period. How-

ever, about 1929 there was a sharp break in these trends with a large
acceleration in the rate of decline in both cases and deaths, but with no
change in the general trend of case fatality.

Thus in these States the diphtheria death rate was declining before
antitoxin came into use in the nineties and it continued to decline at a
rate not very different from that in the pre-antitoxin period. During
the antitoxin period from about 1895 to around 1920 there was a
gradual decline in case fatality, as might have been expected with the
‘use of better therapeutic agents. During this period the case rate
remained approximately level or declined only slightly, as might have
been expected, because antitoxin prevented the death of the patient
but except among family contacts was not designed to prevent cases.
Although active immunization was first used on humans in 1913, it
was not until 1920 to 1925 that it was widely used in the general popu-
lation; 2 it was in the twenties that a definite change occurred in the
trend of the case incidence which was reflected in the mortality but not
in case fatality.

It will be profitable to contrast these trends of diphtheria with those
shown in figure 2 for scarlet fever. Before the use of the sulfa com-

3 The Massachusetts Health Department report (26) for 1923 states that in 1919 less than 2,000 doses of
toxin-antitoxin were distributed by the State health department. In 1920, 3,500 doses were distributed; in
1921, 10,000; in 1922, 95,000; and in 1923, 175,000 doses.

The Michigan Health Department report (27) for 1925-26 states that at least 200,000 children or one-fourth
of the school population had been immunized against diphtheria in the preceding 2 years.

The New York State Health Department reports (28) from 1922 to 1926 mention immunization demon-
strations in various cities; the 1926 report states that upwards of 200,000 children had been immunized during
the years 1922-26, with more than 100,000 inoculated in 1926 when an organized campaign was carried on.

The New York City Health Department report () for 1920 mentions research work in Schick testing and
active immunization and the setting up of a Schick-test committee. Later reports through 1927 mention
the continuation of this work but it appears to be on a fairly small scale. The 1928 report speaks of the
establishment of special diphtheris immunization stations and of plans to get the children into these clinics.

The Diphtheria Prevention Commission began its work in January 1929. The Health Department report
- for 1931 states that during the 3 years 1929-31, 522,243 children were immunized.
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pounds and other newer therapies (14, 16, 25), it was not uncommon
to hear the statement that scarlet fever was declining like diphtheria
even though nothing had been done about it. A comparison of fig-
ures 1 and 2 indicates that the decline in the two diseases was not
alike. Although the scarlet fever death rate has been declining for
many years, there is little or no break in the general trend of scarlet
fever incidence. Thus, since 1920 this disease has not declined like
diphtheria, for the decrease in scarlet fever has been due entirely to a
declining case fatality. However, in the late thirties there is a definite
acceleration in the decrease of the scarlet fever death rate ¢, but again
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this rapid change in trend is due almost entirely to the change in
case fatality. Chapin (2) writing in 1926 attributed the downward
trend of scarlet fever mortality to a change in the virulence of the
causative organism. The rapid decline which comes in the late thir-
ties coincides with the increased use of sulfa in the treatment of scarlet
fever and its complications (25). Since the newer methods have to
do largely with the reduction of case fatality rather than the preven-
tion® of cases, no change in the trend of the incidence would be ex-

¢ For the country as a whole deaths credited to scarlet fever decreased from a level of about 2,500 per
year in 1833 to 1936 to about 450 per year in 1941 to 1943. The change does not appear to be due to the trans-
fer of deaths to septic sore throat as that cause has also decreased in recent years.

§ Although methods of immunizing against scarlet fever are available, surveys have indicated that they

have not been used on a large enough scale to affect appreciably the trend of the disease (7, 8). Recently
sulfadiazine has been used in prophylactic doses in the face of an epidemic (21).
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pected. There is little evidence in figure 2 of any definite change in
the trend of scarlet fever incidence although there is some sugges-
tion of it in Michigan and New York.

Trends by geographic section.—The sharp change in the trend of
diphtheria incidence and mortality to a definitely accelerated rate of
decline at the approximate time when immunization became widely
used in the general population suggests that it was an important
factor in the change. It will be of interest to examine diphtheria
trends in different geographic sections of the country since the extent
of immunization varies considerably from State to State. Figure 3
shows trends of the reported incidence and recorded mortality from
diphtheria in five geographic sections in the form of three-period
moving averages of the actual rates as shown in table 1. Although
the first 10 years included in this chart are based on a varying number
of States in the different regions, it is believed that they represent at
least a rough approximation of the sectional rate. Prior to 1922 case
rates in the two northern regions were actually higher than in any
other section, and the same is true of death rates prior to 1920. In
the decade of the twenties the situation was reversed so that in 1930
the two northern sections and the Pacific coast had lower case rates
than the South, and after 1935 had lower case rates than the Mountain
region. The same is true of the death rates except that the Mountain
section and particularly the South had higher diphtheria rates after
1929. In both case and death rates the Northeast, which was highest
prior to 1920, was definitely the lowest after the early thirties.
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FIGURE 3.—Trend of diphtheria incidence and mortality in five geographic sections of the United States,
1915-44, with provisional case data for 1945. (3-year moving averages of actual rates per 100,000 total
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These trends of .rates for whole geographic sections do not show
clearly the rather sudden change in the downward treund of diphtheria
which appears in figure 1. Aside from the fact that the data plotted
in figure 3 are three-period moving averages, the more gradual change
in trend is probably due to the less homogeneous character of the
situation in the sections involved. Since these regions include both
urban and rural populations in parts of the country where doctors
are fewer and medical services are less extensive, it is possible that

TABLE 1.—Trend of diphtheria case and death rates! per 100,000 total population
in the registration States of five geographic sections,? 1914—45

Northeast North Central South Mountain Pacific
Year
Cases | Deaths| Cases | Deaths| Cases | Deaths| Cases | Deaths| Cases | Deaths
Annual rate per 100,000 population
220.9 | 20.75| 144.7 ] 14.95 | 110.6 { 13.99 63.3 7.66 72.2 7.10
207.3 | 18.11 117.3 | 13.17 97.0 [ 12.20 64.6 7.24 88.6 7.59
178.8 | 16.64 | 124.8 | 13.48 8.0 | 11.94 35.2 7.58 72.2 6.73
163.7 | 19.41 148.2 | 16.66 58.1 8.83 61.8 7.26 60.3 5.21
155.8 | 17.62 | 105.5 | 12.99 44. 4 8.13 73.3 9.99 77.5 6.45
218.1 18.98 | 124.8 | 13.30 99.9 | 12.02 67.9 8.2 80.5 8.26
211.4 | 17 163.9 | 14.31 92.6 | 13.08 63.1 13.75 | 134.1 11.10
234.9| 17.71| 257.5| 18.76 | 116.6 | 14.32| 1426 | 2251 | 216.2 14.69
185.3 14.87 | 174.4 14.10 112.9 13.08 1242 | 22.66 172.2 12.29
161.1 12.52 | 146.9 | 11.84 79.0 9.73 | 132.8 | 19.91 182.6 12.78
137.7 | 10.65 | 100.7 7.72 64.7 7.14 96.4 | 11.38 | 210.4 14.33
108.8 9.04 78.5 6.32 61.4 7.46 95.3 9.30 | 120.0 6.79
87.5 7.01 79.4 6.97 69.6 8.39 90.9 7.64 | 116.3 6.19
122.1 8.31 78.2 7.02 72.7 8.62 72.5 7.32 | 107.2 5. 41
104.5 7.81 64.8 5.81 64.8 8.83 51.1 4.25 76.3 4.52
87.6 6.48 63.6 5.80 68.0 8.35 4.2 4.41 50.7 3.39
59.4 4.32 51.4 4.20 54.4 6.72 43.4 4.55 48.0 3.14
43.5 2.84 51.2 3.69 79.0 8.86 35.9 3.82 48.8 2.76
36. 2 2.70 42.8 3.39 65.7 8.80 40. 4 4.69 42.2 2.79
2.7 1.61 316 2.62 67.1 7.89 28.2 2.91 20.3 176
18.7 1.38 29.8 2.28 55.0 6.47 26.9 2.82 4.6 1.37
15.4 1.08 315 2.42 45.2 5.80 28.6 2.79 25.8 1.71
12.3 .75 19.4 1.64 37.4 4.37 20.8 2.76 23.6 1.64
11. 4 .77 17.9 1.48 35.8 3.64 21.5 2.51 19.3 1.42
10.6 .64 18.7 1.40 39.3 3.74 33.6 3.00 19.6 1.24
8.2 .47 13.7 1.00 317 3.09 26.1 1.97 15.3 .76
5.2 .29 8.8 .75 19.4 2.17 19.8 1.18 12.5 1.00
4.5 .19 8.7 .59 25.9 1.99 21.6 1.61 9.4 .75
4.0 17 7.4 .61 23.2 1.84 17.7 1.52 10.2 1.01
3.5 .24 8.0 .73 18.6 1.40 15.0 1.31 14. 4 1.12
3.5 17 7.7 .55 17.3 1.54 16.3 1.68 15.0 1.12
4.0 ... 9.6 (... 24.6 | _______ 179 ... 16.7 - o._-.
Number of cases and deaths

3,381 | 36,282 | 2,781 | 22,761 | 2,512 {32914 3398 | 14,137 963
486 | 11,622 887 | 21,719 | 2,555 | 1,049 110 | 2,176 121
58 | 2,998 216 | 7,458 663 706 73| 1,805 135

! Rates based on cases reported to the U. S. Public Health Service by State health departments (34),
and deaths as published by the U. S. Bureau of the Census (32), supplemented by State reports (34) for
years when a State was not in the registration area. Data for 1944 and 1845 are provisional. Populations are
intercensal estimates from the U. S. Bureau of the Census; after 1940 they are based on ration
book registrations.

2 phic sections are based on census regions as follows: Northeast: New England and Middle Atlantic;
for cases, 6 to 8 States from 1914 to 1920, and all 9 thereafter; for deaths, all 9 States throughout. Noerth Central:
East and West North Central; for cases, 7 to 11 States from 1914 to 1921, and all 12 thereafter; for deaths, 9
to 11 States from 1914 to 1917, and all 12 thereafter. South: South Atlantic and East and West South Central;
for cases, 6 to 16 States from 1914 to 1921, and all 17 thereafter; for deaths, 7 to 16 States from 1914 to 1920, all
17 thereafter except in 1926 and 1927 when Georgia was out of the registration area and figures were not
available elsewhere. Mountain: For cases, 4 to 7 States from 1914 to 1924, and all 8 thereafter; for deaths,
5 to 7 States from 1914 to 1919, and all 8 thereafter except 1925 to 1928 when New Mexico had rates so far
above any other State that it was omitted. Pacific: For cases and deaths, all 3 States from 1914 to 1944,

3 Mountain States include 54 deaths for Utah in 1924, but Utah is not included in the States with case data.

678891—46——2
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the use of a new procedure like diphtheria imunization would be
taken up more gradually than in more urban States like Massachusetts
and New York. Also, these rates go back to only 1915 so the period
prior to the beginning of immunization is not long.

A comparison of diphtheria mortality for 1939—40 in urban and
rural areas combined (table 1) with rates for the same years for cities
of 100,000 and over (table 11) indicates less variability from section to
section in the rates for large cities. Thus for large cities the death rate
for all ages in 193940 in the South was 3.6 times that in the Northeast,
but for all places, including rural areas, the rate in the South was 6.9
times that in the Northeast. In each of the four regions® the rate
for large cities was less than that for the section as a whole, the differ-
ence being particularly large in the South.

Trends in certain cities.—A few cities have records of diphtheria
cases and deaths over long periods. The three large cities with easily
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F16UrE 4.—Trend of diphtheria case and death rates in three large cities, 1906-45. (7-year moving averages
of actual rates per 100,000 population, with a 5-year average for 1943, 3-year average for 1944, and the
actual provisional rates for 1945 for New York and Baltimore. Data based on recorded deaths
because resident deaths were available only for the last few years. Deaths recorded by city registrars
and cases reported to city health departments (4, 5, 6, 20). New York City (6.4 percent colored in
1940) data are for total of white anll colored. New Orleans (30.2 percent colored) data are for white only;
Baltimore (19.4 percent colored) data are for white only but back of 1913 the death rate for white is esti-
mated from that for the total population by ratios of white to total rate for the 6 years 1913 to 1918 which
averaged 1.13. This ratio was applied to the 7-year moving averages back of 1913 to estimate the rate for
white only. The case rate for white only was not available back of 1923 and was estimated in a similar
way by an average of the ratios for the 6 years 1923-29, of 1.09. The ratios for both 6-year periods were
based on the moving averages plotted in this fignre)

¢ The two cities over 100,000 in the Mountain region did not afford sufficient data (4 deaths under 15)
for reliable rates, so the Mountain and Pacific sections were combined as the West.
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accessible data are New York City, Baltimore, and New Orleans.”
In the two latter cities diphtheria rates vary greatly from year to
year so they give a rather confused picture of the trend of the disease.
The data plotted in figure 4 for all three cities are seven-period
moving averages of the actual rates in each city. This seven-period
moving average, even more than a three-period average, obscures any
sharp changes in trends but does smooth out the data in a way that
trends can be roughly compared. In New Orleans, as in the whole
southern region shown in figure 3, the acceleration in the downward
trend of diphtheria incidence began several years later than in Balti-
more and New York City. The downward trend of the New Orleans
curve parallels the trends in the other two cities, but the actual rates
remain considerably above those in New York. Because of some
slackening in the downward trend of the Baltimore incidence curve
after about 1935 and actual increases in 1943, 1944, and 1945, rates
in Baltimore and New Orleans were roughly the same for 1942 to
1944. Data not on the chart indicate that the incidence in New
Orleans increased slightly in 1945. In New York City the decline in
incidence continued through 1945.

The general trends of diphtheria death rates in the three cities are
about the same as those for case incidence except that mortality
in New Orleans remained above that in Baltimore and New York
City from about 1929 through 1944. It may be seen that New
York and Baltimore show some rise in diphtheria mortality in 1944
and 1945. Although the increase is small in terms of actual rates, it
shows up as a considerable relative increase on a semilogarithmic
chart like that used in figure 4. The New Orleans mortahty rate
was lower in 1945 thau in 1944.

IMMUNIZATIONS AND TRENDS IN INCIDENCE

In view of the variation in the decline of diphtheria incidence and
mortality in different parts of the country, with special reference to
the lag in the South, it is of interest to consider the proportions of
children of given ages in different geographic sections who have been
immunized against the disease. No such data are obtainable for the
general population of these regions but in a study of some years ago
information of this kind is available from sample surveys in 28 cities
of 100,000 or more inhabitants located in the several sections of the
country (7,9). The data were collected by house-to-house canvasses
of families living in various census-enumeration districts of each city.
In each household the informant, usually the housewife, was
questioned in laymen’s terminology as to whether any of the children
under 25 years of age had ever been artifically immunized against

7 A few smaller cities such as Charleston, S. C., have equally long series of such data but the population
is not large enough to give much regularity to the trend of diphtheria rates,
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diphtheria, and if so when the immunization was done. In the
analysis the data were considered in two parts: (¢) Immunizations
done more than 12 months prior to the date of the interview, and
(6) immunizations done during the year immediately preceding the
date of the canvass, which was designated as the study year. Similar
inquiries were made about cases of diphtheria and about certain
other diseases and immunizations.

Data on the percentage of children of different ages who had been
immunized prior to the study year have been published in considera-
ble detail (7). The left section of figure 5 summarizes these percent-

[ CURRENT IMMUNIZATION |

PRIOR IMMUNIZATION [ T
450+ 1450
N CHRLDREN with ALL CHILDREN E
toor 1 4oe N :: ;.;umziﬁn 1400

43s0

\

\

\

\' 4300
\

©

o
w
»
o

@
o
g

~
o

4200

*
o o
ANNUAL IMMUNIZATIONS PER 1000
[
'3

PERCENT WITH HISTORY OF IMMUNIZATION
w £
o o

4 100

4 so

(] 2 4 6 8 1o 12 ] 2 d [ 8 0 12 e

FIGURE 5.—Percentage of children of specific ages who had been immunized against diphtheria and small-
pox prior to the survey, and immunization rates per 1,000 during the study year—canvassed white families

in 28 large cities, 1935-36.

ages for diphtheria immunizations and smallpox vaccinations in the
28 cities combined. In the preschool ages more children had been
immunized against diphtheria than smallpox but at the maximum at
8-10 years of age only about 60 percent of the children in these large
cities had been immunized against diphtheria. However, many chil-
dren acquire immunity to diphtheria by natural processes without a
clinically recognized case. When the immunity acquired without
artificial aid is taken into account, it may be computed that the 60
percent with a history of artificial inmunization at the ages of 8-10
years represents some 75 to 80 percent of the children with actual
immunity to diphtheria.® The declining percentage with a history
of artificial immunization after the 8—10-year peak is presumably due
to the fact that the older children passed through the ages when im-
munization was most actively carried out before the immunization
program was as complete as at present.®

8 For details of method of computation see table 2 of reference 10.
9 Scarlet fever immunizations prior to the study were few. For the 28 cities combined, the maximum
for any age was less than 3 percent, and the maximum for any age for any of the five geographic sections

was 5 percent 7. -
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The age curve of immunizations during the study year may be con-
sidered in the same way as the age curve of the incidence of a commun-
icable or other disease. Such data on immunizations are shown in
table 2. In the right section of figure 5 are plotted for specific ages
immunizations during the study year per 1,000 total children of that
age, and in the middle section are plotted immunizations during the
study year per 1,000 children not previously immunized or attacked.
For comparative purposes similar rates of vaccination against small-
pox are plotted in the same chart.

The first point on these charts (fig. 5) represents immunizations
among children born during the study year, so a considerable part of
their time under observation represents ages under 6 months; there-
fore, the average rate for the whole age group is low. The second
point represents children who, at the middle of the study year, aver-
aged 1.0 year of age; the diphtheria immunization rate based on the
total children (right section) is higher at 1 year than at any other age,
being considerably above the peak at the age of school entrance.
However, the rate as based on children not previously immunized is
slightly higher at 6 years than at 1 year of age. Apparently the
times when diphtheria immunization is most likely to be done are
during infancy and.at school entrance; between those ages the rates
for preschool children are much smaller, and after the age of school
entrance immunization rates decrease rather rapidly.'°

Vaccinations against smallpox during the study year per 1,000 total
children (right section) are higher than immunizations against
diphtheria from 4 to 7 and above 12 years of age. When the rates
are based on children not previously vaccinated against smallpox
(middle section), they are higher than similar diphtheria immuniza-
tion rates at each of the ages above 4 years.

With figure 5 as a background for all cities combined, it is of more
interest in connection with the present study to consider geographic
variation in dipththeria immunization rates. Figure 6 shows for
cities in five sections the percentage of white children who had been
immunized prior to the study year, the percentage who reported a case
of diphtheria prior to the study year, and immunization rates during
the study year based on all children and on those not previously
immunized or attacked. Since the trends of diphtheria shown in
figures 3 and 4 indicate that the South and to a lesser extent the West
have lagged behind other sections, immunizations in these regions
are of particular interest. In the preschool ages the South ranks
approximately with the North Central in the percentage of children
who had been immunized prior to the study, the Northeast and West
W immunizations during the study year amounted to about 3 per 1,000 children under 15

years of age, as compared with 72 for diphtheria immunizations. However, the relative age curves for the
two types of current immunizations were similar, with high points at 1 and 6 years of age.
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being below and the Intermediate section above those regions. How-
ever, for the ages 5 to 7 years the South is below all regions except the
West, and above 7 years it is below all of the sections. The West,
on the other hand, has the lowest percentages immunized from birth
to 8 years but above that age it is in the middle with two sections
below and two above. The Intermediate cities are at the top in the
preschool ages but are low—next to the South—in the ages above 8
years. Considering all ages under 15 years, the South and West
each had 39 percent of the children immunized, as compared with
48, 50, and 52 percent immunized in the Intermediate, Northeast,
and North Central regions, respectively.

In terms of diphtheria immunizations during the study year per
1,000 children with no prior immunization or case (table 2 and fig. 6)
‘the South is relatively high from 2 to 4 years and at 7 and older
ages, but in infancy and the ages of school entrance other sections
have higher rates. Considering all ages under 15 years the rate for
the South is above both the West and the Northeast. The West is
lowest in the preschool ages but is at the top in most of the ages above
6 years. However, it is the cumulative total of immunized children

that is effective in preventing epidemics and in this respect the South
is low.
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FIGURE 6.—Prior diphtheria immunizations and cases, and current immunizations among children of
specific ages in five geographic sections—canvassed white families in 28 large cities, 1935-36,
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Figure 6 shows also the proportion of children who, at the beginning
of the study year, reported a history of a case of diphtheria at any
time since birth. In this respect the South is highest and the Inter-
mediate is next to the highest for most of the ages. The West, in
spite of its low immunization rate, has a very low proportion of children
with a history of an attack of diphtheria. These history data refer

to white children.
TABLE 2.—Diphtheria immunizations during the study year per 1,000 children of

specific ages, in § geographic sections '—canvassed white families in 28 large
cities, 1936-36 .

All children Children with g;) &1:; immunization All sections

Age last = 23
birthday at | Bl . Els . [E 28
endofstudy| & | » .| 8 [ 2 g |l s | 812 g | o8
year S| 815 |F% 2183 |°% 3 |88g
8 g F-| g a - S. P-1 = g8 a =2 |8 Q..g-
SIS 52|58 |2 558|583 et

S |lz|lz |88 |B|<|z|z]8|2&|B|2 P

' P Smallpox
Annual diphtheria immunizations per 1,000 children vaccinations

per 1,000
Under15....| 72.0] 63.4] 78.0/ 70.7| 78.0| 83.3| 134.3| 120.5| 155.5/ 138.5| 131.0{ 128.6 64.4| 158.2
144.1} 128.9| 141.7| 295.3| 108.6| 38.9| 144.1| 128.9| 141.7| 295.3]| 108.6/ 38.9] 35.4| 35.4
219. 6| 191. 5| 267. 6| 304.6| 186.5| 110.1| 240. 6 203. 5| 301.7| 361.8| 204.6( 113.6| 66.8| 68.3
91.4] 93.3| 94.9| 77.6| 105.7| 76.2| 125.9] 120.0{ 140.2| 135.9| 148.1| 84.7\ 46.6| 50.1
711 71.4]| 74.3] 63.3| 84.4| 56.1| 104.9| 99.9| 117.3| 114.0( 129.5| 64.0| 46.1| 52.6
72.5| 74.4) 68.7| 65.1] 90.1| 65.2| 109.9| 106.9| 111.0{ 114.0f 147.9| 80.8{ 71.9| 86.0
107.7| 107.0{ 117.1{ 102.6| 91.1| 108.9| 174. 1] 168. 8| 197.0| 189.2| 161. 4| 133.2| 176. 6| 240.9
140.1| 125.1f 167.6| 113.1| 109. 2| 195.2| 249.9| 221.0| 312.0| 227. 7| 202.0| 260. 3| 218.0| 422.4
99.1] 89.1| 101.8 76.7| 101.7| 164.8| 217.3| 189.9| 258. 3| 181.7} 199. 3| 275. 2| 111.0| 398.7
65.5| 55.0f 61.4| 44.8| 84.6| 132 9| 156.6( 128.8| 169.8| 103. 2| 183.9| 251.5| 45.8| 234.0
47.5] 40.1| 39.4| 34.7| 73.4| 92.9| 116.2| 103. 4| 104.5| 83.1| 150.2| 185.4] 30.2{ 181.5
38.2] 26.1] 37.0{f 37.1] 68.6| 58.7| 839 66.8 88.1| 78.2 126.3| 130.5 26.8| 162.7
22.2| 15.3] 24.6] 22.0f 28.7| 35.9] 47.2| 36.6| 53.2{ 44.3| 47. 72.6] 26.9| 140.1
Under 5..... 111.6] 104.7] 123.6{ 134.1| 110.7| 72.0| 146. 4| 131.7] 169. 3| 203: 6f -150. 80.2| 55.0] 60.3
90.9| 82.1] 96.7| 72.8 91.6| 137.4| 186.4| 167.1| 217.1] 150. 8} 179.1} 216.6( 113.8| 308.3
28.4] 19.5| 29.4| 27.8] 44.1f 44.5| 62.7| 48.1f 66.7| 56.8( 74 94.0| 26.8| 149.8
7.3| 50 9.1 46| 7.3 1491 119 9.6/ 14.5 6.7 9.8 23.2| 15.6] 98.8
Number of

Number of diphtheria immunizations smallpox
: vaccinations
_Under 15._..|11,424| 3,768| 3, 549| 1, 655| 1,359| 1,193(10,881| 3, 605( 3, 325| 1,498 1, 306| 1, 147(10, 225| 9, 436
663| 213| 196] 184 52 18| 663] 213| 196 184 52 18| 163| 163
1,601 530 634] 203] 141 93 1,686 530 630 292 141 93| 514| 512
804| 348| 258 104/ 115 69| 801| 348/ 257/ 103} 114 69| 456 448
692| 265 204f 84 89 50| 682| 263 200{ 83 87 49| 49| 446
721 279 191 89| 101 61| 706 277 184 87, 97, 61 715| 703
1,142 420| 362 149) 109 102| 1,111 410{ 352| 144} 103 102| 1,872| 1,842
1,484| 499 5311 161} 126] 167( 1,423| 477 503] 156 123| 164] 2, 309| 2,276
1,084| 350 328 122 125/ 159} 1,031] 330 311 117| 120 153! 1,214] 1,177

755( 237) 204 72| 106| 136 703| 214 192| -64] -103| 130 528

544 1711 129 56 95 93| 489 157 105 52 91 84 302
912 236| 251 123 180 122 787 204 196] 110/ - 162 115 639 505
842 220, 261} 118 120! 123 709 182| 199f 106 113 109| 1,020] 573
446| 117} 160 38 45 86| 342 89 113 30 42 68| 957, 533

1 All cities were 100,000 or over in population; those included in each section are: Northeast: Boston, Fall
River, Buffalo, Syracuse, Newark, Trenton, Phﬂadelghia, Pittsburgh. North Central: Chicago, Cleveland,
Columbus, Detroit, t, Grand ilsplds, 8t. Paul. Intermediate: Baltimore, Richmond, 8t. is. South:
Atlanta, Birmingham, Dallas, Houston, New Orleans. West: Oakland, Rortland, Salt Lake City, Seattle,

Spokane. .

l=ol"ew diphtheria reimmunizations were reported; among children in all sections under 15 {ears of age with
a prior immunization, artificial immunizations during the study year amounted to 5.4 per 1,000. The rates
by age were: under 5, 1.9; 5-9, 6.9; 10-14, 5.2; 15-19, 2.9.
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Because of the considerable variation from year to year in diphtheria
case rates, a 12-month record does not represent the typical incidence
of the disease even aside from long-time trend. However, the data
on the percentage of children with a prior attack of diphtheria should
be supplemented with rates for the study year (table 3). In both
large and small cities, diphtheria cases per 1,000 white children under
15 years of age in the South (including Intermediate) were approxi-
mately three times the corresponding rates in the North. The rates
in the South are consistently high in each of the three age groups
under 15 years. Data on a smaller group covered by the Communi-
cable Disease Study make it possible to compute rates per 1,000 chil-
dren not previously immunized or attacked; these data show the
TABLE 3.—Incidence (new cases) of diphtheria and scarlet fever during the study year

among white and colored persons and among residents of large and small surveyed

cilies, by geographic section, 1935-36

[Communicable Disease Study and Health Survey combined]

Annual cases per 1,000 children Number of cases 3
Color, geograp}liqtsecltion, and All All
Size ol city ages? | Under ages? | Under
under 5 5-9 10-14 under 5 59 10-14
15 15
Diphtheria
White:
All sections:3
100,000 orover_______________ 0.96 1.12 1.25 0.59 510 158 230 122
Less than 100,000. 1.67 2.05 1.95 1.16 236 80 94 62
Northern cities:
100,000 or over____ .64 .84 77 .38 241 84 101 56
Less than 100,000 ... ____.__ .99 .88 1.32 .76 62 15 29 18
Southern cities:
100,000 orover______________. 2.35 2. 61 3.25 1.37 237 69 114 54
Less than 100,000_ ________.___ 2.86 3.79 3.24 1.86 168 62 64 42
Colored in cities of 100,000 or over:
All sections 3. ________________.__ 1.38 1.41 1.71 1.03 96 28 42 26
Northern cities 1.02 .48 1.36 111 29 4 14 11
Southern cities 1.55 1.90 1.95 .91 55 19 24 12
Scarlet fever
‘White:
All sections:3
100,000 orover.______________ 11.1 8.2 16.9 7.9 5913 | 1,158 [ 3,130 1,625
Less than 100,000 .. _______ 9.6 6.9 14.1 7.5 1,357 270 683 404
Northern cities:
100,000 orover_._____________ 11.2 8.6 17.3 7.4 4,232 857 | 2,284 1,091
Less than 100,000 .. _________ 8.5 58 13.2 6.1 532 98 201 143
Southern cities:
100,000 orover_______________ 58 4.6 9.6 3.1 582 122 338 122
Less than 100,000 - ———- 6.1 4.7 8.7 4.8 358 77 172 109
Western cities:
100,000 orover_______________ 20.5 11.9 28.4 19.8 | 1,099 179 508 412
Less than 100,000 ___________ 2.5 16.9 33.1 20.1 467 95 220 152
Colored in cities of 100,000 or over:
Allsections 3. __ . ___.______ 4.2 3.7 5.9 2.9 201 73 145 73
Northern cities_ .- 7.1 6.5 9.7 4.7 201 54 100 47
Southern cities_ ... .. 1.7 1.2 2.4 1.4 60 12 30 18

1 Northern: 15 cities listed in table 2as in the Northeast and North Central, plus New York and Minneap-
olis. Southern: 8 cities listed as in the Intermediate and South, plus Cincinnati. Western: 5 cities listed
as in the West, plus Los Angeles. i

For machine tabulating reasons, cases and population with unknown income are excluded from the data
for cities and towns of less than 100,000.

2 Age last birthday as of end of study yesr. . X

3 All sections includes the West. There were only 38 cases of diphtheria among white children under
15 years of age in the West, with a rate for cities over 100,000 of 0.60 (32 cases) per 1,000 canvassed population

under 15 years.
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same general picture of a higher incidence in southern than northern
cities (table 4).

In contrast to the diphtheria situation, scarlet fever case rates dur-
ing the study year were higher in the North and particularly in the
West than in the South. The rates for white children in the South
(including Intermediate) were consistently less than in the North and
West in each of the three age groups under 15 years.!

Figure 6 discussed above shows the proportion of children of
different ages who had been immunized prior to the study year. In
considering immunizations in relation to the trend of diphtheria
incidence and mortality over a period of years like that shown in figure
3, it is of interest to supplement data on the frequency of immuniza-

TABLE 4.—Incidence (new cases) of diphtheria during the study year per 1,000
children of known tmmunization status—canvassed white families in 16 northern
and 8 southern cities with populations of 100,000 or over, 1935-36

. Children with no prior
All children immunization or case

Geographic section 1 Al Al
under | UBder| 59 | 10-14 | 15-10 under Under| 59 | 1014 | 1519

152

Annual diphtheria cases per 1,000 children

Northern cities_._._..._._.___ 0.60| 0.98| 0.60| 0.34| 0.22| 1.13| 1.28| 1.17| 0.8 0.53

Southern cities. ... _.__...___ 236 | 3.46( 290 1.16 .42] 3.51| 4.18| 4.8 | 174 .
Number of diphtheria cases

Northern cities..__.__________ 63 27 22 14 9 58 27 19 12 9

Southern cities________._.__.__ 93 35 40 18 6 73 29 31 13 4

1 Northern: Northeast and North Central. Southern: Intermediate and South—see note to table 2.
2 Age last birthday at end of study year.

tion histories with some measure of the years since children of given
ages had been immunized. The schedule used in the Communicable
Disease Study provided for the recording of the age of the child at
the time of immunization as well as the age at the time of the canvass;
from these records it was possible to compute the average years since
immunization and also the percentage of children who had been
immunized a specified number of years prior to the study. Figure
7 and table 5 show data of this kind. It is seen that for children of
specific ages the average time since immunization was rather con-
sistently less in the West and South than in the Northeast and North
Central, and considerably less than in the Intermediate section.

11 The 49 diphtheria deaths among white persons under 15 years of age in the canvassed population indi-
cate case fatalities of 7.2 and 6.1 percent in the North and South, respectively. However, the small differ-
ences between the two sections are not consistent in the three 5-year age groups; the fatality under 5 years

was higher in the South but that 1n the other two age groups was higher in the North. The 50 scarlet fever
deaths among white children under 15 years indicated case fatalities of 0.86 and 0.42 percent in the North

and South, respectively.
678891—46——3
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Thus in the South, where the percentage of children immunized was
relatively low, the indications are that the average period of years
since immunization was also short; apparently the programs for
immunizing children started more recently in the South and West
than in the North and Intermediate regions. The same general
facts are indicated by the proportion of immunized children in each
geographic section who had been immunized for seven or more years,
where the proportions for the South and West are lowest (fig. 7).
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FIGURE 7.—Average years since diphtheria immunization and the proportion of immunized children of
specific ages who had been immunized for seven or more years—canvassed white families in 28 large cities
in five geographiec sections, 1935-36.

TABLE 5.—Average years since immunizdtion for immunized persons of specific
ages,! and percent of those immunized who had been itmmunized for 7 or more
years—children of canvassed white household heads in 28 large cities classified by

geographic sections, 1935-36

Age last birthday | noren_ | North | Inter- & | North- | North | Inter-
at beginning of east | Centrallmediate South | West east | Centrallmediate South | West
study year !
. e Percent of immunized -children who
Mean yea:isnfl;o‘!)l; séllll!’&n;"llmno“ to had been immunized for 7 or more
years before the study 1
0.60 0.62 0.69 0. 56 0.45
1.12 1.28 135 1.10 .93
1.64 1.84 1.87 1.43 1.50
1.99 2,22 2.27 1.92 1.98
1.94 2.20 2.48 2.21 1.88 -
2.06 2.16 2.41 2.26 1.80 .. -
2.34 2,29 2.73 2. 54 1.94 4.4 3.2 8.2 4.0 2.2
2.82 2.76 3.20 2.89 2.24 7.9 58 12.2 8.4 3.1
3.7 3.19 3.74 3.18 2,71 8.1 8.5 15.9 1.8 5.4
3.7 3.63 4.29 3.60 3.35 8.5 9.1 16.9 15.2 8.3
436 424 5.02 4.08 3.49| 13.8 1.8 19.3 20.0 8.0
4.96 4.76 5.53 4.40 4.37 24.8 21.2 32.8 20.1 15.8
5. 66 5.33 6.53 5.08 4.65 43.2 46.0 57.0 36.5 27.8
6.27 6.11 7.05 5.99 5.31 50.7 52.3 64.0 50.3 39.6
6.87 6.99 8.05 6.43 5.95 63.9 61.2 73.0 53.2 45.2
7.68 7.66 8.40 6.96 6.74 65.9 64.3 73.9 56.5 53.1
8.22 8.46 9. 60 8.06 7.03 71.0 718 85.2 65.0 54.2
8.97 9.11 | 10.33 9.15 7.33 74.5 76.1 86.4 75.3 59.1
9.65 9.88| 11.09 8.93 8.33 81.1 79.4 87.4 70.3 69.1

1t Immunigation histories are recorded as of the beginning of the study year; ages are last birthday as of the
same time, and years since immunization are years between immunization and the beginning of the study
year. See table 2 for cities included in each section,
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Correlation of diphtheria rates with percentages of children immu-
nmzed.—Data are available for each of the 28 cities separately on the
percentage of children of native white household heads who had been
artificially immunized against diphtheria prior to the study year.
Similar data for children of foreign-born household heads were not
tabulated for individual cities but in all sections except the South,
where the numbers of foreign-born are small, the percentages of
children immunized were approximately the same for the foreign
and the native white.!? It appears logical, therefore, to use the data
for the children of native white household heads as fairly represen-
tative in the matter of the extent of immunization in the respective
cities. The number of diphtheria cases in the canvassed population
during the study year was too small to yield reliable rates for indi-
vidual cities, but cases reported to the city health departments are
available. Using the percentage of children immunized in the native
white canvassed population and the age-adjusted diphtheria case
rate based on cases reported to the city health department (table 6),
correlations were computed for the 28 cities, for 23 cities excluding
the 5 southern cities, and for 23 cities excluding the 5 western cities.
The correlation coeflicients are shown in table 7. Some additional
data were brought into the correlations: (@) The removal of the tonsils
has been shown to be related to the incidence of diphtheria (11, 13, 35)
so that fact, which was recorded on the schedule, was brought into
the correlations; (b) Godfrey (18) indicated that with one-half or
more of the children of the school ages immunized, the immunization
of about one-third of the preschool children was sufficient to stop
epidemics. This and other considerations led to the correlation of
the diphtheria case rate with the percentage of children 5-14 years of
age who had been immunized, holding constant by partial correlation
the percentage of children under 5 years who had been immunized.
The basic data that entered into the correlations are shown for each
of the 28 cities in table 6.

Correlating the percentage of children under 15 years of age who
had been immunized with the age-adjusted annual case rate for the 2
years 1935-36, the coefficient was —0.46. When the percentage of
children under 15 whose tonsils had been removed was held constant,
the correlation was increased only to —0.49. When the five southern
cities were excluded the correlations were approximately the same,
but the exclusion of the five western cities increased the coefficient to
—0.59.

The correlation for the age-adjusted case rates with the percentage
of children 5-14 years of age who had been immunized was —0.60 or
somewhat higher than the —0.46 obtained by combining all ages under

13 In the South the percentage of colored children immunized was less than for white children, but because
of the small numbers of colored in the eanvassed population this paper is based largely on white persons.
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15 years. When the percentage of children under 5 years who had
been immunized was held constant, the correlation was increased to
—0.70. The exclusion of the five southern’ cities decreased these

TABLE 6.—Percentage of children who were immunized prior to the study year and
diphtheria case rates in each of the 28 surveyed cities, 1935-36

Apmmlizores
o theria cases
Children of specific ages ! of native white D!
per 1,000 persons
canvassed household heads 2 Diphtheria | of all ages in the
among all | total population
canvassed
white chil-
Percent dren und(‘er 6
Percent immunized at b:;;;#s Number of | 15 years 2 years |years
beginning of study year Te- children 1935-36 | 1933~
moved 38
An-
Un- | Un- Under | 90" nual [Num- ‘ggf
der | der | 59 [10-14| 5-14 15 der | 5-14 | rate |ber of Crude|Crude
15| 5 5 «| per |cases [US}
1,000
43.0| 14.3] 54.2| 57.9( 56.1 30.3| 3,669| 8,085 36.8 13| 15.2] '15.2] 16.1
29.5( 13.6| 37.8/ 33.8] 35.6 24.8( 1,199 3,131| 123.6 18| 17.5| 19.7] 25.8
62.8) 38.1f 70.5| 75.1f 72.9 18.6| 3,313| 8,097| 21.6 71 4.6/ 4.7 10.4
60.5| 40.1| 66.2] 71.4| 68.9 22.9} 1,297| 3,145 6.9 1 1.4/ 1.4 3.5
.| 67.6/ 35.0| 74.1| 85.6| 80.3 27.0| 1,557 4,027| 34.3 6 1.5 1.6/ 28
Trenton....._._| 49.2| 13.9| 55.3| 67.2] 61.9 21.3| 1,097( 3,051] 37.9 4 4.7 4.8 7.1
Philadelphia...| 63.8( 36.6| 71.1| 79.0| 75.2 30.3| 2,633 6,268 62.4 20, 83 834 75
Pittsburgh.____ 29.4| 16.3] 32.5| 36.3| 34.4 22.2| 2,412 6,187 132.2 35| 27.6] 29.0{ 33.6
North Central:
Cleveland 47.4) 22.7| 5§7.9] 57.5| 57.7 2.4 7,957 47.9 17| 19.2] 19.4| 19.8
Columbus. 16.7, 9.3| 20.1} 19.7| 19.9 21.7| 1,174| 2,701| 133.0 15| 48.0| 45.7| 42.5
Detroit... 56.4| 38.0| 63.2| 64.2( 63.7 21.8( 2,391 6,031 29.6 8| 15.3| 16.5| 20.6
Flint_..__ | 47.9] 12.1| 54.4| 75.4] 64.7 20.0| 826 1,761| 112.9 9| 27.2| 32.4| 30.4
Grand Rapids.| 61.8| 28.6] 72.6| 83.9| 78.2 19.3] 765/ 1,553 0 0 .3 .3 3.1
Chi 69.8| 61.8 77.5 68.7[ 73.1 26.2| 3,533; 8,767 156.7 62| 21.4/ 20.8] 15.9
54.1) 13.5/ 65.7; 75.1| 70.6 29.3| 1,166 2,867| 0 o 9.6/ 9.6/ 11.1
56.7| 47.6] 62.7 58.11 60.3 27.0| 2,992 7,486 29.3 9| 155/ 15.8] 17.8
57.4| 45.6] 64.9| 58.8( 61.6 30.9/ 835| 2,326 85.3 8| 18.3| 18.5 27.2
38.6/ 28.9] 46.0/ 39.5 42.8 18.2| 2,291| 5,317| 309.7 68| 69.3] 63.6| 70.2
43.9| 36.0| 52.3| 42.6/ 47.4 24.2) 962 2,236| 235.9 211 64.7| 66.7/: 5.4
58.7| 58.3| 66.9| 49.6/ 59.0 27.0] 712( 1,930{ 340.7 32| 30.1] 33.1] 42.3
27.7) 21.8| 33.4| 27.0{ 30.1 27.3| 1,197| 3,010; 340.4 39| 101.2| 105.4| 91.7
52.5| 40.2{ 66.9] 49.6| 57.6 20.7) 1, 2, 512; 209.0 22) 91.2) 91.2| 102.0
27.7) 20.8] 31.9] 29.9| 30.9 17.2 1,913] 224, 2| 21| 99.9( 100.9] 81.5
44.0 10.5| 54.4] 65.6] 60.0 41.3( 1,201 2,498 8.7, 1l 52 62 7.2
38.9| 24.3] 46.3] 42.1| 44.0 34.5( 555| 1,565 204.4 13| 55.7| 48.4| 30.8
34.1| 13.3| 42.0] 43.3| 42.7 33.7| 826] 2,007 11.4 1 2.6/ 21 7.1
41.2| 13.1 44.5] 60.7] 53.7 33.6/ 826 1,865 0 0o 26 22 4.2
37.5| 9.2 41.8] 57.1] 50.1 40.4! 880 1,967 0 0 1.4 13| L5

1 Age last birthday at the beginning of the study year; immunization histories are recorded as of the same
e.
2 See table 1 in preceding paper (9) for further data about the canvassed and total population of each

ty.

3 Diphtheria case rates in this column are based on the white population canvassed in the Communicable
Disease Study and the Health Survey combined; in places where the percentage colored was small, the
Health Survey data are for white and colored combined.

4 Adjusted by the indirect method to the age distribution in 1935 of the total gopulation of all 28 cities
combined. Estimated pou?;ﬂatlons for specific ages for each city in 1935 were obtained by averaging the
1930 and 1940 census populations for each age. Diphtheria case rates at specific ages per 1,000 canvassed
population in the two surveys were used as standard rates and for a standard rate for all ages these rates
were adjusted by the direct method to the age distribution of this estimated population for all 28 cities com-
bined. Then the reported case rate for each city was adjusted by the indirect method as follows: The
standard age-specific rates described above were mulgiﬁ)lied by the population of the same age group for a
given cit{l to obtain an expected number of cases at all ages for that city if the age-specific rates were the
same as the standard age-specific rates. This expected number of cases for all ages combined was divided
by the estimated pogu.latlon of the city to obtain gn expected rate. This expected rate for all ages was re-
lated to the standard rate (all cities combined) described above to obtain an adjustment factor which is of
the nature of a percentage correction for differences in age distribution in the given city from the distribu-
tion in all cities combined. This adjustment or correction factor computed for each city is applied to the
crude rate in that city to obtain its age-adjusted rate. A more detailed explanation of the process is given
under the heading “Age adjusted death rates (A)” in Pearl (24), pp. 270-274.
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correlations slightly and the exclusion of the five western cities in-
creased them but not significantly.

To summarize, the percentage with tonsils removed prior to the
study is not highly correlated with diphtheria rates during the study
year in these cities. Also, the percentage of children under 5 years
who had been immunized shows no correlation with age-adjusted
diphtheria rates for all ages. In the whole 28 cities the percentage of
children 5-14 years of age who had been immunized gives the best

TABLE 7.—Correlation between age-adjusted reported diphtheria case rates for the
2 years 1936-36 and the percentage of children who had been immunized prior to
the approzimate beginning of that period—28 surveyed cities in 19 States !

23 cities | 23 cities
All28 | (exclud- | (exclud-
cities ing 5 ing 5
Items correlated or held constant southern)| western)

Correlation coefficients ?

Age-corrected reported diphtheria case rate:

With percent of children under 15 years who had been immunized 3.._{ —0.465 | —0.455 —0. 590
Percent of children under 15 years with tonsils removed, held
ecomstant ¢ ________ oo mn.. —. 488 —.515 —. 588
With percent of children 5-14 years who had been immunized...______ —. 600 —.573 —. 678
Percent of children under 5 years who had been immunized, held
constant 4 . _________________ oo —. 702 —. 664 —-.718
With percent of children under 5 years who had been immunized.____ +.052 —.021 —. 097
With percent of children under 15 years with tonsils removed..__.____ —. 245 —.264 —.103

1 See table 6 for detailed data for each city and the methods of tabulation and computation. Reported
gas]% rl::tes refer to the whole city but immunization rates refer to children of native white canvassed house-

o0ld heads.

3 Standard errors of the correlation coefficients are: Based on 28 items, +0.189; based on 23 items, +-0.209.

3 Correlation of the percentages of children under 15 years who had been immunized and the diphtheria
case rate per 1,000 children under 15 years in the canvassed population in the 28 cities was —0.31. It will be
noted in table 6 that the numbers of cases in this group were small.

4 Zero order coefficients of correlations not shown in the table but entering into the computation of the

partial correlations were:
(a) Percent of children under 5 years and 5-14 years who had been immunized: All 28 cities, +0.459; 23

cities excluding South, +0.532; 23 cities excluding West, 40.467.

(b) Percent of children under 15 years of age who had been immunized and percent under 15 years with
tonsils removed: All 28 cities, —0.034; 23 cities excluding South, —0.142; 23 cities excluding West +0.282.
correlation with diphtheria rates when the percentage under 5 years
who had been immunized is held constant, —0.70. Since the square
of the correlation coeflicient is a rough measure of the proportion of
the total variability that is accounted for by the factors entering into
the correlation, immunization apparently accounts for approximately
half of the variability in the diphtheria rate in these cities.® The
presence of correlation does not necessarily mean that immunization
was the direct or causative factor—its relationship to the case rate
may come through its effect upon other factors. The direct effect is
a reduction in the number of Schick-positive children in the popula-
tion but there may be indirect relationships to other factors such as
the carrier rate (23) and the frequency of contact between susceptibles
and diphtheria cases and carriers.

13 The variation in the completeness of reporting of diphtheria in these cities is an uncontrolled factor bu:
the numbers of cases recorded in the relatively small canvassed population were not sufficient in individua
cities to use as a basis for rates for correlation purposes or for correcting the reported case rate for incom™
pleteness.
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The fact that there was no correlation between the case rate and the
percentage of children under 5 who had been immunized suggests that
more emphasis might be placed upon the Schick-test status of the child
at school entrance. In a recent statement from the Baltimore City
Health Department it is suggested that in addition to immunization
at as early an age as possible, children entering school for the first
time be given a booster dose of diphtheria toxoid unless the child has
been inoculated within 3 years. This recommendation is made on the
assumption that the low incidence of the disease in recent years has
removed ‘“the reinforcing stimulus necessary for maintaining im-
munity bestowed by toxoid given in infancy”.!* Substantially the
same recommendations are made in a paper on immunizations and
diphtheria in Kingston, N. Y. (22).

VARIATION IN DIPHTHERIA INCIDENCE AND MORTALITY

Survey data thus far presented have come largely from the Com-
municable Disease Study of 28 cities of 100,000 or more population.
The National Health Survey covered 27 of the same cities with larger
surveyed samples, and 4 other large cities and many smaller cities and
towns; however, the canvassed population was heavily weighted by
large cities. Although the Communicable Disease Study included
specific questions about diphtheria and the National Health Survey
only recorded the disease along with other causes of disabling illness,
the case rates for all children under 15 years in the two surveys were
similar, 1.04 per 1,000 in the 28 cities of the Communicable Disease
Study as compared with 0.93 for the 31 cities of 100,000 or more in the
Health Survey * and 1.13 for all cities and towns included in the
Health Survey.

Variation with age.—Table 8 shows the age incidence of diphtheria,
scarlet fever, and whooping cough, and figure 8 shows the curves on a
relative basis, in the form of the ratio of the rate at each age to the rate
under 15 years. Diphtheria rises rapidly to a maximum at 3 to 4
years which is maintained through the sixth year. Scarlet fever, on
the other hand, rises more slowly to a maximum at 7 years with an
immediate and fairly steep decline thereafter. Whooping cough has
the youngest age distribution, reaching at the end of the first year of
life a level which is maintained through the sixth year, but with an
abrupt decline thereafter. It must be remembered that these curves
represent relative age incidence and give no indication of the actual
rates for the different diseases.

14 From a communieation to all physicians in Baltimore, dated Aug. 6, 1945, from Huntington Williams,
Commissioner of Health, Baltimore City.

18 Twenty-seven of the thirty-one cities are included in the Communicable Disease Study but there was no
overlapping in the census enumeration districts canvassed within a city. The four additional cities were
New York, Los Angeles, Cincinnati, and Minneapolis with very large samples for the first two, so exact
agreement would not be expected.
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FIGURE 8.—Relative age incidence of certain communicable diseases, and diphtheria incidence among boys
and girls of specific ages—canvassed white families in 84 cities and towns in 19 States, 1935-36.

TABLE 8.—Age and sez incidence (new cases) of diphtheria, scarlet fever, and whoop-
ing cough during the study year ! 2,923,309 persomns tn canvassed white families
tn 84 cilies and towns in 19 States, 1935—36

[Communicable Disease Study and Health Survey combined]

Diphtheria Scarlet fever ‘Whooping cough Population
Age las? btirahday at end
of study year Both Fe- | Both Fe- | Both Fe-
) sexes | Male male | sexes | M81€ | male sexes Male male Male Female
0.33] 0.30] 0.36] 2.94| 2.96] 2.91| 3.8 3.8 3.8] 1,411,122 1,512,187
1.11] 1.05 1.16| 10.80] 10.75| 10.85 16.0] 15.3| 16.7] 341,366] 335,101
.81 .60[ .41 1.11} 1.09{ 1.13] 20.4| 19.9] 21.0 10, 063, 9, 708
.81 .82 .79] 3.48 3.83 3.11] 31.7| 30.1] 33.4 16,973 16, 376
1.42| 1.48] 1.35| 7.55| 7.47| 7.46] 31.2] 29.3| 33.3 21, 665 20, 805
1.64| 1.72| 1.55| 10.06] 10.77{ 9.32| 32 31.0f 33.0 21,453 20, 697
1.67] 1.73| 1.61| 12.81| 12.17| 13.47] 31.7] 29.5/ 33.9 21,939 21,164
1.64| 1.54| 1.75| 15.50| 15.89( 15.10, 31.0; 28.2| 33.8 724 22,316
1.67) 1.54] 1.79] 18.22| 17.49| 18.97| 31.5( 30.9| 32.2 22,702 22,294
1.42f 1.19| 1.65| 19.63( 19.70( 19.54] 22.1] 22.1] 22.2 23, 446 23,024
1.12] 1.13| 1.11} 15.69{ 15.39( 16.00] 12.4] 12.2] 12.5 24, 694 24, 249
1.17) 1.02| 1.33| 12.97| 12.18| 13.77] 7.1 6.5 7.8 24, 544 24,102
.87 .83 .91] 9.66| 9.72| 9.61] 3.6/ 3.6/ 3.6 50, 631 50, 286
.60f .50, .70( 6.65 6.75| 6.54/ 1.0/ 1.0 10 80, 632, 80, 082
1.32] 1.38) 1.25| 7.93| 7.99| 7.88) 30.4] 28.9 32.0] 91, 993 88, 749
1.40] 1.28] 1.52| 16.36| 16.08| 16.64] 20.5| 19.6 21.3] 118,110 115,984
.70 .62 .78| 7.81| 7.89] 7.72| 2.0/ 20/ 20 1,263 130,368
.24 .22 .26] 2.13| 2.20| 2.07 3.2 .3 125,950, 136,212
.20 .09 .28] .74| .47] .97 .2 .1 2| 118,645 140,490
.100  .06] .15 .65 .45 .82 .2 .1 2| ,439) 265,471
.08 .06] .09 .33 .24 .41 ,906| 238,488
.02} 01 03{ .09 .09] .10 1 .03 14 181,818/ 181,718
.02l - : ‘ .04 .03} .04 183,685} 211,294
Number of cases
Allages__.______.________ 966 429 537| 8,581 4,183| 4, 398|11,100| 5, 312| 5, 788 -
Allunder15.____________ 749 360, 389 7,306| 3,670 3,636(10,818| 5, 236] 5, 582|_ -

! The population used for under 1 year of age represents one-half of the persons born during the study,
since the time they were under observation would average one-half year.

3 All ages includes a few of unknown age. Diphtheria case rates per 1,000 for ages 8 and 9 combined are:
Both sexes, 1.15; males, 1.08; females, 1.22,
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The age curve of mortality in the continental United States is a
useful supplement to the morbidity data.’* Because of the inaccuracy
of intercensal population estimates and a special supplementary volume
on deaths in 1939 and 1940 (30), deaths for those years are used in
relation to the 1940 census populations (table 9). The peak in the
diphtheria death rate for the country as a whole comes at 2 years
with a decline as age increases thereafter, which, relatively, is con-
siderably more rapid than that in the case incidence. Although
mortality is less in large cities, the peak in the rate occurs at approxi-
mately the same age.

Annual scarlet fever mortality among white persons for the same
period was less than half that of diphtheria, 1.8 deaths per 100,000
persons under 15 years of age, as compared with 4.5 for diphtheria.
The peak mortality of scarlet fever among white children occurs at 1
to 3 years but the relative variability of the rates with age is less than
in diphtheria mortality.!

A comparison of diphtheria death rates of white children of specific
ages in the general population in 1929-30 (10) with those for 193940
indicates that the greatest relative or percentage decline in mortality
in the 10-year period occurred for the ages 10-14 years where the
reduction was 82 percent, as compared with 75 percent for 15-19
years, 80 percent for 5-9 years, and 73 percent for children under 5
years. The reduction among infants under 1 year of age was 68 per-
cent, with 72-, 73-, 75-, and 76-percent reductions -for the ages 1, 2,
3, and 4 years, respectively.

Sex differences.—The right half of figure 8 shows diphtheria inci-
dence for boys and girls. The curve for boys rises to a peak at 3 to
4 years with a rate for every age under 5 years that is larger than that
for girls. The incidence for girls rises more slowly to a peak at 5 to
6 years with rates thereafter that are consistently larger than those for
boys. Although not shown graphically, it may be seen in table 8
that the incidence of scarlet fever is almost identical for boys and
girls. Considering all ages under 15, the rate for males is 10.7 and
that for females is 10.8 per 1,000; in the specific ages the rate for girls
is slightly above that for boys at one or two ages followed by one or
two ages in which the reverse is true. For whooping cough the rates

16 The decrease in diphtheria death rates has been so great that only the relative age curves for 1939-40 and
1935-36 can be compared. The few deaths in the survey of 1935-36 indicated a mortality rate of 7.2 per 100,000
children under 15 years of age, as compared with estimated rates of 10.2 and 7.8 for the continental United
States in 1935 and 1936, respectively. The survey data are heavily weighted by the large cities and the
mortality from diphtheria is less in large cities than in rural areas (33).

17 The 49 diphtheria deaths among white persons under 15 years of age in the surveyed population inaicate
a case fatality of 6.5 percent. The fatality under 5 years of age was 11.3 percent (27 deaths); at 5-9, 4.6 percent
(15 deaths); and at 10-14, 3.8 percent (7 deaths). There were only 5 diphtheria deaths above those ages.
The 50 scarlet fever deaths among white persons under 15 years of age in the surveyed population indicate a
case fatality of 0.68 percent or approximately one-tenth of the corresponding rate for diphtheria. Scarlet

fever fatalities for other ages were: Under 5 years, 1.46 percent (21 deaths); 5-9 years, 0.60 percent (23 deaths);
and 10-14 years, 0.29 percent (6 deaths). Only 6deathsoccurred above those ages.
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TABLE 9.—Annual diphtheria and scarlel fever mortality at specific ages in the
general population of the United States ! 1939-40

Annual deaths per 100,000 population Number of deaths in the 2 years
Both sexes All sizes and rural Both sexes | 1)) gizes and rural
Rt all races

Age —---

Al | Cities Cities ‘White Col- Cities | Cities White Col

cities | of |under ored, |, of | under ored,

100, 000, 100, 000(100, 000
rﬁgl ;206% and | Both | 5y, | Fo- sl:;th or | and | prope | Fe slz;?;
rural | sexes male €S | over | rural male
Diphtheria
0.61 1.60 | 1.24| 1.32| 1.15| 1.98 462 | 2,991 | 1,574 | 1,347 533
238 | 5.36 | 4.47| 4.82| 410 6.06 366 | 2,711 { 1,419 | 1,166 492
4.05| 877 | 6.34] 7.25| 539 | 9.21 38 272 151 106 53
3.39 | 15.48 | 11.98 | 13.82 | 10.06 | 18.29 32 491 256 179 88
.5.97 {1499 | 12,16 | 13.29 | 10.99 | 18.21 60 508 260 207 101
4.54 | 12.05 | 10.03 | 10.64 | 9.40 | 12.71 43 396 199 171 69
441 | 9.73| 821 | 807 | 836 10.87 42 326 154 153 61
4.49 | 1223 | 9.95]10.85 | 9.01 | 14.18 215 | 1,993 | 1,020 816 372
2.36| 3.70 | 3.38| 3.51 | 3.24 | 3.5 115 610 333 297 95
.63 .64 .57 .63 .52 .90 36 108 66 53 25
.29 .23 .23 .18 .28 .37 19 42 20 31 10
Scarlet fever

All ages.__.._. .58 .40 .65 .61 .60 .62 .28 301 | 1,220 3 733 75
Allunder15..| 1.70 | 1.49 | 1.77 | 1,83 | 1.82| 1.84 .78 228 894 535 524 63
Underl.......| 1.49| 1.07 | 1.90}| 153 1.63| 1.42 | 1.22 10 59 M 28 7
1 3.09| 2.8 | 3.15| 3.39( 3.83 2.92 .83 27 100 71 52 4
2. 309 249 3.28} 3.41 | 3.32| 3.50 .90 25 111 65 66 5
3..- 3.02| 3.49| 2.89| 3.28| 3.21 3.35| L29 33 95 60 61 7
3.09| 3.05| 3.10| 3.15| 2.8 | 3.4 | 2.67 29 104 55 63 15
Under 5 281 | 259 2.8 | 3.01| 3.03| 298| 1.45 24 469 285 270 38
.73 1L.72] 1.73| 1.87] 1.8 | 1..91 .74 84 285 174 175 20
10-14___ - .68 .35 .83 .75 .72 .78 .18 20 140 76 79 5
15-19. .41 .18 49 .45 .41 .49 07 12 88 45 53 2

1 Based on Vital Statistics of the United States, pt. III, 193940 (30).
m;;g{)gg gx;ilg &ogl;lasggr; ?:;?g\t that the rate for under 1 year is based on the number of live births in all
for girls under 10 years are slightly but consistently higher than for
boys.

In diphtheria mortality among white persons, as in case incidence,
the rates in the younger ages are somewhat higher for boys than girls
(table 9). At 5-9 and 10-14 years mortality is also slightly higher
for boys, in contrast 1o case rates, but at 15 to 54 years the small rates
are consistently higher for females for both mortality and incidence.
Above 55 years, mortality is agein higher for males. Unlike diph-
theria, scarlet fever mortality shows no definite or consistent differ-
ences between the rates for males and females.'®

18 The 49 diphtheria deaths among white persons under 15 years of age recorded in the survey indicate case
fatalities of 7.8 and 5.4 percent among boys and girls respectively; however, the differences are not consistent
in the three agegroups. The 50 scarlet fever deaths under 15 years of age in the surveyed group indicate case
fatalities of 0.90 and 0.47 percent for boys and girls respectively, with consistently lower fatality rates for girls
in the three 5-year age groups. In connection with the apparent inconsistency in scarlet fever as among
incidence, mortality, and case fatality, it must be remembered that death rates quoted above are for the
total United States but case fatalities are based on the relatively few deaths in a surveyed group which is
heavily weighted with residents of large citics.

678891—46—4
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Racial variation.—Negroes have traditionally been considered less
susceptible than white persons to many of the communicable diseases,
including diphtheria. Table 3 shows diphtheria incidence for colored
and white in northern and southern cities of 100,000 or over that were
covered in the survey. The 29 cases under 15 years of age among
the colored in the North give rates that are somewhat higher than
those for white in the ages above 5 years. However, in the South
the incidence for the colored under 15 years is consistently lower
than for the white. Scarlet fever incidence is corsistently less among
colored than white in both North and South.

Twenty-five years ago diphtheria death rates were generally less for
colored ¥ than white persons, and immunity as measured by the
Schick test was as prevalent or more prevalent among colored than
among white children (1, 3, 12). However, in the continental United
States in 193940 the diphtheria death rate per 100,000 children
vnder 15 years was 6.1 for colored as compared with 4.5 for white,
with consistent excesses for the colored in the various ages up to 45
years (table 9).

Table 10 shows diphtheria mortality by years from 1930 to 1940 for
white and colored of all ages in the South. Among the years 1930-34
there was only one with an excess for the white of less than 60 percent
over the colored rate, but by 1940 the white rate was only 14 percent
above the colored. Comparing the period 1931-33 with 1940, the
white rate fell from 9.5 to 2.2 per 100,000 (76 percent) and the colored
from 5.6 to 2.0 (64 percent). Thus in both actual rates and percentage

TaBLE 10.—Trend of diphtheria and scarlet fever mortality per 100,000 white and
colored population of the 17 States in the 3 southern sections ! of the United States,
1980-40

Year

1930 I 1931 | 1932 | 1933 1934 | 1935 , 1936 | 1037 | 1938 | 1930 | 1940
H . . !

1

Diphtheria
White_._________.____ 7.24 | 9.84| 9.90| 878 | 7.16 | 6.27| 500 | 4.13 | 4.04| 3.28 2.24
Colored......._.._____ 527 5.97| 552| 520 | 4.34| 431| 3.8 | 2.84| 2.8 | 251 1.97
Scarlet fever
White_______.___..____ 1.69 | 200 1.64| 1.64| 1.64| 1.35]| 1.09 | 0.90 | 0.78 | 0.54 0.47
Colored-...._..____._. .43 .4 .35 .35 .35 | .32 .14 .24 .20 17 .17

1 South Atlantic and East and West South Central States. Population estimates and deaths from the
U. 8. Bureau of the Census.

1 An examination of rates (31) for the decade 1910-20 indicates that diphtheria mortality was less for
colored, not only for whole States where poor registration of deaths among the rural Negroes might have
contributed to the deficiency for colored, but it was generally true also in large cities of both the South and
the North. In many cities average rates for white persons over a considerable period were more than 50
percent in excess of those for colored, but there were a few cities where the rates were approximately the same,
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declines, the advantage of the colored in diphtheria mortality seems
to be disappearing.

Since so many of the colored people live in the rural South where
diphtheria mortality is high, a more precise comparison can be made
by limiting the data to cities over 100,000 population in the South.
In this group in 1939-40, annual diphtheria deaths under 15 years
per 100,000 children of those ages amounted to 4.8 for colored and
4.2 for white (table 11). Aside from a slightly lower rate for colored
under 1 year of age, the few deaths indicate a small excess in the
death rate for colored over that for white in each of the age groups
1-2, 34, 5-9, and 10-14 years.

TaBLE 11.—Annual diphtheria and scarlet fever mortality among residents of the 92

cities with populations of 100,000 or over in the different geographic sections ! of the
United States, 1939—40

Annual deaths per 100,000 population | Number of deaths 2 in the 2 years

1
Geographic section ! All |Allun-|Under All |All un-|Under
ages |der15| 5 | 59 |10-14} goos I'der1s| 5 | o9 | 10-14
Diphtheria

Northeast..........._.._____ 027 106| 223 10| 0.17| 85| 67| 42| = 4
North Central_......_...... 74| 291 | 414| 38| Loa| 179| 145| 66| 60 19
West 93| 28| 571| 1.73| L16| 8| 42| 28 8 6
431 965| 315| 75| me| mu2| 7|