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IN laboratory animals where time of
infection and dose of bacilli can be
controlled there is substantial agree-
ment that primary infection with tuber-
culosis, if not overwhelming, results in
a measurably increased resistance to
subsequent inoculations with tubercle
bacilli.» 22 In man the picture is less
clear. Although the typical parenchymal
infiltration of primary infection, fol-
lowed by resolution, fibrosis and calcifi-
cation, is not infrequently observed
roentgenologically, the exact date of
reinfection and the duration of exposure
are rarely known, and the dosage of
bacilli is wholly problematical. Further-
more, it has not been demonstrated how
far the results of inoculation experi-
ments with tuberculosis in laboratory
animals can be applied to natural in-
fection in man.

From a public health standpoint the
relationship between primary infection
with tuberculosis and the development
of subsequent progressive disease has
become a problem of major importance.
Is a primary infection acquired during
childhood a relative safeguard against
subsequent exposure? or does the sen-
sitization acquired through such infec-
tion result in increased susceptibility to
destructive lesions?

Much evidence might be cited to

* Read before the Epidemiology Section of the
American Public Health Association at the Sixty-
eighth Annual Meeting in Pittsburgh, Pa., October
20, 1939.

support both opinions, and the epi-
demiological findings so far reported
appear to be contradictory.*® Obvi-
ously the answer is not simple and the
diversity of opinions based on extensive
studies at least suggests that the end
results may be strongly conditioned by
such variables as the type of population
exposed, the level of tuberculous infec-
tion in the community, and various
environmental factors. Such complica-
tions make it difficult to compare
directly the findings of different investi-
gators, but for practical purposes the
amount of tuberculous disease which in
sufficient periods of time develops in
properly controlled population groups
appears to be the best measure of the
significance of childhood infection in the
evolution of phthisis.

In connection with its field clinic
work on tuberculosis in school children,
the Massachusetts Department of Public
Health has during the past 15 years
attempted to collect evidence on the
relationship of childhood infection to
the subsequent development of progres-
sive tuberculosis in adolescents and
young adults. On account of the long,
indeterminate incubation period of
tuberculosis and the slow development
of clinical disease, it has been necessary
to employ epidemiological methods
which would give a perpendicular rather
than the usual horizontal picture of the
situation. The main object has been to
obtain a quantitative measurement of
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the amount of progressive tuberculous
disease subsequently developing in large
groups of children examined in the
clinics, classified according to age and
sex, the initial reaction to the tuberculin
test, roentgenological evidence of tuber-
culous disease, and known household
contact with tuberculosis.

The basic material to be presented
consists of the data on some 400,000
school children tuberculin tested in the
Chadwick Clinics between 1924 and
1934, the reéxamination of certain
groups of these children, and the cases
of pulmonary tuberculosis subsequently
reported in the entire group. During the
first 3 years of the clinic children were
selected for examination on the basis of
known exposure to tuberculosis, under-
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weight of 10 per cent or more, definite
or suspicious symptoms or signs of
pulmonary disease. For the next 2 years
all school children for whom consents
were received were examined, irrespec-
tive of special indications. During these
5 years complete physical examinations
were made on all children examined, in
addition to the von Pirquet test and
roentgenogram of the chest of all posi-
tive reactors. During the last 5 years
examination was limited to the tuber-
culin test of all children, with X-ray of
reactors and physical examination only
for children with positive roentgemo-
grams. All children with roentgenologi-
cal signs of either childhood or adult
type tuberculosis were re€xamined an-
nually with X-ray of the chest, and

TABLE 1

Reported Cases and Deaths from Tuberculosis in Children Previously Tested in Clinics,
Excluding Those Who Had Tuberculosis When First Tested

Number Cases
Originally Subsequently Deaths from
Tested Reported Tuberculosis Total Known
1924-1934 1924-1936 1924-1936 Tuberculosis
All tested 400,330 319 100 419
Reactors 99,769 189 52 241
Non-reactors 300,561 130 48 178
TABLE " 2
Rates per 100,000 Children Tested
Living Rate for Case Fatality
Case Rate Death Rate All Cases Rate, Per cent
All tested 79.7* 4.5 25.0%2.5 104.7%£ 5.1 23.9
Reactors 189.4*13.8 52.1%7.2 241.6*15.6 21.6
Non-reactors 43.2%+ 3.8 16.0%2.3 59.2%+ 4.4 27.0
R+
_— 4.4 3.2 4.1
R—
TABLE 3
Distribution of Deaths from Tuberculosis
Total Non-reactors  Reactors
Median interval between test and death in years 5.7 5.9 5.6
Deaths 1- 3 years after test 18 8 10
“« 4__ 6 {3 [ €« 36 21 15
[{3 7_ 9 [ [13 {3 34 16 18
<« 10_12 {3 13 {3 11 6 5
Males 27 14 13

Females : 73 39 34
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whenever possible followed to the end
of their school life.

The problem has been approached
from several angles and the data are
presented in the form of two series of
observations:

1. Reported subsequent morbidity and mor-
tality from tuberculosis in the entire group
of children tested

2. The development of tuberculosis in chil-
dren under annual observation of the clinic

FIRST SERIES

- Soon after the beginning of the Ten
Year Program an alphabetical-geograph-
ical card index was set up for all
children examined in the clinics, making
it possible to check any subsequent
developments against a child’s status
at the time of first examination. By
means of this index all cases and deaths
from pulmonary tuberculosis reported
in Massachusetts from 1924 to 1936,
inclusive, in the age groups covered by
the Ten Year Program were checked to
determine whether the individuals in
question had ever been examined in our
clinics. The diagnosis of tuberculosis in
each report or death certificate was
confirmed before it was included in the
study. Thus a list was established of
verified cases and deaths from tubercu-
losis which had developed in a period of
13 years in a group of some 400,000
children. The morbidity and mortality
in this group up to 1934 have been
reported previously by one of us.l® It
is probable that the reporting of cases
is somewhat more complete in the group
of reactors followed in the clinic than
in the general population, but there is
certainly no such weighting of the deaths
reported. The cases and deaths from
tuberculosis, together with morbidity
and mortality rates, according to the
tuberculin reaction on first examination
are shown in Tables 1, 2 and 3.

In spite of the significantly higher
morbidity and mortality among the
children who reacted to the initial
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tuberculin test, the case fatality rate
has been slightly higher among cases in
children originally tuberculin negative.
This would appear to cast some doubt
on the benign character of first infec-
tions acquired between the ages 6 and
16. It will be noticed that the median
interval between the tuberculin test and
death in fatal cases is essentially the
same among the originally negative and
originally positive reactors.

SECOND SERIES

Of the children tested, X-rayed, and
examined in the school clinics, a large
number were, for reasons given above,
kept under annual observation with
X-rays and physical examinations. For
statistical analysis all those were selected
who did not have pulmonary tubercu-
losis or non-tuberculous pulmonary
disease on first examination and who
were reéxamined by X-ray at least once,
a year or more subsequently. A total
of 19,346 satisfied these requirements.
Their mean age at the beginning of the
period of observation was 11.4 years,
and the mean period of observation was
3.4 years, with a maximum of 11 to 12
and a minimum of 1 to 2 years.

While these observations are based on
a large experience, they have certain
limitations which should be pointed out.
The von Pirquet test was used through-
out the study; however, specially
trained physicians made both the tests
and the interpretations, and multiple
tests were often performed. Cases were
classified as “ contact ” when a history
of exposure to tuberculosis at any time
since birth was obtained from either the
parents or health department, and it was
usually not possible to verify this by
examination of the supposed contact or
to find previously unsuspected sources
of infection. In the majority of cases
listed as contacts, contact had been
broken when the child came under
observation. A positive contact history
was obtained in 33.9 per cent of the
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Cumylative Morbidity Rates from Tuberculosis Among School Children According to Sex,

Tuberculin Reaction and Roentgenological Findings at First Examination

Positive Positive
von Pirquet von Pirquet
Years of gats Positi gati Positive
QObservation Total Males Females  von Pirquet * von Pirquet X-ray X-ray
1- 2 Years 0.12 0.11 0.12 0.13 0.04 0.23
-3 « 0.35 0.22 0.46 0.38 0.10 0.68
-4 « 0.63 0.40 0.82 0.68 0.16 1.21
45 « 0.99 0.58 1.32 .. 1.05 0.30 1.80
5-6 ¢ 1.55 0.82 2.13 .. 1.63 0.74 2.49
67 2.27 1.14 3.18 .. 2.38 0.86 3.67
7-8 « 3.19 1.72 4.41 2.4 3.24 0.86 5.09
89 « 4.45 3.19 5.47 2.4 4.55 1.36 6.89
9-10 5.23 4.02 6.21 2.4 5.36 2.44 7.54
10-11  « 6.21 4.02 8.12 2.4 6.40 2.44 9.08
Mean age of group
at beginning of ob-
servation 11.43 11.51 11.38 10.38 11.52 11.43 11.65
Mean period of ob-
servation 3.4 3.3 3.4 2.8 3.5 3.4 3.6
* Only one breakdown occurred in this group.
TaBLE 6
Cumulative Morbidity After 7-8 Years According to History of Exposure
Contacts
A N
Number Non-contacts Combined
Developing Per cent A - ~ A— —
Tuberculosist  Morbidity Number Per cent Number Per cent
All cases 106 5.1 45 1.8 151 3.2
Males 23 2.4 16 0.48 39 1.7
Females 83 7.5 29 2.31 112 4.4°
Original non-reactors 1 5.0 .. e 1 2.4
Original reactors 105 5.3 45 1.9 150 3.2
With negative X-ray 15 1.5 7 0.6 22 0.9
With positive X-ray 2 90 7.7 38 3.0 128 5.1

1. This applies to all cases developing pulmonary or extrapulmonary tuberculosis during study, and
includes those who have subsequently died.
2. “ Positive X-ray ”’ here refers to those who when first tested and examined showed old childhood-type
lesions in parenchyma, hilum, or both locations. These were generally calcified, and might be single or

multiple.
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cases of childhood type tuberculosis, in
27.4 per cent of the reactors with nega-
tive X-ray, and in 67.7 per cent of the
non-reactors in this series; the high
figure for non-reactors means of course
that the usual reason for keeping them
under observation was a contact history.

Two methods of analysis were ap-
plied to determine the frequency of
breakdown from tuberculosis. The first,
or cumulative morbidity method, was
suggested by Frost and used by
Brailey 1!; a description of the mathe-
matics involved is given by Puffer,
Stewart, and Gass.!?> Table 4 illus-
trates its application to the entire
series; Table 5 shows the cumula-
tive morbidity as derived in the last
column of Table 4, by years for each
group. While some children were fol-
lowed for 11-12 years, the figures for
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the last few years are unduly influenced
by a single breakdown, since the number
remaining under observation is small;
therefore in Table 6, which divides the
groups according to contact, the mor-
bidity is taken only at the end of 7-8
years of observation. Since no differ-
ences were noted in the distribution of
cases of pulmonary tuberculosis and of
other reinfection forms of the disease,
all are included together in the tables.
There was a total of 142 pulmonary
cases, 8 pleural effusions, and 13 extra-
pulmonary cases; 31 deaths from tuber-
culosis occurred during the study.

As this method takes into account
years of observation but not age, it was
felt that another approach based on
age might further illuminate the prob-
lem. The method adopted is one used
by Herlitz ® and is illustrated in Table 7.
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TaBLE 7
Age-specific Morbidity from Tuberculosis in Reacting and Non-reacting Children
Group I Group IT
Original Reactors Original Non-reactors
r A ) r —A- Al
Number Number
Number Under - Developing Number Under Developing Expected Cases

Age Observation Tuberculosis Observation Tuberculosis Among Non-reactors

6 90 0 26 0 0.0

7 556 2 117 0 0.4

8 1,470 0 287 0 0.0

9 2,603 0 390 0 0.0
10 3,968 6 454 0 0.7
11 5,288 10 478 0 0.9
12 6,616 8 503 0 0.6
13 7,806 14 519 0 0.9
14 8,464 22 466 0 1.2
15 8,245 24 409 0 1.2
16 6,754 27 298 0 1.2
17 4,632 18 202 0 0.8
18 2,601 10 221 0 0.8
19 1,324 12 47 1 0.5

Total 153+12.4 1+1 9.2+0.7
Difference=8.2+41.2
TaABLE 8

Observed and Expected Cases of Tuberculosis (All Forms) Developing Subsequent to Initial
Examination According to Sex, Tuberculin Reaction, X-ray Findings and Contact

Age 6-19
Contact Non-contact Combined
Group Group Group
Total number of cases developing tuberculosis 111 43 154
Number of males developing tuberculosis 26 16 42
Number of males expected to develop tuberculosis based on
female morbidity rates 7.7 21.8 95.4
Difference 51.7+9.8 5.8+5.8 53.4+11.4
Number of cases of tuberculosis observed among non-reactors 1 [o] 1
Cases expected based on morbidity rates of original reactors 12.0 1.7 9.2
Difference 11.0+1.6 8.2+41.2
Cases observed among original reactors with negative X-ray 18 7 25
Cases expected based on morbidity rates of reactors with
positive X-ray 72.9 39.9 123
Difference 55.4+8.8 32.9+7.2 98+12
Cases observed in non-contact group 43
Cases expected in whole non-contact group based on morbidity
rates of contacts 212.3
Difference 169.3+21.1

The number of children under observa-
tion at each age is obtained by counting
each child as many times as he is years
under observation; e.g., if a child was
followed from 8 to 10, he is included in
the totals for ages 8, 9, and 10. The
observations were carried only to age 19
although a few persons had been fol-
lowed into adult life. The expected
number of breakdowns at each age in
a group of known size can be computed
from the age specific morbidity rates of
the group with which it is being com-
pared, and its difference from the actual

observed number of breakdowns noted.
Table 8 presents a comparison of the
major groupings by this method, and
Table 9 gives the morbidity rate by
ages.

It will be seen by reference to Tables
4 to 9 that the incidence of tubercu-
losis remains at a low level up to about
the age of 10, after which it rises
steadily, and much more rapidly in
girls than in boys. It is this lag between
infection and the development of active
disease which makes the relationship so
difficult to appraise. Many children are
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TaBLE 9
Morbidity by Age
Number
Number Under  Developing  Per cent

Age Observation Tuberculosis Morbidity

6 116 .. e

7 673 2 0.3

8 1,757 .. aes

9 2,993 .. ces
10 4,422 6 0.1
11 5,766 - 10 0.2
12 7,119 8 0.1
13 8,325 14 0.2
14 8,930 22 0.2
15 8,654 24 0.3
16 7,052 27 0.4
17 4,834 18 0.4
18 2,822 10 0.4
19 1,371 13 0.9

lost from observation before they reach
an age at which they are likely to de-
velop tuberculosis, and among those
who are followed it is often impossible
to determine with any certainty the
time and degree of any subsequent ex-
posure. All of our evidence indicates
that in school children it is the age of
the individual rather than the time of
exposure or any environmental factor
which determines the time at which
tuberculosis develops. It will also be
noted that the incidence of tuberculosis
is higher among original reactors to the
tuberculin test than among non-reactors,
and significantly higher among those
whose original X-rays showed evidence
of childhood type tuberculosis than
among reactors with negative films;
and that it is higher in each group
among contacts than non-contacts.

SUMMARY AND CONCLUSIONS

In a group of some 400,000 Massa-
chusetts school children tuberculin
tested in the period 1924-1934 the
subsequent reported morbidity and mor-
tality from tuberculosis has been deter-
mined to the end of 1936, and rates
have been computed on the basis of
the original reaction.

Among the reactors the morbidity
from adult type tuberculosis has been
approximately 4 times that in the non-
reactors. The death rate has been 3
times as great in the reactors, and the
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case fatality essentially the same in the
two groups.

The cumulative morbidity from tuber-
culosis in children reéxamined annually
for 10-11 years was over 6 per cent.
This rate was approximately twice as
high in females as in males, was sub-
stantially higher among reactors than
among non-reactors and among reactors
was over 3 times as high in those with
originally positive roentgenograms.

For this second series the tuberculosis
morbidity among children with a history
of family exposure to the disease was
2Y5 times that in children without
known exposure.

Age specific morbidity rates in the
series show that significant tuberculosis
in school children is infrequent below
the age of 10, that the incidence rises
rapidly after this age, and much more
rapidly in girls than in boys.
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