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Foreword

Following World War II, The Surgeon General, U. S. Army, Major
General Norman T. Kirk, suggested that a research program be organized
to take advantage of the scientific potentialities of the recorded medical
experience of the armed services in World War II, and the extensive
observations which would subsequently be made on veterans in the hos-
pitals and regional offices of the Veterans Administration. Research in
the natural history of disease is greatly facilitated by certain characteristics
of the medical experiences of the Armed Forces, both in war and in peace,
and of veterans as a class of beneficiaries of the Federal Government.
Since 1946, the Veterans Administration has placed great emphasis upon
the encouragement of essential investigations in this area. In war especially,
but also in time of peace, the military personnel comprise a large population
with a great diversity of stress, trauma, and disease, in which each illness or
injury generates a permanent record; all such episodes (or a fair statistical
sample thereof) are indexed by means of punched cards, and there also
exists a uniquely complete and centralized reservoir of pathological ma-
terial. The veteran population is now in excess of 20 millions and is both
more easily located and more readily motivated to participate in specific
studies than any other large segment of the U. S. population. It is served
by an integrated system of medical care, with emphasis upon service-
connected illness or injury, administered by 172 hospitals with a rated
aggregate capacity in excess of 118,000 beds, by clinics in 69 regional offices,
and by many additional supplementary medical and dental services.

Several efforts had previously been made to extract scientific information
on the natural history of disease from the medical experience of World
War I, supplemented by the later records of what was then called the Bureau
of Veterans’ Affairs. This led to the publication of special reports in the
History of the U. S. Army in the World War. However, no systematic
program had been established and the opportunity was never fully realized.

In 1946, Major General Paul R. Hawley, then Chief Medical Director
of the Veterans Administration, requested that the National Research
Council advise the Veterans Administration on the organization and con-
duct of its developing program of medical research. For this purpose the
Committee on Veterans Medical Problems of the National Research
Council was established. This committee was charged with the broad
responsibility for initiating and fostering a general program of medical
follow-up studies based on experience with the military and veteran
population. Under this committee was organized the Follow-up Agency
of the National Research Council to carry out the staff functions associated
with the planning and organization of research projects, arranging access
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to medical records, and providing statistical analysis. The Veterans Ad-
ministration has provided the direct financial support for the majority of
the studies in this program and the Armed Forces have provided strategic
support in the form of access to necessary records and ancillary services.
Many Federal, State, and private agencies have also given generous as-
sistance to the work as required.

The program is a general one, its unity arising out of the availability of
a research tool of broad applicability in clinical medicine, especially in
the area of the natural history of disease. Some studies have been-based
entirely on existing records (military, clinical, pathological, mortality,
disability, etc.) while in others the recorded information has been supple-
mented by intensive laboratory and clinical observations.

The Veterans Administration is deeply indebted to the members of the
Committee on Veterans Medical Problems for their vision and foresight
in organizing and directing this program of medical follow-up studies.

Much of the product of the program will be found in medical periodicals
appropriate to the subjects of investigation. However, some of the studies
are of such magnitude as to require that they be reported at greater length
than would be possible even in a series of journal articles. The Veterans
Administration has, therefore, inaugurated a series of monographs as the
most effective means of presenting the results of these larger studies.

g W e

GeorGe M. Lyon, M. D.
Assistant Chief Medical Director
for Research and Education
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1. INTRODUCTION

As the sub-title of this work makes clear our guiding interest has been
epidemiological, not clinical, and in a sense operational rather than theo-
retical. The clinician will find here, for example, no consideration of
methods of treatment. The study was undertaken primarily to determine
the effectiveness of X-ray screening of recruits at induction and discharge in
the detection of disabling tuberculosis in World War II. It was hoped
that the investigation would also throw light on factors of intrinsic or
environmental character associated with the occurrence of tuberculosis in
the Army during the war. After describing the methods of study we shall
discuss in general terms the implications of our findings regarding the
operation of an X-ray screen for tuberculosis at the induction station, in
relation to the reliability of interpretation of films. We shall assess the
quality of performance of the induction screen during World War II and
attempt to characterize the individuals who developed tuberculosis insofar
as this is possible in terms of routinely available recorded information.

During the years 1942-1945, about 17,500 men were admitted to Army
hospitals with a diagnosis of tuberculosis and ultimately separated for dis-
ability (1). These individuals represent a staggering potential cost to the
taxpayer in terms of disability pensions alone: at an average of $10,000 the
cost of pensions for these men would be $175 million. On the other hand,
it is estimated that 171,300 selective service registrants, or approximately
ten times as many men, who were still under 38 years of age on 1 August
1945, had been rejected for tuberculosis as primary cause (2). The problem
which faces the induction screen is, then, twofold: if sick men are inducted,
in addition to the general hazard to the health of other men which is
created, a large burden to the Government in future pensions is generated;
but if well men are rejected, the military services may, in time of grave
need, be deprived of the services of a very large number of potentially
useful men.

During and after the war, a number of induction station roentgenologists
reported rejection rates in their stations for supposedly inactive and active
tuberculosis. Several of these reports dealt with a hundred thousand or
more photoroentgen examinations. The literature on this and related
matters has been reviewed by Long (3) in a chapter of the forthcoming
official History of the Medical Department of the U. S. Army in World
War II. His conclusion was that “on the average it appears that about
half the men rejected for tuberculosis were considered to have active, and
half potentially active or inactive lesions” (4,5).

Similarly, Temple and Crutchlow (6) on the basis of a follow-up study
of recruits rejected for tuberculosis by the Canadian armed services in
World War I, estimated that about 50 percent of the rejections were not

1
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justified. It therefore seems necessary, in order to assess the functioning
of the induction screening process in a realistic way, to take account not
only of the necessity of excluding from service men who are sick; but also
to consider the need during a time of manpower shortages of avoiding
unwarranted losses of manpower to the services.
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2. METHOD AND SAMPLING PLAN

TUBERCULOSIS AND CONTROL ROSTERS

The individuals studied were 3,099 men discharged from the Army for
disability with the diagnosis of tuberculosis during the period 1 May 1943—
31 December 1946, inducted on or after 1 July 1942, but not after 1 July
1945. Names were taken from files maintained by the Tuberculosis Divi-
sion of the Veterans Administration and by the Medical Statistics Division,
Office of the Surgeon General, Department of the Army. The method of
selection employed was to choose all men meeting the criteria of the study
whose Army serial numbers terminated in the digits or combinations of
digits 2, 4, 6, 78, 88, 98. This method of choice was calculated to yield a
33 percent, essentially random sample of the whole number of men eligible
for study, and we shall denote it briefly as Roster I or the “tuberculosis
roster.” A “‘control” group (“‘contrasting” might be a better term) was
also chosen, consisting of 3,000 individuals who served as enlisted men in
the Army, who were inducted between 1 July 1942 and 1 July 1945, and
separated to a civilian component between the same inclusive dates men-
tioned above for Roster I, but not discharged for tuberculosis. The
particular men were chosen from the one percent punchcard file of separa-
tions maintained by the Veterans Administration, and originally prepared
by the Office of the Adjutant General. This file was created by choosing
men on the basis of the two terminal digits of the Army serial number,
and for our purposes was further subsampled first by choice of a particular
digit in the sixth place of the serial number; the numbers were further
reduced by selecting six cards out of each successive group of ten on the
basis of their positions, the file having been first put in serial number order.
We have, then, a sample of 0.06 percent of the eligibles, which we will call
Roster II, or the ““control roster.”

A few individuals otherwise eligible were dropped from the study because
their records could not be located, usually because the Army serial number
on the punchcard was incorrect. The number discarded from Roster I
was 32 and from Roster 11, 69, constituting 1.0 percent of Roster I and 2.3
percent of Roster I1.

While the particular sampling ratios which were employed (33 percent
and .06 percent), for the two rosters were chosen with the objective of
obtaining rosters numbering about 3,000 each, that we were so successful
in the case of Roster II was quite fortuitous.

METHODS

Data with respect to personal factors and Army service for each man
were abstracted from personnel files at the Demobilized Personnel Records
Branch, Department of the Army, at St. Louis. This included race,

3


http://www.nap.edu/catalog.php?record_id=20266

weight and height at induction, birthplace and birth date, residence at
induction, number of years of schooling, civilian occupation and marital
status, branch of service, military occupation, duration and places of over-
seas service, and imprisonment, if captured. Diagnoses and dates of
Army hospital admissions were abstracted from clinical records available
at St. Louis and also fram records transferred to Veterans Administration
claims folders. Finally, a system of multiple interpretation of induction
and discharge films was set up in the X-ray film file of the Veterans Ad-
ministration Records Center (then located at Philadelphia). Figure 1
illustrates the card coded by the roentgenologists in the study. This form
was devised by Dr. W. Edward Chamberlain of Temple University, who
served as consultant to the study.

FIGURE 1
Film Coding Form
Case No. Film Date: Film Type:
Name: Date Read:
A X Not read C 9 Minimal '
9 Negative 8 Moderately advanced
8 Unsatisfactory 7 Far advanced
7 Tuberculosis 6 Extent not classifiable
6 Suspect Tbc. 5 Tumor
5 Calcification 4 Sarcoidosis
4 Pleurisy, dry 3 Cardiac
3 Pleurisy, wet 2 Unclassified pathology
2 Other pathology D No cavitation
B 1 Upper right 1 Believed inactive
2 Upper left 2 Questionable activity
3 Lower right 3 Believed active
4 Lower left 4 Cavitation

For the multiple film reading a sequential procedure was followed. Two
roentgenologists, hereinafter designated Reader 1 and Reader 2, inter-
preted all films independently (first and second readings). Following this
reading they conferred on all films in which one or more of the following
discrepancies occurred (third reading):

Discrepancies:
1—Negative or unsatisfactory vs. tuberculosis
2—Negative vs. suspected tuberculosis
3—Tuberculosis vs. suspected tuberculosis
4—Wet pleurisy vs. no wet pleurisy
5—Left vs. no left or right vs. no right
6—Minimal vs. far advanced
7—Inactive vs. questionably active
8—1Inactive vs. active
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9—Questionably active vs. active
10—Cavity vs. no cavity
Not Considered Discrepancies:
Calcification vs. no calcification
Dry pleurisy vs. no dry pleurisy
One half vs. two halves on same side
Minimal vs. moderately advanced
Moderately advanced vs. far advanced
Other pathology vs. no other pathology
Tumor, sarcoidosis, or cardiac vs. no tumor, no sarcoidosis, and no
cardiac

Following the conference the senior author reread all films on which the
two first readers had been unable to reach agreement (fourth reading).
For subsequent purposes we designated as the “summary reading”: (a)
the common reading of those films on which there had been initial agree-
ment and (b) the conference reading if there was initial disagreement fol-
lowed by agreement in conference; or (c) the referee reading of the senior
author if it was required.

As a final check a fifth reading was made by an experienced roentgen-
ologist, who was a tuberculosis specialist and former Army Medical Corps
officer with a current large experience in the diagnosis of tuberculosis,
His reading was limited to those cases in which Army medical officers at
induction or discharge of men had apparently made an error. An “error”
was considered to be any one of the following:

1. An induction film, whether Roster I or Roster 11, read as tuberculosis
or suspect tuberculosis.

2. A discharge film from Roster I not read as tuberculosis or suspect
tuberculosis.

3. A discharge film from Roster II read as tuberculosis or suspect
tuberculosis.

In the fifth reading every effort was made to establish a definitive diag-
nosis, and eliminate insofar as possible the category ‘“suspect tuberculosis.”
The fifth reading was made in consultation with the senior author to this
extent: All films with respect to which the roentgenologist selected for this
purpose disagreed conspicuously with the first two readers or in which for
any reason the fifth reading as first made appeared to be questionable were
reread by the senior author. The number thus reread was relatively small
and in all cases a final agreement was reached by the roentgenologist making
the fifth reading and the senior author, so that in effect the fifth reading
was a final joint reading by these two interpreters.

The fifth reading did not cover all films included in the summary reading,
but did include some films from the initial uncontested readings and the
conference and subsequent referee readings. In case of discrepancy with
any of the latter the fifth reading was considered to take precedence as a
definitive interpretation. From a combination of the fifth reading and all
films from the summary reading in which no Army error was involved, a

5
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so-called final reading was tabulated, which was considered to be as close
to a theoretically perfect reading as it was possible to obtain with the
organization set up for the study.

Finally, the data were brought together at the Follow-up Agency of the
National Research Council, where the information was coded and trans-
ferred to punchcards and tabulations prepared.

ADEQUACY OF SAMPLE

While the sampling plan insures that the two rosters are truly representa-
tive of all enlisted men who meet the criteria for study, it was not possible
to obtain induction and separation X-rays for all men on the rosters.
Table 1 shows the success we had in finding films.

TABLE 1
Number and Percent of Induction and Separation Films Found and Reviewed for Eack Roster

Roster I Roster II

Number | Percent | Number | Percent

Total. .. - 3,000 100.0 3,000 100.0
Induction films reviewed - 2,759 80.0 2,872 05.7
Separation films reviewed 2,462 79.4 2,733 ol 1

Inasmuch as films labeled ““induction film’’ might be taken many months
before the man in question actually entered upon active duty in the Army,
and a parallel situation held with respect to separation films, for the purposes
of this study an induction or separation film was considered to be any film
taken within 90 days of the actual date of entry into service or discharge.
For 88 men on the tuberculosis roster with very short service it was necessary,
using this criterion, to search for only a single film; 62 of these films were
obtained while 26 could not be found. Thus, although we have 10,826
readings, only 10,764 films are involved.

The question, of course, arises as to whether the men for whom films were
found and reviewed for each roster are representative of the whole roster.
We have, therefore, compared the individuals on each roster for whom
films were or were not found with respect to the various items of information
available. Factors not significantly related to the chance of recovering
films are race, place of induction, educational level, and branch of service.
Factors which were found to be related have to do with the year of separa-
tion and the length of service and, in Roster I, the discharge diagnosis.
Table 2 shows that in the control roster (Roster II) the chance of obtaining
the induction film seemed to be constant for all groups, but the chance of
finding the separation film was relatively poor for men who were separated
in 1944 or earlier, or who served 18 months or less. This reflects the fact
that separation films were not made routinely until mid-1944,

Table 3 shows the proportions of films reviewed for men on the tubercu-
losis roster according to the discharge diagnosis.
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TABLE 2
Percent of Induction and Separation Films Found and Reviewed for Each Roster by Selected Char-

acteristics of Service

Roster I Roster 11
|
[ Percent of Percent of
Films Re- Films Re-
Num- viewed Num- viewed
ber of — ber of
| Men | Men
Induec- | Sepa- Indue- | Bepa-
| tion | ration tion | ration
AN 0o s e s 3,009 | 80.0| 79.4| 3000 9.7 OL1
Inducted In 1942 . . _oooicoionioionannianiaaas 1,205 90.4| BLO| L061| 94.9| 887
Inducted 1943 or later . .. oo 1, 804 88.0 78.3 1,930 96, 2 92.4
Separated In IM3. ..o iiaaia. 741 87.3 74.2 153 9.1 4.7
Separated In 1944 __ ... ... 661 | 91.1 76.9 107 2.5 73.8
Separated in 1945-1046_ _ 1,697 | 89.0 82.7 2,740 95.9 .2
18 months or Jess of service... ..o 1,410 88.7 T4.8 450 .9 72.0
19 months or more of service. ... ... 1, 680 80.3 83.3 | 2,550 95.9 0.5
Ageat induction 350r less. . ..o oo 2,876 88. 8 79.5 | 2,857 95.8 91.3
Age at induction 36 or MOre. ..o oo 218 | 91.3 | 78.9 132 .7 87.1
TABLE 3
Number and Percent of Induction and Separation Films Found and Reviewed for the Tuberculosis
Roster by Discharge Diagnosis
Induction Films Beparation Films
Diagnosis at Discharge of Men
Number | Percent | Number | Percent
3,000 2,750 89.0 2,462 0.4
2,008 1,701 89.3 1,612 80.4
626 539 86.1 480 76.7
31 2 90.3 2 L0
174 150 9.4 158 90.8
262 242 924 190 725

As might be expected, the proportions of induction films reviewed vary
but little, but there are differences of some magnitude among the propor-
tions of separation films found. Proportionate recovery of the latter group
is about the same for men called active or inactive pulmonary tuberculosis
at discharge, but is higher for men with tuberculosis of the trachea, bronchi,
or pleura, and lower for men with other nonpulmonary tuberculosis and
for men with pulmonary tuberculosis of unstated activity. That we lack
separation films for men with nonpulmonary tuberculosis is not particularly
damaging. Moreover, the fact that recovery of induction films is inde-
pendent of the discharge diagnosis implies that the group of films found and
reviewed can probably serve as a fair basis for a review of the operation of
the induction screen as it was applied to men destined to be discharged for
tuberculosis.

The fact that the return of films for Roster I is lower than for Roster II
must be ascribed to the fact that films for men on the tuberculosis roster
were much more frequently called out of file for review and hence subject
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to much greater risk of loss. This is inferred from table 4, which shows the
location of those films which were found: more than a quarter of the
separation films for Roster I were found in Veterans Administration hospital

files.
TABLE 4
Location of Films Found
Roster I Roster IT
Induction Separation Induetion Separation
Locatlon of Fiim Films {lms Films Fitms
No. Pect. No. Pet. No. Pet. No. Pet.
L V7 3,000 | 100.1| 3,098] 100.1| 3,000 | 100.0 | 3,000 9.9
87.2] 1,261 | 40.7| 2,872 957 2,719 90.6
1.1 841 27.1 0 4] 4 .1
.5 321 10.4 0 0 10 .3
.3 39 1.3 0 0 0 0
11.0 637 20.6 128 4.3 267 8.9
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3. MULTIPLE INTERPRETATION OF FILMS

A series of investigations since the war has revealed a previously unsus-
pected variability in the interpretation of the same films by different ex-
perienced roentgenologists, and similar discrepancy in interpretation by
one roentgenologist when examining the same films after a short interval
of time. These studies were an outgrowth of an investigation organized
in 1945 at the request of the Administrator of Veterans Affairs, in which
a group of roentgenologists and chest specialists made a comparative study
of the value of chest X-ray films of several types. After intensive study (7)
these investigators concluded that all survey films should be read inde-
pendently by at least two investigators and that persons whose films were
read as positive or suggestive for tuberculosis should be recalled for further
study. ,

A recent account (8) in which preceding pertinent literature is reviewed,
describes a specific study in which three roentgenologists, all of them
recognized leaders in their profession, interpreted a series of films inde-
pendently of each other on two occasions separated by a short interval of
time, endeavoring to classify all films as tuberculous or not, and defining
diagnosed tuberculosis in terms of extent and activity. The results dis-
closed “some disagreement concerning the presence of a possibly tubercu-
lous lesion and more serious disagreement concerning the state of activity
of those lesions agreed upon as tuberculous.” The authors summarized
their results in the latter respect by the statement that “only approximately
one-half of the time did two readers agree definitely on active or inactive.
Self confirmation was only a little better.”

The investigation described in the present paper was set up in part to
study variability in X-ray film interpretation with special reference to
military X-.ray screening. W. E. Chamberlain, who had been chairman
of the board appointed by the Administrator of Veterans Affairs in 1945,
acted as consultant to our study and furnished valuable advice based on
the numerous similar investigations in which he had participated.

COMPARISON OF X-RAY READINGS

In our study two roentgenologists, hereinafter designated Reader 1 and
Reader 2, were employed. Both had had extensive experience in mass
X.ray surveys. One had read many thousands of films in New York City
and Philadelphia surveys as a roentgenologist for the city department of
health and the local tuberculosis association, and the other had read films
in continuing Washington, D. C., surveys and particularly in the examina-
tion of civilian employees in the Department of the Army in World War II.

The original film interpretations by the two roentgenologists were made
independently on different days without knowledge of the roster from which
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the films came. Discrepancies in reading by the two roentgenologists, as
defined above, were noted by the clerical staff, and conferences were held
in which the two roentgenologists studied films on which they had disagreed.
These conferences in a large proportion of cases resulted in an agreement,
which might be agreement with the interpretation of one or the other
roentgenologist, or a different interpretation from the original reading of
either. In a substantial number of cases, however, agreement was not
reached, and a referee reading was made by the senior author, who had
the advantage of knowledge of the roster from which the film emanated.

Comparison of the extent of agreement was made with special relation to
(1) the presence or absence of tuberculosis, and its location, stage, and
degree of activity, (2) the presence and character of other pathology, and
(3) the type of film interpreted.

Agreement With Respect to the Presence of Tuberculosis

Table 5 furnishes a gross breakdown of the interpretations of the two
readers with respect to the diagnosis of tuberculosis, the suspicion of tuber-

TABLE 5
Overall Comparison of Interpretations of Films by Two Readers

Total Films Negative The. Suspect Tbe. Unsat. mOﬁhar

No. |Pct. No. | Pet. | No. No. | Pet. | No. | Pet. | No. | Pet.

Pet.
6,566 | 60.9 | 2,712 | 25
2,

Reader 1.__.. 10, 764 | 100.0 2 174 7.2 15 .1 708 6.6
Reader 2.....| 10,764 | 90.9 | 6,073 | b56.4 | 2,621 31,316 | 12.2 13 .1 741 6.9
Comparison of First and Second Readings as to Presence of Pathology !

Reader No. 2

Reader No. 1 rﬁth‘

z s Suspect 24

Total |Negative| Tbe. The Other

i than
The. Only
L e iy P 1 DS L S AT 10, 741 6, 068 2,619 1,314 740
Negative 6, 552 5, 497 182 580 284
e eueeren 2,711 68 2,199 353 )|
Suspect The. ... R 771 254 177 263 7
Path..other than The. only ... oo 707 249 (i1 109 288
Negative... 100. 0 83.9 2.8 9.0 4.3
The 100.0 25 8.1 13.0 3.4
100.0 32.9 2.0 .1 10.0
9.9 35.2 8.6 15. 4 0.7
- S I 100.0 100. 0 100.0 100.0
Negative..... 90. 6 6.9 44.8 38.4
be. . = L1 84.0 26.9 1.3
ﬂnapect The. . 4.2 6.8 20.0 10. 4
Path. other than Tbe, only.. 4.1 2.3 8.3 38.9

! This table omits 23 films considered unsatisfactory by one or the other reader.
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TABLE 7
Comparison of First and Second Readings as to Extent of Tuberculosis 1

Second Resding
First Reading | Mod. | Far Not
Total |Non-Tbe.| Minimal| ~Ad- Ad- | Classt-

vanced | vanced ﬂab)e

10,741 6,811 2,308 1,040 478 108
7,256 6,317 872 57 5 4
2,130 451 1,284 370 8 17

32 147 514 112 60
471 8 4 95 346 18
0 3 1 4 5 7

1 This table omits 23 films considered unsatisfactory by one or the other reader.

culosis, and the diagnosis of nontuberculous lesions. It will be noted that
the two roentgenologists agreed fairly well on the percentages of definite
tuberculosis and other pathology, but that Reader 2 read about 5 percent
less films as negative and 5 percent more films as suspect tuberculosis than
Reader 1. In other words, in gross aspect, Reader 1 appeared to make a
definite decision in a substantially larger number of equivocal cases than
did Reader 2. Table 6 shows that the discrepancy was largely with re-
spect to films considered negative by Reader 1. Of the films read as
negative by Reader 2, Reader 1 read as negative 90.6 percent and as sus-
pect tuberculosis 4.2 percent. On the other hand, Reader 2 read as nega-
tive only 83.9 percent of the films so read by Reader 1, but read as suspect
tuberculosis 9.0 percent of the films read as negative by Reader 1. Their
agreements with respect to each other’s readings of tuberculosis were re-
spectively 84.0 and 81.1 percent.

The effect of consultation between the two readers with respect to these
discrepancies will be discussed later.

Agreement With Respect to Extent of Tuberculosis

Table 7 compares the readings of the two first readers with respect to
agreement on extent of tuberculous lesions. Considerable disagreement is
evident. There were 2,992 films which both readers called tuberculosis
or suspect tuberculosis; within this number there were 112 in which one
reader or the other found the extent of the disease unclassifiable, most
frequently because of the presence of pneumothorax. Thus 2,880 films
were available in which both readers diagnosed tuberculosis and classified
it by extent. They agreed in 2,144 instances, or 74.4 percent, and dis-
agreed in 736 instances, or 25.6 percent. Most of the disagreements (98.4
percent) were between minimal and moderately advanced or moderately
advanced tuberculosis and far advanced tuberculosis. There were 12 films
in which the respective readings were minimal and far advanced, i. e., 1.6
percent of the disagreements and 0.4 percent of the films diagnosed by both
readers as tuberculous. It will be noted that in 13 cases one reader read
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a film as far advanced tuberculosis which the other reader interpreted as
nontuberculous.

Agreement With Respect to Activity of Tuberculosis

Table 8 compares the two readers with respect to their diagnoses of
activity of tuberculosis. Again, there are 2,992 films which both the
readers considered to show tuberculosis; in 1,906 instances, or 63.7 percent
of these films, both diagnosed active disease. In 417 instances both readers
thought that activity was questionable, while in only 15 films was there
agreement on inactive tuberculosis. If, therefore, we ignore for the moment
the question of cavitation, we find agreement with respect to activity in
2,338 films, or 78.1 percent. Actually, the agreement is even better than
this figure would indicate, for the majority of the 654 disagreements, if
they may be called that, were with respect to films which one reader or the
other considered questionable and in which there was no mention of cavi-
tation: 621, or 95.1 percent, of the disagreements were of this relatively
trivial nature. In only 33 cases, or 4.9 percent, were the disagreements
substantial, i. e., inactive vs. active or cavitation vs. inactive or questionable
activity.

TABLE 8
Comparison of First and Second Readings as to Activity of Tuberculosis i
Second Reading
Tuberculosis
First Reading - At N
Total Ques- ve on-
Inac- |tionable Tbe.
Uve | Actv- \Ny Cay-| Cavita-
Y [ itation | tion
b 1 PRI 10, 741 102 1, 456 1,809 566 6,808
Tuberculosis:
Inactive 88 15 23 8 1 23
Questionable activity... 1,071 27 417 29 13 345
Active:
No cavitation__.._________ 1, 869 7 302 1,252 191 117
Cavitation.. ... 474 0 [} 106 357 8
Nontubereulous. .. ... 7,258 53 708 176 4 6,318

t This table omits 23 fllms considered unsatisfactory by one or the other reader.

Table 9 is similar to table 8 except that now we restrict ourselves to the
induction films for the tuberculosis roster: these films, as a group, should
represent the most difficult problems. We find somewhat poorer agree-
ment here than in table 8. Of the 980 films which both readers call
tuberculous, agreement as to activity (without reference to the presence of
cavitation in active disease) is found in 666 films, or 68.0 percent. This is
considerably lower than the 78.1 percent agreement found in table 8. On
the other hand, of the 314 films in which there was disagreement, 299, or
95.2 percent, were of relatively minor nature, i. €., inactive vs. questionable
activity, or questionable activity vs. activity without cavitation.
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TABLE 9
Comparison of First and Second Readings as to Activity of Tuberculosis; Induction Films,

Tuberculosis Roster *
Second Reading
Tuberculosis
First Reading
Active Non-
Total ues-
Inac- tlgnable The.
tive | ACUY- Ny Cav-{ Cavita-
4 itation tion
Total - -] 2,752 2 729 572 54 1,368
Tu
Inactive p <} 5 4 4 0 10
Questionable activity. - 565 1 255 128 7 168
Active:
Nocavitatlon... ... ... 504 3 158 350 2 57
Cav ) « D 33 0 1 12 18 2
Nontuberculous. ... .. 1,837 10 311 80 3 1,138

t This table omits 7 ilms considered unsatisfactory by one or the other reader.

Agreement With Respect to Location of Tuberculous Lesions

The analysis showed that the readers agreed well on location of lesions
within the limits set for conference, i. e., not counting as disagreement those
cases in which one reader read only one-half of a lung as involved where
the other read both halves. However, there were 65 instances in 2,992
films in which both readers diagnosed tuberculosis in which one reader
located the disease entirely on one side and the other reader entirely on the
opposite side, thus necessitating a conference to resolve the disagreement.
“This represents a discrepancy of 2.2 percent, not large but not insignificant.

Agreement With Respect to Calcification

Mobilization Regulations for World War II (MR 1-9) laid considerable
stress on calcified lesions as a cause for rejection. Disqualification was
based on the size and number of supposedly tuberculous calcified lesions,
and many induction stations interpreted the regulations with absolute
rigidity. Since the distinction between a spot of calcification and a blood
vessel on end is not always easy, and other factors interfere with definitive
diagnosis, it is not surprising that discrepancy between the two readings in

this study was frequent.
For our purposes, calcification was divided as follows:
Code No.
L Single spot.
6.ii Multiple, single system, unilateral.
/R Multiple, single system, bilateral.
8. Disseminated widely.
Voot Unclassified.

Table 10 compares the first and second readings as to presence of calcifi-
cation. Of the 1,206 films in which one reader or the other diagnosed
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calcification, only 418, or about 35 percent, were so diagnosed by both
readers. The correlation between the readers is, therefore, not high. The
two readers disagreed on the presence of calcification in a total of 788
films, i. e., 7.3 percent of the total number of films examined.

In the films in which both readers agreed on the presence of calification,
agreement as to its type and extent was low. Out of 400 such films in
which the extent of the calcification was stated by both readers, there was
agreement as to extent in only 223, or 55.8 percent. In view of the stress
on calcified lesions in mobilization regulations this discrepancy in the read-
ings of two experienced roentgenologists is striking.

TABLE 10
Comparison of First and Second Readings as to Presence of Calcification

Second Reading

First Reading Total
No cal- | Caleifi-
cification| cation

T 10,741 { 9,048 798
No caleification 9,910 | 9,535 375
CaleHIeAtoN - oo oo oo oo 831 413 418

Agreement With Respect to Other Pathology Than Tuberculosis

In order to save space the tabulations are omitted. Like all other omitted
tabulations they are available on request to the authors.

For present purposes wet pleurisy is included with other pathology. Al-
though the readers were encouraged to note all pathology seen, of every
kind, actually, combinations were infrequent; in the entire group of films
only 27 times did one reader or the other diagnose two distinct pathological
findings other than tuberculosis or calcification.

Disagreement was great regarding the presence of ‘“‘other pathology,””
particularly in the heterogeneous group of nontuberculous lesions tabu-
lated simply as “unclassified” other pathology. Out of 292 films in which
one or the other reader made this diagnosis there was agreement in only
31, or 10.6 percent.

Agreement was better in the case of wet pleurisy. Out of 590 films in
which either reader made this diagnosis, agreement occurred in 317, or
53.7 percent. In 219, or 37.1 percent, of the 590 cases one reader diag-
nosed wet pleurisy while the other saw no lesion at all. Apparently, in
many of these cases the discrepancy rested on a film defect. In not a few
films the diaphragmatic region was clouded; the obscuring cloud was fre-
quently interpreted as effusion by one reader and considered a defect in
film technic by the other. In the remaining 54 cases, or 9.2 percent, shad-
ows interpreted as wet pleurisy by one reader were called something else
by the other reader. Reader 1 diagnosed “dry pleurisy” in 44 cases in
which Reader 2 had diagnosed “wet pleurisy.”” This is not surprising, as
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distinction in many cases was equivocal.” The senior author in refereeing
the conference readings frequently saw cases of resolving pleural effusion
in which either diagnosis would have been correct.

In general, agreement as to “dry pleurisy” was poor. Each reader diag-
nosed the lesion in approximately 100 cases, but in only 18 instances did
both readers diagnose dry pleurisy in the same film. Although the original
instructions with respect to apical pleural thickening and small diaphrag-
matic adhesions seemed clear at the time of the organization of the study,
actually, agreement on separation of the significant from the insignificant,
as the figures show, proved impractical.

Similar results prevailed in the case of cardiac abnormalities. In the
two groups of readings cardiac lesions were read 65 times. They were diag-
nosed by both readers in the same film only 8 times. In general, what was
called cardiac by one reader was read as negative or other pathology by
the other.

There were 24 instances of diagnosis of tumor by one or the other reader.
There were joint readings in only 2 cases, or 8.3 percent. In 17 instances,
or 70.8 percent, where one reader diagnosed tumor, the other saw no
pathology. In the remaining 5 cases, or 20.8 percent, the other reader
saw a lesion, but interpreted it differently.

There were only 2 instances of diagnosis of sarcoidosis, and agreement
in neither of them.

Discrepancy in Interpretation in Relation to Type of Film

In order to study the relation between the film size and discrepancies in
interpretation, comparisons were made of the interpretations of the two
readers in three groups: (1) the induction films of the tuberculosis roster,
which actually contained numerous cases of tuberculosis; (2) the discharge
films of the tuberculosis roster, which on every basis of reading were pre-
dominantly tuberculous; and, (3) the total control roster, including both
induction and discharge films, most of which on every basis of reading were
predominantly negative. Tables 11, 12 and 13 show the results of the
comparison.

No differences worthy of note between different film sizes were detected
in the comparison (as negative or not negative) of the readings of the in-
duction films of the tuberculosis roster (table 11). This group, if we may
accept the final reading as representing actuality, was made up to the
extent of about 40 percent of cases of tuberculosis and 60 percent of non-
tuberculous cases. The proportion of films for which there was agreement
was not high for any film size in this group.

The comparison of the readings of discharge films for the tuberculosis
roster was quite different (table 12). Here the agreement, measured as
before, was much higher for all film sizes. The overwhelming majority of
these films exhibited frank pulmonary tuberculosis, frequently in an ad-
vanced stage. The disagreement, as subsequent study showed, was largely
in the case of men discharged with nonpulmonary tuberculosis, who might
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TABLE 11

Comparison of First and Second Readings in Relation to Kind of Film; Tuberculosis Roster,

Induction Films
Second Reading
Percent
N A t
ot men
Total | Negative Negative
&\bt ufl film
otal____ - 111 51 60 7.5
Negative . aereca———a- 52 30 13
Notpegatlve . cciccccacicanas 59 12 47
4 by 10 film
Total. .. 2,218 1,005 1,213 6.4
Negative . 1,138 810 328 )
Not negative _— 1,080 195 885
156y 17 film
Total.__ 171 ¥ 14 144
7.8
Negative 49 19 30
Notnegative. . ceiccecanaeas 122 8 114
14 by 17 paper
..... 242 90 152
Negative. 104 70 34 m1
Not negative - - 138 20 118

TABLE 12
Comparison of First and Second Readings in Relation to Kind of Film; Tuberculosis Roster,
Separation Films
Second Reading
Percent
Agree-
Total | Negative NeIg:ttlve ment
57 3 54 %.5
5 3 2
52 0 52
41 3 38
90.2
3 1 2
38 2 38
14 by 17 film
’l!otal ....................... .- 2,244 121 2,123
93.1
Negatlve. .. .. ——- 179 3 108
Not negative . . . e 2,065 48 2,018
14 by 17 film stereo
L7 RO 54 54
Negative _.__... 1 0 1 %81
Not negative. ... 53 L1} 53

or might not have pulmonary tuberculosis in addition. Most of the films
of this group were flat 14- x 17-inch celluloid films; in them agreement
reached 93.1 percent. The numbers of films in the other groups were
small and the recorded percentages of agreement correspondingly less
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significant, but it is interesting to note that agreement was poorest in the
case of the type of film most widely used at induction, viz, the 4- by 10-inch
stereophotofluorogram.

Finally, the comparison of readings in the control roster (table 13) shows
that agreement in interpretation of the large films was not so good as that
with small films. This is perhaps explained by the fact that the large films
showed so much detail in pulmonary markings, normal or abnormal, that
the chance for discrepancy was increased.

TABLE 13
Comparison of First and Second Readings in Relation to Kind of Film; Control Roster, All Films

8Second Reading
Percent
First Reading Agree-
Total | Negative Nexggttlve ment
by & film
otal. . o ecicccecicceaaae .- 1,870 1,604 178 881
Nogative. .o oo cccccccaccccemnccm e cme e 1,879 1,575 104
Notnegatlve. ..ot ccmceas 191 119 72
a‘bt 10 film
otal . - 2,952 2,608 344 a6
Negstive 2,717 | 2,47 28 )
Notnegative. . aieas - 235 120 108
14 by 17 film
’léom. .{i.l ........... 502 303 199 .1
Negative_.............. au 276 138 )
Not negative. O - 88 27 61
14 by 17 paper
’Iéotal ..... 264 160 104
74.2
Negative___. 206 149 .74
Notnegative. .o e ce———— 58 1 47

In tables 11, 12 and 13, agreement between readers was considered only
in relation to whether or not the film was called negative. It seemed
interesting to inquire whether, if one limited oneself to those films in which
the readers had both independently read either tuberculosis or suspect
tuberculosis, one would find in large films better agreement as to the stage
of disease than in small films. Table 14 shows the numbers of readings of
various kinds which were found. Summary measurements of the correla-
tions between the two readings were: !

4byS5Sfilm...... ... i 0. 66
4by 10 flm. .. ... ..ot .55
14by17 film. . ... ... i, .61
14by 17 paper. ....c.coiiiiiii it .47
1 Tschuprow’s coefficient of correlation, T, in contingency tables is given by:
-_L__ where N is the number classified, and p and q are the num-
NVODR-D bers of rows and columns.

8ee Kandsll, M. GQ., The Advanced Theory of Statistics, Vol. 1, London, 1947, p. 820.
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These measures may be interpreted as being correlation coefficients, i. e.,
unity would represent perfect agreement, while zero would denote complete
lack of relationship between readings. In this instance, the correlations
are not very different except for 14 by 17 paper plates, which seem somewhat
poorer. On the other hand, the differences in the sizes of the coefficients
are not large compared with their sampling variability. A further compli-
cation arises out of the fact that the 14 by 17 films, being largely separation
films, contained much more pathology than the 4 by 10 films, which were
largely induction films. It is not at all clear what effect this difference has
on the agreement comparisons. This point would be best elucidated by a
suitably designed experiment.

TABLE 14

Comparison of First and Second Readings as to Extent of Tuberculosis in Relation to Type of Film;
Roster I and Roster 11, Induction and Separation Films

Becond Reading
First Reading Moder
.| Far Ad-
Total | Minimal at:gl c:dd- vanced
by & film
(27 I 107 66 36 5
66 58 8 0
31 8 3 0
10 0 s 5
825 652 162 1
Minimal 661 505 66 0
Moderately ad vanced 143 56 85 2
Faradvanced ..o e 21 1 11 9
’Ilé by 17 film
2 7\ DN 1,795 622 728 444
Minimal. . acemees 810 542 261 7
578 k4 391 108
409 3 ki 3
14 by 17 paper
’liotal .......................................................... 97 ] 25 3
Minimal e ciaeee 79 63 15 1
Moderately advaneed... ... ... - 15 ] 9 0
Faradvanoed. ... eaceacne 3 0 1 2

Comparison of First Two Readings With Final Reading

It will be recalled that the final reading represented the best judgment
that could be made on each film. The final readers had available not only
the opinions of the first two readers, but also had both induction and
discharge films together, an advantage furnishing information on the out-
come of a case in which the induction film was equivocal. They were also
informed of the roster from which films emanated, and made a determined
effort to reach a definitive diagnosis of tuberculosis or no tuberculosis,
eliminating insofar as possible the interpretation “‘suspect tuberculosis.”
An instructive view of the results of this forced choice may be obtained from
table 15, wherein, in order to obtain an overall view of the situation, we
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i it

group all diagnoses of tuberculosis or suspect tuberculosis together, without
regard to stage or activity, and call “negative’ all films on which no
diagnosis of tuberculosis or suspect tuberculosis was made. Induction and
discharge films have been combined for each roster, but the rosters are kept
distinct. So-called “errors” (discrepancies would be a better term) have
been placed in parentheses, and each kind of error is shown as a percent,
the denominator of which is the maximum number of times the error could
have been committed. Thus, on Roster I, of 3,194 positive films (as judged
by the final reading), Reader 1 read 261 negative, which we call an error
rate of “omission’” of 8.2 percent. Errors of “commission” are similarly
defined, being positive diagnoses by the readers of films judged in the final
reading to be negative. The total numbers of films vary slightly because
of differences of opinion as to whether certain films were unsatisfactory.

TABLE 15

Comparison of First and Second Readings With Final Reading as to Diagnosis of Tuberculosis or
Suspect Tuberculosis

Final Reading | Errors of—
| Commis- Oli'l'llan
Negative | Positive | 5100 saon.
Total | 'tor The, | for The.
I (Percent)
First Rmdmg ]
......................................... 5, 151 1,957 | ) FEROSIERIS R
’\eimtive 1 by R e e e S I GO 1,887 1, 626 i 3 4 Rt 8.2
Positive for The. . ..o iiaaaaaaee 3,264 (331) 2,033 16.9 |ocuececannn
JROMEOE RL: oo s m i minras e s v wtmn Wb n s S e 5, 506 5, 543 BB | e s [y
Negative for Tho.....cceceeeencnecnccananannns 5,374 5, 358 [§ 1.1} PR | 30.2
Pogitive for Tho. .. .. cceneeecccncrccnnnsann-- 2 (185) 3 5 3 ERECR
&ﬂmd Readino | ]
......................................... 5,150 1,957 I 1 (R E———
\egativefor M e B 1, 679 1, 444 (-], | I | 7.4
POBMIVS 0 T .. <2 il <incsansioaian ambaas 3,471 (513)] 2,958 | 26.3 i
Roster II.. e i 5, 543 5 A PRt
Negathve 1or ThO..—o - weeoeememammmnammnees 5,132 5,116 (41} F—— 30.2
Positive for The.. 464 (427) n | y e g RS ees

The most significant feature of table 15 is that for each reader “errors”
of commission are much higher for Roster I than for Roster II, while the
reverse is true for “errors” of omission. This fact inclines us strongly to
the view that the so-called errors of commission for Roster I were for the
most part not errors at all; on the contrary, in all probability, the fifth
reading, which entered into the final reading, erred in calling the films
negative. The errors of omission for Roster II similarly, are in reality
probably mistakes in the fifth reading, since the films for the most part
probably were really negative. In other words, it seems likely that most
films called suspect tuberculosis, on which an attempt was made to reach
-a decision in the fifth reading, actually were positive films when they came
from Roster I and really negative when they came from Roster II.

It may be asked, at this point, what is meant by a film being “really
negative” since there is not always agreement by roentgenologists on par-
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ticular films. By negative films (from the standpoint of tuberculosis) we
mean, ordinarily, films which do not show certain markings found charac-
teristically in roentgenograms of persons proved by other means to have
pulmonary tuberculosis. In other words, if characteristic markings appear
frequently in the chest films of persons known to have tuberculosis, or
proved subsequently to have developed the disease, and infrequently in
films of persons without tuberculosis, then we call films with such charac-
teristics positive. That is exactly the situation we have here, illustrated
in table 15. Restricting our analysis for the moment to films called nega-
tive in the final reading, Readers 1 and 2 were each three to four times as
likely to designate films from the tuberculosis roster as “positive” as to so
designate films from the control roster. A corresponding situation holds
for the films called positive by the final readers. We must conclude that
the original readings contain useful information regarding the true charac-
ter of films over and above what is present in the final readings. We shall
return to this point.

DISAGREEMENT IN REREADING FILMS

As noted in a previous section of this paper, a number of investigators
have studied the personal variability of individual roentgenologists as
shown in the rereading of films read several months previously. These in-
vestigators found a surprising extent of self-disagreement, even among
distinguished radiologists of wide experience. In order to make a similar
appraisal, and so that we might be better able to evaluate the differences
in interpretations between readers, we asked our readers to interpret the in-
duction and separation films from 128 randomly selected cases from Roster
I (the tuberculosis roster) and 122 from Roster II (the control roster) on
two occasions approximately 4 months apart. In the meantime, each had
read thousands of films, and the films resubmitted to them were not in the
same order as before. To all intents and purposes they were new films.

The data are presented separately for the induction and separation films
for men on the tuberculosis roster in tables 16 and 17 and for all films for
men on the control roster in table 18. As we have seen, the chance that
there will be a discrepancy in two readings on the same film depends in
part on whether or not the film exhibits pathology; therefore, we examined
separately the situation in a group of films about half of which showed
pathology, as decided in the final reading (table 16), a group in which
almost all films showed pathology (table 17), and a group in which almost
all were unequivocally negative (table 18).

It will be seen from the tables that a marked self-disagreement in in-
terpretation was found, comparable in character and extent to the variation
observed between the two readers. In the case of the induction films of
Roster I, in every comparison, i. e., the separate interpretations of the
two readers, and the repeat readings of each, the most frequent type of
disagreement was between ‘“negative” and “suspect tuberculosis.” The
next most frequent disagreements were the diagnosis of “tuberculosis” in
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one reading, contrasting with a diagnosis of “‘suspect tuberculosis” in the
other, and a diagnosis of “active tuberculosis” in one reading and “‘ques-
tionably active” disease in the other. Disagreement represented by the
extremes of diagnosis of unequivocal “tuberculosis” in one reading and
“‘negative’’ in the other was infrequent, nor were there any cases of so
serious a discrepancy as diagnosis of “active” tuberculosis in one reading
and “inactive” disease in the other.

Disagreement in interpretations of the two readers in comparison with
each other and in their own first and second readings was even more fre-
quent in the case of the separation films of this roster. Here, since virtually
all films showed some type of lesion, and the lesions were of varying charac-
ter and extent as indicated by the final reading, the chance for discrepancy
in reading was great. It will be noted, perhaps with surprise, that the
most frequent cause of disagreement in all comparative readings was with
respect to the unilaterality or bilaterality of the tuberculosis process. This
is perhaps not the most serious of types of disagreement, but it clearly
demonstrates the fallibility of judgment in a single reading. The second
and third most frequent types of discrepancy were variable, but much
like the discrepancies noted in the case of the induction films of this roster.
Again the major discrepancy between unequivocal “tuberculosis” and
“negative” was relatively infrequent, as was the discrepancy of “active”
and “inactive.” It should be pointed out that the provision of a category
of “questionable activity’” made it possible for the roentgenologists to avoid
an outright decision of activity or inactivity in equivocal cases.

TABLE 16

Discrepancies in Film Readings Between Two Roentgenologists and Between Original Readings
and Rereadings After Interval of Four Months; Tuberculosis Roster, Induction Films

' |
Original Rereading | Reader No. 1 | Readoer No. 2

Reading | I
e e B ST
Reader 1 Reader 1 Original Original
'8 vs VS,
Rereading

| T
No. | Pet. | No. | Pet. | No. | Pet. | No. | Pet.

1
|
Vs, V8. 3.
| Reader 2 [ Reader 2 Rereading

ADNFIMS...oonmincicinemnameacanaccameene| 128 [ 100.0 | 128 | 100.0 | 128 | 100.0 | 128 | 100.0
Films without discrepancy.............. | o 7L1| 70| er7| 7| se7| 85| a4
Films with discrepancy 1_____ . __ 217 | 37| 90| 40| 33| 8| 453| 43| 338

Negative or unsatisfactory vs. tuber- |

culosis .. e G R Zi! 2.3 0 8 6.3 tl
Negative vs. suspected tubereulosis. .. _| 19 | 14.8 25| 19.5 2| 2.7 23 [ 18.0
Tuberculosis vs. suspected tubercu- | | [

O o s b A e i i ! & 55 14 10.9 12 9.4 12 0.4
Wet pleurisy vs. no wet pleurisy__._._ 1| .8 .8 O lacia: 0 |assica
Left vs. no left or right vs. no right._._. 5 3.9 7 5.5 5 3.9 5 3.9
Minimal vs. far advanced tubercu- | |

0 I e SR 0 |. B s 1 [ — [ I——
Inactive vs. questionably active._.__.. [+ JY e 1 .8 1 .8 1 .8
Insctive vs.active .___._.___._ _______. 0 fanaceas] 0 |---. | S n| .......

uestionably active vs. active..... ... 9 7.0 17 | 13.3 9 1 7.0 | 12 0.4

avity ve.nocavity_____________ ... __ 0| 1.6 2 | 1.6 1.6

! Bince readings for some films exhibited more than a single discrepancy, the sums of the numbers of films
ahowlngt. the different specific discrepancies exceed the total number of on which there was disagree-
men
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TABLE 17

Discrepancies in Film Readings Between Two Roentgenologists and Between Original Readings
and Rereadings After Interval of Four Months; Tuberculosis Roster, Separation Films

Seio | Rercading | Reader No. 1 | Reader No. 2

Reader 1 Reader 1 Oﬂslnal Original
vs. Vs, V8.,
Reader 2 Reader 2 Rereadlng Rereading
No. | Pet. | No. | Pet. | No. | Pet. | No. | Pet.
ANEIMY.. oo ccnnnmncnnnnsnnsnnsnacsnnns 128 | 100.0 128 | 100.0 128 | 100.0 128 100. 0
Films without discrepaney. ... ......... M| 422 58| 453 73| 67.0 67 523
Films with discrepaney ' __..._.__.__._. 74 5.8 70 M7 85| 43.0 61 47.7
leive or unsatisfactory vs. tuber-
............................... 10 7.8 5 3.9 4 31 5 3.9
1\ r.ive vs, suspected tuberculosis. . 15| 1L7 M| 109 8 6.2 9 7.0
rculosls vs. suspected tubercu-
sy 14 10.9 0 7.0 8 6.2 10 7.8
Wel‘. plel.lrf.!!’ vs. no wet pleurisy.._. 7 55 8 6.3 7 5.5 4 3.1
Left vs. no left or right vs. no right___. 24 18.8 21 16. 4 19 4.8 H 1 2.1
Minimal vs, far advanced tubercu-

7 P S e e S e S [ P 1 .8 {1 5| H—r——" L1 ]| S
Inactive vs. questionably active__ 2 1.6 2 1.6 3 23 1 .8
Inactive vs. active...... 1 .8 [ J| B 1 .8 1 .8

uestionably active vs. active._ 14 10.9 11 6 13 10.2 7 55

‘AVItY V8. no cavity............ un 8.6 13| 10.2 7 5. 11 8.6
Minimal, moderately advanced or far

advanced tuberculosis vs. tubercu-

losis with no stage given_.__.._....... 1 .8 1 .8 1 .8 2 L6

1 Bince resdlﬁs for some films exhibited more than a single discrepancy, the sums of the numbers of films
lhov;!ng the different specific discrepanc iummmtnmnbetolﬁimmwhlch there was disagree-
ment.

TABLE 18
Discrepancies in Film Readings Between Two Roenigenologists and Between Original Readings
and Rereadings After Interval of Four Months; Control Roster, Induction and Separation Films

gzﬁgﬂ Rereading | Reader No. 1 | Reader No. 2
Reador 1 Reader 1 Original Original
V8. Vs, Vs, VS,
Reader 2 Reader 2 Rereading Rereading
No. | Pet. | No. l Pet. | No. | Pet. | No. | Pet.
TR R L P e A el S 244 | 100.0 24 | 100.0 244 | 100.0 244 | 100.0
Films without discrepancy. 227 | 93.0 212 | 86.9 229 | 939 214 RT.7
Films with discrepancy 1___ 17 7.0 32| 131 15 6.1 30 12.3
Negative or unsatisfactory vs. tuber-
culosis. ... I 2 .8 2 .8 1 4 2
Negative vs. suspected tuberculos| 14 5.7 2% | 10.7 13 5.3 28
Tuberculosis vs. suspected tubercu
Jouis. .......- 0 1) 0 |iaaass 2
Wet pleurisy wet pleurisy. 1 1 .4 1 .4 0
Left vs. no left or right vs. no right..._ 0 3 1.2 ¥ i 0
Minimal vs. far advanced tubercu-
0 S o 0
Inactive vs. quml.lonnb]y active 5 [i] 0
Inactive vs. active ... ... i} i}
Questlnn.nhly active vs. active. 0 0
Cavity vs. no cavity 1] 0
Minimal, moderately advanced or far
advanced tuberculosis vs. tubercu-
losis with no stage given............. [ | ESdyaryd | e 1 | [ )] AR

1 Bince read for some films exhibited more than a single discrepancy, the sums of the numbers of films
showing the different specific discrepancies exceed the total number of films
ment.
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In the case of the films of the control roster (table 18) discrepancies in
reading were relatively infrequent. As might be expected in this group,
in which few films showed lesions, the chief cause of discrepancy in the
reading of both induction and separation films was the same as that in the
case of the induction films of Roster I, viz, the reading of “suspect tubercu-
losis” in the one and of ““negative” in the other reading. The second most
frequent type of disagreement, somewhat surprisingly, was between a
diagnosis of unequivocal ‘“tuberculosis” and ‘negative,” but the figures
concerned are very small.

In summary, it may be said that self-disagreement was great in the case
of films of the tuberculosis roster and minor in the case of films of the control
roster, and that the chief cause of disagreement was in the borderline range,
as exemplified in the diagnoses of ‘“‘negative” and “‘suspect tuberculosis,”
and in the distinction between unilateral and bilateral lesions. Two other
borderline categories, “tuberculosis” vs. ‘‘suspect tuberculosis” and
“questionably active” vs. “active,” were not infrequent causes of dis-
crepancy. Further, the discrepancies in film readings which arose from
the comparison of the interpretations of two different roentgenologists were
no more frequent than those arising out of a comparison of readings at
different times by a single roentgenologist. On the whole, the discrepancies
chiefly involved levels of precision attainable only with difficulty. Indeed,
we may conclude that we have demanded a degree of specificity of diagnosis
which cannot be consistently achieved by means of a single film reading.
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4. THE INDUCTION SCREEN
VARIABILITY OF INDUCTION STATIONS

It may be supposed that the quality of work done by radiologists at the
different induction stations during World War II was not identical at the
different stations, nor indeed even at given stations from time to time.
Besides such factors as the different training and skill of different readers,
the quality of reading might be affected by variation in the workload
caused by changing rates of induction. There would be little point, at this
date, in attempting to assess the efficiency of particular stations 10 years
ago; however, it does seem of some interest to inquire to what extent the
variation in quality of work which impressed the observer at the time
actually affected the efficiency of the screening. The senior author, while
serving in the Office of The Surgeon General during World War II, had
occasion to review the work of all of the induction stations, and at that time
formed definite impressions as to which stations were good, fair and poor.
We have, therefore, tabulated the final reading of the induction film for
those men on Roster I who were inducted at the stations for which the
senior author was willing to hazard an opinion:

Tuberculosis Roster

Number Percent
Opinion of Induction Station Number of Read Resd
Induction | myperciiosts | Taberculosts
Films
Reviewed on Final on Final
Reading Reading

Total ..o aeaes 1,882 759 40.3
Good._ .ol 628 219 3.9
Fair_._. . 718 289 40.4
Poor. 538 251 48.7

The judgments regarding the stations were, of course, made without
knowledge of the results of the tabulations. It will be seen that at the fair
and poor stations significantly higher proportions of men are considered to
show tuberculosis on final reading than at the good stations. We can
calculate what proportions of the tuberculosis roster could have been ex-
cluded from service had the fair and poor stations operated as well as did
the good ones: we need only find the number which, when subtracted from
both the number of films reviewed and the number read as tuberculosis,
yields numbers such that the percent read as tuberculosis is 34.9. These
numbers turn out to be 60, or 8.4 percent, for the fair stations, and 97, or
18.0 percent, for the poor stations. We conclude, then, that had the fair
stations done as well as the good, the number of men destined for future
discharge for tuberculosis inducted through those stations could have been
reduced by about 8 percent, while the corresponding figure for the poor
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stations is 18 percent. Finally, had all induction stations operated as
efficiently as did those we call good, the total number of tuberculosis
discharges would have been reduced by about 8 percent. Unfortunately,
we have no information regarding the number of men erroneously rejected
at any of the stations; so it may be that the poorer stations compensated to
a degree by erroneously rejecting fewer men than did the good stations.

Table 19 shows errors in terms of race and service command of induction.
We measured error in terms of the proportion of induction films (considered
negative by the induction station) for men on Roster I which, on final read-
ing, we called tuberculosis or suspect tuberculosis. This is not the best
measure of error rate conceivable, but since we had no information regard-
ing men rejected by the induction stations we could do no better. These
proportions may legitimately be compared for different groups of men and
differences may be taken to represent differences in screening efficiency at
different induction stations if we make the assumption that the absolute
probability of becoming infected while in service is independent of the
grouping being studied. Since there is no reason to suppose that white
inductees from different service commands who were not infected at the
time of induction had different probabilities of becoming infected while in
service, we may legitimately, for each racial group separately, use our pro-
portions to compare the service commands. We find that for each racial
group the variability by service command in the error proportions far
exceeded that which we might expect the forces of chance alone to have
produced: the chi-square tests for homogeneity both give probabilities less
than one in a thousand. The Third and Sixth Service Commands in
particular seem to have done very well, while the Eighth and Ninth Service
Commands seem somewhat worse than the average.

TABLE 19

Errors of Omission at Induction Station by Race and Service Command; Tuberculosis Roster—
Induction Film Called Negative at Induction Station

] White

| Nonwhite
Final Reading Final Reading
of Induction of Induction
Service Command | » | Film Tuber- 7 Film Tuber-
‘\11:,':‘ i | culosis :\I:LT' ' culosis
Read |—— Read
Num- | Per- Num- | Per-
ber- cent ber cent
L s oo s v P et s i e o | 1,843 758 41.1 | 028 | 247 30.3
B oo oo i simimmimirsiicasun| A0S | 51| 383 9 3 33.3
257 105 40.9 63 20 3L7
172 57 33.1 20 25.0
28 06 42.1 180 62 34.4
47 111 4.9 58 4 41. 4
219 68 31.1| 34 10 20.4
156 62 30.7 21 8 38.1
202 101 50.0 116 a3 54.3
229 | 107 46.7 67 a7 55.2
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The differences between whites and nonwhites certainly were not remark-
able; however, some caution is indicated in the interpretation of this finding.
We cannot assume that the probability of infection while in service was
equal for whites and nonwhites, nor do we have any reliable information
regarding the prevalence of infections in men of the two races at the time
they presented themselves at the induction stations. We can say no more
than that for each racial group about the same proportion of the men
discharged for tuberculosis represented erroneous inductions.

EFFICIENCY OF SCREENING LEVELS

This leads naturally to the question: How good an X-ray screen could
one create had one the will to do it? We are possessed of several careful
reviews of the induction films of the men on our two rosters and, moreover,
we are in the fortunate position of knowing what happened to these men
in the end. We are, therefore, in a position to examine the efficiency of
various degrees of stringency in reviewing films and to assess both the gains
and losses which would have been achieved during World War I by more
intensive screening.

The problem which faces the military services in the construction of a
screen is to devise a method capable of distinguishing those individuals able
to perform satisfactory service, if inducted, from those who are not. In
the case of tuberculosis, a second and no less important consideration is to
safeguard the health of the troops by inducting only those men who will
not constitute potential sources of infection for their companions. It is
clear from this second consideration that one would wish to avoid the in-
duction of any case of active tuberculosis, but there may be differences of
opinion regarding the capacity for service of men with old inactive tuber-
culosis. We shall avoid the necessity of considering this rather large
problem by accepting, in this retrospective study, the fact of discharge for
tuberculosis as decisive. That is, we shall consider that if an individual
was, in fact, discharged for tuberculosis, one would like to have rejected
that individual at the induction station had it been possible to have dis-
tinguished him from his fellows. On the other hand, we accept as a desir-
able recruit that man who was accepted, served and was not discharged for
tuberculosis. In these terms our two rosters, then, are composed entirely
in one instance of men whom it would be desirable to reject and in the
other instance of men whom one would want to accept.

While it is undoubtedly true that of the men on our tuberculosis roster,
some were already infected at the time of induction while others were not,
and that it would be a hopeless task to attempt to single out at the induction
station those men not yet infected who are destined to be separated for
tuberculosis, we shall, nevertheless, ignore this distinction in discussing the
screen; we choose, for simplicity, to regard every individual on Roster I as
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mistakenly inducted in the sense that had the induction examiners the gift
of prescience, all of these men would have been rejected. The reason for
this attitude is that it is not possible, even now, to say with any degree of
assurance, in many cases, which men were in fact already infected at the
time of induction and which were not. We set up as an ideal, then, a screen
which would eliminate at the induction station the whole of Roster I while
accepting the whole of Roster IT; while this ideal is, of course, unachievable,
it makes a simple and useful yardstick by which we can measure the
efficacy of any particular screening procedure.

The problem we set ourselves, then, is: Given an X-ray film for an indi-
vidual to attempt to decide whether or not he will, if inducted into service,
be discharged for tuberculosis within the subsequent period of 1 to 3 years.
Tables 20 and 21 show how well each of the readings would serve the pur-
pose. We use the code letters A through D to designate readings as follows:

A: Negative.

B: Pathology other than tuberculosis only.

C: Suspect tuberculosis.

D: Tuberculosis.
Table 20 shows not only how each of the readings classified the induction
films in each roster but also the CDD ratio for each classification. We use
this last term to mean the number discharged for tuberculosis per 100,000
discharges in the given classification. The CDD ratios are calculated
after inflating the control roster counts by a suitable multiplier which is
determined by the different sampling ratios used to obtain the two rosters.
It will be recalled that Rosters I and II constitute, respectively, 33 percent
and .06 percent samples of the eligible populations. Since the quotient of
these two sampling ratios is 550, we should, ordinarily, multiply any
Roster II count by 550 in order to compare it with the corresponding
Roster I count. However, this multiplying factor must be modified for
certain tables to take account of the fact that different proportions of the
films were found (and read) for the two rosters. Thus, for first reading of
the induction film we use the multiplying factor

2756, ,3000
550xmxm=511.1

where 2756 and 2871 are the numbers of films read in Rosters I and II and

3099 and 3000 are the respective roster sizes. The overall CDD ratio is
then calculated as:

2756X10°

FT56 L GILI-@BT) 2!

and similarly for any specific category of film,
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TABLE 20
First, Second, Summary, and Final Readings of Induction Films and CDD Ratios

Film Reading
Total
A B o] D
First Reading
Roster I 2,756 | 1,344 193 4688 751
Roster IT 2,871 603 164 86 18
CDD ratio 187 101 1,054 7,547
Reading
Roster I 2,785 | 1,175 104 653 783
Roster II. 2,871 429 180 218 44
CDD ratio 187 95 210 583 38,157
Roster 1 2,770 1 1,101 24 535 200
Roster IL 2,872 554 258 49 11
ODD ratio 187 84 176 | 2,081 | 18,730
Final Reading .
Roster L 2,772 | 1,268 33 10 1,173
Roster IT 2,872 | 32,573 278 0 %
CDD ratio 187 26 228 ] 8,082
TABLE 21
Screening Efficiency of First, Second, Summary, and Final Readings
Reading of Induction Film
D O+D |B+O0+D[A+4B+4C+D
Reading ’
Percent of Roster I 7.2 4.2 51.2 100.0
Percent of Roster II. .6 3.6 9.8 100.0
cont of
Percent of Roster 1. 26.6 50.8 57.4 100.0
Percent of Roster IL LS 9.1 15.4 100.0
Summary Reading
Percent of Roster 1. 32.5 51.8 60.3 100.0
Percent of Roster I .4 2.1 1.9 100.0
Minal Reading
Percent of Roster 1 42.3 2.7 54.8 100.0
Percent of Roster II. .8 .8 10.4 100.0
TABLE 22
Screening Efficiency of Combinations of First and Second Readings
First and Second Reading of Induction Film
(Figures are cumulative to the left)
" . . D;A C;A B;A .
D;D | D;C C;0 or B or B orB AA
1. 2. 8. 4. 5. 6.
Number of Filmas:
Roster I 408 704 080 | 1,172 | 1,619 | 1,813 2,753
Roster I b 17 44 84 322 559 2,
Percent of Filma:
Roster L. 18.0 28.9 35.6 2.6 58.8 68.9 100.0
Roster IT 2 .6 L5 29 11.2 19.6 100,

Several rather interesting features are to be noted in table 20. First, for
all readings, the CDD ratio among men whose films were read as B (path-
ology other than tuberculosis only) was about twice the rate in men whose
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films were called A (negative). This would appear to force the inference
that about half of the Roster I cases read as B really had tuberculosis at the
time of induction, but that the reoentgenographic signs were atypical if
we may assume that they were correctly discharged as tuberculous. Put in
another way, about one hundred men per one hundred thousand whose
X-rays were read as B may really have had tuberculosis rather than non-
tuberculous pulmonary disease.

A second point of some interest is that while the summary reading was
evidently much more discriminating in its choice of men for categories C
and D than either the first or second reading, it is not clear that the final
reading improved on the summary. In fact, the CDD ratio for category
B is somewhat higher for the final reading than for the summary reading.
We may better compare the relative efficiency of these readings for screen-
ing purposes by viewing the results in the form shown by table 21, wherein
we see the proportions of Roster I and Roster II films in which at least
certain degrees of pathology were read. Table 22 shows similar data for a
screen constructed from combinations of the first and second readings.
The numbers at the top of each column of table 22 are for reference to
figure 2, wherein the data of tables 21 and 22 are plotted.

From figure 2 or table 21 we see that were one to have rejected all men
whose induction films were called D (tuberculosis) on first reading one
would have rejected 27.2 percent of all men destined to be discharged for

FIGURE ¢

Screening Efficiency of Different Readings: Percentages of Controls Who Would Have Been Simul-
tancously Rejected by Screens Which Rejected Specified Percentages of Men Subsequently Dis-
charged for Tuberculosis
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tuberculosis, at a cost of simultaneously rejecting 0.6 percent of men not
destined to be so discharged. Alternatively, had one rejected men called
C or D on first reading, 44.2 percent of the tuberculosis cases would have
been saved, but at a cost now of 3.6 percent of men whom we would not
have wished to reject by reason of tuberculosis. Finally, the rightmost
point on the curve for first reading, labeled “B-+C--D,” shows that 51.2
percent of Roster I could have been screened out at a cost of 9.3 percent of
Roster II. In general, each point on a curve represents a possible way of
screening; the abscissa of the point represents the gains to be achieved as
measured by the proportion of the tuberculosis roster rejected, while the
ordinate represents the manpower cost measured by the proportion of the
control roster rejected. It is clear, then, that if one curve lies entirely
below another (as the curve for summary reading lies entirely below both
first reading and second reading), then the lower curve represents a better
screening device at any level of operation. If we decide we want a screen
which eliminates, say, 50 percent of the tuberculosis group, we can
achieve this by any of the readings, but the manpower cost of the screen
which utilizes the summary reading is less than half of the cost of the cor-
responding screens employing any of the other readings. From this point
of view the summary reading seems to be the most efficient.

TABLE 23
Effect of Consideration of Activity on Screening Efficiency of Four Readings

Induction Film Read as Tuberculosis or Suspect Tuberculosis
Roster I Roster IT
Inactive Inactive
Total Total
Number | Percent Number | Percent
1,219 23 1.9 104 8 58
1,386 29 2.1 262 18 61
1,435 36 2.0 80 ] 83
1,183 210 17.8 19 7.2

It is of interest to note that despite the very obvious differences between
the first and second readings, the point C+-D on the curve for second read-
ing is very near to the point B4+ C+4-D on the first reading curve. In other
words, the numbers of films read by Reader 1 as other pathology, suspect
tuberculosis, and tuberculosis were about the same for each roster as the
numbers read by Reader 2 as suspect tuberculosis or tuberculosis.

Since the classifications employed do not take account of whether the
tuberculosis diagnosed was considered to be active, the question naturally
arises whether, if this aspect of the diagnosis were considered, the screening
efficiency could be improved. Table 23 presents the data for the summary
reading. It will be seen that, for all readings in the case of films called
tuberculosis or suspect tuberculosis, Roster II films were three to four times
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as likely as Roster I films to be considered to show inactive disease. On
the other hand, it is also true that, except for the final reading, so small a
proportion of positive films in either group was considered to be inactive
that the actual gain in efficiency of screening would not have been large.
So far as the final reading is concerned, where clearly a considerable in-
crease in efficiency would be achieved by discriminating between those
films considered to show inactive disease and those in which activity is at
least questionable, since the final reader had both induction and separa-
tion films available for simultaneous examination, it is not at all clear to
what extent the consideration of activity would be usefully employed at
the induction station. The evidence of the first and second readers is that
it would be of very limited usefulness, but for a reader who had a lower
level of suspicion for activity, this information might be valuable.

A rather obvious conclusion from figure 2 is that independent dual read-
ing, followed by conference on disagreements, is a considerably more efficient
method of screening than is single reading: the summary reading was
tuberculosis for a larger proportion of the tuberculosis roster and a smaller
proportion of the control roster than either the first or the second reading.

It is interesting to note the relative positions of the curves for first and
second readings separately, the combination of first and second and the
summary reading. The combination is superior everywhere to the indi-
vidual readings, while the summary is in turn superior to the combination.
The difference between the individual readings and the combination
represents the additional information contained in both readings which is
not present in either alone, while the difference between the combination
and the summary measures the information added at the conference itself.
It can be seen, therefore, that the superiority over the individual readings
of the conference reading derives from two sources: first, from the inde-
pendent information contained in each of the primary readings which is
not contained in the other, and, second, from the information added at
the conference review of the films.

TABLE 24
Final Reading of Induction Films and CDD Ratios by Race
‘White Nonwhite
Final Reading of Induction Film CDD CDD
Roster | Roster Ratio Roster | Roster Ratio
I II Per I II Per
100,000 100,000
Total ——e 2,085 2,483 1684 692 389 340
Negatlve . ecaaaes 925 2221 84 341 352 185
Pathology other than tuberculosis
only - - 240 240 204 74 35 404
Tuberculosis or suspect tuberculosis. .. 891 22 7.397 277 2 (O]
1 Not calculated.
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SCREENING IN RELATION TO RACE

It is quite instructive to consider the factor of race in relation to the
efficacy of screening. The essential data are shown in table 24 for the
final reading. It is clear from this table that while discharge for tubercu-
losis was about twice as common among nonwhites as among whites, this
ratio cannot be easily altered by improved X-ray screening: the CDD
ratio was about twice as high in nonwhites as in whites in men for whom
the final reading of the induction film was negative, and also in men for
whom the final reading was other pathology. In both racial groups about
40 percent of the induction films of men ultimately discharged for tubercu-
losis were read as tuberculosis or suspect tuberculosis. It would seem to
follow that the excess of tuberculosis among nonwhites in service was by
no means entirely or even largely an expression of greater likelihood of
infection in the civilian environment. Further, it would appear that on
the whole the screening of nonwhites which the Army performed during
World War II was no less stringent than was the screening for whites..

Information regarding rejections for tuberculosis which was released by
the Selective Service System appears superficially to support the notion
that the screening of nonwhites was less careful than the screening of
whites: thus, rejections for tuberculosis as primary cause per 1,000 registrants
examined in the continental United States during the period January 1943~
September 1943 were 12.7 for whites and 10.9 for Negroes (9). We have
emphasized the phrase “as primary cause” because, in actual fact, much
of the tuberculosis present in Negro registrants remained undetected be-
cause the men were rejected for other, more quickly recognizable con-
ditions. During the period of time mentioned above 55.3 percent of
Negro registrants were rejected. More than a quarter of the rejections—
27.0 percent—were accomplished by the local boards, the remainder by
the induction stations. However, of the 1,671 rejections of Negroes for
tuberculosis as primary cause, only 205, or 12.3 percent, were as a result
of local board examination. In short, if we inquire, not what proportion
of all men examined had tuberculosis, the answer to which cannot be
given, but ask instead how many rejections for tuberculosis each racial
group generated per 1,000 men inducted into service, we find the numbers
are 20.2 for whites and 24.3 for Negroes.

In short, Selective Service statistics give very little trustworthy informa-
tion regarding the prevalence of tuberculosis in the two races, nor can we,
by comparing rejection rates with prevalence data independently derived,
draw firm conclusions regarding the care with which tuberculosis screening
was accomplished for the two races. This is, in fact, recognized by the
Selective Service System: (2) . . . Also, during the war periods the
figures on tuberculosis, particularly those for Negroes, were not reduced as
much as during peacetime by the tendency of examining physicians to
select diagnoses of venereal disease or of educational deficiency as principal
cause for rejection.”
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RELATION TO NONTUBERCULOUS PATHOLOGY

It seem remarkable that, for each reading, among men for whom the
induction film was considered to show pathology other than tuberculosis,
the CDD ratio is about twice as large as among men whose films were
considered to be negative. Actually, the major fraction of such other
pathology consisted of pulmonary calcification, some of which was pre-
sumably of tuberculous origin. It will be recalled that the various readers
displayed rather poor agreement with respect to calcification. We have,
therefore, confined our attention here to those relatively few films read as
showing calcification as sole pathology on the final reading, after excluding
those films in which there was disagreement between the original readers
without subsequent review and decision. (It will be recalled that disagree-
ment between Readers 1 and 2 as to the presence of calcification alone was
not, by itself, considered to require review.) The numbers of films so
classified are shown in table 25.

TABLE 25
Relation Between Pulmonary Calcification as Sole Pathology on Induction Film and Discharge for
Tuberculosis
' Roster I
Discharged for

Final Reading of Inductlon Film Rostor IX

Total Active | Inactive Non-

Pulm. | Pulm, pulm.

Tuber- | Tuaber- | Tuber-

culosis | culosis | culosls

Numbers of Films
g S o e et e e e 200 86 83 31 99
Calcification:
Single spot.. AR 7 42 20 15 61
Multiple, siu;le syﬂtl Ml e o a8 40 42 16 46
Multiple, widely disseminated. .. .voeeeeee.-. 25 4 21 0
CDD Ratlos
O e s S 308 170 164 B Lo
Caleification:
BINGI BDOL. - oo it iin i e i 206 162 7 B e
Multiple, single system....v e eeeeeemceaena- 418 170 170 3 AT
Multiple, widely disseminated. . cocoeaeaan... ) ® D) ) e
1 Not calculated.

The first point of some interest is that the CDD ratio for the group of men
here considered is 396 per one hundred thousand—almost four times the
level in men read as negative and about twice as high as in the total group
read as other pathology only. Secondly, as we shall see later (table 34),
the CDD ratios among men with unequivocally negative induction films
are: Total, 79; active pulmonary tuberculosis, 49; inactive pulmonary
tuberculosis, 11; and tuberculosis of other locations, 19. Therefore, the
CDD ratio for active pulmonary tuberculosis is a little more than three
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times as high for men with calcification as for men with negative films (170
compared with 49), but the CDD ratio for inactive pulmonary tuberculosis
is in a ratio of more than ten to one (164 compared with 11), and is par-
ticularly high for men with multiple calcified lesions. The CDD ratio for
nonpulmonary tuberculosis is, however, like the ratio for active pulmonary
disease, slightly more than three times as high in the men with calcification
as in those with negative films (61 compared with 19). Itis hard to escape
the conclusion that the great majority of men discharged for inactive
tuberculosis, who were noted as having pulmonary calcification, were
discharged because of the calcification itself.

Of course, the fact that discharge for active disease was three times as
frequent among men with calcification as among men with negative films
does not imply that a majority, or even very many, of such calcifications
are significant from the standpoint of tuberculosis: the proportion discharged
for active disease, was, after all, only 231 per one hundred thousand
(170-+61).

SUMMARY ON INDUCTION SCREEN

In summary, we may conclude that it is possible to operate an induction
screen at many alternative levels, depending upon manpower needs. If,
for example, the manpower needs of the Army had been rather light as
measured by the available pool of potential recruits, one could, by rejecting
every man not called negative on the summary reading, have avoided
about 60 percent of tuberculosis discharges during World War II; such a
program would have cost about 1,200,000 inductions (12 percent of about
10,000,000 inductees) to prevent about 10,500 tuberculosis discharges, and
would obviously have been impractical. Under certain circumstances,
however, it might make good sense to reject men whose chances of being
discharged for tuberculosis are only about one in one hundred. In any
event, any screening program necessarily involves one in the business of
making predictions regarding future performance and no such predictions
can be made with absolute certainty, surely not on the basis of X-ray films.
One does, however, have one degree of freedom within which to operate:
one can, within limits, decide what proportion of tuberculosis discharges
one wishes to screen out, provided the manpower cost of the program does
not become excessive for the time and circumstances with which one is
concerned.

It must be remembered, of course, that the men studied here had all been
screened once, so that it is not possible to estimate the gains and losses
which would be realized by the institution at induction stations of a double-
reading screen comparable to ours. Further, changes in the prevalence of
tuberculosis in the population of young men are probably occurring con-
stantly. Moreover, the age range of inductees is generally lower now than
during World War II, so that, on these additional counts too, it is clear that
the particular numbers and percentages calculated in this study cannot be
used to forecast the results of any proposed screening device. Yet one may
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assume that future experience, even if quantitatively different, will be
qualitatively similar, that the superiority of performance of the double-
screen will persist, and that the relative order of risk of the different film
classifications will not change.

Finally, the hope for substantial improvement in screening efficiency
would appear to rest upon the possibility of supplementing the X-ray
screen with further aids, such as the tuberculin skin test, which would
enable one to pick out of such groups as those displaying “pathology other
than tuberculosis only” on the induction film a major group of recruits
who are unequivocally negative. The tuberculin test was not practiced
as a screening measure in World War II, except in occasional instances
when a man was retained temporarily in a hospital, after equivocal findings
at an induction station, for further study and differential diagnosis. Rou-
tine tuberculin testing was frequently and sometimes strongly recommended
by non-Army tuberculosis specialists. It was totally impractical, however,
under the conditions prevailing. The tuberculin test requires 48 hours
for proper observation and record. In no instance was this a possible
procedure at induction in World War II. The total induction station
residence for screening was rarely more than 24 hours, and ordinarily was
less than 12. Occasionally, where under existing train schedules no other
course was possible, it was only 4 or 5 hours,

For an induction examination that included the tuberculin test an en-
tirely different type of induction station, with sleeping and restaurant
accommodations and larger maintenance staff, would have been required,
and induction would have been delayed, and much more costly. Never-
theless, from a long-range standpoint, and for a proper understanding of
the hazards of military service from the point of view of tuberculous in«
fection, it would have been of great value. It is only realistic to recognize,
on the other hand, that a positive tuberculin test could not have been
established as a cause for assignment to limited rather than full duty, as
was actually suggested by an eminent phthisiologist. Under the rigorous
requirements for manpower a procedure removing 20 percent or more of
men from combat assignment would have jeopardized if not totally ruined
the chance for military success.

Under different circumstances, when the time element is not vital, when
more attention can be paid to the cost of tuberculosis from a long-range
point of view, and when Army medical records can be set up with such
care that they will be an asset in the understanding of important questions
in epidemiology and pathogenesis, the tuberculin test will be an invaluable
aid.
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5. THE SEPARATION SCREEN

ACCURACY OF SEPARATION SCREEN

Roentgenographic examination of the chest became a routine part of the
physical examination for separation from service about mid-1944 and, in
fact, was responsible for the discovery of much of the tuberculosis diagnosed
in the Army. During the last months of 1945 and the first half of 1946 the
separation centers were, however, under extremely heavy pressure: the
millions of men of a victorious Army were impatient to return to their
homes and vocations, as were, indeed, the medical officers charged with
the responsibility for the separation physical examination. It would not,
under the circumstances, have been surprising if the efficiency of the system
had, to some extent, given way before these pressures. One of our objec-
tives, therefore, in reviewing the separation films of Roster II, the “control
roster,” was to discover to what extent men with tuberculosis had been
discharged to civilian life with a clean bill of health.

Table 26 shows the number of diagnoses of each kind made at the first,
second, summary, and final readings. Plainly, there was considerable vari-
ation in opinion regarding the small proportion of films thought to show
tuberculous disease.

TABLE 26
Four Readings of Separation Films; Control Roster
Reading (number of films)
Interpretation
First Second [Summary| Final
Total 2,733 2,733 2,733 2.733
Tuberculosis, active 5 0 4 18
Tuberculosis, questionably active. 8 4 & 4
Tuberculosis, inactive. 8 31 13 8
Suspect tuber: 97 167 53 2
Other pathology only. 187 183 87 808
Negative 2,420 2,342 2,364 2,895
Unsatisfactory ] 7 6

Since the best test of the accuracy of diagnosis consists in determining the
course of subsequent events in any suspected individual, we have, with
the cooperation of the Veterans Administration, checked through its files
of hospitalization and disability compensation for the 79 individuals diag-
nosed as suspect tuberculosis or tuberculosis on either summary or final
reading. It will be recalled that under Veterans Administration regula-
tions in effect in August 1953 (when the check was made) active tubercu-
losis occurring within 3 years and 6 months of separation from service would
generally be considered to be “service connected,” and would entitle the
veteran to disability compensation. Even in the absence of service con-
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nection, total disability entitles a veteran without other means to a pension,
and service connection is not required to establish eligibility of veterans to
. hospitalization for tuberculosis within the Veterans Administration system.
At any rate, in the experience of the Follow-up Agency of the National
Research Council, the occurrence of active tuberculosis in a veteran is
almost invariably a fact known to the Veterans Administration through
compensation or hospitalization records.

In addition to the 79 individuals already mentioned, the files were also
searched for an additional group of 205 members of Roster II who were
not considered to show evidence of tuberculous disease on either summary
or final reading. This latter group was designed to serve as a control
group for the 79 suspected individuals. Table 27 displays the results of
this search.

The surprising facts brought out in table 27 are, first, the relatively
small amount of tuberculosis found in the cases which appeared suspect
on the summary and final readings and, second, the relatively large number
of cases found in the control group. The proportion found in the latter
group—1.0 percent—is subject to a very large sampling error, and the
true proportion may well be only a quarter of that observed.

TABLE 27

Results of Search of Veterans Administration Files, August 1953, for Men Considered To Have
Suspicious Separation Films, and for Controls

With
Number | Notation Pmt
Reading and Interpretation of Men of %1;3?- Tuber-
ber- | culosis
culosis
To%nﬂmmmwymdhg.tub&aﬂodaormpectmbcmlm ...... ™ 3 3.4
Total, tuberculosts or suspect tuberculoals. . .- .n.cenvemmueeemncnnens 2 3 9.4
8 Active tuberculosis 8 1 2.0
Total, ’m’?.:,‘“‘ca‘oa. or suspect tuberculosis 75 2 24
Active tuberculosis. 13 1 8.7
Control group 208 2 10

In order to investigate the possibility that clinical tuberculosis occurring
in the men whose X-rays were considered suspect might have been missed
because the Veterans Administration was unaware of the breakdown, we
sent questionnaires to the 29 men who had been designated by the final
reading, and for whom no subsequent episode of tuberculosis was recorded.
Fifteen such questionnaires were filled out and returned, and we succeeded
in obtaining credit reports (giving employment and residence histories)
for four additional men. In these nineteen instances it was plain that there
had been no hospitalization for tuberculosis, and none of the fifteen ques-
tionnaires mentioned this disease, although other diseases and disabling
conditions were sometimes claimed.
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We may perhaps gain further insight by considering in detail the five
cases (three from the group having suspect X-rays and two from the con-
trols) who were discovered subsequently to have disease:

Case 6682:

Case 5727:

Case 5475

38

White male, entered service April 1943 at age 18. The induction
film was called negative by the induction station and all readers
in the present study. After 35 months of service, including 28
months in the European Theater of Operations, he was dis-
charged routinely in March 1946. While in service he was as-
signed at various times to the Infantry, Field Artillery and
Quartermaster Corps. He had no pertinent hospital admission
in service. His separation film was read identically by all re-
viewers as showing moderately advanced active tuberculosis,
without cavitation. On the day following separation from serv-
ice he had a pulmonary hemorrhage, and was hospitalized with
the diagnosis of moderately advanced active pulmonary tuber-
culosis.

White male, entered service February 1943 at age 27. His in-
duction film was read as negative by the induction station as
well as by all readers. After serving in the Corps of Engineers
for 34 months, including 21 months in the European Theater of
Operations, he was separated routinely in December 1945. His
only recorded hospital admission in service was for syphilis,
contracted in Austria. His separation film, read as negative by
Reader 1, was considered by Reader 2 to show minimal active
tuberculosis; on conference the two readers agreed on a diag-
nosis of suspect tuberculosis, minimal, of questionable activity.
The reviewer changed the classification to minimal inactive
tuberculosis, while the senior author on his review called the
activity questionable. The separation film was not of highest
quality. The patient was well until February 1948, slightly
more than 2 years after separation, when there was a sudden
onset of pain, on deep inspiration, moderate fever and hemopty-
sis. He was admitted to the Veterans Administration hospital
system, and after 9 months discharged with a diagnosis of
arrested minimal pulmonary tuberculosis.

White male, entered service December 1943 at age 28. The
induction station recorded its impression of the induction film
as “slight thickening of left apical pleura, otherwise negative.”
Our Readers 1 and 2 both thought the film suspect of minimal
tuberculosis, activity questionable. The final reader called the
case one of minimal inactive tuberculosis. This man served in
the Corps of Engineers for 26 months, including 19 months in
the European Theater of Operations, and was hospitalized for 4
months for trenchfoot. He was separated routinely in January
1946. Readers 1 and 2 both considered the separation film nega-
tive, but the final reader again diagnosed minimal inactive tuber-
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Case 6967

Case 5447

culogis. In June 1949, three and one-half years later, he was ad-
mitted to hospital for tuberculosis. The record showed that in
the interval, because of a family history of tuberculosis, he had
had repeated chest X-ray examinations. Films taken in April
and May 1949 raised the suspicion of tuberculosis. There had
been no symptoms except some loss of weight. An X-ray film
taken in June 1949, was interpreted as showing an area of infil-
tration of uncertain origin in the left lung. He was hospitalized
and a diagnosis of tuberculosis of minimal extent was established.
A left pneumothorax was instituted. The veteran was advised
that under existing regulations he was not entitled to compensa-
tion on the basis of disease of service origin or aggravation.
He was, however, awarded a nonservice pension on the basis
of his condition in June 1949. In 1950, he was awarded pre-
sumptive service connection on the basis of interim changes in
compensation regulations.

White male, entered service February 1943, age 22, medically
discharged in January 1946 with the diagnosis “schizophrenic
reaction, catatonic type.” He had been in the Air Force, and
had served overseas in the United Kingdom for 19 months. The
induction and separation films were considered unequivocally
negative by all readers. His only hospitalization in the Army
was for the psychiatric diagnosis which led to discharge. He
was admitted to a Veterans Administration hospital in Septem-
ber 1948 because of an exacerbation of his psychiatric difficulty,
and a routine X-ray disclosed moderately advanced active pul-
monary tuberculosis with left pleural effusion.

White male, entered service June 1943, age 27. He was dis-
charged routinely in January 1946 after service in the Corps of
Engineers which included 9 months in the European Theater of
Operations and 3 months in the Pacific. The induction and
separation films were considered to be negative at the examining
station and by both readers. His only hospital admissions while
in service were for venereal disease (acquired in the United
States) and nasopharyngitis. In addition, he was treated as an
outpatient in 1945 for low back pain of 2 days’ duration. In
September 1950 he was hospitalized following a 5-month history
of increasing back pain on motion, and a shorter history of chills
and sweats. A diagnosis of tuberculous spondylitis was es-
tablished.

There can be little question regarding case 6682; it was an outright mis-
take at the separation screening center that permitted the soldier in this
case to be separated routinely. But the situation is by no means so clear in
the other instances. The soldiers in cases 5727 and 5475 were not hospital-
ized until 26 months and 41 months, respectively, after the X-ray films
suggesting tuberculosis were made. The intervals from separation to diage
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nosis of tuberculosis in the two men who broke down in the group having
negative separation films were 32 months and 56 months. It is certainly
possible that the soldiers in cases 5727 and 5475 became sick as a result of
infection acquired after leaving service. Moreover, while case 6967 looks
much like that of a man who was infected after separation from service,
in case 5447 the infection may well have been contracted prior to service
or during service. In this case, a routine chest film would not be expected
to have disclosed the spondylitis, even had it been present.

It seems remarkable that of five men diagnosed by the final reading and
fifteen by the summary reading as having active pulmonary tuberculosis at
the time of separation, only one man, in a subsequent period of about 7
years, has become clinically ill. The implication of this finding is that our
readings, on the whole, erred in the direction of too high a level of suspicion.
Recalling that our sampling ratio for the two rosters was 550 to 1, we
should conclude that if as many as 5 of the men on Roster II really had
active pulmonary tuberculosis undetected by the separation screen, at the
time of separation, we should multiply the figure of 5 by 550 to obtain an
estimated total of the cases missed by the screen; this number, viz, 2,750,
could properly be compared with the 3,099 men discharged for tubercu-
losis. We would have to infer, then, that a substantial proportion of the
cases of tuberculosis among men in the Army which were detectable radio-
logically were missed by the separation screen.

It is, of course, quite true that in the estimate of 2,750 there is a very
large sampling error, but we can assert with 95 percent confidence that the
proportionate number considered on final reading to show active pulmo-
pary tuberculosis is at least 1,100 (for 2 is the 95 percent lower confidence
limit on the expected value of a Poisson distribution for which the single
observation of 5 has been made).

Finally, it is not too much to say that, no matter what proportion really
had the disease among those men on whom our summary and final readers
made a diagnosis of active tuberculosis, these men should at least have been
held for further study. Their X-rays clearly presented sufficient grounds
to warrant careful examination. Without going so far as to assert that in
fact thousands of men with active tuberculosis were unwittingly discharged,
one can assert that thousands who deserved more careful study, for their
own welfare and that of their families and society, failed to receive sufficient
consideration in the Army’s rapid demobilization.


http://www.nap.edu/catalog.php?record_id=20266

6. TUBERCULOSIS IN THE ARMY

Tables 28 through 31 show, for whites and nonwhites separately, the final
diagnoses made by Army hospitals, and within each diagnostic group the
distributions of the final readings of the induction and separation films.
For these tables we have supplemented our final readings in some instances
where films were not recovered by using the radiological reports made at
Army hospitals. Such reports were coded for 26 of the 340 induction films
which we could not find for men on the tuberculosis roster and for 630 of
the 637 missing separation films.

It should be noted that the ordinary practice of the Medical Department
of the Army is to record as the “final’ diagnosis that pathological condition
which is ultimately determined to have been the original cause of admission
to hospital. :

Characteristic differences in the distributions of diagnoses between whites
and nonwhites are evident by comparison of tables 28 and 29. The relative
proportions carrying diagnoses of active pulmonary disease are roughly
equivalent, but inactive pulmonary tuberculosis accounts for a much larger
proportion of diagnoses among whites (22.8 percent) than among nonwhites
(12.2 percent). Conversely, diagnoses more frequently found among non-
whites are tuberculosis of the external lymph nodes (6.3 percent versus 1.3
percent), bone or joint (3.8 percent versus 1.4 percent) and genito-
urinary tuberculosis (4.1 percent versus 2.7 percent).

TYPES AND STAGES OF TUBERCULOSIS

The relationship shown in table 28 between the stage of disease and the
final reading of the induction film is noteworthy. Thus, in 41 percent of
men separated for minimal tuberculosis the induction film was read as
negative, as contrasted with 51 percent in the case of those separated for
far advanced disease. The corresponding percentages for active tuber-
culosis are 29 percent and 41 percent. Thus, the far advanced cases show
a much greater degree of polarity in the readings of the induction films
than do the men discharged for minimal disease: for the former group, less
than 2 percent of induction films were read as inactive or questionably
active tuberculosis while for the latter group 20 percent were so read. The
pattern among nonwhites (table 29) is similar,

Relatively few men discharged for inactive disecase were considered to
have negative induction films; in fact, 40 percent of the films were read as
either inactive tuberculosis or calcification only.

Turning to tables 30 and 31, we find a fair degree of correspondence
between the Army diagnoses and our final readings of the separation films
for men discharged for active pulmonary tuberculosis. Among whites
almost all (97.5 per cent) of men discharged for far advanced disease were
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TABLE 28
The Tuberculosis Roster by Diagnosis and Final Reading of Induction Film; Whites
Final Reading of Induction Film
Tuberculosis
Total Suspect
Type of Tuberculosis Total Tubercu- Wet Dry Calcifica- Othe
Diagnosed Read Questionable losis Pleurisy Pleurisy tion Pathology
Negative Inactive Active
Activity
No. | Pet. || No. | Pet. | No. | Pct. | No. | Pet. | No. | Pct. | No. | Pet. | No. | Pet. | No. | Pet. | No. | Pet. | No. | Pet. | No. | Pet.
Total. e 2,343 {100.0 |}2,088 [100.0 | 925 | 44.3; 178 | 8.5 | 133 | 6.4 | 583 | 27.9 9! 0.4 1] 00 18| 0.9} 202} 9.7 39 1.9
Pulmonary:
Primary, active____.... 10 4 7 |100.0 [.7/% W RSN FRES N S PRI N 35 PR [N SN SN BN SO 11143 fooeen
Disseminated hemato-
OMOUS. __ o eeemmnnn 4 .2 4 100.0 2160.0 |-oeme | 10250 |-emoe o] eme e fme e e e 11 25.0
CULB. - o omemaaee s 161 | 6.9 | 144 {100.0 68 | 47.2 3| 21 4} 2.8 51 | 35.4 |-ooo fomioofooooio ——- 2| L4 15 | 10.4 1 .7
Chronie, active, mini-
mal. . ... 320 { 13.7 || 280 |100.0 29 6
Chronie, active, mod.
advanced 474 | 20.2 || 420 | 99.9 9 (]
Chronie, ¢
advan 240 | 10.2 || 217 |100.0 1 4
Chronie, scti
not stated 305 | 13.0 274 | 90.9 23 5
Actlvity not s 21 . 19 1100.0 1
ive. ool 534 | 22.8 || 474 (100.0 6
Nonpulmonary.
Trachea or bronchi ..... 3 .1 3199.9
Pleura. ..o 131 | 5.6 120 {100.0
External lymph nodes..] 30 1.3 27 1100.0
Boneorjoint...._._.... 32| 1.4 29 1100.0
83| 2.7 58 | 99.9
15 .8 12 | 99.9
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TABLE 29

The Tuberculosis Roster by Diagnosis and Final Reading of Induction Film; Not White

Final Reading of Induction Film
Tuberculosis
Total Suspect
Type of Tuberculosis Total Tubercu. Wet Dry Calcifica- Other
Diagnosed Read Questionable Tosls Pleurisy Pleurisy tion Pathology
Negative Inactive Active
Actlvity
No. | Pct. || No. | Pet. | No. | Pct. | No. | Pet. | No. | Pet. | No. | Pet. | No. | Pct. | No. | Pet. | No. | Pet. | No. | Pot. | No. | Pet.
Total .o 756 1100.1 695 [100.1 | 341 | 49.1 22| 4.2 36| 52| 214 30.8 1] 01 2| 03 9] 1.3 41 6.5 18 28
Pulmonary:
Primary, active________ 1 8 5 1100.0 31600 | oo eeees 21 40.0 R PSS PO, O RO
Disseminated hemato-
3 .4 3 100.0 b 3 Ui, U 1 VS BRI FROVOIIN PRSI SR FUIPURS ORI PVIUN PRI FRRRSYRUON FRUSIpR (SR RpRIoRy SRR SN My
64| 8.5 61| 99.9 25 | 41.0 1 1.6 1 1.6 26 | 42.6 |oooofoem i feemacfeeaenn 1{ 1.6 4| 6.6 3 4.9
78 ) 10.8 71 1100.0 33 | 46.5 9127 81113 183 1 18.8 Joooo ool 1] L4 3| 42 4 5.8
125 | 16.5 112 |100.0 51 | 48,5 |- fo...- 8: 7.1 47 1 42.0 e ca s 6] 5.4 | i fecunn
111 | 14.7 102 {100.0 56 | 54.8 | . __|-aoaes 1} Lo 39 ]38.2 ) .. PRV JECRURPIPIUER FEVIRPIIOE RPN RN 8] 5.9 | ccac|cmnne
104 | 13.8 96 (100.0 33| M4 ____. 1] Lo 52 542 .. ). 1] 10 21 21 4] 4.2 3.1
Activity not stated_....{ 10| 1.3 10 (100.0 1| 10.0 1] 10.0 21200 [ JIE:, 1N 2 SR DRSO PRSI PSRN PRNOIIE (RSN RSP SUIII IR P
Inactive  ..coeeeaoooo 92 | 12.2 84 |100.1 24| 28.6 14| 168.7 1 | 13.1 23| 204 o feoiofeaians 1! 1.2 81 9.5 3 3.8
Nonpulmonary:
’I‘rachen Prtug 7003 % SN SN MR | ORI SO SOOI AR DUSON SO SRR U SRR AU SR IR (N JROHPIIN RSN PIOEUIN IR
Pleura________________. 40 5.3 35 2.8 2 1 2.9
Extemal lymphnodes..| 48| 6.3 46 1 00.9f 341739 | 2| 4.3 |-co_|eeea] 1} 22 feaio | |ameiefmeanas 2| 43 6| 13.0 1 22
Bone or joint 28| 3.8 27 1] 3.7 1} 37 |caccac]oonen-
Genito-urin 31| 41 29 1{ 3.5 5]17.2 2 6.9
Other. .o 41 L9 1419008 10|74 1| 7.1} 17 711 1| T1 |comacs]miomoafommacc]macann 1 7.1
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considered to show active tuberculosis radiologically. Of those discharged
for moderately advanced disease, we read 89.9 percent as showing active
tuberculosis, 4.6 percent as tuberculosis of questionable activity and 2.5
percent as inactive tuberculosis. Finally, among those whom the Army
found to have minimal active disease, on final reading about two-thirds
of the separation films were called active tuberculosis, 12.2 percent tuber-
culosis of questionable activity, and 13.1 percent inactive tuberculosis.

A less encouraging feature of table 30 is the lack of agreement regarding
inactive pulmonary tuberculosis: about one-third of white men so diag-
nosed by the Army were considered to show active disease on the final
reading of the separation film.

As might be expected, of men diagnosed as having nonpulmonary
tuberculosis, except for tuberculosis of the pleura, the majority were con-
sidered to have negative separation films.

For nonwhites, the relationship between the readings of the separation
films and the Army diagnoses is quite similar to that found in whites; the
variations in percentages generally do not exceed what we might reason-
ably expect in view of the relatively small numbers of nonwhites in most of
the diagnostic categories.

LENGTH OF SERVICE BEFORE MEDICAL DISCHARGE

Table 32 shows the amount of service which the Army obtained from the
men discharged for tuberculosis. We have subtracted from total length of
service the amount of time spent in hospital because of the tuberculosis;
this is shown separately in table 33. We have included in the inactive
group the relatively small number of men for whom the discharge diagnosis
was silent regarding activity. These men constituted less than 5 percent
of the 656 men discharged for inactive disease, and from the distribution of
the final readings of the separation films (table 30) it would appear that
the group actually was a mixture of active and inactive cases. This is the
only diagnosis for which a large proportion of the separation films (over
one-third) were called tuberculosis of questionable activity.

The length of service distributions vary somewhat among the three
diagnostic classes (table 32) as do those for duration of hospitalization
(table 33). For Roster I as a whole the average duration from entry on
active duty to separation from service was 22.7 months, of which 5.5 months
were spent in the hospital because of tuberculosis. The 3,099 men on
Roster I had a total of 1,417 man-years of hospitalization; since we employed
a 33 percent sampling ratio we estimate that the group of about 9,300 men
who met the criteria for eligibility for this study had a total of about 4,300
man-years of hospitalization for tuberculosis.

1t is customary to measure the incidence of disease in a population in
terms of the proportion of persons first diagnosed as having the disease in
a given unit of time, but it must be recognized that this may be deceptive
when we have to do with a disease like tuberculosis, which may be present,
although undetected, for considerable periods of time prior to diagnosis.
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TABLE 30
The Tuberculosis Roster by Diagnosis and Final Reading of Separation Film; Whites

Final Reading of Separation Film
Tuberculosis
Total Suspect
Type of Tuberculosis Total Tuabercy- Wet Dry Calcifion- Other
Diagnosed Read Question- losis Pleurisy Pleurisy tion Pathology
Negative Inactive able Active
Actlivity
No. | Pct. || No. | Pet. | No. | Pet. | No. | Pct. | No. { Pet. | No. | Pet. | No. | Pet. | No. | Pet. | No. | Pct. | No. | Pet. | No. | Pet.
Total 2,343 (100.0 |[2,340 (100.0 | 148 | 6.3 | 258 [11.0 | 196 | 8.4 (1,814 | 64.7 4] 0.6 48] 2.0 3| L4 106 4.5 2 11
Pulmonary:
Primary, active......__ 10 .4 10 [100.0 11100 11]10.0
Disseminated hemato-
4 .2 4 1100.0 Jo oY 3 1] 280
1811 6.9 161 | 99.9 8; &0 4| 2.5 10| 6.3 135 1 .8
320 | 13.7 || 320 [100.0 9] 28] 42131 39122 214 5] L6 1.3
474 | 20.2 || 474 | 99.9 51 L1 121 2.5 22| 4.6| 428 3 .8 4 .8
240 1 10.2 || 240 {100.0 1 .4 1 .4 4] L7| 234
305 | 13.0 |} 305 {100.0 6] 20 224 7.2 281 6.2 237 8| L6 3 1.0
21 . 21 1100.2 1] 4.8 1] 4.8 8381 9 1| 4.8 1 4.8
534 | 22.8 532 {100.1 17 32| 170 | 320 731137 183 75 | 4.1 9 L7
3 .1 3|98.8 I . 15 U S S IS S 1]13338 1| 333
Pleura. .. _._..._._____ 131 | 5.6 130 {100.0 3| 23 1 .8 5| 38 59 1 .8 1 .8
Extemal lgnph nodes..| 30 ) L3 30 1100.0 2 166.7 1] 33 2] 67 1 31100 1 3.3
Bone or joint........... 32| L4 32 {100.1 22 | 68.8 2| 6.3 1{ 31 1 3] 9.4 [cceecfomannn
Genito-urinary... -l 631 27 63 1100.0 46 | 73.0 1] L6 11 L8 4 6] 9.5
Other... oo oo 15 .8 15 |100.1 8] 60.0 1| 6.7 2133 1 1] 67 fcccmaafoamens
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TABLE 31
The Tuberculosis Roster by Diagnosis and Final Reading of Sepamtic;n Film; Not White

Fina] Reading of 8eparation Film
Tuberculosis
Total Suspect
Type of Tuberculosis Total Tubercu- Wet Dry Calcifice- Other
Diagnosed Read Question- Tosis Pleurisy Pleurisy tion Pathology
Negative Inactive able Actlve
Activity
No. | Pet. || No. | Pet. | No. | Pet. | No. | Pet. | No. | Pet. | No. | Pet. | No. | Pet. | No. | Pet. | No. | Pet. | No. | Pot. | No. | Pet.
b 3 <Y P 756 |100.1 751 1100.1 88 | ILS 45| 6.0 45 | 6.0 | 494 | 65.8 7] 0.9 20| 27 15| 20 7| 38 12 1.6
Pulmonary.
Prlmnry ........ 8 .8 6 (100.1 b O I 1 A 2 RS FS FUQIS RO 41687 11687 PRI PN P SR
Disseminated hemato-
genous ................ 3 .4 3 1100.0 |.eeeefemacca]oemcac]oacencfoacacofoocnan 21667 Jeaennfoeanen 11388 |cccca]omemea]ecacanfacenaa]ecneae]oaaaas
.................. 64| 85 64 {100.1 3| 47 {ceoo el 1] 1.8 54 | B4 4 | fooe . 3| 47 |eoeeamaaas 31 1 1.6
Chronic, active, min-
.................. 79| 10.5 78 (100.0 5| 6.4 9115 9] 1L 46 | 50.0 2| 26 1] 1.3 2| 28 26 2 36
Chronie, active, mod
ced_.._.__..... 125 | 18.5 124 | 90.9 1 .8 1 8 6| 48| 114|819 1 IS : 20 PSR (S SURRNPOE SPRIPIITY PUUII SN 1 .8
Chronic, active, far
anced_._.___._.... 111 ] 14.7 109 1100.0 |- oo fomcecclacccaclacanan 3] 28| 106|972 . —coifmmo ) feececalenrcca]ecaccefencarsfemcanafeccncaecmann
Chronic, active, stage
notstated . __.__.__. 104 | 13.8 |{ 104 | 99.9 41 38 3! 29| 93804 - 2| 19 3t Lol
Activity not stated..... 10 L3 10 1200.0 {-ocoeofoccnen 1]10.0 2)2.0 U (5 N (SSRR PRSI NN SR S SR PO SR NS
................ 921122 92 1100.1 3] 33 2%|283 15163 3639.1 [ceeooo|-reenn 1] L1 11 8| 87 2 22
N«mpvlmnmary
Trachea or bronehi. .. [.oo oo floaeoaa]oo e e e e
1 40| 5.3 40 (100.0 2] 80 1 25 1| 25 20 )850.0 |eeuenn 131325 2
48| 63 48 | 99.9 28 | 58.8 3| 62 21 4.2 3| 62 3| 42 3
2| 3.8 2 | 9.8 13 | 44.8 | ____|._.._. 1( 3.4 7| %1 2] 69 3
31 4.1 30 | 90.9 20 | 66.7 3100 11 3.3 1
4] 1.9 14 | 99.7 6| 429 11 7.1 11 7.1 21142 |ceeccfomanncfeccaee 1



http://www.nap.edu/catalog.php?record_id=20266

TABLE 32
Length of Service, Excluding Time in Hospital for Tuberculosis; Roster I

Diagnosis at Discharge
Active Pulmonary Insctive Pulmonary Nong:lmonsry
Tuberculosis Tuberculosis ‘Tuberculosis
Length of S8ervice
Percent Percent Percent
It;l'eumi g!eumf- It;l'eum;
T Of T o T O
Men | This | TRIS | ‘Men | Ths |/ TBS | ‘Men | This [, THES
Length or More Length or More Length|  “ore
........ 656 | 100.0 {_.._.._. 436 | 100.0 [-cceo--o
100.1 253 33.6 | 100.0 108 4.8 100.0
78.8 95 14.8 6L 4 79 181 75.2
60.0 79 12.0 48.9 129 29.6 57.1
30.9 151 2.0 M9 115 26.4 27.5
6.3 78 1L 9 1L 9 [ L1 11
TABLE 33
Duration of Hespitalization sn Army for Tuberculosis; Roster I
Diagnosis at Discharge
Active Pulmonary Inactive Pulmonary Nonpulmonary
‘Tuberculosis Tuberculosis Tuberculosis
Duration of
Hospitalization Percent Percent Percent
borof This | borot This | borot This
T O T o T of
Men | (108 | Dyrg. Men This Dura- | Men Thls_ Dura-
Dura- | “ion Dura- ¢ S4y0n Dura- | “yon
tion tion tion

or More, lor More lor More
Total known.. ... ... 1,086 | 100.0 ) _____.. 651 100.1 | _...._. 433 | 100.0 |_...__._.
Less than 1 month 19 10| 100.1 33 51| 100.1 4 .9 9.1
Imonth _.____.__ 278 14.0 99.1 124 19.0 85.0 33 7.6 98.8
2months_____ 315 15.9 85.1 108 18.6 76.0 42 9.7 9L 5
3months__.._ 237 11.9 60.2 57 8.8 59.4 59 13.8 8L.8
4months____.__ 206 10.4 57.3 43 6.6 50.6 57 13.2 68.2
Smonths_______ 177 89 46.9 54 83 4.0 63 14.5 55.0
6months______. 161 8.1 38.0 49 7.8 35.7 45 10.4 40.5
7-9 months. __ 365 18. 4 29.9 128 19.4 28.2 8t 18.7 30.1
10-12 months. 186 9.4 1.5 48 7.4 88 31 7.2 11. 4
13-15 months_ 42 21 21 9 1.4 L4 18 4.2 4.2

We tend naturally to think of such a rate as measuring the incidence of
disease, but actually it measures the rate of recognition of disease, and as such
is very strongly influenced by variability in the intensity of application of
case-finding techniques. Figure 3 shows the rate at which men destined
to be discharged for tuberculosis were hospitalized as a function of length
of service. We have charted the data in this way in order to remove the
effects of varying durations of hospitalization among the men discharged
for tuberculosis. It will be seen that the annual rate began at the relatively
high level of 112 per one hundred thousand per annum, then declined
during the first year of service to a plateau in the region of 50-60 which was
maintained during the second year of service, and finally rose at a con-
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stantly increasing pace, achieving a rate of 301 per one hundred thousand
per annum during the second quarter of the fourth year of service.

The explanation for this variability is believed to be simple: During the
first months of service many of the more obvious mistakes made at
the induction station were being corrected, as a result both of review of
the induction films and of the advent of actual illness. During the third
and fourth years of service men were being tested by the separation X-ray
screen and relatively large numbers of cases of tuberculosis were brought to
light, some of which were service acquired, while others represented men
mistakenly inducted. In short, our rates actually represent an unknown
mixture of incidence and prevalence. In general, if two groups of men
have different average lengths of service, the group with shorter service will
manifest a higher annual rate of tuberculosis, other things being equal,
because the relatively constant prevalence portion of the numerator of the
rate will be divided by a smaller denominator.

We can obtain a little further insight into the situation through figures 4,
5and 6. Figure 4 shows the admission rate for active pulmonary tubercu-
losis as a function of length of service, and, in addition, provides a break-
down of these admissions according to whether our final reading of the
induction film was or was not negative. It will be seen that the rate for
which the numerator is men with final reading negative increases con-
stantly, and particularly rapidly around 36 months of service. On the
other hand, the rate curve for men for whom the induction film was not

FIGURE 3
Annual Admission Rates for Tuberculosis* by Length of Service
Annual Rate
400~ 400

:oorL / 300

zoo# / 200
100}— / 100 |

\__\ _—

[ L 1 1 ] | 1 1 i | 1 1 l
0-3 4-6 17-9 10-12 13-15 16-18 19-21 22-24 25-27.28-30 31-33 34-36 37-39 40-42
MONTHS OF S8ERVICE

* Restricted to men subsequently discharged for tuberculosis.
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considered negative has a U-shaped appearance. The reason is that those
men who became sick early (and who were mistakenly inducted) are
heavily concentrated in the group for whom the induction film was not
negative. The curve for all discharges for active pulmonary tuberculosis,
which is the sum of the two other curves, has a J-shape.

Figure 5 shows the admission rates for inactive .pulmonary tuberculosis
and we see that very few men for whom our final reading of the induction
film is negative were discovered except as found by the separation screen.
The rates are uniformly very low until the third year of service, when
suddenly they increase sharply. On the contrary, men for whom the final
reading is not negative show again the same U-shaped curve that we saw in
figure 4, although the trough is much lower here; very few of these men
were hospitalized, except as they were detected by the induction or separa-
tion X-ray examination. The sum of the two curves is the J-shaped curve
which we have seen before.

Figure 6, depicting the annual rate of admission for nonpulmonary tubercu-
losis, is quite different from the two preceeding charts: first, all curves are on
a much lower level (the vertical scale has been expanded to avoid squeezing
the curves along the horizontal axis), and we have no J- or U-shaped curves.
In general, the curves appear to be falling off somewhat as length of service
increases, and most men have negative induction films as interpreted by us
on final reading. The lesson seems plain: Here we have a kind of disease
which is characteristically not detectable by chest X-ray examination.
Hence, we do not have the peculiarities which are introduced into the other
rate curves by the induction and separation screens. Further, the fact that
the curves fall off in time seems to imply that what we are witnessing is the
gradual exhaustion of disease which the men brought into service with them.
This does not imply that there was no risk of infection in service, or that no
men were infected in service, but it does seem to indicate that the rate of
development of new infections was smaller in service than it had been in
the civilian environment from which the men came.

For the reasons cited above, we shall, in general, avoid the use of time-
rates when comparing the amount of tuberculosis in different groups of
men, and instead employ either the CDD ratio or similar measurements of
the proportion of men who became sick. While this measure undeniably
suffers from the defect that it is not independent of the average duration of
exposure of the group under study, this disadvantage can be minimized in
this study if we confine our attention to groups for whom the average
duration of exposure was about equal. This precaution is necessary, on
other grounds, when considering characteristics of service, as we shall see;
and so far as background characteristics are concerned, such factors as
schooling, residence, height, weight, and age, bear little relation to length
of service. Our method of coping with the problem is, of course, an
imperfect solution of the difficulty, but unfortunately no wholly satisfactory
way out of the dilemma appears to be available.
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Annual Admission Rates for

FIGURE 4

Active Pulmonary Tuberculosis* by Length of Service and Final
Reading of Induction Film
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FIGURE 5
Annual Admission Rates for Inactive or Arrested Pulmonary Tuberculosis* by Length of Service
and Final Reading of Induction Film
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FIGURE 6
Annual Admission Rates for Nonpulmonary Tuberculosis* by Length of Service and Final Reading

of Induction Film
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SERVICE CONNECTION IN DISCHARGED MEN

It will be recalled from table 20 that the overall proportion of men dis-
charged for tuberculosis during World War II was 187 per one hundred
thousand men discharged, while the proportions per one hundred thousand
among men whose induction films were called negative by the first, second,
summary, and final readings, respectively, were 101, 95, 84, and 96. It
therefore follows that the summary reading was most successful in exclud-
ing from the negative group men whose films showed evidence of disease.
Since the proportion was only 79 per one hundred thousand among men
whose films were called negative by the first and second readings independ-
ently, we may conclude that 79 per one hundred thousand represents an
upper limit on the proportion of men discharged for tuberculosis acquired in
service, although actually even this figure is probably too high. Needless
to say, no system of interpreting chest X-ray films will detect every infection
in a screened group. Some infections must have been so early or so small
that no signs could be apparent. However, it seems clear that at most 42
percent (that is to say, 79/187) of men discharged for tuberculosis acquired
the disease while in the Army and at least 58 percent were discharged by
reason of infections which they brought into service with them.

One would expect the proportion of service-acquired disease to be differ-
ent for men discharged for active tuberculosis or inactive tuberculosis, and
we can perform a like analysis in these terms. Table 34 shows the results,
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We find that the proportions discharged among men with negative induc-
tion films (as independently determined by both readers), when compared
with the proportions discharged among all men, are:

ALLTYPER: i v vancammmvm s s iea e o SR 42 percent
Active pulmonary tuberculosis. . .................. 40 percent
Inactive pulmonary tuberculosis. . ................. 28 percent
Tuberculosis of other locations. .............c.cvuns 70 percent

It appears, then, that at least 60 percent (the complement of 40 percent)
of the active pulmonary tuberculosis discovered in the Army existed prior
to induction, and that at least 72 percent of the inactive pulmonary tuber-
culosis was present at induction. Regarding nonpulmonary tuberculosis
we can only assert that at least 30 percent represented prior infection,
although here we probably underestimate considerably, since our state-
ments rest on a review of chest films.?

TABLE 34
CDD Ratios Partitionsd by Kind of Disease for All Men and for Men With Unequivocally Negative
Induction Films
First and Second
Readings of In-
duetion Film
Both
All
Readings
Films Negative
BRI T I - e o e e B e i i 2,759 939

Discharged for:

Active pulmonary tuberculosls. . ...ceeeeeecceacinmsmsnssaanssanaanassnannnnn 1,791 587

Inactive pulmonary tuberculosls. ... .c.cv e ececmeccecccacccemancnenmnam——- 567 134

Tuberculosis of other J0CAtIONS. . oo e e e e e cccec e 401 218
TR T o e e e e e R e e e i 2,873 2,311
Proportlons discharged per 100,000 men Inducted:

R L R e R e S s s S R e S R S e S B S 0 188 ™
Actlve pulmonary tuberculosls__. e 121 40
Inactive pulmonary tuberculosis. ... oo eeeeeeicecceccccecc e em—————— 40 11
Tuberculosls of other locations. ... e ceecena———- n 19

RELATION OF TUBERCULOSIS TO PREVIOUS RESIDENCE

We may test these notions before accepting them by appeal to quite
different data. It seems reasonable to believe that if we compare men in-
ducted into service from different places we should find that men who, as
civilians, resided in places where there was little tuberculosis brought less
disease into service with them than did men who resided in places of high
tuberculosis prevalence. We have, therefore, ranked the States (including
the District of Columbia, but excluding Arizona because of its extraordi-
narily high rate) according to the tuberculosis death rate in 1940 among
white inhabitants. We have used death rates because adequate prevalence
data are unobtainable, and restrict them to white inhabitants to avoid the

—— e e S .
1 Waring and Roper (10), in a stady of minimal tuberculosis detected in the Army, like ourselves conclud-
od that a high percentage of cases had been overlooked on entry.
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confounding which would otherwise result from the dissimilar geographical
distribution of the white and nonwhite portions of the population. After
ordering the States in this way, we divided them into ten groups, each
group consisting of States with roughly similar tuberculosis death rates.
Table 35 shows the grouping, and exhibits for each group of States the
1940 tuberculosis death rate in white inhabitants, the proportion of men
examined for induction in the period April 1942-March 1943 who were
rejected for tuberculosis as principal cause, and the proportion of white
enlisted men inducted from those States who were discharged for tubercu-
losis. This latter proportion was calculated from our two samples.

Figure 7 shows the relationship between the Selective Service rejection
rate for tuberculosis and the tuberculosis death rate. It seems clear that
the relation is linear. In 1940, a zero tuberculosis death rate in a group of
States would have implied the virtual absence of tuberculosis. Hence, for
such a group of States, we should expect a zero rejection rate. We have,
therefore, fitted a least squares line passing through the origin. The fit is
quite good, the correlation being .89.

Figure 8 shows the proportion of men who were discharged for tubercu-
losis as a function of the tuberculosis death rate. Here again the points
appear to fall along a line, and if we extend the least squares fitted line
back to the vertical axis we find that the estimated proportion of men
separated for tuberculosis corresponding to places with a zero tuberculosis
death rate would be 84 per one hundred thousand. On the assumption
that any tuberculosis which occurred among men previously resident in
places with a zero tuberculosis death rate would be service acquired, we

TABLE 35
Tuberculosis Death Rate, White Inhabitants, 1940; Selective Service Rejections for Tuberculosis
Among White Registrants; and Proportions of White Enlisted Men Discharged for Tuberculosis
Jor Groups of States

Tuberculosts | W bite Retle:
Death Rate, [trants Rejected| Froportion of
1940, White |for Tuberculosis
Group of States Inhabitents ! | as Primary | nMen Die
(Rate, per Cause 3 (per or
100,000) 1,000) (Apr. | Tuberculosis?
1842-Mar. 1943)
1. Kentucky, New Mexico, Tennessee_ _..c.cccccccanen 60.4 22.4 232
2. Texas, Nevada, Californis. 52.8 19.2 218
3. Maryland, Vermont, Colorado, District of Colum-
bia, West I\:ma'Mlssouﬂ ...................... 41.2 20.5 179
4. New York, 18.. o eaamcmecamacann 38.3 18.2 147
8. Arkansas, Oklahoma, V: Indiana, Pennsyl-
vania, Massachusetts, New Jersey, Delaware,
‘Washington 36.0 14.7 148
8. Connecticut, Ohio, Rhode Island, Montans__.______ 32.9 16.2 166
7. Alabams, Maine, Michigan, Georgls............... 288 9.3 164
8. Florids, Missiasippi, Minnesota, Oregon, Wisconsin. 25.3 1.5 191
9. New ﬂampsh!re, orth Carolina, Kansas, S8outh
Carolina._. 22.5 8.1 142
10. Iowa, South Dakots, North Dakota, Utah, Ne-
braska, Idaho, Wyoming. 16.1 9.3 101

1 Source: Calculated from: Vital Statistics of the United States, 1841, Part II, U. 8. Department of
Comimerce, Bureau of the Census and Sixteenth Census of the United States, lméVol. 1 Ibid.

2 Source: Calculated from: Periodic Reports of Phymxaxglenrva}mn Vol. 1,
I&dquamars ve ce

Reports April 1942-Sept. 1943, National

3 Calculated from observed proportions of Rosters I and II.

éystem.

ummary and Detatled

53


http://www.nap.edu/catalog.php?record_id=20266

FIGURE 7

Number Rejected for Tuberculosis as Primary Cause Per 1,000 White Regisirants and Tuberculosis
Death Rates Among Whites, for Groups of States
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FIGURE 8

Discharges of White Enlisted Men for Tuberculosis Per 100,000 Discharges and Tuberculosis
Death Rates Among Whiles, for Groups of States
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have a tentative estimate of the proportion of white men who were sepa-
rated for tuberculosis acquired in service.

Figure 9 shows the proportion of men separated from service for tubercu-
losis as a function of the rejection rate for tuberculosis as primary cause.
If we assume to have been service-acquired any tuberculosis which later
occurred in men who came from places in which no men were rejected for
this disease, we obtain an estimate of 84 per one hundred thousand as the
proportion of white inductees separated for service-acquired tuberculosis.

These estimates of the proportions of white inductees separated for service-
acquired tuberculosis—84.0 and 84.4 per one hundred thousand—are, of
course, very near to the proportion 82 per one hundred thousand that we
previously obtained (table 24) as the proportion discharged for tubercu-
losis among whites for whom the final reading of the induction film was
negative. This consistency between estimates reached in quite different
ways gives us some confidence that the proportion of men who were sepa-
rated for tuberculosis acquired while in the Army was, for whites, in the
neighborhood of 80 per one hundred thousand. Since the CDD ratio for
whites was 164 per one hundred thousand (table 24), we may conclude
that about half of the tuberculosis that appeared in white soldiers and led
to medical discharge was service-acquired.

FIGURE 9

Discharges of White Enlisted Men for Tuberculosis Per 100,000 Discharges and Number Rejected
Sfor Tuberculosis as Primary Cause Per 1,000 White Registrants, for Groups of States
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The position of the Medical Department of the Army and that of the
Veterans Administration with respect to service origin of tuberculous
disease would. have been immeasurably strengthened had it been possible
to set up the tuberculin test as a routine procedure at the time of entry
examination. A positive reaction on discharge in soldiers whose entry test
was negative would have established the fact for practical purposes
that tuberculous disease, if it did develop, was the sequel of a tuberculous
infection acquired in service.

On the other hand, the development of tuberculous disease in a soldier
who had a positive test on entry would not necessarily establish a connection
between the two, for superinfection from without is generally conceded to
be quite possible in men already carrying a minor and latent infection
responsible for a positive test. In other words, development of disease
under such circumstances could not have been considered as of proven
endogenous origin from infection already present. In most cases, probably,
the actual origin of the disease in a previously tuberculin-positive person
would have been indeterminable. However, the fortification of medical
diagnosis through this one test in cases where a conversion from negative
to positive occurred might often have been of decisive significance.

COURSE OF DISEASE DURING SERVICE IN MEN WITH TUBER-
CULOSIS AT INDUCTION

We turn our attention now to those men discharged for tuberculosis in
whom the disease was present at the time of induction. We were interested
in determining the course of the disease in these men during the time they
were in service. To this end we compared the final readings of the induc-
tion and separation films for those men who were considered to show
evidence of infection at the time of induction. The information is pre-
sented in tables 36-39.

It should be noted that the diagnoses which are compared are radio-
logical diagnoses and are subject to error on that account. Nevertheless,
they are as near to theoretically perfect readings as we could achieve.

TABLE 36
Activation and Arrest of Tuberculosis During Service Among Men Infected at Induction, by Race
Transitions
Av e
e'ai Rate Per
. Finsl Reading of Induction | Final of Separation | aumber | SeREw Thous
F F of Men | _vice P?rﬁent i}nd
of Men en
(Months) Per
Year
R White
Inactive tuberculosls. ........_ Active tuberculosis. 26 2.7 8.3 52.5
Insctive tuberculosis. 289 18.6
Active tuberculosls_........__. Active tuberculosis.... 540 18.5
Insctive tuberculosis. 40 21.3 6.9 4.3
Nonwhite
Inactive tuberculosis.......... Active tuberculosls__......... 4 25.0 6.1 36.4
Insctive tuberculosis. .. 62 19.7
Active tuberculosis. ......._... Active tuberculosis...._. 108 ) Y/ T P "
Inactive tuberculosis.......... 13 2.5 6.2 40.9
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It appears from table 36 that few men who had inactive or questionably
active tuberculosis at induction had active tuberculosis at separation: only
8.3 percent of white and 6.1 percent of nonwhite recruits underwent the
indicated “transition.” The complementary transition—from activity at
the time of induction to inactivity or questionable activity at separation—
occurred somewhat more frequently so far as absolute numbers are con-
cerned. However, when account is taken of the much larger numbers of
men who had active disease at induction it is seen that the proportions of
men with inactive (or questionably active) disease who developed active
disease in service are larger than the proportions of men with active disease
at induction whose course was in the reverse direction.

We may reasonably inquire, in view of the relatively small percentages of
men who underwent transitions as shown in this table, whether the transi-
tions may not in large part represent radiological error, which cannot be
entirely absent even from our best readings. Our confidence in the es-
sential correctness of our classifications is somewhat strengthened by the
observation that in table 36, in each of the four instances the men alleged
to have changed status had longer service on the average than did men of
comparable status at induction but who remained in the same status. For
white recruits, where the numbers of men classified are large enough to
lend some stability to the averages, the mean length of service of men whose
status did not change was about 18% months, while the men whose status
did change served, on the average, about 3 months longer. For nonwhite
recruits the numbers of men whose status changed are so small that the
averages of length of service are subject to considerable sampling error;
still it seemns significant that even for nonwhites the differences in length
of service are in the same direction as those observed among whites.

TABLE 37

Progression and Retrogression of Stage of Tuberculosis Between Minimal and Moderately or Far
Advanced During Service, by Race

Transitions
Average P
Rate Per
Final ir of Induction | Final of Separation Ig?ﬁg;r of Ser- Thoue
vice Percent | sand
(Months)| of Men Men
Per
Year
White
Minimal tuberculosis.......... Moderately or far advanced 258 23.2 3.8 2.7
tuberculosis.
Minimal tuberculosis.._..____ 449 17.0
Moderately or far advanced | Moderately or far advanced 162 16.1
tuberculosis. tul 5
Minimal tuberculosis__._.__.. L4 20.9 8.0 58.0
Nonwhite
Minimal tuberculosis...ccoenoo Moderately or far advanced 95 20. 4 46.3 200. 8
tuberculosis.
Minimal tuberculosis___..._.. 10 18.0
Moderately or far advanced | Moderately or far advanced 60 172 {eaccac|eccecanaea
tuberculosis. tuberculosis.
Minimal tuberculosis._......_. 4 10.8 6.3 4.7

35TIA—56—5 57


http://www.nap.edu/catalog.php?record_id=20266

A much maye definitive picture than that just discussed is revealed by
table 37, in which we examine changes between induction and separation
in the stage of the disease as revealed by shifts from minimal to moderately
or far advanced tuberculosis. Progressions of disease from minimal to
more advanced stages were quite frequent: more than one-third of the men
who had minimal tuberculosis at induction could no longer be considered
to have only minimal disease at separation. On the other hand, there were
relatively few transitions of stage in the reverse direction. Since about 95
percent of the men who were considered to have changed status were
thought to have moved in the direction of increased severity of disease, we
can safely infer that the overwhelming majority of apparent transitions in
this direction were real changes and not merely the result of radiologic
error: for putative transitions which were in reality merely the result of a
faulty diagnosis by the final reading of either the induction or separation
X-ray film should have occurred with equal frequency in both directions.

A point of some interest is the rather large difference in average length
of service in men with minimal tuberculosis at induction between those
who did and those who did not exhibit progression at the time of separation.
White men inducted and separated with minimal tuberculosis had, on the
average, less than 1) years of service, while the average service for men
whose disease was thought to have progressed was almost 2 years.

It is interesting to note that the apparent proportion of men who showed
progression of disease was greater among nonwhites (46.3 percent) than
among whites (36.5 percent); this difference is statistically significant.

Progression of disease during the period of service as between moderately
and far advanced tuberculosis is shown in table 38. Here, again, we find
that the number of men whose disease apparently grew worse while in service
is many times the number for whom there was apparent improvement, and
that the average length of service for men whose disease changed in status
was greater than that of men whose disease remained unchanged.

A rather clear picture is shown by table 39, wherein we examine the ap-
parent appearance and disappearance of cavities during service among men
thought to have had active tuberculosis both at induction and separation.
Few men were thought to have had cavities at the time of induction; but of
the men who had active disease without cavities at induction 28.8 percent
of whites and 38.1 percent of nonwhites developed cavities while they were:
in the Army. The difference between these percentages is statistically
significant (on the five-percent level) and points again to the tendency of
tuberculosis to run a more virulent course in nonwhites than in whites.

It is difficult to assess the few instances in which cavities were thought to
have vanished during service; the average length of service for the men for
whom this phenomenon was noted is quite short—only about a year in both
whites and nonwhites. We are inclined, therefore, to think that in all
likelihood most, if not all, of the nine apparent instances noted in both races
were produced by radiological error.

58


http://www.nap.edu/catalog.php?record_id=20266

In summary, it would appear that relatively few men whose disease was
inactive at induction showed evidence of activity at separation, but of the
men who had active disease at induction a large proportion progressed
during service as evidenced by advances in stage and the development of

cavities.

TABLE 38

Progression and Retrogression of Stage of Tuberculosis Between Moderately Advanced and Far
Advanced During Service, by Race

Transitions
% Rate Py
er,
Final of Induction | Final of Separation )g;xﬁl?.gr of Ser- Thou-
vice Peroent | sand
(Months)| of Men Men
Per
Year
White
Moderately advanced tuber- | Far advanced tuberculosis.__. 87 18.7 3.5 188.1
Moderately advanced tuber- 108 15.4
Far ad vanced tuberoulosis. ... .. Far advanced tuberculosis___. 12 13.7
Moderately advanced taber- 4 16.5 3.0 2208.7
culosis.
Nonwhite
Moderately advanced tuber- | Far advanced tuberculosis..... 16 10.9 28.6 192.6
Moderately advanced tuber- 40 1.0 | foieeeee
Far advanced tuberculosis. ...... Far advanced tuberculosis. . ... ¢ 88
Mmte!y advanced tuber-

TABLE 39

Appearance and Disappearance of Cavities During Service Among Men With Active Tuberculosis
at Induction and Separation, by Race

Transitions
g Rate P
er
Final of Induction Final of Separation I},‘}‘i‘&’;ﬁ‘ of Ser- Thou-
vice Percent | sand
(Months)| of Men Men
Per
Year
White
Active tuberculosis, no cavi- | Active tuberculosis, cavities. .. 145 2.3 28.8 183.1
Atglve tuberculosis, no cavi- 350 17.8
es.
Active tuberculosis, cavities....| Activetuberculosis cavities..__ 30 186.7
A%tive tubrculosis, no cavi- [] .8 16.7 122
os.
Nonwhite
Agg:.e tuberculosis, no cavi- | Active tuberculosis, cavities... 72 214 381 257.9
Agive tuberculosis, no cavi- 17 185
es.
Active tuberculosis, cavities_..|{ Active tuberculosis, cavities .. ] 11.0
A(t:tige tul , no cavi- 3 12.5 38.3 348.0
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7. BACKGROUND CHARACTERISTICS OF MEN
DISCHARGED FOR TUBERCULOSIS

It is a little surprising to us that some of the sociological factors which
might have been thought to be strongly associated with the incidence of
tuberculosis did not prove in this material to be of striking importance.
The factor of race, to be sure, operated strongly, but age, occupation, edu-
cation, and residence appeared to be of limited importance with reference
to the probability of discharge for tuberculosis.

RACE

Table 40 presents the data with respect to race. The proportion of non-
white enlisted men who were discharged for tuberculosis of some form is
about double the proportion for white soldiers; the proportion who con-
tracted active pulmonary tuberculosis is about twice as large for nonwhites
as for whites, and the proportion who contracted nonpulmonary tuberculosis
about three and one-half times as large. On the other hand, the propor-
tions diagnosed as having inactive pulmonary tuberculosis are nearly the
same. While these ratios are indicative of the general nature of the differ-
ences between whites and nonwhites with respect to susceptibility to tu-
berculosis and to nonpulmonary forms of the disease, it must be remembered
that the ratios may be quite different from what would be found in the pop-
ulation at largein the same age range, for we are dealing here with a screened
population. To the extent that the nonpulmonary forms of tuberculosis
are more likely to escape notice at induction, we may assume that our data
on the differential probabilities of this form in the two races bear a closer
resemblance to the situation in an unscreened group.

TABLE 40
Discharges for Tuberculosis in Relation to Race

Non-

White | ghite

Number of Men

Roster 1
Total 2,343 756
Active pulmonary tuberculosis. 1,514 402
Inactive pulmonary tuberculosis 858 102
Nonpulmonary tuberculosis. 4 162
" Roster I1. 3,607 03
Nu meg e‘r Iq)?l:
berculosis
Per 100,000

Total 164 340
Active pulmonary tuberculosis. e 108 21
Inactive pulmonary tuberculosis. 39 48
Nonpulmonary tuberculosis 19 73
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If we construct a similar table, as in table 41, which is restricted to indi-
viduals for whom we considered the induction film to be negative on our
final reading, we pass to a group which is about as well screened at the
point of induction as could reasonably be expected on the basis of the
evidence provided by a single X-ray examination. Comparing table 41
with table 40, we see that in both races, the proportion who are discharged
for active pulmonary tuberculosis in the more highly screened group is only
half of the proportion among all soldiers (53 vs. 106 for whites and 111 vs.
221 for nonwhites); the proportions discharged for inactive pulmonary
tuberculosis are reduced to little more than a quarter of the overall pro-
portions (11 vs. 39 for whites and 13 vs. 46 for nonwhites), while the
proportions discharged for nonpulmonary tuberculosis are only slightly
reduced (18 vs. 19 for whites and 61 vs. 73 for nonwhites). Even in this
highly screened group the proportion of nonwhite troops who developed
active pulmonary tuberculosis was about double the proportion for whites,
and the proportion who developed nonpulmonary tuberculosis about three
times as large in nonwhite troops, while the proportions who were dis-
charged for inactive pulmonary tuberculosis were about the same. The
fact that the ratios of the incidences of these categories in white and non-
white troops vary so little when we restrict ourselves to a highly screened
group (table 41 as compared with table 40), would tend to support the
notion that perhaps our ratios are, after all, not much affected by the
initial screening and come close to measuring the characteristic differences
of the two race groups with respect to susceptibility to infection by the
tubercle bacillus and to nonpulmonary forms of disease,

TABLE 41
Discharges for Tuberculosis in Relation to Race Among Men for Whom the Induction Film was
Called Negative on Final Reading

White | Nom-

Number of Men
Roster 1 G
Total 925 3 )
Active ta 508 204
MvWW ttl’lummbomum 128 28
Noanpulmonary tuberculosis. 199 12
Roster II. 2,41 Fr
Number Dis
charged for Tu-

Per 100,000

Total 82 185
Actt tuberculosis. 53 m
Toactive palmonars taberoaioeis n{iz s
Nonpulmonary tuberculosis 8] "! 61
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AGE

Table 42 shows the number of tuberculosis discharges of each kind (active
pulmonary, inactive pulmonary, and nonpulmonary) in terms of age at
induction and race. Within the active pulmonary group a breakdown is
given according to our final reading of the induction film. In table 43
these data are shown in the form of CDD ratios. Figures 10 and 11 show
the CDD ratios graphically for white enlisted men.

In figure 10 the curve for inactive pulmonary tuberculosis behaves as one
might expect, increasing rather steadily with advancing age, but the curves
for active pulmonary and nonpulmonary disease are quite different: non-
pulmonary tuberculosis appears to be substantially independent of age,
while the curve for active pulmonary tuberculosis appears to peak at ages
19-20 and then declines, reaching a minimum at 27-28, after which it rises
abruptly. The curve for all discharges is, of course, merely the sum of the
three constituent pieces.

The reason why the curve for active pulmonary disease behaves as it does
may readily be seen in figure 11. Discharges of white soldiers with negative
induction films are at a peak among men aged 19-20 at induction, the
curve thereafter declining to ages 23-24, after which it appears to remain

TABLE 42

Discharge for Tuberculosis in Relation to Age at Induction, Type of Diagnosis and Race
NUMBER OF MEN DISCHARGED

Tuberculosis Roster
Active Pulmonary Tuberculosis
Age at Induction tive Non-
%tgl Final Reading, Induction Film | pgjioy. | pulmo-
nary nary
Total Tuber- | Tuber-
Totar | Noea- | reon, | Not
tive tive Read
‘White Inductees
b\ ) I, 2,597 2,343 1,514 508 748 168 585 T4
477 290 188 98 72 48 54
558 538 367 176 142 49 100 72
as0 348 244 110 108 [ ] 38
216 192 114 42 57 15 86 3
229 173 110 40 5 11 43 2
209 156 o4 36 50 8 48 18
147 142 87 xn 53 7 39 18
272 318 199 47 128 28 91 28
11(2) 185 111 22 81 8 67 7
Nonwhite Inductees
403 758 492 204 246 42 102 163
150 62 74 14 32 74
132 216 145 62 71 12 2 45
69 162 109 51 49 9 18 35
134 85 P14 51 7 25 M
] 8 2 1 1 1
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TABLE 43
Discharge for Tuberculosis in Relation to Age at Induction, Type of Diagnosis and Race
ODD RATIOS PER 100,000 DISCHARGES

Active Pulmonary Tuberculosis
ti Nonpul-
Final Reading, Induction Film LI ol o
Ago st Induction Total ! Soimo- | fpegecy
Not Tuber- | culosis
Total | N$6v | Nega. | Not | calosis
tive Read
‘White Inductees
Average 164 108 42 52 12 30 19
1Bandonder_ ... ___ 110 T2 a7 7 7 18 2
19-20. 178 120 58 48 16 a3 M
21-22 166 118 53 52 12 32 18
-M 161 96 35 48 13 46 19
25-26. 187 87 32 47 9 34 16
-8, 135 82 3 43 7 40 1
20-30. 176 107 33 685 9 48 20
31-35 212 133 31 B4 17 61 19
dMandover_ ... ... 305 183 36 133 13 110 13
Nonwhite Inductees
Average 340 21 2 111 19 46 ke
20 and under. 355 ] 7] 110 21 48 BS
21-M 202 196 84 96 16 ] a1
e 418 231 132 127 23 46 90
Aandover. . . o a7 208 66 125 61 5
FIGURE 10
Discharges for Tuberculosis, by Type, Per 100,000 Discharges by Age at Induction; White Enlisted
Men
Discharges Discharges
Per 100, 000 Per 100, 000
320 320
o - 2] 280
All Tuberculosis /
240 —d / 240
k- / = "
Active Pulmonary
180 / — / Tnberc& / -
120 / —d. / 120
/ '\ /I.mcun Pulmonary
— Tuberculosis /
80 T RN 80
s
» "'!-..‘_- / - o
T Tohercaloais
0 1]
18& 19-20 21-22 23-24 25-26 27-28 29-30 31-35 B
under over

AGE

63


http://www.nap.edu/catalog.php?record_id=20266

essentially constant. However, the curve representing discharges of men
for whom the induction film was not considered to be negative rises rather
sharply, particularly after ages 27-28. We may perhaps think of the two
groups of tuberculosis discharges as being very largely in the one instance
men who were infected while in service, and in the other men who were
already infected at the time of induction. It is by no means surprising that
the proportion of men infected at the time of induction should be an increas-
ing function of age, for older men have for a longer time been subject to
the risk of infection. The curve for the presumably uninfected men, on
the other hand, seems to imply that the incidence rate of new clinical disease
is at a maximum at about age 20. An analysis in terms of length of service
disclosed that the shape of this curve is not merely a reflection of differences
in length of exposure for men of different ages: variation in average length
of service accounts for but little of the observed variation in the probability
of discharge for tuberculosis.

For nonwhite soldiers the situation is quite different from that among
white soldiers: the average CDD ratios for all ages differ markedly from
the averages for whites, while no evidence of the kinds of age patterns found
for whites can be observed. The CDD ratios in general move up and down

FIGURE 11

Discharges for Active Pulmonary Tuberculosis Per 100,000 Discharges by Age at Induction and
Final Reading of Induction Film; White Enlisted Men
Discharges Discharges
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in erratic fashion as age increases, and the movement in general does not
exceed what we might expect chance variation to produce. Only in the
discharges for inactive pulmonary tuberculosis is there a suggestion of a
rising ratio as age increases, and even here the rise is much slower than the
rise in the corresponding ratios for white soldiers.

RESIDENCE

Men coming from different sections of the country differed somewhat in
their relative chances of being discharged for tuberculosis. This undoubt-
edly reflects, at least in part, the variability among service commands in
efficiency of induction screening which we have already noted. Table 44
shows the probability of discharge as a function of residence at induction
and birthplace. For each race, the two proportions for each census division
are generally quite similar. Analysis of patterns of migration from birth
to induction did not reveal any striking correlation with the development
of tuberculosis.

URBAN AND RURAL BACKGROUND

Comparison of men with urban and rural backgrounds was disappointing
in that no consistent pattern could be seen. Table 45 exhibits the propor-
tions discharged for tuberculosis in relation to race and the population in
1940 of the birthplace and place of induction residence. The variability
within columns in this table is not impressive. Further analysis in terms
of roentgenographic interpretations of the induction films was not fruitful:
there was no evidence among whites or nonwhites either that men with
tuberculosis at the time of induction tended more frequently to come from
rural or metropolitan areas, or that this factor was associated with a variable
probability of development of tuberculosis in the Army.

Number Discharged for Tuberculosis Per 100,000 Discharges in Relation to Census Division of
Induction Residence and Birthplace
ODD Ratio/100,000
Census Division White Nonwhite
Induction Birth- Induetion Birth-
Residence place Resldence place
p i N T T T T S " S 164 164 340 340
New England. . ... oo o 154 152 (O] (0]
Middle Atlantic....... =2 126 122 208 255
Bouth Atlantie. ....... 170 179 203 285
East North Central. .. 1685 170 355 409
East SBouth Central...... 214 230 358 335
West North Central...... 141 137 0] m
West South Central... s 195 186 364 361
1 T R s O 170 176 O] (O]
R s SR 220 282 418 700
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TABLE 45

Number Discharged for Tuberculosis Per 100,000 Discharges in Relation to Size of City of Induce
tion Residence and Birthplace

ODD Ratio/100,000

Population (1940) White Nonwhite

Induction Birth- Induction Birth-
Resldence place Residence place

TTNOBIL v o i i s 164 164 340 30
1,000,000 OF TMOTL. ....ccocvnmssassoncnnsansnmnsnnnen 147 143 352 309

167 168 283 305

166 167 an 72

165 171 325 371

164 134 288 304

156 179 405 380

EDUCATIONAL STATUS

Analysis by educational status is more rewarding (table 46): among
whites, there is clear indication of a declining proportion of discharges for
tuberculosis as the educational level increases through men who graduated
from high school. In contrast, however, an increasing prevalence is found
among men who went on to college. Among nonwhites, on the other hand,
the very lowest proportions are found among men who attended college.
We can see from figure 12, wherein the CDD ratios are shown graphically
for white men, that the variability of the ratio with educational status
results almost wholly from variation in the proportions of men who are
sick when inducted. The development of disease in men with negative
induction films is practically independent of the number of school years
completed at the time of induction. Just why men of intermediate educa-
tional level (high school graduates) should be less likely than men who
attended college to have tuberculosis lesions at the time of induction we do
not know; a like analysis for nonwhites indicates a consistent decline in the
prevalence of tuberculosis with increase in education. Presumably, the
advantage which high school graduates exhibit when they are compared
with men with less education reflects the superior socio-economic environ-
ment from which they come.

An interesting parallel is to be found in table 47: here it will be seen that,
among whites, professional and semiprofessional workers have a significantly
higher proportion of tuberculosis discharges than do other workers. On
the other hand, ‘““operatives” have a very favorable experience. However,
the pattern of variation among nonwhites is quite different from that
among whites: among the nonwhites farmers seem to be at high risk,
although the sample is not sufficiently large for this difference to achieve
statistical significance;


http://www.nap.edu/catalog.php?record_id=20266

FIGURE 12

Discharges for Tuberculosis Per 100,000 Discharges by Education at Induction and Final Reading
of Induction Film; White Enlisted Men
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Per 100,000 Per 100, 000
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TABLE 46
Number Discharged for Tuberculosis Per 100,000 Discharges in Relation to Education at- Induction

ODD Ratio/100,000
Years of Education at Induction
White | Nonwhite
Total 164 340
4 or less 20 282
5T.. 178 346
8. 166 330
911, 153 333
12__. 141 09
13-165_ 198
16... 208 23
Over 16 281
TABLE 47
Number Discharged for Tuberculosis Per 100,000 Discharges in Relation to Civilian Occupation
CDD Ratlo/100,000
Clvillan Occupation
White Nonwhita
DI s i ot e i i i W 164 340
Pr R T e i A A (A N e P et 261 O]
Farmers and farm 18bOrers. ..o oo ee e e ————————— 163 442
EIONTIatonk: ORI o e b S R T R 161 m
Qlerical or sales personmel. . . .. oo oo oo cacceeeemcmcccecccmememsmamm e 174 41
Oraftamomn 80d SO ... ccecsccmmausicssnnsnmensnmasnanns pnnpas sasrananean 169 368
D e 142 302
T L T R e T A 165 (O]
Service workers, except protective service. 227 307
Protoctive 8orvion WOIKOE. ....ccecaccccnmsscasssscsmaanisnsoncaannssntnassnan 183 m
I Rl o e i e o AR A B 143 245
U A e L e S g AR 190 333

1 Not computed.,

BODY BUILD

If the sociological variables discussed thus far seem more remarkable for
the weakness of their association with the development of tuberculosis, the
same is not true of the factor of body-build. An association between build
and tuberculosis has long been noted ® and we are impressed with the very
great strength of this association. Table 48 and figure 13 exhibit the pro-
portions of recruits ultimately discharged for tuberculosis according to
height at induction. Among white enlisted men the increase of this pro-
portion with height is quite regular and for the tallest men (over 72 inches)
achieves a level more than twice as great as in the shortest men (63 inches
and under). For nonwhites, on the other hand, while there is some sug-
gestion of an upward trend in the incidence of tuberculosis with increasing
height, it is by no means unequivocal, and the picture is much obscured
by a relatively large sampling variability. Even if the suggestive trend
among nonwhites be taken at face value, however, the relative increase in
incidence from men of least to men of greatest height is very much smaller
than the corresponding change among whites.

Wmmm (11). Thess sathors quote Huntington as making this same observation
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Of even greater effect than height is the factor of thinness. We have
categorized men according to the ratio of their weight when inducted to the
median weight for men of that height. The basis for this classification was
a sample of 67,995 Army recruits examined at induction stations during
January and May 1943 (12). The results are shown in table 49 and figure 14,

FIGURE 13
Discharges for Tuberculosis Per 100,000 Discharges by Height at Induction and Race
Discharges Discharges
Per 100, 000 Per 100, 000
560 i 560
480 - N\ 480
400 ' 400

320 320
Non-white
240 et 240
White
160 160
80 80

0 0
63 or 03.1 64.1 65.1 66.1 67.1 68.1 69.1 70.1 71.1 More
less -64 -65 -66 -67 -68 -69 -70 -71 -72 than 72
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TABLE 48
Number Discharged for Tuberculosis Per 100,000 Discharges in Relation to Height

CDD Ratio/100,000

Helght at Induction 95 Percent 05 Percent
White |Confidence| Nonwhite | Confidence

Limits Limits
1 e e AR T P L A A= I e 164 1565-173 340 301-385
117 80-167 a2 182-584
109 78-148 274 144-500
133 92-188 274 184-422
138 102-183 354 251-525
152 130-177 IU 233467
154 133-178 2565 190-350
1556 135-179 383 280-544
160 163-221 522 368-801
174 145-207 466 306-785
180-204 200 184-519
244 108-304 300 178-501

TABLE 49

Number Discharged for Tuberculosis Per 100,000 Discharges in Relation to Ratio of Weight at
Induction to Median Weight for Height

White Nonwhite
CDTZ;OIJERE? Per OD[:ul‘hat!lJo Per
Ratlo of Welght to Median ¥ y
Weight for Height (Percent) R";t” Rnlsltnr Roi‘t” Rrﬁu‘r I
Num- | Num- 95 Per- | Num- | Num- 95 Per-
ber ber Esti- |cent Con-| ber ber Esti- |cent Con-
mated | fidence mated | fidence
Limits Limits
Total known....ccocoaacacea-.| 2,342 | 2,506 164 | 155-173 740 395 340 302-385
85 percent or less = 374 105 340 | 204-415 87 26 508 403-090
. 441 340 235 205-272 106 45 422 304-616
462 436 192 160-219 154 65 424 323578
635 818 141 127-156 260 144 3 266-300
to 182 258 128 106-154 67 44 73 180408
to 02 189 88 68-112 40 a5 2056 130-328
to 124 percent.... - 103 204 02 T2-115 22 2 180 98-330
25 peroent Or MOre. . ......-- 53 156 62 44-83 13 14 167 75-364

It will be observed that the decline in the proportion discharged for tuber-
culosis as weight increases (for fixed height) is truly precipitous, for both
whites and nonwhites: the proportion for the most obese group is less than
one-fifth of the proportion in the slimmest group, for each racial group.
The two curves follow about the same trend, the nonwhite proportions re-
maining generally at about twice the level of the proportions for whites.

The remarkable feature of this relationship is that it is found even if the
analysis is restricted to those individuals whose induction X-ray films were
considered by us to be unequivocally negative on the so-called final
reading. Table 50 and figure 15 show the results for white inductees.
Unfortunately, the number of nonwhite recruits in our samples is not large
enough to support a parallel analysis. It will be seen that the curve which
expresses the relationship between weight and the probability of discharge
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for tuberculosis for this restricted group resembles in shape the curve in
figure 14 for white recruits; the level is lower, but the shape and slope of
the curve are quite similar. Table 51 shows why this is so; here percentage
distributions are shown for white enlisted men for the control roster and
also for the tuberculosis roster, divided into three parts according to the
final reading of the induction film. The weight distributions in the tuber-
culosis roster are all quite similar and are apparently unrelated to the
reading of the induction film, but are all quite different from the distribu-
tion of weights found in the control roster. The evidence suggests, there-
fore, that while discase preexisting at the time of induction may contribute
in a small way to the displacement of the weight distribution in the tubercu-
losis roster in the direction of slimness, the most important reason for this

TABLE 50
Number Discharged for Tuberculosis Per 100,000 Discharges in Relation to Ratio of Weight at
Induction to Median Weight for Height; White Enlisted Men, Final Reading of Induction
Film Negative

Ratio of Weight to Medis, Weight for Height ODD Ratio/100,000
Total 82
85 percent or less 103
88 to 90 percent 120
91 to 86 percent...___ e—- 92
96 to 104 nt o7
108 to 100 percent e icecacaea 73
110 to 114 percent 37
115 to 124 percent. .- 33
125 percent or more. 35
FIGURE 14
Discharges for Tuberculosis Per 100,000 Discharges by Relative Weight at Induction and Race
Discharges Discharges
Per 100, 000 Per 100, 000
840 40
560 \ 560
480 \ _ 480
400} 400
320 \ 320
240 \\ 240
T~ Non-whit
180 \\ .\? white 160
\
80 P 80
ﬁwmte
o .

85 or 868-90 91-95 96-104 105-109 110-114 115-124 1250r
less more
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shift is a tendency toward greater susceptibility to disease on the part of
thin men and greater resistance on the part of men of normal weight or
men who are even obese. The correlation between susceptibility to tuber-
culosis and height noted above tends to strengthen this conclusion. More-
over, the relationship with height would imply that the correlation of
physical build with susceptibility is probably not entirely on a nutritional
basis but, at least in part, rests on some other mechanism.

TABLE 51

Distribution of Weight at Induction in Relation to Roster and Final Reading of Induction Film for
the Tuberculosis Roster, White Recruits

Tuberculosis Roster, Final Reading of
Induetion Film
. Control
Ratio of Weight to Median Weight for Helght Roster ot
er
Negative | Tuberculosis | Pathology
Only
Total (DAroent). ... occceeecmncrnnscarnssnens 100. 1 100.1 100. 0 100.0
Total number... ..o oo 2,482 925 902 260
S5percent or 1e8s. .. ... oo ieean 7.7 17.9 17.0 10.4
86-90 percent.____ e 13.1 18.1 17.6 15.4
91-95 percent. .. .. = 17.1 10. 4 20,2 25.0
96-104 percent__ S 3.3 25.4 2.4 2.5
105-100 percent........ceccecmencacmcnnannen 9.9 8.5 6.8 8.1
110-114 percent... i 7.3 3.4 4.4 4.2
115-124 percent. .. ... coeceecceeccenmnnmn—- 7.8 3.7 4.2 58
125 percent OFr MOTS. .« oo oo oo cmemeem e 6.0 27 1.4 4.6
FIGURE 15

Discharges for Tuberculosis Per 100,000 Discharges by Relative Weight at Induction; White
Enlisted Men, Induction Film Negative on Final Reading

Discharges Discharges

Per 100, 000 Per 100, 000
200 200
180 \ 180
120 120

\.....-——ﬂ\

86-90 91-95 96-104 105-109 110-114 115-124 125 or
less more
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e ]
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8. ASPECTS OF MILITARY SERVICE IN RELATION TO
THE DEVELOPMENT OF TUBERCULOSIS

UNITED STATES AND FOREIGN SERVICE

A great deal of interest is naturally attached to such questions as “What
increase in the risk of contracting tuberculosis, if any, is associated with
foreign service? Which are the places of particularly high risk”? Un-
fortunately, we can answer such questions only in a tentative way, for at
least two reasons. First, as was remarked above, incidence rates for
tuberculosis measure recognition of disease, not infection. For this reason,
we should expect to find that the “incidence” of tuberculosis for troops in
the continental United States during World War II far exceeded that in
foreign theaters for the reason that men were in the United States when
subjected to the separation X-ray screen, and we have seen that a very
large proportion of the tuberculosis diagnosed in troops during World
War II was apparently detected only by the separation screen. In other
words the incidence rate associates the occurrence of tuberculosis with the
characteristics of the patient at the time the diagnosis is first made, while,
as we know, tuberculosis may not become manifested as a clinical entity
for many months after infection occurs. We therefore use instead of the
incidence rate the CDD ratio, which simply measures the proportion of
men having any given characteristic who were ultimately discharged for
tuberculosis. In this way we associate a diagnosis of tuberculosis in a
soldier with each of the characteristics of his service prior to the diagnosis,
not merely the characteristics at the time the disease is first recognized.

The real difficulty, however, cannot be overcome so simply, for it results
from the fact that the experiment in nature which we are trying to exploit
for our own purposes, unfortunately, confounds the variables under study.
Thus, it is plain that, wholly apart from any tendency for the risk of in-
fection to be different in overseas theaters from that in the United States,
the occurrence of tuberculosis is not unrelated to the chance of overseas
service: men who manifested tuberculosis after, say, 8 months of service,
but before being sent overseas, had no chance of going overseas. This
tends to inflate the CDD ratio unduly for the United States and to deflate
it for overseas. This may be made clear by a simple example: suppose
100,000 men were inducted, of whom 200 had tuberculosis and would
eventually be discharged for this disease. Suppose half, or 50,000 men,
were to serve only in the United States, so that of these 50,000 men 100
were CDD’d. Suppose further that of the 100 tuberculosis discharges
occurring in the 50,000 destined for foreign service, half, or 50, occurred
before overseas shipment; these 50 men, then, did not go overseas and
would be debited to the United States group. So we have at the end, for
the United States group, 150 discharges for tuberculosis out of a total of
50,050 men serving in the United States only, for a ratio of about 300 per
100,000, and only 50 such discharges out of a total of 49,950 men who
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served overseas, for a ratio of only about 100 per 100,000. This difference
does not in any way depend upon length of service, or time overseas, or
any other factor save the all important one, that the occurrence of tubercu-~
losis can affect the classification under study (here overseas vs. United
States). In fact, the example cited is not grossly exaggerated: if, in our
data, we calculate CDD ratios per 100,000 for enlisted men who served
overseas and in the United States only, we obtain 119 and 406, respectively.
Much the same kind of argument can be applied to other variables we
wish to study, such as military occupation and particular theaters of
service among men who served overseas. The reason that this problem
affects theater comparisons is exemplified by the comparison between men
for whom the place of longest overseas service was the Philippines and
those for whom it was the Southwest Pacific: the CDD ratio for the South-
west Pacific is much higher than that for the Philippines. One reason for
this somewhat surprising result is that most of the men who went to the
Philippines had come from the Southwest Pacific; men who broke down
with active tuberculosis while in the Southwest Pacific were debited to
that theater, while their companions who failed to break down went on
to be credited to the Philippines as controls.

Granting the difficulties mentioned above, we wish, nevertheless, if it is pos-
sible, to obtain at least first approximations to answers to the questions of in-
terest, and we believe that this may be done by placing suitable restrictions no
the cases of tuberculosis studied. Thus, could we restrict ourselves to those
cases of tuberculosis detected by the separation screen, our problems would
disappear, for there is no possibility that tuberculosis thus detected could
have affected the characteristics of service. Unfortunately, the records
usually did not distinguish unequivocally between cases of tuberculosis
discovered by the separation X-ray screen and other cases; so we must ap-
proximate this restriction by indirect means.

We should expect that the cases detected by the separation screen in
general had longer periods of service before the detection of their tubercu-
losis than did men who reported sick. Therefore, we may hope that by
invoking a suitable minimum length of service (apart from time spent in
hospital because of the tuberculosis), we should restrict the group under
consideration largely to the cases discovered by this separation screen.
The particular restriction employed was to consider only those men who
served more than 2 years apart from time spent in hospitals with the diag-
nosis of tuberculosis or any other diagnosis referable to the chest. Of our
3,000 controls, 2,120 (or 71 percent) met this criterion, while of our 3,099
men discharged for tuberculosis, 983 (or 32 percent) had such long service
prior to hospitalization. Secondly, we sharpened our focus by considering
only those men discharged for active pulmonary tuberculosis. This re-
sulted in a further reduction of our Roster I cases to 611, or 62 percent of
those eligible on the basis of length of service and 20 percent of the entire
roster. Finally, we also imposed on the Roster I cases the condition that
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our final reading of the induction film be negative; this reduced the roster
to 323 men, or about 10 percent of the original number.

These Draconian restrictions, while they seriously interfered with our
ability to subdivide our data according to different characteristics of service,
nevertheless, do possess the advantage that, having made them, we may
reasonably hope that any apparent differences in the occurrence of tuber-
culosis found really represent differences either in the risk of infection or
in the probability that infection will result in clinical disease, or both.

PRISONERS OF WAR

Table 52 shows the data with respect to overseas service and prisoner-of-
war status. The right-most column, labeled “Relative Chance of Tuber-
culosis,”” was obtained by dividing the second column by the fourth and is
an index showing the degree of risk for persons in the stated category rel-
ative to the race group as a whole, the average risk being taken as 100.
Thus, among whites, for men with overseas service who were not taken
prisoner, the risk was 99, while for those captured the risk was 340, It
should be noted that almost all of the prisoners in this study were captured
by the Germans: most of our troops who were captured by the Japanese
were inducted into the Army too early to be eligible for this study, since it
will be recalled that we employed the restriction that men must have been
inducted on or after 1 July 1942, In a study of prisoners of war (13) Cohen
and Cooper found that the proportions of prisoners who had active tuber-
culosis diagnosed at the time of liberation or shortly thereafter was about
37 per thousand for former prisoners of the Japanese as compared with
about 6 per thousand in liberated prisoners of the Germans. In addition,
probably much of the very heavy mortality in Japanese prisoner-of-war
camps was attributable to tuberculosis. It must be recognized, therefore,
that our statement of relative risk applies only to prisoners in the European
theater. '

It will be seen from table 52 that the effect of the restrictions we have
made has been to eliminate the spurious appearance of an excessive risk
of tuberculosis among men who served in the United States only. In fact,
the risks among men with and without overseas service (excluding men
who were captured) were substantially equal: the differences are small,
are in opposite directions in the two racial groups, and are not statistically
significant. The contrast between prisoners and men with overseas serv-
ice who were not prisoners is, on the other hand, highly significant among
whites. For nonwhites, the number of prisoners was so small that the
corresponding difference, although very large, does not by itself achieve
statistical significance, although there can be little doubt that nonwhites,
too, while in prison camps, were subject to very high risk of infection.
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TABLE 52

Development of Tuberculosis in Relation to Overseas Service and Prisoner-of-War Status; Men
With 25 Months or More of Service Excluding Time in Hospital for Chest Disease

Roster 11 Roster 11 Relative
Chance of
Tuber-
Number Percent Number Percent culosis
White
Total KDOWD eeeeeeecmccmemmce e c s 255 100.0 1,820 100.0 100
No overseas service.................... 32 12.5 2280 15.3 82
Overseasservice. . ... .. oo._.... 23 87.5 1, 546 84.7 103
Not prisonerof war..........c..... 210 82.4 1, 519 83.2 90
Prisoner of WAL ... oooeeecnnans 13 &1 n L& 345
Nonwhite
T KDOWD cevcecscnnsonnnsnascasnnnamnas 68 100.0 20 100. 0 100
No overseas service. ... .. ......... 11 16.2 43 14.8 109
OVverseas Service.....cccceeeeaaccncnas 57 83.8 247 85.2 08
Not prisonerof war................ 55 80.9 M6 84.8 95
Prisoner of war_ ... ..ooooeeninnn. 2 29 1 0.3 ™

h‘[‘mﬁdhmdbﬂﬂnﬂhwﬂﬂmwbmmhm final reading of induction film
llfﬂ“.
1 Not calcalated.

PLACE OF FOREIGN SERVICE

The influence of place of foreign service may be seen in table 53. The
variation by place in the relative chance of acquiring tuberculosis, among
whites, was not significant and may be attributed to chance, but among
nonwhites, the Mediterranean area (North Africa, Italy, Southern France)
was associated with quite high risk and the Pacific area (Central Pacific,
Southwest Pacific) with very low risk. While the reasons for the sig-
nificant variation from the average in these two areas cannot be explicitly
demonstrated, it seems significant that for nonwhites the Mediterranean
area had an extremely high venereal disease rate and the Pacific area
quite a low rate. The Mediterranean theater early became one in which
large numbers of rear area troops, whose mission was logistic support to
the front, were in close contact (as manifested by the high venereal disease
rate) with a civilian population in which there was a high prevalence of
tuberculosis.

Analysis of the geography of foreign service within theaters proved to
be impractical because of the great mobility of the Army during World
War II: most men served in many places within the same theater, and
it was not always easy to tell from the individual records how much time
a soldier with European Theater of Operations service had spent in the
United Kingdom, France, Belgium, and Germany, respectively. On the
other hand, it seems plain from an analysis of venereal disease rates that
contact between troops and the civilian population was not very close
during active fighting; thus, it was not until after the capture of Paris that
venereal disease rates began to soar in France. We may conclude, then,
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that a civilian population in which tuberculosis is prevalent probably
constitutes a potential menace to the health of troops when the overall
situation is one which favors relatively close contact between that popula-
tion and the troops, and that the absence of such close contact materially
diminishes the danger. In short, perhaps the most striking feature of
table 53 is the relative homogeneity of risk by theater which it displays,
particularly among white troops.

We were not able, however, in our sample to demonstrate a direct rela-
tionship between the incidence of venereal disease (and scabies) and the
risk of tuberculosis. In fact, as table 54 shows, the relationship seems, if
anything, to be inverse. In this table the risk of tuberculosis for each sub-
group defined by foreign service is taken to be 100; the risk for men whose
records did or did not show diagnoses of venereal disease is then computed
relatively to this base. Thus, white soldiers who served in the European
Theater of Operations who acquired venereal discase (or scabies) in that
theater were only 97 percent as likely to be discharged for (presumably)
service-acquired active pulmonary tuberculosis as were men generally who
served in that theater. However, this apparent decreased risk of tubercu-
losis in white men who acquired venereal disease in the European Theater
of Operations is not statistically significant, nor is there for any theater, for
whites or nonwhites, significant evidence of association between tubercu-
losis and venereal disease, whether direct or inverse. Nevertheless, it is

TABLE 53

Development of Tuberculosis in Relation to Place of Longest Overseas Service; Men With 25
Months or More of Service Excluding Time in Hospital for Chest Diseass

Roster I1 Roster I1 Relatlve
Longest Overseas Service (I‘.E']'&ﬁgf
Number Percent Number Percent losis
White
P A L s S| 221 100.1 1,521 100.0 100
North Ameriea. . .........._.. - 3 L4 47 31 44
Central and South 3 1.4 20 1.9 7
E . 121 5.8 754 49.6 110
17 7.7 160 10.5 73
6 2.7 51 3.4 81
11 5.0 4.1 120
60 .1 417 7.4 90
Nonwhita

L e e L e s R 56 100.0 245 100.0 100

1 1.8 2 .8 ®
b1l 48.2 108 4.1 100
12 21.4 22 9.0 39

1 1.8 7 29 ™
b 8.9 18 7.3 122
10 17.9 88 35.9 50

ulmmbmdwmuuummwwwmmmwmm film
nﬂnﬂm
1 Not calcnlated.,
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striking that in seven out of eight instances (four theaters each for whites
and nonwhites), the apparent risk of tuberculosis was lower for men with
venereal disease. This, combined with the observation that among non-
whites the Mediterranean Theater of Operations showed both high tuber-
culosis and high venereal disease rates, while the Pacific theater had low
rates for both kinds of disease, suggests the possibility that a defect in the
Army clinical records may be obscuring the picture. If, in fact, there were
a real association between the incidence of venerehl disease and the inci-
dence of tuberculosis, but venereal disease diagnosed in an individual hos-
pitalized for tuberculosis might sometimes go unrecorded in the face of the
other more serious condition, then we should expect that the recorded
experience might look much like what we see in table 54. However, this

TABLE 54

Development of Tuberculosis in Relation to Venereal Disease and Theater of Overseas Service;
Men With 25 Montks or More of Service Excluding Time in Hospital for Chest Disease

Roster It Roster IT Relative
Chance of
Tuber-
Number Percent Number Percent oulosis
‘White
ETO—Total.__ 121 100.0 754 100.0 100
With ETO venereal disease____....... 13 10.7 60 8.0 135
‘Without ETO venereal disease_..__... 108 80.3 684 92.0 97
MTO—Total 17 100.0 160 100.0 100
With MTO venereal disease..._._....__ 1 5.9 a1 13.1 45
‘Without MTO venereal disease..._._. 16 9.1 139 86.9 108
PAC—Total ] 100.0 417 100.0 100
With PAC venereal disease_...____.__. 1 1.7 18 3.8 43
Without PAC venereal disease....._.. 59 98.3 401 96.2 102
Other Theaters—Total ....oooooaueeaaeao.. 25 100.0 215 100.0 100
‘With overseas venereal disease__...___. 17 [ 1) IR,
‘Without overseas venereal disease_____. 25 100.0 108 92.1 109
Nonwhite
ETO—Total.... 27 100.0 108 100.0 100
With ETOQ venereal disease...._..___. 2 7.4 25 23.1 32
‘Without ETO venereal disease...._... 25 92.8 83 76.9 120
MTO--Total 12 100.0 22 100.0 100
With MTO venereal disease .. 1 8.3 9 40.9 20
‘Without MTO venereal disease 11 1.7 13 59.1 155
PAO—Total 10 100.0 88 100.0 100
With PAC 1 disease 1 10.0 12 13.6 73
‘Without PAC venereal disease........ 9 90.0 76 86. 4 104
Other Theaters—Total. _.caeeeemeeecaucan 8 100.0 29 100.0 100
‘With overseas venereal disease._ ... . ..|ccecceooocoofemiaaoan.o 3 10.3 Joceiaaraenae
‘Without overseas venereal disease...... 8 100.0 26 89.7 112

is, Llnﬁted to men discharged for active pulmonary tuberculosis for whom final reading of induction film
negative.
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suggestion is highly speculative; there is no evidence in our data of associa-
tion between the two conditions. Only a small number of men (about 8
percent) on our rosters were noted as having been admitted to hospital
for these conditions, and there was no evidence of an increased incidence
of tuberculosis among these men. Similarly, just under 5 percent of the
combined rosters had suffered battle wounds, but no association was found
between the incidence of wounding and the prevalence of tuberculosis.

MILITARY ARM AND OCCUPATION

No distinguishable effect was found to be associated either with arm (table
55) or military occupation (table 56) except for the consistent finding that
men who served in the Medical Department, or who had medical duties,
had a substantially enhanced risk of contracting tuberculosis: for white
soldiers, the risk associated with such duties was somewhat less than twice
the general risk, while for nonwhite soldiers the risk was just about doubled.
While the differences in risk for nonwhite soldiers with medical duties are
not by themselves sufficiently large to achieve statistical significance in
view of the relatively small number of men involved, the corresponding
differences for white soldiers do exceed chance expectation on the 5 percent

TABLE 55

Development of Tuberculosis in Relation to Arm or Service; Men With 25 Months or More of
Service Excluding Time Spent in Hospital for Chest Disease

Roster I'1 | Roster 1T Relatlve
Arm or Service C.I.T,ﬁefm‘{f
Number Percent | Number Percent losis
White

Total Enown b, . ..o caccciccsaicnnes 255 100.0 | 1,828 | 100.0 : 100
Infantry, cavalry, armored 67 26.3 | 433 23.7 | 111
Fileld art rtille oy gt 12 4.7 156 8.5 65
Coast Artillery Corps 19 7.6 151 8.3 90
Corps of Engineers_ . 23 9.0 248 13.6 66
Quartermaster Forps 9 3.6 104 5.7 61
Medical Corps.. “ 17.3 179 0.8 | 177
Other services. 45 17.6 380 21.3 83
Alr Corps. . 68 26.7 501 27.4 o7

Unknown or unassigned. ... 1 A [ .3 ®

Nonwhite

ol AW B s s 8 100.0 l 200 | 100.0 | 100
Inrantry,ca\alry,armnmd _____________ ] 13.2 30 10.3 | 128
Field artillery..._ SRy 2 2.0 19 6.6 | 44
Coast Artillery Corps - 4 5.9 11 3.8 | 155
Corps of Engineers. . .o ooooeomaanaan T 10.3 52 17.9 58
Quartermaster Corps. 2 32.4 124 42.8 T
Medical Corps. ... 6 8.8 12 4.1 215
Other services. ... 17 25.0 65 22.4 112
Alr Corps.. 14 20.6 &0 17.2 120

Unknown or unassigned. ...l ceoeeeem- PNk, el | 2 o ®

|

1 Limited to men discharged for active pulmonary tuberculosis for whom final reading of induction film is
na‘gnuw.
Totals shown are numbers of men studied; since some men had more than one assignment, column sums

exceed the totals.
3 Not calculated.
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TABLE 56

Development of Tuberculosis in Relation to Military Occupation; Men With 25 Months or More
of Service Excluding Time Spent in Hospital for Chest Disease

Roster 11 Roster IT Relative
Military Occupation (%Ellanoo of
Number Percent Number Percent losis
‘White
i I S S e 255 100.0 1,828 100.0 100
Gunnery and gunnery control. . = 102 40.0 678 87.1 108
Intelligence, wecurll,} reconnaissance... 2 1.4 176 0.6 119
Communications. . . 35 13.7 216 1L8 116
’[‘rnmporl.al!on _____ 50 10.6 407 2.3 88
Bupply. i 39 15.3 40 13.6 113
Maintenance. ._........... 55 2.6 452 207 87
Medical. 31 12.2 135 7.4 165
Construction and englmoring 11 4.3 B 6.1 84
Administrative, technical, mise.. 68 26.7 526 2.8 93
Nonwhite
U R S S Ve 68 100.0 202 100.0 100
Gunnery and gunnery control......... 13 10.1 56 19.2 ]
Intelligence, security, reconnalssance. . 1 1.5 10 3.4 43
Cammunicﬂtiom ______________________ 6 8.8 14 4.8 183
Transportation. . 18 23.5 100 3.2 69
Supply. . 16 2.5 72 24.7 95
Mulntenance, construc!ion englmer
T L N RS TSR RS 10 14.7 85 2.3 L]
‘\1edlml 6 8.8 11 3.8 234
Administrative, technical, mise..._..__ 32 47.1 145 40.7 95

amn:llmwmmmhawummmmmmwmmmmammm

is
muhmmmbu:dmthdhd.dmmmhadmthmmnﬂ;nm&whmnm

significance level. If we accept this finding for whites as indicative of a real
enhancement of risk, it would seem logical to suppose that the apparent
enhancement of risk for nonwhites, too, was real and not merely a coinci-
dental finding.

We must assume that the increased risk associated with service in the
Medical Department reflected exposure to tuberculous patients. While
the age distributions of men serving in different arms were not identical,
differences in age do not account for the excessive risk among medical
personnel: age differences were not sufficiently dramatic in view of the
rather moderate variability of the age-prevalence curve over the age range
with which we are concerned. Thus, the proportion of white males
discharged for active pulmonary tuberculosis with negative induction films
(final reading) was 42 per 100,000 (table 43); if we apply the age distribu-
tion of white Medical Department personnel in Roster II to the cor-
responding age-specific white CDD ratios taken from the third column of
table 43, we obtain the ratio 41 per 100,000.

We must confess to a certain surprise at the results enumerated above,
In brief, what we have found is that prisoners of war had substantially more
tuberculosis than their fellows, that men with medical duties had a high
prevalence of disease, and that, for nonwhite soldiers, service in the Mediter-
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ranean theater was associated with high tuberculosis prevalence and
service in the Pacific with low. Apart, however, from these few findings,
the picture is one of relatively bland uniformity of risk whether in relation to
arm, military occupation, overseas service, theater of service, or civilian
contact as measured by venereal disease rates; the differences in risk which
are observed are no greater than those one would expect to be produced by
the vagaries of sampling. It does not seem unreasonable to infer, therefore,
that in all probability the majority of cases of tuberculosis. originally
contracted by men while in service resulted from infection by their fellow
soldiers, particularly among white troops. We have already seen that the
evidence i3 strong that thousands of men with tuberculosis were inducted
into the Army, and indeed we have estimated that about half of the tuber-
culosis which appeared in the Army and led to discharge was present at
induction. If, on the average, two men inducted with tuberculosis infected
one additional fellow soldier, then, half of the men who acquired tubercu-
losis in service would have been infected by their barracks mates. Just
what proportion of the tuberculosis actually did result from infection by
our own troops we cannot estimate, but that it was not inconsiderable
would seem to follow from the fact that troops who served in areas wherein
the prevalence in civilians was low, contracted the disease with about the
same frequency as did men who served where prevalence was high. If all
or even a large fraction of the infections were acquired from civilians it is
hard to see how prevalence in troops could be in such large measure inde-
pendent of the degree of infectivity of the civilian population.
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9. SUMMARY

Comparison of the induction and separation chest X-ray films of approx-
imately 3,000 randomly selected veterans discharged for tuberculosis and
3,000 veterans similarly selected for the study who were not discharged for
tuberculosis, brought out a number of facts of significance both for military
purposes and for the more general understanding of tuberculosis. These
are summarized in the following paragraphs.

Approximately half of the men discharged for tuberculosis had the
disease in roentgenographically detectable form at the time of acceptance
for service. Their lesions were overlooked in the induction examination
for reasons not always evident in the films themselves. It is noteworthy
that the failure of detection was most frequent at induction stations known
to have inferior medical service.

The incidence of apparently new tuberculosis developing in service in
men under comparable environmental conditions was significantly greater
in non-white than in white men. This fact is in agreement with many
observations on racial differences in the prevalence of tuberculosis.

The peak of breakdown from tuberculosis among men not having lesions
at induction was at the low age of 19-22 years, while breakdowns among
men with lesions at induction tended to occur at older ages. Thus our
results are consistent with Frost’s data which appear to indicate that the
current trend toward greatest prevalence of tuberculosis beyond the years
of middle life is caused by the breakdown of old lesions which date back to
an era in which infection with tuberculosis was much more frequent than
it has been of recent years.

The data indicate clearly that tall, thin men developed tuberculosis more
frequently than men of other physical types. The significance of this
observation is not obvious in the light of the present tendency to belittle
such gross constitutional factors as body build in comparison with intensity
of exposure to infection, environmental factors depressing resistance, and
more finely drawn physiological constitutional factors. The finding was
not a confusion of cause and effect.

Educational background and premilitary civilian occupation exerted no
well defined effect with reference to the development of tuberculosis in the
Army. The scattering of cases in groups of different educational levels
appeared to indicate that, at least under the circumstances of military
occupation, these social factors did not have a determining influence on the
likelihood of breakdown. Soldiers who came from urban and rural back-
grounds seemed not to differ with respect to the probability of developing
clinical tuberculosis.

With one exception, viz, service in the Medical Department, there was
no significant relation of Army arm or occupation to development of
tuberculosis. A relatively high rate of development of the disease occurred
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in the Medical Department, which might well have been due to excessive
exposure in the occupation itself.

Foreign service per s¢ did not affect the incidence of development of
tuberculosis significantly, although abnormally great exposure in certain
theaters was associated with increased rates of breakdown.

The incidence of tuberculosis was excessively high in prisoners of war.
The high rate is most easily explained by the fact that prisoners of war are
frequently subjected to greater exposure to infection than soldiers in their
accustomed lines of duty, and that prisoners suffer hardships which lower
their resistance to tuberculosis.

The men discharged for tuberculosis served for an average period of
22.7 months before separation; about a third served for more than two
years. Only 17.2 months, on the average, were spent on active duty,
while 5.5 months were spent in hospital.

The data indicate that endogenous and exogenous tuberculosis are both
important in military service and that constitutional factors are concerned
in resistance. Tuberculin tests would have been of great value in under-
standing sources and causes of clinical disease, had it been possible to carry
them out as part of the induction procedure.

All films studied were read independently by two roentgenologists.
A substantial extent of disagreement between the two was found. One
reader was more cautious than the other with respect to definitive diag-
nosis of tuberculosis. A still greater difference of opinion was noted with
respect to stage of the disease when there was agreement as to its presence.
Disagreement was fairly high with respect to activity, but only in a border-
line range; disagreement as to unequivocally active or inactive disease
was infrequent. Agreement with respect to the presence or absence of
calcification, and its extent, was low. Disagreement with respect to the
presence or absence of non-tuberculous disease, particularly cardiac
abnormality, was great. Disagreement was greater with standard size
(14 x 17 inches) than miniature (4 x 5 and 4 x 10 inches) films.

A check on each reader’s self-agreement was made by assigning a repre-
sentative set of films from the tuberculosis and non-tuberculosis rosters of
the study for rereading several months after the first reading. Self-
disagreement comparable to disagreement between readers was noted;
however, it was chiefly within a border-line range, rather than in the range
of frank positive or negative diagnosis.

Relatively few men whose disease was read by the radiologists of this
study as inactive at induction showed active disease at separation. Of
the men, on the other hand, who had active disease at induction, a large
proportion suffered progression during service as evidenced by advances
in stage and the development of cavities. The 3,099 men on the tuber-
culosis roster, representing a 33 percent sample of the men inducted and
discharged for tuberculosis during the time interval studied, had had
1,417 man-years of Army hospitalization for this disease.
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The results of dual reading of chest X-ray films at induction stations are
much more reliable than diagnoses from single readings. If the induction
films had each been read by two different radiologists, undoubtedly many
more of the men who were tuberculous at entry could have been excluded
from service. However, the difficulties of interpretation of small lesions
are such that in order to exclude all of the infected men, it would have been
necessary to exclude also many men whose X-ray films were similarly
subject to suspicion, but who did not have tuberculosis. The hope for
substantial improvement in screening efficiency rests on the use of supple-
ments such as the tuberculin skin test and a revision of the examination
procedure permitting adequate follow-up observation. In the absence of
these aids, it would appear that the most reliable and practical screen is
dual reading followed by a conference on disagreement.
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