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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 

ill 
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to medical records, and providing statistical analysis. The Veterans Ad
ininistration 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 beenc 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. 

Iv 

GEORGE M. LYON, M. D. 
Assistant Chief Medical Director 
for &search 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 
<:ost 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 fu 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 II, estimated that about 50 percent of the rejections were not 
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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 se1vice men who are sick;- but also 
to consider the need during a time of nianpowcr shortages of avoiding 
unwarranted losses of manpower to the sc:rvices. 

2 
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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 wete 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 II, 69, constituting 1.0 percent of Roster I and 2.3 
percent of Roster II. 

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, 
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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 from 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: 

AX Not read c 9 Minimal 
9 Negative 8 Moderately advanced 
8 Unsatisfactory 7 Far advanced 
7 Tuberculosis 6 Extent not classifiable 
6 Suspect The. 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-lnactive vs. questionably active 
8-lnactive·vs. active 
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~uestionably active vs. active 
1<>-Cavity vs. no cavity 

Not Considered Discrepandes: 
Calcification vs. no calcification 
Dry pleurisy vs. no dry pleurisy 

----·--·---- --- - -

One half vs. two halves on same side 
Minimal vs. moderatdy advanced 
Moderatdy 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 II, 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 sdected 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 

Copyright © National Academy of Sciences. All rights reserved.

Tuberculosis in the Army of the United States in World War II:  An Epidemiological Study With an Evaluation of X-Ray Screening
http://www.nap.edu/catalog.php?record_id=20266

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


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 &vUWed for Each Rosl4r 

Roster I Roster II 

Number Percent Number Percent 

Total ••••• ···········---~---·----------- •••••••••• ---·------ --- a, 099 

Induction ftlms reviewed................................... 2, 7611 
Separation ftlms reviewed.................................. 2, 462 

100.0 

89.0 
79.4 

3,000 

2.872 
2, 733 

100.0 

116.7 
91.1 

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 ,ear 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 
Perctnl of lruluaion and Separation Films Fountl and R.eviewed for Each Roster by Stltdtd Chm

acteristics of Seruice 

Urn· 
her or 
Men 

Roster I 

Percent of 
Films Re

''iewed Num-

Roster II 

Percent of 
Films Re

viewed 
--~-~1~r::if 1~-~--
Ind UC· Sepa. lnduo- Sepa-

tion ration tlon ration 
- ---------------·!--- ------ - -- - - - ---
A.II men.. ..... ............................ . .... .... . .. 3, 099 9.0 79. 4 8,000 95. 7 91.1 

Inducted In 1942 •••.•••..•••••••• .. •..•••• •• . . .... I. 295 00. 4 81.0 1.061 94.9 88. 7 
Inducted 1943 or later ........ .•.•.•••••••••••••.•• l,804 88. 0 78. 3 1,939 00. 2 92.4 

Sepe.rated In 1943 • •.... . ... . . •• • . . •••••••..••••.•• 7n 7. 3 74. 2 163 114. 1 47. 7 
SeJJBrated In 19f4 ••••••••••..••••• ... ••.•• •. ... ••• 661 91.1 76. 9 107 92. 5 73.8 
SePBr8ted In lll4$-llWI ....... .... . •••••••• •••••••• 1, 697 9.0 2. 7 2, 740 95.9 114 .• 2 

I months or les.'! of service .. . .••••••••••••••••.••. l. 410 .7 7'1. 8 415() 94. 9 72. 0 
19 months or more of service .• ••••• .. ••. •• ••• .•. • . 1,680 89.3 83.3 2. 5.'iO 95.9 94. 5 

Age at lndnctioo 36 or less ••••.••. . ... .. . . . ..... .. 2, 76 88. 8 79. 5 2, 857 05.8 91.3 
Age at lnducLion 36 or more . . .. •..••••.••.••••••.• 21 91. 3 7 . 9 132 94, 7 87. 1 

TABLE 3 
.Number and Perctnl of Induction and Separation Films Found and R.euitwed f Dt' the Tuberculom 

Roster by Disehmge Diagnom 

Induction FDma Separation FDma 
Number Reviewed Reviewed 

Diagnoeil at Discharge oCMen 
Number Percent Number Percent 
------------

AU men ••••••.•••••••.••.••• •••••• •.•••••••••••.•••. 3, 099 2, 7811 89.0 2,463 79.4 ---------------
Active pnlmonary tuberculosis •••••••••••••••••. 2,006 1, 791 89.3 1, 612 80.4 
Inactive pnlmonary tuberculosla .•.•••••.•.•••••. 626 639 86. I 480 76. 7 
Pulmonary tuberculosis, activity not stated •••.. 31 28 00.3 22 71.0 
Tuberculosis or trachea, bronchi, or pleura ••..... 174 159 91.4 1118 00.8 
Otber non pulmonary tuberculosis ••••••••.•..... 262 242 9a4 100 72. 6 

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 

Copyright © National Academy of Sciences. All rights reserved.

Tuberculosis in the Army of the United States in World War II:  An Epidemiological Study With an Evaluation of X-Ray Screening
http://www.nap.edu/catalog.php?record_id=20266

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


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. 

Location of Film 

TABLE 4 
Location of Films Found 

Roster I 

Induction 
Films 

Separation 
Fll.'IIS 

Roster II 

Induction 
Films 

Separation 
Films 

No. Pct. No. Pct. No. Pct. No. Pct. 
-----------1---·I--------------
TotaJ________________________________ 3,099 100.1 3,099 100.1 3,000 . 100.0 3,000 99.1> , _______ ,____ _____ _ 

VA Records Center-------------- 2, 702 87.2 1,261 40. 7 2,872 · 96. 7 2, 719 90.& 
VA Hospital.-------------------- 341, 1.1 841 27.1 0 0 4 .1 
ArmyllospltaL---------------- .. .6 321 10.4 o o 10 .a 
VA Claims Folder--------------- 9 .3 39 1.3 0 0 0 0 
Not Found______________________ 340 11.0 637 20.6 128 4.3 267 8.1> 
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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
pend~ntly 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, ~ereinafter 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 
Oueral/ Comparison of lnJerpretations of Films by Two Readers 

Total Films Negative Tbc. Suspect Tbc. Unsat. Other 
Pathology 

No. I Pct. No. Pct. No. Pct. No. Pct. No. Pct. No. Pct. 

10, 764,~ 
--------------------

Reader!.. ••. 6,556 60.9 2,n2 26.2 774 7.2 IS . 1 'I08 6.6 
Reader 2-. ••• 10, 764 99.9 6,073 66.4 2, 621 24.3 1,316 12. 2 13 .1 741 6. 9 

TABLE 6 
Comparison of First and Second Readings as to Presence of Pathology l 

ReaderNo. l 
Total egative 

Reader No. 2 

Tbc. Suspect 
Tbc. 

Path· 
ology 
Other 
tb D 

Tbc. Only 
----------------1---------------
TotaL______________ ___________ _______ ______________ 10, 741 

Negative.----------------------·--- - --- · ------- 
Tbc ..•...••••..•••..•••.••••.••..•••...••••..••. 
Suspect Tbc. ---------- -----·· ·- ···---·-·-···-·- -
Patb.-otber than Tbc. onlY.------··---·--·-···- · 

Ne~sUve ____ .. ·-- . ____ •. --- ··---. --- .. -----. --- . 
TbC.---··----··--···--··------··----··-··-··-·· · 
Suspect Tbc. ·----. ____ . ___ . ----. ·---- ____ . ____ .. 
Path. other tlmn The. only ___ ____ _________ _____ _ 

6.M2 
2, 711 

771 
707 

100.0 
100.0 
100.0 
99.9 

Total.. ••••••••••••••••••••••••••••••••••••••..••.••. ---·· · ·-· · 
Negntlve __ __________________ ____________________ ---··---·· 

The.--- ---- -----------------·-------------··- --- ---------
Su,.pect The. ·------------------- ----- ----------·---------· Patb. other th~n Tbr . only __ __ __ __ ______________ --- · --· - · · 

6,068 

6,497 
68 
2.~ 
249 - --

83.9 
2. 5 

32.9 
35. 2 

100.0 

90.6 
I.I 
4. 2 
4. 1 

2, 619 

182 
2, lllll 

177 
61 ---

2.8 
81.1 
23.0 
8.6 

100.0 

6.9 
84.0 

6. 8 
2.3 

• This table omits 23 ftlms considered UDBatlsfactory by one or the other reader. 

10 

1,314 

589 
353 
263 
100 

---
9.0 

13. 0 
34. l 
15. 4 - --

100.0 

44. 8 
26. 9 
20.0 
8.3 

740 

284. 
91 
Tl 

288 
---

4.3 
3.4 

10.0 
40. T 

---
100.0, 

38. 4 
12. 3. 
10.4' 

.9 
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TABLE 7 

Comparison of First anti S«onJI Rlatlings as lo &Uni of Tuberadosis I 

Total •••••••••••••••••••••• -- ••••• -- •••• -

Nontubereuloua •••••.•.•••••••••••••• 
Minimal ••••••••••••••••••.••••••••••• 
Mod. ad'Vllllced •••••••••• -- -- -- -• -•• -
Farad vanced ••••••••••••••...•••••••• 
Notclallldflable •••••••••••.•.••••••.••• 

Total 

10, 741 ---
7,266 
2, 130 

8611 
471 ., 

l!econd a.ding 

Mod. 
Non·Tbc. Minimal Ad· 

V&llced 

8,811 2,308 1,040 ---------
8,317 872 67 

'111 1,284 370 
32 147 614 
8 4 95 
3 1 4 

• Thia table omits 23 ftlms CODSldered umatlsfactor)' b7 one or the other reader. 

Far 
Ad· 

vanced 

476 ---
6 
8 

112 
346 

6 

Not 
Clalll-
flab le 

108 ---
4 

17 
60 
18 
7 

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 t. 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 
non tuberculous. 

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 qf First and &&and Readings as to A&tivi!J of Tuberculosis 1 

First Reading 

Total 
lnac· 
tlve 

Second Reading 

Tuberculosis 

Ques Active 
tionable 1----.---1 
Af:!.v· No Oav· Oavita· 

• ltatlou tlon 

Non· 
Tbc. 

--------------1---1·----------
Total........................................... 10, 741 102 1, '56 1, 809 li66 8, 808 ------------Tuberculo81s: 

Inactive.................................. 68 15 23 6 1 23 
Questionable activity..................... 1, 071 71 417 2611 13 345 
Active: 

No cavitation........................... 1, 8611 7 302 1, 252 191 117 
Cavitation.............................. 474 0 6 106 367 11 

Nontuberculous.......... •• . • . . •• . • . . • . . • • . 7, 259 63 mi 176 4 8, 318 

1 This table omits 23 lllms oonaldered unsatlsfactor)' b7 oue or tbe 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 pereent. 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. e., inactive vs. questionable 
activity, or questionable activity vs. activity without cavitation. 
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TABLE 9 
Comparison of First tlllll Seetnlll Rltlllings as lo kliuil7 of Tullerculosis; Intluetion Films, 

Tullerculosis RoMr i 

Total ••••••••••••••••••••••••••••.•••••••••••••. 

Tubenmloldl: Inactive._ ---_ --- ___________________ -----_ 
QllaltlODable aatlvtt:y _____________________ 
Active: 

No cavitation.. •• ------ ______ --------- ___ CavttatfoD ______________________________ 

NontaberculouB •••••••••••••••••••••••••••. 

Total 

2,762 

23 
114111 

l!IM 
aa 

1,637 

Inac
tive 

211 

6 
11 

a 
0 

10 

Second Reading 

Tubenmlolls 

Quea
tlonable 1---.---1 

Active 

Actlv- No Cav- Cavtta-
lt:r ltatlon tlon 

7211 672 u 

4 4 0 
2116 1211 7 

168 ano 211 
1 12 18 

311 80 3 

1 Tbl8 table omits 7 lllma CODlldered llDl&tldaotory b:r one or the other reader. 

Agreement With Respect to Location of Tuberculous Lesions 

Non
Tbc. 

1,388 

10 
168 

67 
2 

1,133 

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 entirdy 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. 

5 . . . . . . . . . . . . . Single spot. 
6. . . . . . . . . . . . . Multiple, single system, unilateral. 
7. . . . . . . . . . . . . Multiple, single system, bilateral. 
8. . . . . . . . . . . . . Disseminated widdy. 
V. . . . . . . . . . . . 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 corrdation between the readers ia, 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 Rladings as to Presenee of Calcification 

Second ReadlDg 

--------- ----------------==-------------------------------=-~I ~ ~:'~~::::::::::::::::::::::::::::::::::::::::::::::::::::::: 9, ~~ 9, :g ~ 

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, a& 
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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 lnterprelatlon 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 &eond Readings in Rllalion lo Kind of Film; Tulleradosis Roster, 
Iruluelion Films 

Flnt lteadlDS 

Hr I film 
Total. - - - --------------· •• -·-------------------· -·----· --- -----

N egatlve--- ----- -- ---- --- -- ----- ----- ---- --- --- -- -- --- ----
Not negative-----------------------------------------------

4 /)J 10 film 
Total. - - ------------ -- -- -- -- --- -- ----- -------- ----- ---------- --

N egatlve __________________________________________________ _ 
Not negative ______________________________________________ _ 

U /)J 17 film 
Total. - ----- -- -- ------- -- ----- -- ---- -- -- ----------- ----- -- -----Negative __________________________________________________ _ 

Not negative-----------------------------------------------

Ul)r 17fllJJW 
Total. - - - -- ------- -- -- -- --- ----- -------------------------------

~~=tive:::::::: ::: :::::::::: :::::::::::::::::::::::::: 

TABLE 12 

Second Reading 
Peroent 
Agre&-

Total Negative Not ment 
Neptlve 
------

111 61 80 
77.6 

62 3IJ 18 
69 12 47 ---------

2,218 l,OOll 1,218 
78.4 ---------

1,138 810 828 
1,080 11111 886 

m '11 144 
77.8 

49 19 30 
122 8 114 ---------
242 90 162 

UK 70 84 
77.7 

138 20 118 

Comparison of First and Second Readings in Relation lo Kind of Film; Tuberadosis Roster, 
Sepa,ation Films 

Fin& Reading 

Second Reading 
i~--..---..---I Percent Agree-

Total N egatlve N.::i~ve ment 

4 br I film 
Total---------------------------------------------------------- 67 3 M 

1----1~--1~--
Negatfve___________________________________________________ 6 8 2 
No& negative.---------------------------------------------- 62 O 62 

4 br 10 film 
Total •• -------------------------------------------------------- 41 3 38 

1--~>---1---- 90.2 

~=-!:tive:: ::: :: ::::::: :: :: :: : :: ::: :::::::: :::::: ::::::: a: ~ ~ -------------------1------------
U/)J l7fllm 
Total. - - - ------ ------ -- -- -- ----- ---- --- --- ----- ------ ----- - --- -

Negative •••• -- ---- --- -- --- - --- -- --- --- ---_ •• -• -- --- -- -- ---- 179 Not negative ••• _________________________________ --- _____ --- 2, 086 

U /)J 17 film UIO 
Total. - - __ -------_ --- __ • -- _. ----- ----- ---- ------ ------ --- -----_ M 

~:':Uva::::::::::::::::::::::::::::::::::::::::::::::: 1 
113 

121 

73 
48 

0 

0 
0 

2, 128 

108 
2,019 

1 
68 

93.1 

118.1 

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 UICd 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 Fust tlllll Seeond Readings in Relolion to Kind of Film; Control Rosi#, All Films 

Second Reading , ________ , Percent 
A~ 
ment N I Not 

Total ept ve Neptlve 

"br•JU• Total·--------------------------------------------------------- 1, 810 1, tllK 176 
1---1----1 

Neptlve................................................... l, 6711 1, 676 104 
Not neptlve_______________________________________________ 1111 1111 72 

~:J~~~----------------------------------------------------- 2, 1162 2, 808 

Neptlve .••••••••••• --------------------------------------- 2, 717 2, 4711 288 Not neptlve_______________________________________________ 2811 1211 106 

Ubr11/U• 
Total ....... --------------------------------------------------- 1102 aoa 11111 

~:r!:u.ve::::::::::::::::::::::::::::::::::::::::::::::: 414 
88 

188 
61 

¥0':.i.~~~~-------------------------------------------------- - 160 104 1----1----1---
Neptlve___________________________________________________ 206 Hll 67 
Not negative.______________________________________________ 68 11 47 

88. l 

87.6 

67.1 

74.2 

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: 1 

4 by 5 film ..................................... O. 66 
4 by 10 film.................................... • 55 
14 by 17 film................................... . 61 
14 by 17 paper.................................. • 47 

I Tllcbuprow'1 ooelllclent of correlatlan, T, ID CODtingency tabll!l 11 given b:y: 

Tl• x' where N fl the number alu1111ed, and p and q are the num-
N ..' (p-l)J(q-1) ben of rows and columnl. 

See Keoclall, M. 0., Tbe Advanced Tbeor:y of StatlltfCll, Vol. 1, London, 19'7, p. al. 
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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 S«ond Refllli"lls as to Extent of Tu/Jerculosis in Relation to T:J/11 of Film; 

Rast1r I and Roster II, Irulu&tion and Separation Films 

First Reading 

Hr I film 
Total----------------------------------------------------------

Mlnlmal---------------------------------------------------
r:i.:i~=~~:::::::::::::::::::::::::::::::::::::: 

Hr 10 film 
Total_ ---------------------------------------------------------

Mlnlmal---------------------------------------------------
f:1:J8.:U~~~:::::::::::::::::::::::::::::::::::::: 

Ubr 17fllm 
Total----------------------------------------------------------

Mlnlmal_ --------------------------------------------------Moderately advanced-------------------------------------
Far advanced----------------------------------------------

u br17papn 
Total----------------------------------------------------------

MlnlmaL-------------------------------------------------Moderately advanced-------------------------------------
Far advanced----------------------------------------------

Total 

107 ---
66 
31 
10 

825 

661 
143 

21 

I, 7llS ---
810 
676 
40ll 

117 ---
711 
16 
3 

lleoond Reading 

Moder-
Minimal ately Ad-vanced 
------

66 31 ------
118 8 
8 23 
0 6 ------

652 162 

S9l5 66 
156 86 

1 11 ------
62'l 7211 ------
6'2 261 
77 3111 
3 77 

llD 25 ------
63 16 
6 9 
0 1 

Comparison of fint Two Readings With final Reading 

Far Ad-vanced 
---

6 ---
0 
0 
6 ---

11 

0 
2 
ll ---

44' ---
7 

lM 
di 

3 ---
1 
0 
2 

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 o~erall view of the situation, we 
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______ ._... ... --- -

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 Seeond Readi"ls With Final Readi"l as to Diagnosis of Tu/Jeri:ulosis or 
Susfl«t T u/Jeri:ulosis 

Ffral Rtadino 
Roster r ________ .. ---·· .... ------·--·. ·--·-·----. 

egstlve for Tbc .. · --- ----··---· ··-··---·· ·-· · Positive Cor Tbo ______________________________ _ 

Roster ll . . ·- --- -----·-··--- ·· ·-· ···--··---· ·--·· 
P:t'J~:ec~'lt>':.::: ::::::::::::::::: : ::::::::: 

.&=d Rtadlnq 
Roster L. · --- .. ___ ..... . ___ .. -·-· ·---·. ____ . ___ _ 

egaUve for Tbc •• ·--··---··---·---------·----Posltlve for Tbc .. ·· ·-- · ---. ----. ___ .. ·- · -- ---· 

Roster IL. ---·-- ------ ------ .- --- . -- - . ·--- .. ----
l)l!ative for Tbc •. ·---·---···-···--·· --- ··-- · · Positive for Tbc·-·--- -----··--- -· ----- ---·----

Final Reading Errors or-

Total 

6, 151 
l, 7 
3, 2&I 

5,696 
5, 374 

222 

5, 160 
1,679 
3, 471 

6,696 
6, 132 

46'1 

Com~- Omis-
egatlve Positive sion slon 

for Tbc. for Tbc. 1---'-----

t, 967 
1.626 

(331) 

6,M3 
5,368 

(Ul5) 

1, 967 
1,444 

(513) 

6, 643 
5. 116 

(427) 

{Peroent) 

3, 194 ·- - -- ----· ---·---· ·-
(261) ·---·· · ·-· 8.2 

2, 933 16. g 

63 ·----··--· _____ ___ : 
( 16) ·---······ 30. 2 
37 8. 3 ---- ---··-

3.193 ---··· -·- · -····---·-
(236) -----·· --· 7. 4 

2, 958 26. 3 ----·--· ·-

63 -----·---· - ---·- ·- ·· 
{16) ··---· ·--· 30. z 
37 7. 7 ----· -··· -

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 
lrom 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 or 
Roster I, in every comparison, i. e., the separate interpretations of the 
two readers, and the repeat readings of each, the most frequent type or 
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 relativdy 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 
Diwepaneies in Film Readings Bttwem Two Roentgmologists and Between Original Readings 

and &readings After lntmlal of Four Months; Tuberculosis Roster, lnduaion Films 

Original R re ding Reader No. I Rood er o.2 Rending 

Reader t Reader I Orlpnn.J Original 
vs. vs. '""· vs. 

Reader 2 Reader 2 Rorendlng Rcrendlng 

o. Pct. No. Pct. No. Pct. No. Pct. 
---------- -----1---1·-------- - -·- --
All Films ........... . ... ... . .............. . __ 128 100.0 128 100.0 128 100.0 128 100.0 ____ ,_ ----------

Films without discrepancy.. .. . ...... . .. 91 71. I 79 61. 7 70 54. 7 85 66. 4 
Films wlt.b discrepancy'---·-··-···-···- 37 28.9 49 38.3 68 45.3 43 33.6 

egatlve or unsnU.sfact-0ry vs. tuber-
culosis . . ••••.... . .. . . . . .. . ... . ..• • 

Negative vs. suspected t.u ereulosls • . •. 
Tuberculosis vs. suspected tubercu-

losis .. -- · --- . ..•• . ••• - .• ··--·-- --·--. 
Wet pleurisy vs. no wet pleurisy _____ _ 
Left vs. no le!L or rigbt vs. no right ••• • 
Minimal vs. far advanced tubercu-

losis • .••••• . .. .. .. .... . . ... . . . • •. •• •• 
Inactive vs. questionably nctlve •. ••.•. 
Inactive vs. !>.Clive . . . .. . . . . - . . . ... . . .•. 
guest!onably ectivc vs. active ..•...••• 

avity vs. no cavity ... ............... . 

= = '==I======= 

a 
19 

7 
I 
5 

2. 3 
14.8 

5.5 

3.Q 

0 
25 

14 
I 
7 

0 
1 
0 

17 
2 

19. s 
10. 9 

5. 5 

.8 

13.3 
l. 6 

8 
211 

12 
0 
6 

0 
1 
0 
9 
2 

6.3 
22. 7 

9.4 

3.9 

.8 

7. 0 
I. 6 

I 
23 

12 
0 
5 

0 
1 
0 

12 
2 

.8 
18.0 

9. 4 

3.9 

.8 

0.4 
1. 6 

• Since readlnga for some ftlms exhibited more than a single dlscreP811cy, the 8WD8 of the numbel'!l of ftlma 
showing the di11erent specific discrepancies exceed the total number of films on which there was disagree
ment. 
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TABLE 17 
Disaepancies in Film Readings Between Two Romtgmologists and Between Original Readings 

and &readings After lnttrval of FOUi' Months; Tuberculosis Roster, SeparaJion Films 

All Films __ __ _ ------------------------_ •••••• 
Films without dl.!<lrepancy _____________ _ 
Films with discrepancy'----------------

egative or unsatisfactory vs. tuber-culosis ____ • ____ --- - _________________ _ 
egative vs. suspooted tuberculosis ___ _ 

Tuberculosis vs. suspected tubercu-
losis .•• • _-----_ ••• _---- __ ••• ----- ___ _ 

Wet pleurisy vs. no wet pleurisy _____ _ 
Lelt vs. no left or right vs. no rh(bt ___ _ 
Minimal vs. far advanced tubercu-

los!s •. .•• .••••. .•••• •••••.••..• . •...• 
Inactive vs. questionably active ______ _ 
Inactive vs. active __________ . ______ ----
Questionably active vs. active ________ _ 
Cavity vs. no cavltY-------- -- --------
Mln.imal, moderately advanced or far 

advanced tuberculosis vs. tubercu-
losis with no stage given ____________ _ 

Original 
Roodlng 

Reader I 
vs. 

Reader 2 

'o. Pct. 
--

128 100.0 
----

64 42. 2 
74 67.8 
--

10 7. 
15 II. 7 

14 10. 9 
7 5.5 

24 18. 8 

0 
2 1.6 
l .8 

H 10.9 
11 8. 6 

.8 

Rereading 

Rosdcr I 
vs. 

Reader 2 

' o. Pct. 
----

1211 100.0 

li8 46. 3 
70 64. 7 

- - --
5 3.9 

14 10.9 

9 7.0 
6.3 

21 16. 4 

l .8 
2 1.6 
0 
II 6 
13 10. 2 

.8 

Reader No. I R dor No. 2 

Original Original , ... vs. 
Rereading Rereading 

o. Pct. o. Pct. 
--------

128 100.0 128 100.0 
I---

73 67. 0 67 52.3 
66 uo 61 47. 1 

- - = --
4 3. l 5 3.11 
8 6. 2 9 7.0 

6. 2 JO 7.8 
7 6.5 4 3.1 

19 14.8 27 21 . 1 

0 0 ----·:s 3 2. 3 I 
I .s 1 .8 

13 10. 2 7 6.(; 
7 5. 5 II 8. 6 

.8 2 1.6 

• Since readings for some ftlms exhibited more than a single discrepancy, the S1llD8 of the numbers of ftlms 
showing the ditferent speclftc discrepancies exceed the total number of ftlms on which there was disagree
ment. 

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

All Films.---------------------------- -- -- -- -
Films without discrepancy _____________ _ 
FUms with discreP6nCY '----- -------- --· 

Negative or unsatisfactory vs. tubru--
culos!s . ... __ --- -- - --- -- --. ---- ---- - --

Negative vs. suspected tuberculosis ..•• 
Tuberculosis vs. suspected tubercu-losis ________________________________ _ 
Wet pleurisy vs. no wet pleur!sy ____ _ _ 
Left vs. DO left or right vs. DO ri~bt_ ---
Minimal vs. lar advanced tubercu-losis _________________ _______________ _ 
InactlvP. vs. questionably active _____ --
Inactive vs. actlvo __ __________________ _ 
Questionably active vs. active ______ __ _ 
Cavity vs. no mvitY-------- -------- --
Mlnlmal, moderat.clv advaoced or far 

advanced tuberculosis vs. tubercu
los!s w!tb no st.nge given...-- ----------

Original 
Reading 

Render I 

~· · Ronder 2 

No. Pct. 
--

244 100.0 
----

227 93. 0 
17 7. 0 

----
2-

14 6. 7 

0 
1 .4 
0 

0 
0 
0 
0 
0 

0 

Rereading 

funder I 
vs. 

Reeder 2 

' o. Pct. 
----

244 100.0 
--- --

212 86.9 
32 13. 1 

----
2 

26 10. 7 

0 
I .4 
3 I. 2 

0 
0 
0 
0 
0 

0 

R•ader No. I Reader No. 2 

Original Orlglnal 
YS. \' S. 

Rereading Reread ing 

o. Pct. o. Pct. 
--------

244 100.0 244 100.0 
--------

2211 93. 9 214 7. 7 
16 6.1 30 12. 3 
------

I '4 2 
13 5.3 26 10. 7 

0 2 .8 
I .4 0 
0 0 

0 0 
0 0 
0 0 ---- ·:a 0 2 
0 0 

0 0 

1 Since readings for some ftlms exhibited more than a single discrepancy, the sums or the numbers or ftlma 
showing the ditlenmt speciftc discrepancies exceed the total number or ftlma on which there was disagree
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 docs 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: 

Opinion of Induction Station Number of 
Induction 

FDms 
Reviewed 

Number .Percent 
Readaa Readaa 

TuberculoBIB Tuberculoala 
on Final on Final 
Reading Reading 

Total--------------------------------------------------------- 1, 882 71111 40. 3 
1--~~-1·~~~-~~~~ 

Good----------------------------------------------------- 628 2111 34. 11 
Fair __ ---------------------------------------------------- 718 2811 40. 4 
Poor------··-··-··---·-·---·-·-·---------·-·-·---------··· 15311 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 al Induction Station bp Rau and Seroice Command; Tuberculosis RosUr
lnduction Film Called Negalioe al Induction Station 

Service Command Num· 
ber 

Read 

White 

Final Reading 
of lnd uctlon 
Film Tuber· 

culosls um
ber 

Nonwhlto 

Final Reading 
or Induction 
Film Tuber· 

culosls 
-----• Read 1-----

um- Per- Num- Por-
ber· cent ber cent 

----------------1---______ ,_ ----
Total •••••••.•.•...• __ ...•.•...•.•.•.• .•••• ..•••.•••.• 1, 843 768 41. 1 628 247 39. 3 ----------First----·······················-·······-········· 133 51 38. 3 D 3 33. 3 

Second---·····--·· -·····--·····--·-------··--- --· 267 105 40. D 63 00 31. 7 
Third (including Mllltary District or Washing· 

F~:: :::::: :::::::::: :::::::: ::::::::: ::::: ::: 
FUth •••• ••••.••.. •. _____ -------- __ •••.•.• _ ••• _ ..• 
Sixth .••••••••••••••••••.•••••••••••••.•••.• ••• ••• 
Seventh .••. _________ •.....•.•...•.••••••••••. __ •• 
Eighth •.••• •.•••.••••.••..•••••.••..•......••....• 
Ninth •••..•.•••.••••.•••••••..•••••••.••••••••..• 

172 
m 
247 
219 
156 
002 
229 

67 33.1 
96 42. l 

lll •4. 9 
68 3J. l 
62 39. 7 

101 60.0 
107 4U. 7 

80 00 25.0 
180 62 34.C 
68 24 u.~ 
34 10 29.C 
21 8 38. 1 

116 63 M.3 
67 37 66. 2 
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The differences between whites and nonwhites certainly were not remark
able; however, some caution is indicated in the interpretation ofthis 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 II 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 II; 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 
55ox3099x 2871 =511.1 

where 27 56 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: 

2756X106 

2756+(511.1)-(2871) 187 

and similarly for any specific category of film. 
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TABLE 20 
Firsl, S«Otlll, Summar,, Gflll Final Reallings of Intlu&IUm Films Miil CDD Ratios 

J'llm Reading 
Total 1---r----.----.---

,,,,,~ 

Boater 1--------------------------------------------------- 2, 71111 1, 3" 
Boater 11-------------------------------------------------- 2,871 2,808 
ODD ratio----·········-·····-···························· 187 101 &cond &adlnf 
Boater 1---·····································-----······ 2, 7M 1, 1711 
Boater 11-------------------------------------------------- 2, 871 2, '211 
ODD ratio -·--············-·····················-·······- 187 1111 .,._, BMl4i'AI 
Boater 1--------------------------------------------------- 2, 7'IO 1, 101 
Boater IL-------·-·-·----······-···----------------------- 2, 872 2, liM 
ODD ratio •• ------·--·······----··----------·------------- 187 8' Jlllal&alUM 
Boater 1--------------------------------------------------- 2, 7'12 1, -
Boater 11-------------------------------------------------- 2,872 2,11!! 
ODD ratio •••••.•• ·-----------·----------·----------···-·· 187 .., 

TABLE 21 

B 

1113 
16' 
280 

IN 
180 
210 

23t 
21111 
176 

828 
2711 
2211 

0 

'811 
88 

1,0M 

1168 
218 
asa 
113& 

411 
2,081 

10 
0 
0 

Reading of Induotlcm l'Um 

D 

7111 
18 

7,M7 

788 

'" a, 1117 

900 
11 

11, 7311 

1,178 
lN 

8,882 

D o+D B+O+D A+B+O+D 

,.,,.,, Rea4m, . 
Percent of Boater 1----------------------------------- 27.2 44..2 &1.2 
Percent of Boater 11----------------------------------- .Cl 8.6 11.8 

&co;"~Roater 1 _______________ : ____________________ 
26.CI ll0.3 117.4 

Percent of Roster IL---·-···--···-···-···-·-·------··- Lii 11.1 111.4 
81Jt1HllMJ Retu/ffll 

Percent of Roater 1------·----------------------------·- 82.li &1.8 oo.a 
Percent of Boater I1--------------------------------·- .4 2.1 1L9 

,,.., &adlnf 
Percent of Boater 1-----·····-·--------------··--------- 42.3 42. 7 M.3 
Percent of Bmter 11-----------------·-··--------------- .8 .8 10.4 

TABLE 22 
&riming Ej/icime7 of Combinalion.s of First Gflll Seconil Readings 

l'lnt a.nd Second Reading of Induction l'Um 
(Figures are cumulative to the left) 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

100.0 
100.0 

D;D D;O O;O D~ O•A 
orB orB A;A 

-------------
1. 2. a. 4. Ii. Cl. 

Nvllllla of ll'llrM: Roster!_ _________________________________ 
498 7N ll80 1,172 1,619 l,= 2, 7112 Roster 11 _________________________________ 

& 17 '" 8' 3ZI 2,870 
Pertnl of FUtlU: Boater!_ _________________________________ 

18.0 118.11 36.CI 42.6 &8.8 65.11 100.0 
Boater 11-------------------------------- 2 .Cl Lii 2.11 11.2 111.& 100.0 

Several rather interesting features are to be noted in table 20. First, for 
all readings, the ODD 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 ~ne 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 ODD 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 
acreen 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 2 
Samiing FJJieNne.1 tf Dilf1r1111 Reatling1: P1rc111tagu tf Conlroll Who Would Hav1 Bma Simul

lan6orul7 Jl4ldltl b.J Sam11 Wllich Jl4ldltl SfJldjild PlrCltllagu tf Mm SulmfUlllll.1 Dil
duzrgetl fur Tublrculosil 

Percenbpol 
Coatro1 Rmter 

IO 

11 

........ nm-. 
-·-·-·lleeaad-.. -···-···llammarJ Rndlllg 
- ----l'lul -.. 
-Comblutl()na al flnt __ ..ir---t-------<~-1--------f 11 

--- reading 
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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 fint 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 fint 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 
fint 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 
Ejf ect of Consideration of Activi~ on Screening Efficiency of Four /Uadings 

Induction Film Read as Tuberculosla or Suspect Tuberoolollla 

Roster I Roster II 

Inactive lnactlve 
Total Total 

Number Percent 

~-=~-::::::::::::::::::::::: 
1,219 23 1.9 IM &. 8 
1,386 29 2.1 262 8.1 
1,435 36 2.0 60 8.3 

Final Reading •••••••••••••••••••••••••••• 1, 183 210 17.8 24 79.2 

It is of interest to note that despite the very obvious differences between 
the fint and second readings, the point c+n on the curve for second read
ing is very near to the point B+c+D on the fint 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 tum 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 2-4 

Final Reading of Induction Films and CDD Ratios by Roee 

White Nonwhite 

FiDal Reading of Induction Film ODD ODD 
Roster Roster Ratio Roster Roster Ratio 

I II Per I II Per 
100,000 100,000 

------
Total------------------------------------- 2,066 2,'83 UK 6112 389 MO ------------------

Negative------------------------------ 925 2.221 M 341 352 1811 
Pathology other than tubercolosls 

only. -- --- ---- ------- --- -- --- -- -- -- - 249 lit() 3K 74 35 4CK 
TubelcuJosla or mspeot tuberculosis •• 891 22 

'· 3111 
'Z1'1 2 (1) 

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 arc 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 
infec;tion 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 rejectiona-
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 
arc 20.2 for whites ~d 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 Betwun Pulmonary Cakifaation as Sole Patholoo on Induction Film and Discharge f"' 
Tuberculosis 

Final Reading ol Induction Film 

Roster I 

Dlschargod !or 
1~-------- Rosterll 

Total Active Inactive Non· 
Pulm. PuJm. puJm. 

Tuber- Tuber· Tuber· 
cuJosl.s cuJosl.s calosl.s 

Numbers or Film!l 

To~~~~~:~·:·-·---··----·--------····--··--·----~H. __ 83_ . __ a_1 __ w_ 

Single spat... . ..................... ........... 77 42 20 15 61 
Multiple, slo~e system.... ... . ................ ll8 40 42 16 46 
MnltJple, wtdoly dlssomlllat.ed................ 25 4 21 o 2 

Total. ••••• ---------- •••• --···-·-·--··--- •...•.•••••• 

OalcUlcst1on: 
Single spat •• --·-·····------ - ------------------ 296 
Multiple, single system........................ 418 
Multiple, widely dl5sem.lnat.ed....... . ........ (1) 

I Not calcnlated. 

ODD Ratios 

170 164 

162 77 
170 179 

(1) (1) (1) 

61 --------·· 

68 ·····-----
68 ----------

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). It is 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 physichl 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 ftlma) 
Interpretation 

First Secou.d Summary Final 

TotaL--------------------------------------------------------- 2, 733 2, 733 2, 733 2. 731 

Tabercalolla, acttve---------------------------------------- a o 4 11 TabercuJOBla, questionably acttve__________________________ 8 4 a 4 
TubercuJOBla, Inactive...................................... 8 31 13 I 
8W1peet tuberculosis.--------------------------------------- 117 167 63 I 
Other patbolOQ' ODIY-------------------------------------- 187 lll3 28'1 808 
Nogativ&--------------------------------------------------- 2, 420 2, M2 2, 364 2, 3111 
UJJ11at1sfaotor7 ••••••••••••••••••••••••••••••••••••••••••••• 8 6 7 8 

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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ncction, 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 
aearched 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 

&suits of S..cA of Y*ans Administration Files, A.ugusl 1953,for Mm Considered To Ha1J1 
Sus/lidolu &paration Films, and f• Controh 

ToW. lnal Ill' lllllllll8rJ' reading. taberaaJolla Ill' IUSPllCt taberoalolla..----
l'lnal readbJg: 

Total, tllbiiroaloals Ill' llUlpect tllberoalolla-------------------------
Actlve tllbereuJmla ••••••••••••••••••••••••••••••••••••••••••••••••• 
~=-cida Ill' llUlpect taberoalolfa.. ________________________ _ 

• .AoUve tllberoalolls------------------------------------------------
Oontrol P'OllP------------------------------------------------------------

Number 
With 

Number Noi&Uon 
olMen ofBu~ 

-l'u~ 

79 

1111 
6 

76 
13 -

calollls 

8 

8 
1 

2 
1 

2 

Peroant 
With 

Tuber
calollls 

u 
0.4 

31.0 

2.' 8. 7 

LO 

In order to inveatigate the posaibility 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: 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. 

Case 57ZJ: 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. 

Case 5475: 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 th,e 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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culosis. 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. 

Case 6967: 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. 

Case 5447: 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 diag" 
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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
nary 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. 
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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 disease 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 

41 
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to 

Type of Tubercolosls 
Diagnosed 

Total 

TABLE 28 

The Tuberculosis Roster by Diagnosis and Final Reading of Induction Film; Whites 

Total 
Read 

Negative 

Final Readfllg of lnductlcm Film 

Tubercolosls 

Inactive Questionable: 
Activity Active 

Suspect 
Tuberco· 

Josla 
Wet 

Pleurisy p~ Calclftca. 
tioD 

Otbe 
Patbology 

------l~I Pct. II No. I Pct. ! No. l~I No. I Pct. , No. I Pct. , No. I Pct. !~I Pct. , No. I Pot. , No. I Pct. , No. I Pct. , No. I~ 
TotaL----------------------12,3431100.0112,0881~ I 926 I 4U I 178 I 8.5 I 133 I 6.4 I 583 I 27.9 9 I o., 0.01 181 0.91 :1121 9.71 891 1.9 

Pulmonary: 
Primary, active •••••••. 10 .4 
Disseminated hemato-

genoUB •••••....•••••.. 4 .2 
Acute ...••.•.•.••. ----- 161 6.9 
Chronic, active, mini· 

mal .••••.•••..•..•..•• 320 13.7 
Chronic, active, mod. 

advanced •••. ------ ..• 474 20.2 
Chronic, active, far 

advanced .• _ •••••••.•• 240 10.2 
Chronic, active, stage 

not stated ..•.•..••••. 305 13.0 
Activity not stated ••••• 21 .9 
Inactive ..•.••••.•••••.. 534 22.8 

Nonpulmonarr 
Trachea or ronchL •••. 3 .1 
Pleura .••••.•••••.•••••• 131 5.6 
External lymph nodes •. 80 1.3 
Bone or Joint ••..••••••• 32 1.4 
Genito-urinary •••••• -- • 63 2. 7 
Other. -- --------------- 16 .6 

7 100.0 

4 100.0 
144 100.0 

280 100.0 

420 99.9 

' 217 100.0 

274 99.9 
19 100.0 

414 100.0 

3 99.9 
120 100.0 

27 100.0 
29 100.0 
58 99.9 
12 99.9 

4 67.1 

2 60.0 
68 47.2 

114 40.7 

206 49.0 

111 51.2 

93 33.9 
li 28.3 

123 211.9 

3 100.0 
101 84.2 

21 77.8 
24 82.8 
41 70. 7 
9 75.0 

------ ------ ------ ------
------ ------ ------ ------a 2.1 4 2.8 

29 10.4 27 9.6 

9 2.1 16 3.8 

1 .& 2 .9 

23 8.4 19 6.9 
------ ------ 6 31.6 

106 22.4 58 12.2 

2 

1 
61 

80 

147 

89 

120 
li 

83 

28.6 1 I 14.3 •------·------

~: ~ 1::::::1::::::1::::::1::::::1··--i;-1·T,-1-· -i&·1·io:,-
:as. 6 3 1.1 ------ ______ ------ ------ 21 1.11 

36.0 

41.0 

li 1.2 

43. 8 1------1------1------1------1 1 I ·' r;: g ---T -·-:a· :::::: :::::: ---·5· -·i:i" 

31 7., 

10 I '"6 
13 4. 7 
2 10.& 

89 18.8 

26.0 
.7 

6 I 2.1 

6 

' li 
1 
6 

1., 
1.8 

1.8 
a.a 
1.3 

----i- --·:s· :::::: :::::: ----3· ·-a5· :::::: :::::: ---T --·:a· ----a- --iff ----7- ··a:a· ---T --·i"a 
1 3. 1 ____________ ------ ------ ------ ------ ______ ______ 1 a. 1 a 11.1 1 a. 1 

2 6. 9 1 3. 4 ------ ------ ------ ------ ------ ------ ------ ------ 2 6. 9 ------ ------
2 3.4 ------ ------ 1 1. 7 2 a.' ------ ------ 1 1. 7 7 12.1 ' 6.9 
1 8.3 ------ ------ 1 8.3 ------ ------ ------ ------ ------ ------ 1 8.3 ------ -----· 
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... 
w 

TABLE 29 

The Tuberculosis Roster by Diagnosis and Final Reading of Induetion Film; Not Whiu 

Type of TuberculosJs 
Diagnosed 

Total 
Total 
Reaa 

Negative 

Final Reading of Induction Film 

Tuberouloels 

Inactlve Qul'Jltlonablel 
Activity Active 

Suspect 
Tuberou· 

loels 
Wet 

Pleurisy 
Dry 

Pleurisy 
Calclftca

Uon 
Other 

Pathology 

No. I Pct. II No. I Pct. I No. I Pct. I No. I Pct. I No. I Pct. I No. I Pct. I No. I Pct. I No. I Pct. I No. I Pct. I No. I Pct. I No. I Pct. 
------------1~1--11--•--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--·--

Total-···-·-·-···-·-·-·······-1 756 1100.111 695 1100.1 I 341 I 49.1 I 29 I 4.2 I 36 I 6.2 I 214 I 30.8 0.1 2 I 0.3 9 I 1.3 I 46 I 8.11 I 18 I u , __ , __ ,,_, __ , __ , __ , __ , __ , __ , __ , __ , __ , __ , __ , __ , __ , __ , __ , __ , __ , __ , __ 
Pulmonarv: 

Primary, active ••••••• - 6 • 8 
Disseminated hemato-

genoua. ••••• --- -·····- 3 .4 
Acute •••• ----------·-·- 64 8.6 
Chronic, active, mlnl-maJ___________________ 79 10. 6 
Chronic, active, mod. 

advanced ..• ---------- 126 16. 6 
Chronic, active, far 

advanced_____________ 111 14. 7 
Chronic, active, stage 

DOt stated .• ------···· 104 13.8 
Actlvltynotstated.____ 10 1.3 
Inactive-------··-···-·· 92 12. 2 

N~"'°:~~chL-- ···-·- ---··· 
Pleura .••• ----------··-- 40 6. 3 
External lymph nodes.. 48 6. 3 
Bone or Joint........... 29 3.8 
Genito-urinary •••••• -• - 31 u 
Other·······-·······-·- 14 1. 9 

6 100.0 

8 100.0 
61 99.9 

71 100.0 

112 100.0 

102 100.0 

96 100.0 
10 100.0 
84 100.1 

3 I 60.o 2 I 40. O 1--·---•----·-•------1-........................................... 1 ............. , ........................................ ... 
~ 11~: g 1----i·1--i:a· 1-·--i·1·-i:a·1··· 2ii-1-42.""a· 1::::::1::::::1::::::1::::::1···-i·1·Ta·1-··-,-1-·a:a· 1····1·1···i·ii 
33 46.li 9 12. 7 8 11.3 

61 46.6 ------ ------ 8 7.1 

56 154.9 ------ ............... 1 1.0 

33 34.4 ------ ------ 1 1.0 
1 10.0 1 10.0 2 20.0 

24 28.6 14 16. 7 11 13.1 

18 

f.7 

89 

62 
8 

23 

18.3 

42.0 

38.2 

1.f. 8 

6 

8 

' 

f..2 

6.4 

6.9 

4.2 

4 6.6 

------ ------
------ ............... 

8 8.1 154.2
1
. _____ 

1 
______ 

1 
1 

1
1.0 I 2 I 2.1 

~:~ :::::: :::::: :::::: :::::: ···-r ·T2·1····1·1··9:a·1····3-r-·a:9 
---35- i1xi:i" ---28- ·so:o· :::::: :::::: :::::: :::::: -···a· ··1:&· :::::: :::::: :::::: :::::: ···-r ··iff ···T ·-a:1· -···i· ··-a9 

46 99.9 34 73.9 2 4.3 -····- ------ 1 2.2 ····-· -····· •••••• -····- 2 4.3 8 13.0 1 2.2 
21 100. o 23 86. 2 ------ •••••• ______ ·-···- 1 3. 1 1 a 1 ···--- --···· 1 3. 1 1 a 1 ••••••••••.• 
29 100.0 17 68.8 1 3.6 3 10.3 ·····- --···- ····-· ··-··· 1 3.11 •••••• •••••• 6 17.2 2 6.9 
14 99.8 10 71.4 1 7.1 1 7.1 1 7.1 •••••• •.•••• ··-·-· ·····- •••••• •••••• •••••• •••••• 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. 

It 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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..... 
UI 

TJ'JI@ of TuberoDloell 
Dlalnoeed 

Total 

TABLE 30 
Tiii TalHr&Ulosit Rosier ~ Diagnosil and Final Reading of &Jaralion Film; Wliitu 

Total 
Bead 

Negative 

Final 11.eadfnl of Separation J!'Dm 

Tuherculmla 

Inactive 
QueatfoD· 

able 
Activity 

Active 

Suspect 
Tubilrcu

lolll 
Wet 

Pleurll)' p~ ~I Other tloD Patboloa 

ftl~Uftl~lnl~l~l~lftl~l~l~lnl~lftl~lftl~lftl~lftl~ 
1--11-1--1--1--1--1--1--1--1--1--1--1--1--1--1--1--11--1--1----

Tota1 ......................... 1:1,343 l100.o ll:a,aco 1100.0 l-2!..~~l 11.0 l-~~.J~lu141 eu ! 14 I o.e 1 .a 1 2.0 I aa I u I 108 I u I 211 1.1 ---·-- -1---PuZfllf1Mrr: 

~~vttmia.to:· 10 

A~~-~·::::::::::::::: 4 
161 

Cbrolllc, actlve, miD· 
Ima!. ••••••••••••••.•• m 

Chronic, active, mod. 
adVllllced ••••••••••• -- •74 

Chronic, actlve, tar 
adVllllced ••••••••••••• 2tO 

Cbrolllc, active, stage 
not stated •••••••••••• 305 

Activity not atated ••••• 21 
Inactive ••..•••••••••••• l5M 

Nonpul~: 
TlBchea or ronchf ••••• 8 
Pleura •••••••••••••••••• 181 
External l~ph nodea •• 80 
Bone or Jo t ••••••••••• 82 
Genito-urinary ••••••••• 63 
Other •••••••••••••••••• 16 

•• 
.2 

6.11 

13. 7 

70.2 

10.2 

13.0 
.9 

22.8 

.1 
6.6 
L8 
1.4 
2. 7 
.6 

10 1100.0 

• 100.0 
161 99.11 

m 100.0 

•74 99.11 

2tO 100.0 

305 100.0 
21 100.2 

632 100.1 

8 99.9 
180 100.0 
80 100.0 
82 100.1 
63 100.0 
16 100.1 

•••••• ------ ------ ------ 1 10. 0 7 70. 0 •••••••••••••••••• ------ 1 10. 0 1 10. 0 ------ ------

•••••• •••••• •••••• •••••• •••••• •••••• 8 76. 0 •••••••••••••••••••••••••••••• •••••• ------ •••••• 1 Ill. 0 
8 II. 0 • 2. 6 10 6.1 186 8& 8 •••••• •••••• 1 • 8 I LI 1 • 8 •••••••••••• 

II 2.8 41 13.1 39 12.1 21• 66.11 a .II 1 .8 I .II 6 Le • LI 

11 1.1 12 2.6 22 '-6 4111 89.9 •••••• •••••• •••••• •••••• I •• I .8 • .8 

1 •• 1 •• • L7 234 97. 6 •••••••••••••••••• •••••• •••••• ------ ------ ------ ------ ------

6 2.0 22 7.2 28 9.2 237 77. 7 I • 7 1 .8 1 .8 a L8 8 LO 
1 '-8 1 '-8 8 38.1 9 .a 9 •••••••••••••••••• •••••• •••••• ------ 1 '-8 1 '-8 

17 &2 170 32.0 73 13. 7 183 34.• I •• 1 .I I .4 711 U.1 II L7 

1 aa8 
a a a ---T ---~s- ----a· ·Ts· ···•· ·46:4· ·---a- --&ii" ···40· ·ao~s- ---ia· ·ira· 1 88.3 1 88.8 

1 .8 1 .8 
21 66. 7 1 a a 2 o. 7 1 a a ...... ..••.. •••••• •••... 1 e. 7 8 10.0 1 &8 
22 68.8 2 6.3 1 3.1 1 &1 •••••• •••••• I 6.3 1 8.1 8 11.• ---·-- ------
46 7&0 1 1. 6 1 1. 6 • o. a 1 a 1 •••••• •••••. 8 ._ 8 8 D. 6 ................. -----· 
9 60.0 1 6. 7 I 13.8 1 6. 7 •••••• •••••• •••••• •••••• 1 6. 7 1 6. 7 ------ ................. 
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~ 

Type of Tubercolosll 
Dlagnoaed 

Total 

TABLE 31 
The Tuberculosis Rosllr 6y Diagnosis and Final Reading of Separation Film; Not Wlliu 

Total 
Read 

Neptive 

Final Reading of Separation Film 

Tuberculoell 

Inactive 
Question· 

able 
Activity 

Active 

Suspect 
Tubercu

losis 
Wet 

Pleurisy p~ Calclft- I Other 
t1on PatholaCJ' 

No. I Pct. II No. I Pct. I No. I Pct. I No. I Pct. I No. I Pct. I No. I Pct. I No. I Pct. I No. I Pct. I No. I Pot. I No. I Pct. I No. I Pct. 
-----------1--1----11-1--1--1--1--1--1--1--1--1--1--1--1--1--1--1----1----1----1--1-

71 0.91 :IOI 2.71 UI 2.0I Sii 3.61 121 1.8 Total-------------------------1 786 1100.11~1100.11~11u I 46 I e.o I 46 I e.o I 494 I 116.8 , __ , __ , __ , __ , __ , __ , __ , __ , __ , __ , __ , __ 1-1--1-1-

Pulf1lfll&Grr: 

tr=rnai:ivt"emato:· 6 .8 6 1100.1 1 I 16. 7 •------·------·------·------
genoua................ 8 . 4 

Acute.................. 64 8.11 
Chronic, active, min-

imal.................. 711 10. a : 1::: i-···:r~:r==;=i=;~]----!-i-:~:-
Chronic, active, mod. 

advanced............. 1211 16.11 l2f. 119. 9 .8 .8 6 4.8 

2.8 
Chronic, active, far 

advanced............. 111 14. 7 109 100. O •••••••••••• ------ ------ 8 

4166.7 

2166.7 
M 84.4 

46 11111.0 

114IUL9 

106 I 97.2 

2 

1 

16. 7 

2.6 ~ '~! i====~=i==~~r-·:r~!r-·!r-~: 
• 8 ·------ ·- -----·------·------·------·------ 1 .8 

Chronic, active, stage 
not stated............ 104 13.8 104 99.9 4 3.8 ------ ------ 8 2.D 93 89.4 ------ ------ ------ ------ 2 1.9 2 LD ,------,------Activity not stated..... 10 LB 10 100.0 •••••• •••••• l 10.0 2 :IO.O 7 70.0 •••••• ------ •••••• ------ •••••••••••••••••••••••••••••••••••• 

N=~~?i:~~~~~~ ... :~ .. :~~- ... :. ::~:. ----~- --~~- ... :. -~~- ---~- .:~~- ... : .. :~:. ~~~~~~ ~~~~~~ ----~- --~~- .... :. --~: ..... :. --~-~- ----~- ---~~ 
Pleura------------------ t0 11.a t0 loo.o 2 11.0 l 2.a l 2.G :ao ao.o ------ ------ 13 12.a 2 11.0 l 2.a 
External l}'Jllph nodes.. 48 6. a 48 99. 9 28 a a a 6. 2 2 4. 2 a 6. 2 2 4. 2 ------ ------ a 6. 2 a 10. 4 
Bone or Joint........... 29 3.8 29 99.8 13 44.8 ------ ------ l 3.4 7 24.l 2 6.9 •••••• ------ 8 10.3 l 3.4 
Genito-urinary......... 31 4.1 31 99.9 :ao 66. 7 8 10.0 l 3.3 -----· ---·-· •••••• •••••• •••••• •••••• l 3.8 4 13.8 
Other.................. 14 1. U 14 99. 7 6 42. 9 l 7.1 l 7.1 2 14. 2 •••••• •••••• •••••• •••••• 1 7.1 2 14. 2 

···11--1: 
1 7.1 
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TABLE 32 
Lmgt/i of Seruiu, &duding Tim4 in Hospital fur Tulmculosis; Rost1r I 

DlagnOllla at Dllcbarp 

Aottve Pulmooary 
Tubercu108la 

Inactive Pulmonary 
Tuberoulosls Non=onary 

Tu 08la 

Llmlth of Service 
Percent Percent Percent 

Num- Num- Num-
berof Tbl8 berof This berof This Men Tbl8 

~~ 
Men This 

~~ 
Men This 

~~ Length Length Length 

--------------Total mown.... ______________ 
2,003 100.1 -------- 888 100.0 -------- 436 100.0 ----------------- --------

IHI months ••••••••••••• 480 21.11 100.1 2113 88.8 100.0 llWI :H.8 100.0 7-12 months ____________ 
373 18. 8 78.8 911 14.11 81.4 'Ill 18.1 711.2 

13-2' months ••••••••••• ll82 29.1 80.0 'Ill 12.0 46.9 129 29.6 117.1 
~months ___________ 492 :H.8 30.9 1111 23.0 lM.9 1111 28.4 2'1. 5 
37 months or more ______ 136 6.3 6.3 78 11.9 11.9 Ii Ll 1.1 

TABLE 33 
Duration of Hospitalii:.atiun in Ann,. fur T ulmculosis; Rostlr I 

Diagnosis at Dlschllll8 

Aottve Pulmonary 
Tuberoulosla 

Inactive Pulmonary 
Tuberoulosls 

Noni::ionary 
Tu osla 

Duration of 
Hospitalization Percent Percent Percent 

Num- Num- Num-
berof This This berof This This berof This Tbl8 
Men Dura- Dura- Men Dura- Dura- Men Dura- Dura-

tlon tlon tlon tlon tlon tlon 
or More or More or More 
--------------Total lr:nown.. _______________ 

1,988 100.0 -------- 8111 100.1 -------- 433 100.0 --------- --- ------------
Lesa than 1 month •••••• 19 1.0 100.1 33 11.1 100.1 4 .9 119.1 1 month ________________ 

278 14.0 99.1 12' 19.0 911.0 33 7.6 98.8 2 months _______________ 3111 111.9 811.1 llWI 16.8 76.0 42 9. 7 91.11 
3 months _______________ 237 11.9 811.2 117 8.8 119. 4 119 13. 6 8L8 4 months _______________ 

208 10. 4 117.3 43 6. 6 li0.8 117 13. 2 68.2 Ii months. ______________ 
177 8. 9 46.9 M 8. 3 44.0 63 14.11 1111.0 8 months _______________ 
161 8.1 88.0 49 7.11 311.7 45 10.4 40-11 7-0 months _____________ 
3611 18. 4 29.9 136 19.4 28.2 81 18. 7 30.1 

11H2 months ••••••••••• 186 9.4 11.11 48 7.4 8.8 31 7.2 1L4 
13-111 months ••••••••••• 42 2.1 2.1 9 1.4 1.4 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 504i0 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, 
5 and 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 

RGURE 3 

Annual Admission Ratu for Tuberculosis* by Length of Service 
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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 
impedect solution of the difficulty, but unfortunately no wholly satisfactory 
way out of the dilemma appears to be available. 
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FIGURE 4 
Annual Admission Rates for Active Pulmonary Tuberculosis* b1 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 Servie1 
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FIGURE 6 
Annual Admission Roles for Nonpulmonary Tuhn&Ui~ by Length of SnlMe and Final Readi"I 

of lndwtion 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 8ay, 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 diachargcd among men with negative induc
tion films (as independently determined by both readers}, when compared 
with the proportions discharged among all men, are: 

All types .... ......... . ... ...•.. . ...•..•.......• 42 percent 
Active pulmonary tuberculosis. . . . . . . • . . . . . . . . . . . . 40 percent 
Inactive pulmonary tuberculosis. . . . • . • . . . . . . . . . . . . 28 percent 
Tuberculosis of other locations . . . . . . . . . . . . . . . . . . • . . 70 percent 

It appean, then, that at least 60 percent (the complement of 40 percent) 
of the active pulmonary tuberculosis diacovered 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.1 

TABLE 34 
CDD Ratios Partitioned by Kind of Diseast for All Mm anJjor Mm With UrufllirJOCally Negatifl# 

Indudion Films 

First and Second 
Readings of In
duction Film 

All Both 
F Readings 

llms N egatlve 

Roeter I-Total. - --------·---·---···---··- --·· -··-· ---------·-·-···---------·-······ 2, 769 939 

Discharged for: 
Active pulmonary tuberculosis ••••••.••• ---···-····-······----------------- - 1, 791 687 Inactive pulmonary tubercuJosJs __________________________________ •••••••••• 567 134 
Tuberculosis of other locations .• -------------------------------------------- 401 21S. 

Roster II-Total. ••.•••••••••.•••••••••••••••••.•.•• __ __ ________________ ____________ 2,873 2,311 

ProportlollB discharged per 100,000 men Inducted: 
Total .. -------·------ --- -- -- ----·--- -·-·--···- ••••.••••••••••• ----- ----------·-·- 188 79 

Active pulmonary tuberculosis .•....•..................•.•....... ........... 
Inactive pulmonary tuberculosis .•.•..••••••••.•••• •••••••••••••••••••••.•••• 
Tuberculosis of other locatlo!l8 •.•••• -····- ···-·-·---- -···- _____ ·--- -------··· 

121 
40 
'r1 

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, aa 
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 excludipg 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 

1 W artng an ct Roper (10), In a study of minimal tuberoulosla deteo&ed In the Army, lite ounelTill oonolud· 
ed Uiat a hllb percentap of cues bad been overlooked OD entr7. 
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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 ~ould be service acquired, we 

TABLE 35 
T ubereulosis Deatl& Rate, Whiu ln/uJbitantr, 1940; SelectiVll Seroice IUJeetions for T ubereulosis 

Among While Registrants; and Proportions of Whiu Enlisted Men Discharged for Tulmeulosil 
for Gruups of Stotu 

Tubereuloala 
Proportion of 
White Regis- Proportion of Death Rate, tranta Rejected Whlte EnJlsted 

Oronp of States 1940, Whlte for Tuberculoala Men Dis-Inhabltanta 1 88 Primary 
~. (Ra~ CBU811 • (per 

100 ) 1,000) (Apr. 
lllG-Mar. 1943) 

1. Xeu~, New Me:dco, T __________________ 
60.4 22.4 232 

t i:.!;iaii~~~4!°8:;iiidii.-i5iitiiCi"cifi)Oiiiiii:- 62.8 19.2 216 

bi;ywest ~IBllourl. --------------------- 41.2 20.5 179 
4. New ork, Dllnola ••••••••••••••••••••••• 38.3 15.2 147 
5. Arkansas, Oklahoma, v~ Indiana, Pennsyl-

VBDla, M881111Chuaetta, aw leney, Delaware, WasbJDgton. ______________________________________ 
36.0 14..7 148 

6. Comiectlcu:Jr OhioMRhoda Ialand, Montana ________ 32.9 16.2 166 
7. Ala~ alne, lchlgan, Geo~---------------- 28.8 9.3 164 
8. Florl~lasla8lpp~ Mhmeac>~~lacou8ln- 25.3 11.5 191 
9. New pshini, orth C , , South 

Carolina._.-------------------------------········ 22.5 8.1 142 
10. Iowa, South Dakota, North Dakota, Utah, Ne-

bmska, Idaho, W:romln&-------------------------- 16.1 9.8 101 

l Source: Calculated from: Vltal StatlatlcB of the United States, 1941, Part II, U. S. Department of 
Commerce, Bureau of the Censua and Sixteenth Censua of tbe United States, llMOL Vol. l lbld. 

1 Source: Calculated from: Perlodlo ~of Physical EDID.lnatlon.z Vol. 1, t1UIDD181'Y and Detalled 
Jleporta April lDD-Sept. 1948, N atlonal quarters Selectlve 8ervloe 11ystem. 

• Calculated from otiserved proportloDB of Rosters I and n. 
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FIGURE 7 
Numbt:r Rejected for Tubt:rculosis as Primary Cause Pt:r 1,000 White Registrants and Tubt:rculosis 
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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 ODD 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 

for Tuberculosis as Primary Caus1 Per 1,000 White R1gistrants,jor 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 ~f decisive significance. 

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

We tum 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 
Am11ation and A"est of Tu/Jerculosis During Servke Among Men Infected at Induetion, by Ra&e 

Transitions 

. F1nal ~f Induction Final~ Separation 

WAiie 
Inactive tuberculosis-_-------- Active tuberculosis ___________ _ 

Inactive tuberculosls---------
Actlve tuberculosis------------ Active tuberculosls-----------

IDactlve tuberculosls---------
NOfltDAfte 

Inactive tuberculosis---------- Active tuberculosls-----------
IDactlve tuberculosls----------

Actlve tuberculosis------------ Active tuberculosls-----------
IDactlve tuberculosis----------

56 

1= 
Number ofSec- Percent 
of Men vice of Men 

(Montbs) 

Rate Per 
Thou. 
saud 
Men 
Per 

Year 

26 
289 
MO 
40 

4 
62 

198 
13 

21. 7 8.3 62.G 
18. 6 ---------- ----------
18. G ---------- ----------21. 3 6.11 4'.8 

26. 0 6.1 36. 4 
111. 7 ---------- ----------
17. 4 ---------- ----------27. G 6.2 411.11 
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It appcan 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 scparation
occurred somewhat more frequently so far as absolute numben arc con· 
ccrned. 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 arc 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 seems 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 Rmogression of Slag1 of Tublrculosis B1twma Minimal and Moderal#l7 or F• 

.ddfJtltlt;lti During Smliu, by Rau 

TralllltfoDll 

Final ~f Induction Final~ Separation Number t= BateP• 
of Men of Bez.. Thou-

vice PWCllllt aaud 
(Mouths) of Men M1111 

P• 
Year 

---------
Miii 

Mlllfmal tuberoaloels •••••••••• Moderately or far advanced 288 28.2 38..11 2S'1.7 
tuheroulOsls. 

Minimal tuberoaJ0818 ••••••••• '411 17.0 ..................... ----------
Moderately or far advanced Moderately or far advanoed 162 16.1 ........................ ..................... 

tuberoulOsla. tuberoalosla. 
Minimal tuberoaloels ••••••••• ,H no &O 11&0 

Nont0Altl 
MIDlmal tuberooloels.. ••••••••• Moderately or far advanoed 1111 :..u '6.3 290.8 

tuberculOlllB. 
Minimal tuherculosla ••••••••• 110 l&O .................... .................... 

Moderately or far advanced 
tuberculoels. 

Moderately or far advanced 
tuberculoels. 

eo 17.2 .................... ..................... 
Minimal tuberculoala ••••••••• ' 10.8 6.3 U.7 
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A much m(4"e 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 minunal 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 statu& 
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. 
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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 
Progrusion flllll RllTograsitm of Stag1 of Tuberculosis &twun Modlralll7 A.doanud and Far 

A.dvanmJ During SenM1, ~ Ra&1 

Tnnaltlons 

J'lnal ~ Induatfon J'1na1 ~Separation Number = Ra&e Per. 
of Men Thou-

vice Peroen.t ll&lld 
(Montba) olMen Mm 

Per 
Year 

WMtit 

Modera&eb' adftllOlld mber-
aaJoels. 

Par adftllOlld mbermJosls ____ 111 1&7 211.6 188.1 

Moderately advanced mber-
coJoal& 

1118 16.4 --................... ----------
FaradftllOlld mbenlllJolls _____ Par advanced mbermJosls ____ 12 1&7 -----.... 0- ------7 Moderately advanced mber- 4 lf!.11 

cuJoela. 

N011wwi. 

Moderatel7 advanced tuber-
llDlalll. 

Far advanced mbermlosls---- 18 111.9 llll.8 lll'J.8 

Moderately advanced tuber-
culosls. 

40 17.0 ---------- ..................... 
Par advanced tuberculosis----- Far advancad tuberculosla ____ 4 LS ..................... ----------Moderately advancad tuber- ---------- .................... .................... .................... 

lllllolls. 

TABLE 39 
A./JJ>earan&1 flllll DisafJ/llaran&1 of Cflllilies During SenM1 Among Mm With A.eti111 7 ulllrculosis 

at Indu&tiun and Separatiun, ~ Rael 

Transitions 

Final ~f Induction Final ~Separation Number t= Ra&ePer 
of Men ol Ser- Thou-

vice Peraant ll&lld 
(Mon tbs) olMen Men 

Per 
Year 

MIU 

.Aa&lve mberoalolls, no cavi- Active tuberculo818,cavltlea--- 1411 21.2 llll.8 :1811. l 
tiell. 

Active tubercolosla, no cavl- 8811 17.8 ...................... ----------tlea. 
Alltlve tubereulolls, cavltlea ____ Active tuberculosis cavities ____ ., lf!.7 .................... ----------Active tubrlllllosls, no cavi- 8 14.8 lf!. 7 122.2 

ties. 
N011wwi. 

.Aetlve &uberoalolls, no cavi- Active tuberoDlmls, cavltl•--· 72 21.4 38.1 2117. 9 
tiel. 

Active &uberoDlmls, no cavi- 117 16.11 .................... ....................... 
ties. 

Ac&lve tuberculosis, cavities ___ Active tubercuJosi8, cavlU. .• - 8 lLO ........................ ....................... 
Active tubercuJosl8, no cavi- 3 12.11 33.3 3f8.0 

ties. 
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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. 

RAa 
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 propbrtion 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 large in 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 
Dise/iargu for Tublreulosis in R.elation lo RMI 

Whl&e I Ncm· whl&e 

Number ol Men 

~of..____________________________________________________________________________ 2, 843 Hll6 
------

Active puhnonarJ tubercalasll............................................... 1, Ill• '92 

=:,.~~::::::::::::::::::::::::::::::::::::::::::::: = ~ 
= 

' Bllflr U--·········-·················------------··································- 2, 11111 G 

60 

Number Dfll.. 
abarged for Tu· 
bereUlosls 

Per J00,000 

UK Total •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -----
Acdve pulmouary tuberculollls •••••••••••••••••••••••••••••••••••• --~----·--

~~=,.~~~~:::::::::::::::::::::::::::::::::::::::::::: 
106 
39 
19 
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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 

Disdurgu for Tu/Jeradolil in &latUm lo Rae. Among Mm for W1iom l/ie lnduetitm Film war 
Calletl Nqati111 on Final &atling 

..,., 

White I Ncmwblte 

Number of Men 

To&aJ._________________________________________________________ 9211 IN1 ------~~==:::::::::::::::::::::::::::::::::::::::: ii :5 
.......... ==1= ............... ..,. ll----------·----------------------------------------------------------- 2, m 1112 
Number Dfll. 

abarpd far Tu
bscDlollis 

P•l00,000 

82 Total ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••. !----·---
~-:::::::::::::::::::::::::::::::::::::::::::: 

113 ,111 
11 u i 18 
18 . ,.., 81 

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 
Dist:!VJrgefor Tubereulosis in Rdation to Age at lrulu&tion, Type of 1Jiatnosis f111d Rau 

NUMBER 01' MEN DISCHARGED 

Age at IDduc&laa 

Tolal.-----------------------
18 and und•------------
19-:IO •• ------------------21-22--------------------1113-31 ____________________ 

··--------------------71-28--------------------llll-30 ____________________ 

81-311 •••••.•••••••••••••• 
36 and OV•-············ Untnown ••••••••••••••• 

To&al---------------------
m Bild under •••••••••••• 
21-2'--------------------9IHl0 ____________________ 

81 and over •••••••••••••• 
Untnown. •••••••••••••• 
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Control 
Roster 

2,88'1 --477 
lilili 
880 
216 
229 
:.11111 
147 
27:1 
110 

2 

408 

Im 
182 
69 
73 
9 

mao. 
l'lnal Beading, Induction l'l1m ~ 

To'81 Nep. :ot Not euJalll 
To'81 1---,..--...,.1--.....---1 ~ 

tlve ti~ Reed 

White IDductem 

2,MB 1.1114 81111 7411 Ull lilili 17' -- -----290 188 118 7ll 18 411 114 
111111 ., 178 142 411 100 7ll 
3411 244 110 108 ll8 86 • 192 114 42 117 Iii && 28 
173 110 40 1511 11 43 :ID 
1116 M 36 l!O 8 te 18 
142 87 71 153 7 39 16 
818 199 47 126 ll8 91 28 
1811 111 lD 81 8 ft1 7 

... -------- ......................... ........................ ........................ ...................... ....................... ..................... 

Nonwhite IDductem 

786 m .. 2te 42 102 Ult 

239 ll!O 62 74 H 82 117 
216 1411 62 n 12 ll8 411 
162 109 Ill 411 9 18 811 
134 811 71 Ill 7 211 2' 

Ii a 2 1 ..................... 1 1 
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TABLE 43 
Diseltarge for Tuberculosis in Relation lo Age al lnduetion, Type of Diagnosis and Rau 

ODD RATIOS PER 100,000 DISOHAROES 

A.ge at IDdoctlcm Total 

A verace .•• ---------------------------- 164 

18 and under---------------------- 110 
19-30. -- -------- ------ ------------- 176 
21-22. ---- --- - - - - -- - - - - - - -- - - - - - - - - 166 
•x. ----------------------------- 161 ··------------------------------ 1117 
'11-28. ---- --- - - - --- - - -- - - - - - - - - - - - - 136 
2IHIO. ------- - -- - - ---- -- - - - --- -- - - - 176 
81-36. - - - -- -- --- - - -- --- -- --- -- - - -- - 212 
llll and OVW------------------------ 306 

Active PulmOD81'7 Tuberculosis 
Inao

Flnal Reading, Induction Film ~:0-
1~~~,--~~l,..._~--,~~~1~~ 

Total Nep- J1°t Not culosls 
ttve tt8:" Read 

White Inductees 

lo& 42 62 12 39 ------
72 117 '11 7 18 

130 68 46 16 33 
116 63 62 12 32 
96 ll6 48 13 46 
87 82 47 9 M 
82 31 43 7 40 

107 33 66 9 48 
133 31 IK 17 61 
188 36 138 13 110 

Non white Inductees 

Nonpul• 
mo1181'J' 
Tuber· 
culosls 

19 -
21 
x 
18 
19 
16 
14 
30 
19 
12 

Average...................... ......... 840 221 92 111 19 46 11 
1--~~1--~~1~~~1~~~1~~~1~~~1~~~ 

30andunder........... ........... 366 223 92 110 21 48 811 
21-X......... ..... ......... ... .... 292 196 IK 96 16 ll6 61 
~- ------····-····-·-·-·-----·-· 418 281 182 1'11 23 46 90 
81 and ovw........................ 827 ll08 66 126 61 19 

FIGURE 10 

Diseltarges for Tuberculosis, bJ T.1f>t, Per 100,<JOO Diseltarges bJ Age al Induetion; White Enlisted 
Men 
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cacntially 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 
Diseliargu for ktioe Pul"""""7 Tubm:ulo.rit Per 100,000 Discharges by Age at Induction and 
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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. 

TABLE 44 
Number Di#lv:zrted Jor Tu/Jereulosis p,, 100,()()() Diselv:zrges in Relation "1 Census DWision tf 

Induction Raidene1 and Birthplae1 

ODD Ratlo/100,000 

Census Dlvlslon White 

Induction 
Residence 

Total_ - - -··-···---···-···-----·---·-----··-······-·---- 164 

Birth· 
plaoo 

lM 

Nonwhite 

Induction Birth· 
Residence plllOll 

840 MO 
1~~~-1-~~-1-~~~-1-~~-

162 (') 
122 298 

(') 
266 ~~~Je~1(i.:::: :: : : : : : : : : : :: : : :: : : : : : : : : : : :: : : l~ South Atlantlo •• ______________________________ ___ __ 170 

179 293 285 
East North Central---··· -------------------------- 164 170 366 499 
East South Central -- -----·······---------------- -- 214 230 368 33.5 

137 (') 
186 364 

(') 
861 

West North Central..______________________________ 141 
West South Central___ _________ ____________________ 105 

176 (') 
282 4.16 

(l) 
700 

Mount.aln.. •••••••••••••••••••••. --- -- ---- -------- -- 170 
Paclftc ••••••••.••••••• ---- ••••••••••••••••• -----··- 2ln 

I No& oomputed. 

65 

Copyright © National Academy of Sciences. All rights reserved.

Tuberculosis in the Army of the United States in World War II:  An Epidemiological Study With an Evaluation of X-Ray Screening
http://www.nap.edu/catalog.php?record_id=20266

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


TABLE 45 
NumlNr DistlllJTgtd for Tuberculosis Per 100,()()() DisclllJTgu in Relation to Si1:.1 of Ci!? of Iria

lion Residene• and Birlhplau 

ODD Ratlo/100,000 

Population (1940) White Nonwhlte 

Induction Birth- Induction Birth-
Rllsldenoo plBOe RMldence place 

Total. - - --- ----- ---- ------ ----- ------ - ----- ---- _ ----. __ 164 164 340 340 

147 143 352 309 
197 168 283 306 ~~~.:8-~::::::::::::::::::::::::::::::::::: 
166 167 371 272 
16.5 171 321i 871 
184 134 288 304 
166 179 405 38() 5~f ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

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. 
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AGURE 12 

Di#hargu for Tuberculosis Ptr 100,()()(} Discharges by Education al Induction and Final Readint 
of Induetion Film; Whiu Enlisud Mm 
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TABLE -46 
N_,,,, Dis&luxged for Tu/Jereulosis P1r 100,000 Discluxgu in Relation to Education at· Intluctiora 

ODD Ratio/100.000 
Yean of Education at Indactlon 

Total •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

4 or •---------••.•. ----------------. ---------. --------------------- --------
6-7 - - -- --- ----- -- --- --- -- ---- -- -- --- ---- --- -- ---- --------- ------- ----------- -
8. - - - ------- ---- - -- ---- -- --- ----------- ------ ---- ---- -- -- --- - ------- ---- -----0-11. -------------------------------------------------------------------. ----
12. - • -----. ---- ------ ---- - -----------. -------. - ----- --- -•• - --- • ----- ------ - •• 
13-111.. -- ----- ••• --- ---------. -- ••• --- • -•• -•• -•• - --•••• --- -••• - • - ---- -------
UI ••••••••••••••••••••••••••••••••••• -- -•••••• -•••••••••••••••••••••••• -• -- •• 
0991' 10 •••• --- -- • --- - ---------- -- • - • -•• ---- ------- - • ------ - -----------. --- ---

TABLE 47 

Wblte 

1114 -178 
160 
163 
Hl 

=} 281 

NonwbUe 

MO 

882 
ate 
880 
882 
llOll 

241 

Number Dis,harged for Tuberculo:ris Per 100,000 Discharges in Relation to Civilian Occupation 

Olv!llan Oocupatlon 

Total .••••••••••••• --·· .••••••••. --···--------·-------------------·-·---·- ·-- •••• 

i=~~cl. ~pl~~~~:::::::::::::::::::::::::::::::::::::::::::::::: 
Proprietors, officlalB. ___ . _____ •••• _______ ____ __ --- -- ______ -----. ________ -----

Olerlcal or 881es pel'l!Onnel ••••••••••••• --------- ••••• -------------- ---- -----Craftsmen and foremen •••• ••••••• ----------------------·-·- --·····-·-·---·--

w:i:%~~-.::::::::::::: :: : : : : : : : : : : : : : : : : :: : : : : : : : :: : : : : : : : : : : : : :: : : : : : : : : : 
Service worlcnrs, except protective service •.•••••••••••••••.••••••...••••.•.•. 
Protective service workers ... ---- _____ ........... ··-·-... ____ ------......... . 
Students ••• _ ••••••••••• -- ••• - ••• - - ---- ----- ------ ---- ----- ----- • --- - ---- - · -• 
Labornrs .••. ------ .•••••.•••.••• ____ -- ---- ----- --------- ---------------- ----

• Not oomputed. 
BODY BUILD 

0 DD Ratlofl00,000 

Wblte Nonwh!te 

164 34-0 
1----1-----

261 (1) 
163 «2 
161 (l) 
17( «I 
169 368 
142 302 
166 (') 
'NT 307 
183 (1) 
143 2411 
100 333 

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 bas long been noted 8 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. 

• See emmple Reed and Love (11). Tb- authors quote Han~n aa mating tbla 1181118 obllervatlon 
tn 1876. 
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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 
Disc/iargu for Tuberculosis Per 100,000 Disc/iarges hy Heighl al Intluction and Rau 
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TABLE 48 
NumlHr Discharged/or Tuberculosis Per 100,()()() Discharges in Relation to Heiglil 

ODD Ratlo{l00,000 

Height at tnductlon 05 Percent 05 Percent 
White Oonllden.oo Nonwhite Can!ldenoo 

Limits Llmlta 

Total •••••••••••••• •••••••••••••.••• --·------------- --- 16'1 15f>-173 840 301-<!85 
1~~~~~~~~-1-~~~-1-~~~ 

63 lncbes and under •••• . ---------------------------
63.l-&l lncbes •• _ ••• ----------------------------- ••• 
64..1~ Inches •••• ---------------------------------
&.1-00 Inches •••••••••••••••••••••••••••••••••••• --
66.1-67 lnch08. - -- ---- -- -- ------------ -------- ----- -
67 .l-68 Inches •• __ ------ ••••••••••••••••••• •... -- • --

,1-lill lnchcs. ____ ------------ -------- ------ ----- --
69.1-70 Inches. __ ••• -------------- ...... - --- ------ --
70.1-71 Inches. __ _ .•••••• ------------------------ ---
71.1-72 Inches •• --------------------------------- __ _ 
72.1 Inches and over ••• ••••••••••••••••••••••••••••• 

TABLE 49 

117 
109 
133 
138 
162 
164 
166 
190 
174 
235 
2« 

80-167 312 182-684 
78-148 274 l«-600 
02-188 274 1114-422 

102--183 364 251-625 
130-177 324 233-467 
133--178 256 llllh'IW 
13b-171l 383 28G-M4 
163-221 622 ~l 
Hf>-207 466 306-785 
189-2\H 209 184-019 
108...;J(H 309 178-6Ql 

Number Discharged for Tuberculosis Per 100,000 Discharges in Relation to Ratio of Weight al 

Induction to Median Weight for Height 

White Nonwhite 

ODD Ratio Per ODD Ratio Per 
Ratio of Weight to Median 100,000 100,000 

Roster Roster Roster Roster Weight !or Height (Peroont) I II I n 
Nwn- Nwn- 96 P &r· Num- Num- 95 Per· 

her her Est!· oontOon· her bot Est!- ooutOou-
mated fldenoe mated fldenoe 

Limits Limits 
---------- - -----

Total_kuown ..•...•...•....•..... 2,342 2,696 164 165-173 749 395 340 302-386 
--------- - - -------85 percent or less _______ _____ 374 196 349 294-416 87 26 698 403-090 

86 to 90 percent •••• ---------- 441 340 235 205-272 106 46 422 304-61& 
91to95 percent ______________ 462 436 192 169-219 164 65 424 ~7S 
96 to 104 peroonL ••••••••••• 635 818 141 127- 156 260 144 324 26&-390 
UJ5 to 109 percent ••.• ••. ..... 182 258 128 106-16'1 67 44 273 189-4 
110 to 114 poroeot •••••••••••• 92 189 88 68-112 40 ~ 205 13G-32S 
115 to 124 percent _________ ___ 103 2()( 92 72-116 22 22 180 98-330 
126 percent or moro •••••••••• 63 156 62 44-83 13 14 167 7(>-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 disease 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 
Num/Jer Dise!UJrglfl for T ulureulosis P1r 100,000 Dise!UJrgu in IUlalitm to Ratio of W eiglll al 

lnduaion to Median Weig/ii for Height; W/li16 Enlistld Mm, Final &ading of lndu&tion 
Film Negali,,. 

RaUo of Weight to Media, Weight for Height ODD Ratlo/100,000 

Total ••••• --------------------------------------------------------------------------- 81 

86 penlllllt or------------------------------------------------------------------ 1111 
88 to llO percent------------------------------------------------------------------- UIO Ill to 1111 percent___________________________________________________________________ 112 

118 to UM percent ---------------------------------------------------------------- ffl 
11111 to lOll percent ________ --------------------------------------------------------- 73 110 to 114 percent_________________________________________________________________ '/fl 
116 to 12' percent_________________________________________________________________ 38 

1211 percent or more-------------------------------------------------------------- 811 

FIGURE 14 
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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 
baais but, at least in part, rests on some other mechanism. 

TABLE 51 
Distribution of W lit/it at Induetitna in Rtlation to Rosta and Firial R.ading of Indut:lion Film for 

llw Tuhn-culosis Roster, Whiu &mlits 

RaUo o! WeJgbt to Median Weight for Height 

Total (poroont) ______ ---- --------- _ ---- _ ---- ----
Total number ____________ --------. _____ ·--- ----

85 percent or Jess ________ _________ _________ _ 

86-1llJ percent .••• -------------.----.----. ---01-05 percent. _____________________________ _ 
96-lOf percent _________ ------------------- __ 
105-109 percent. •. --------- ________________ _ 
110-114 percent __ _________ ------------------
116-124 percent ... --------------------------125 percent or more ______ ________ _________ _ 

Control 
Roster 

Tuberculosis Roster, Final Readlng of 
IoducUon Film 

Nept!ve 'l'ubercul.osis 
Otl:ler 

Pathology 
Only 

100. l 100. l 100. 0 100. 0 
2, '82 025 ll02 260 

1----1----·l-----1---~ 

7. 7 17. 9 17. 0 10. 4 
13. l 10.1 17. 6 15. 4-
17. l 19.4 20.2 25.() 
31. 3 25. 4 28. 4 26. 5 

9. 9 8. 6 6. 8 8. l 
7. 2 3. 4 {. { 4. 2 
7. 8 3. 7 •. 2 6. s. 
6.0 2.7 1.4 4.6. 

FIGURE 15 
Diseluxges for Tuberculosis Per 100,()()() Dmhar1es by Relative W tiglit at Induction; Whit# 
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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, neverthdess, if it is pos
sible, to obtain at least first approximations to answers to the questions of in
terest, and we bdieve that this may be done by placing suitable restrictions no 
the cases of tuberculosis studied. Thus, could we restrict oursdves 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 1July1942. 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 
D1111lopmmt of Tuberculosis in RJatitm to Ovtr11as Smlie1 and Prisontr-t1f-W• Sta1vs; Mm 

With 25 Monlhs or Mori of Smlie1 Exellllii"I Titnl in Hostital for Chui DislOSI 

Roster I I ROl!lterll Relative 
Cb1111ceof 

I Tuber-
Number Percent Number Per®lt culosla 

Wblte 

Total known_ ...................... ..... . 2M~ 1, 8:)6 

~li No ovorseM service .••.•..••.....•.•••. 321 12. 6 2llO 16.3 82 
Overseas ser.-!ce ••.• ·--------· --------. 223 87.6 1,646 8(. 7 103 

Not prisoner or war···------------ - ZIO 82. ~ 1,619 83. 2 99 
Prisoner or war.·------------------ IS 6.1 '.11 1.6 34$ 

Noowblto 

Total known---------------------------- -- 68 ,00,H ~'~ No overseas service .•• ----------------· II 16. 2 43 H.8 109 
Ovoraee.s service •. ___ . ____ .----. -- ..•.. 67 83.8 ~7 86. 2 98 Not prisoner of war. _______________ 66 80. 9 246 M.8 96 Prisoner or war _______________ __ ••. 2 2. 9 l o. 3 (1) 

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, h0wever, 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 disease (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 oftubercu
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 
DeueloJmunl of Tu/Jereulosis in Rtlaliort to Plau of Longest Owrseas Seroiee; Men With 25 

Monllu or Mori of SlrM &diulifll Time in Hospital for Chest DisttlSI 

Roster I I Roster ll R6latlve 
Longest Overseaa S&rvloo ~~~~~~-1-~~~~~~-1i~~! 

Number Peroont Number Pen:ent los18 

WbJte 

Total ••• ---• ----•• __ ••• --••• _ ••• _. _. _. _ ••• _ 221 100. 1 1,621 100.0 100 

North America---- ------------------ -- 3 1.4 47 a.1 44 Central and South America ___________ 3 1.4 29 1. 9 71 

~7cemw.em-::::::::::: ::::::::::::: 121 M.8 764 49.6 110 
17 7. 7 16() 10.6 73 

Middle E""t------·- · ··------- --------- 6 2. 7 61 3.4 81 
Asia. __________ ---- - - --- - --- - ----- - ---- 11 6.0 63 4.1 120 
Pacl11G ••• -..•.• - --••• ---• -• •••• -- -- ·-• - 60 27. l U7 27.4 99 

Nonwhlte 

Total ••• ·-··· •••••••••••••••••••••••• _ ••••• 56 100.0 246 100.0 100 

North A.morloa •• •••••••••••••••••••••• 1 1.8 2 .8 (I) 
Eurol)B .••••••••••••••••••••••• ----. --- 27 48.2 108 44. 1 109 
Mediterranean •••••••••• -·------------ 12 21. 4 22 9.0 239 
Middle East .•.•••••.••••.•.•••.••••••• I 1.8 7 2. 9 (') 
Asia •• ------------------- - ----- ---- ---- 6 8.9 18 7.3 122 
Pacl11o. --..•••••• _ •..•• - - •• -•.••••• -· -• 10 17. 9 88 36.9 60 

I LlmHed &omen dllobarpd for IOUTII pulmonary Wberoulolla for whom llDal readJDa of lndDctloD IDm 
.. llo8llltlve. 

1 Not caloaJated. 
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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 ohlcuring 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 5.4 

D-1opmmt of TulHrculosis in Relation to Venereal Disease and T"4ater of OoerSIQI &roiee; 
Men With 25 Months or More of &ruie1 Excluding Tim1 in Hospital for Chut Dis1a11 

Roster I 1 Roster II I Relative 1-----.-----1-----..---1 Chanoeof I I Tuber· 
Number P-t Number P-t ouJosfa 

White 

ETG-Total.............................. 121 100.0 7114 100.0 100 
1----~----1----~----~----Wlth ETO venereal dl8eaae........... 18 10. 7 eo 8.0 1311 

Without ETO venereal dlamae........ 108 (19.8 8IN 92.0 'II 
l=======l=======•l======l,=======I======= 

MTG-Total.............................. 17 100. 0 180 100. 0 100 
1----~----1----1·-----~----Wlth MTO venereal disease........... 1 6. 9 21 18.1 '5 

Without MTO venereal dlamae....... 16 IK.1 189 1111.9 108 

PAC-Tota1 ••••••••••••••••••••••••••••••• 1======eo=1====1=00.==o•l===== ... =7=l====100.==0=1=======100 

With PAO venereal dlamae------------ 1 1. 7 16 a 8 43 
Without PAO venereal disease........ 119 98. 8 401 911. 2 102 

l=======l=======•l======l,=======I======= 
Other Tbeaten-Total.................... 26 100.0 2111 100.0 100 

With ovenms venereal dlamae .••.•.•.• -·---------- ------------
Wltboutover&MS venereal dlamae...... 26 100.0 

17 
198 

Nonwhite 

~J ---------iOi 

ETG-Total.............................. 71 100.0 108 100.0 100 
1-----~-----1----~----1-----Wlth ETO veuereal dlamae........... 2 7. f 26 28.1 82 

Without ETO venereal dlaeale........ 26 92. 6 88 7t1. 9 120 

MT<>-Tota1 •••••••••••••••••••••••••••••• 1=====1=2 '1===1=00.==0·1=====22=1,====100.==0=1======100= 

With MTO venereal disease.......... 1 8.8 9 f0.9 20 
Without MTO venereal dllleaae....... 11 91. 7 18 119.1 11111 

PAo-Tota1 ••••••••••••••••••••••••••••••• 1======1o=l====1=00.==o•l=====ss=t-====100.==0=1======100= 

With PAO venereal dlaealle............ 1 10. 0 12 13. 6 78 
Without PAO venereal dlaealle........ 9 90. 0 76 1111. f 10. 

l=======l======l===="===l•======•I======= 
Other Tbeaten-Total.................... 8 100.0 29 100.0 100 

With overaeaa venereal dlaeale .••••••• ------------ ------------
Without oveneu venereal dllleaae..... 8 100.0 

8 
26 :. ~ ---------iii 

1 Llmlted to men discharged for active pulmonary tuberculoals for whom flJJal reading of Induction film 
Ill 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 S 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 

SS) or military occupation (table S6) 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 S percent 

TABLE 55 
Develojnnnd of Tuberculosis in Relation lo Arm or Seruice; Men Willa 25 Months or More of 

Service Excluding Time Sflenl in Hospilal jor Chui Disease 

Roster I• Roster II R-OlaUve 
Arm or Servloo Chance of 

I 
Tubercu· 

umber Percent Number Percent losls 

White 

Total known'·· .•••.•••••••••••••••••••.. 2M 100.0 1,826 100.0 JOO 

Infantry, cavalry, armored . ..••.•••••. 67 26.3 <133 23. 7 111 
Freid artillery . •. .. .. --- - ..•.••..•...•• 12 4. 7 156 8.6 M 
Coast Artillery Corps .•• __ •••••••••.•• 19 7.6 161 8.3 90, 
Corps or Engineers . . ......••..•.•..••• 23 9.0 248 13.6 M 
Quartermaster Corps ••••••••••••••••• • 9 3. 6 104 6. 7 61 
Medical Corps ... . .............•.••... « 17.3 170 9. 8 177 
Other services •••••.••••••••••••••..••• 46 17. 6 389 21.3 83 
Air Corps • . .•..•..•..•.......••.•.•. •. 68 26. 7 601 27.4 97 
Unknown or unl\S9lgned ••••••••••••••• 1 .4 6 .3 (') 

Nonwhite 

Total known• ••.•••• ..••••••••.•••••••••• 68 100. 0 290 100. 0 100 

Jnlantry, cavalry, armored ......•...... 9 13. 2 30 10.3 128-
Field art Ulery ..•••. .•••••••••••••••••• 2 2. 9 19 6.6 44 
Coll8t ArtUlory Corps ......•..•..•.... 4 6. 9 11 3.8 155 
Corps or Engineers •• •••••••••••••••••• 7 10. 3 62 17. 9 68 
Quartermaster Corps ••••••••..•••••••• 22 32.4 124 42.8 76 
Medlcal Corps ••• .•.••••••.••••••••••• 6 8. 8 12 4. 1 215 
Other services .••••..•••• .•.••••.••..•• 17 u.o 6li 22.4 112 
Air Corps •.••.••••..••••••••••.••••••. 14 20.6 tlO 17. 2 120 
Unknown or unassigned ••••••••••••••• ............ .................. .......................... ... 2 .7 (1) 

1 Limited to men discharged for acUve pulmonary tuberculoslll for whom final reading of Induction film la 
megatlve. 

t Totals shown are numbers of men nudled; since aome men had more than one aaslgnment, column llJlll& 
exceed the totals. 

I Not calculated. 
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TABLE 56 
Dnelopmmt of Tuberculosis in Relation to Military Oaupation; Men With 25 Mont/as or Mori 

of Serrm1 &duding Tim1 Spent in Hospital for Claut Diseas1 

Mllltary Occupation 

Tota.I '- ----- ----- -------------------------

Gunnery an.d gunnery oontroJ. ___ -----
Intelligence, 1100Urlty, reconnalS50IJOO--
OommunlcaUom ••• --- • ---- -----. ----. TmWlportatlon _______________________ . 
Supply _____________ ______ __________ __ _ 
Malntenanoo .• _________ --- . ----. ---- --
Medical .--------_.---------.----.----_ Comtructlon and engineer~_ .. ___ _ • 
Admln.l.stratlve, technical, --------

Tota.I 1 ____ ---- ------- ---------------------

Gunnery and gunnery oontrol. ________ 
Intelligence, security, reoonnalssanoe •• Communications. _____________________ 
TransportaUon. ---- _ ----- -----. ----. __ 
Supply. ___ --- __ --- _ .. -- ••• --- •• ---- -• _ 
Malnte.aanoe, oomtructlon, engineer-

M~lcaC :::: :::::::::::::::::::::::: 
Admlnllltratlve, technical, ml.so •••••• •• 

Roster I 1 Rooter II Relative 
1~~~~~~~-1-~~~~~~· ~~! 

Number I Percent Number Percent loota 

2M 100.0 

102 40.0 
211 11.t 
35 13. 7 
60 10.6 
39 16.3 
65 21.6 
31 12. 2 
11 4. 3 
68 26. 7 

68 100.0 

13 19. l 
1 1. 6 
6 8. 8 

16 23.6 
16 23.6 

10 H. 7 
6 8.8 

32 {7.1 

White 

1,828 

678 
176 
216 
407 
249 
t62 
135 
94 

626 

on white 

292 

fi6 
10 
1'l 

100 
72 

66 
II 

Ufi 

100.0 

37.1 
0.6 

11. 8 
22.3 
13. 6 
24. 7 
7.4 
6.1 

28.8 

100.0 

19.2 
3.4 
4.8 

34. 2 
24. 7 

22.3 
3.8 

{9, 7 

100 

108 
119 
l16 
88 

113 
87 

1116 
84 
93 

100 

99 
43 

183 
69 
96 

66 
23t 
96 

• Limited &o men dlacharged foe active pulmomiry tuberoaloala for whom llnal reading of Induction film 
taneptlve. 

t Tote.la shown are numberll olmen studied; alDce eome men had more Uum one 881111Dment. oolumn 8111111 
uceed &he totala. 

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, Crom 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 Crom infection by their fellow 
soldiers, particularly among white troops. We have already seen that the 
evidence is 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 Crom infection by 
our own troops we cannot estimate, but that it was not inconsiderable 
would seem to follow Crom 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 Crom 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 se 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 o( 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. 

83 

Copyright © National Academy of Sciences. All rights reserved.

Tuberculosis in the Army of the United States in World War II:  An Epidemiological Study With an Evaluation of X-Ray Screening
http://www.nap.edu/catalog.php?record_id=20266

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


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 bad 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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