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TUBERCULIN REACTION SIZE IN HUMAN
POPULATIONS AS A POSSIBLE INDEX OF
THE PREVALENCE OF BOVINE INFECTION

A Preliminary Report

DANISH TUBERCULOSIS INDEX *

SYNOPSIS

In order to check a possible explanation of variations found in
Denmark in the average size of positive tuberculin reactions in
different parts of the country, a small-scale special study was made in
connexion with the recent Danish mass antituberculosis campaign.
The study was carried out in two selected districts; one where cattle
tuberculosis has been highly prevalent in the past and one where
cattle tuberculosis has been rare.

The results showed a substantialy larger average reaction size
in the former district, and this experience was useful in analysis of
some of the routine mass campaign material. Quite large and
consistent variations were found in the average size of the tuberculin
reactions in different parts of the country. The variations could not
be explained by such obvious factors as differences ip the tuberculin
used, in the testing technique, or between the observers reading the
reactions; nor could they be consistently related to differences in the
proportions of positives. The results of the study suggested that the
average size of the reactions is related to the prevalence in the past
of tuberculosis in cattle, and this was again the case in the analysis
of the campaign material: smaller reactions were found in counties
long free of cattle tuberculosis, larger reactions in counties where
bovine infection has only recently been eradicated.

The present report, while regarded as preliminary, has possible
implications for tuberculosis control studies in countries where very
little is known about the prevalence of bovine tuberculosis.

The general uniformity in the distributions of reactions to a low dose
of tuberculin is, apparently, the most striking feature of specific tuberculin
sensitivity. This uniformity has been observed in persons of all ages (see
page 261) and in populations with very different frequencies of positive
reactors (see page 63). Definite and consistent variations can nevertheless
be demonstrated in some areas; and, when experimental causes for the
variations can be excluded, some other explanation must be sought.

In Denmark, Madsen, Holm & Jensen 1 reported, from epidemiological
studies in the 1930's, a direct relation between the frequency of positive

* This report describes some of the results obtained by analysis of material from the Danish mass anti-
tuberculosis campaign. The data were analysed and the report was prepared by E. Groth-Petersen, Poul
Viskum, and Erik Wilbek.
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reactors and the sensitivity to tuberculin. In serial testing with 1, 10, and
100 TU of Old Tuberculin they used the percentage distribution of
tuberculin-sensitive subjects reacting to the different doses as an indicator
of the sensitivity. They suggested that the relation might be due to the
infection rate as such or might be directly connected with bovine alimentary
infection, which in the past has been an important source of tuberculous
infection in the greater part of Denmark. The authors concluded that most
probably continual superinfection with human as well as with bovine
organisms brought about increased sensitivity to tuberculin.

The present paper reports the results of a small-scale study on tuberculin-
reaction size in two selected districts and in relation to that study discusses
routine mass campaign material from four counties in Denmark. The
report must be viewed as preliminary, as a definite conclusion requires
further and more detailed analysis of tuberculin test results for groups of
adults and for children from the entire country. A report at the present
time seemed warranted, however, because of the implications of the findings
for tuberculosis control studies in countries where very little is known
about the prevalence of bovine tuberculosis.

The Special Study

The study was made in district H in Svendborg county on the island of
Funen, and district B in Ringk0bing county in West Jutland. The two
districts, both rural, were selected for study because of wide differences
in the prevalence of tuberculosis among cattle during the past decades.
In 1937, the first year for which official figures are available, about 75 %
of the stock in district H were tuberculin-tested and only 8 % of them
were positive reactors. In contrast, more than 80% of the herds tested
in district B were positive reactors. Only about 20% of the herds were
tested there, but tuberculosis was by no means less widespread in the
untested herds, to judge by reports from veterinarians (personal com-
munication from the Veterinary Directorate).

Apart from the differences in cattle tuberculosis in the past, the two
districts should be very much alike. In recent years neither district has had
cattle tuberculosis, and, since the early 1930's, the mortality from pulmonary
tuberculosis in human beings has been about equal in the counties to
which the districts belong.

Tuberculin tests were given to all persons, children as well as adults,
who were covered by the mass campaign in the two districts. A dose of
10 TU from the same batch of tuberculin (RT XXII, Statens Seruminstitut,
Copenhagen) was given by one person. The reactions were palpated and
carefully measured in millimetres of induration after four days by two
nurses from the WHO Tuberculosis Research Office, who made dual
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independent readings of all the reactions. There were 758 children of
1-7 years of age, but only 23 of them showed reactions 6 mm or more;
the reaction sizes will therefore not be given. Evidently the infection rate
in recent years in both the districts has been very low, and no difference
was found between them.

Reactions to the 10 TU tuberculin test among the adults in the two
districts are shown in fig. 1 as frequency distributions by size of transverse
diameter of induration. (Results are given for only one of the two readers.)

FIG. 1. DISTRIBUTIONS BY SIZE OF 10 TU REACTIONS
AMONG ADULT POPULATIONS IN TWO DISTRICTS
OF DENMARK SELECTED FOR SPECIAL STUDY *
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* District H has had a low prevalence and district B a high prevalence of cattle tuberculosis
in the last decades.

Each distribution forms a smooth bimodal curve, separating the popula-
tions into two distinct groups. The right-hand segment of each distribution,
the tuberculin-" positive " group, resembles a normal probability curve.
In district H the reactions are distributed around a mean value of 16.2 mm
for reactions 6 mm or more. In district B the entire positive group appears
to have been displaced to the right: it is more widely separated from the
negative group than in district H and is distributed around a value of
19.8 mm. The mean size of the positive reactions differs by 3.6 mm in
the two districts.
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The results for the second reader (not shown) corresponded to those
for the first reader, the mean size of the positive reactions being 16.8 mm
in district H and 20.4 mm in district B.

The most likely explanation for the difference between the results for
the two districts is a difference in type of infection. In district H the popula-
tion presumably contains very few bovine-infected persons, while in
district B a considerable proportion are bovine-infected.

Routine Campaign Material

Material is also presented from four of the counties covered by the mass
campaign in 1950-52: Svendborg, Vejle (in East Jutland), Aalborg (in
North Jutland), and Ringkobing. (The populations in Svendborg and
Ringk0bing are not the same as those tested in the special study.) Although
persons of all ages were eligible for examination, the campaign was espe-
cially directed toward the age-group 15-34 years, of which an average of
63% were examined in the four counties.a Thus, the largest and most
homogeneous material available is for that segment of the population, and
will be used to illustrate the results. The study population from Svendborg,
Vejle, and Aalborg is urban, from Ringkobing entirely rural.

Tuberculin tests were given according to a standardized technique
throughout the campaign with an intradermal dose of 10 TU from the same
batch of tuberculin (RT XXII) as described earlier. The reactions were read
after four days by nurses specially trained to do the work as objectively as
possible. One nurse read all the reactions in Vejle, Aalborg, and Ring-
kobing; two other nurses read the reactions in Svendborg.

The results are given in fig. 2. The four counties are arranged according
to the mean size of the positive reactions (6 mm or more). The smallest
reactions are in Svendborg where they average 15.3 mm; the largest are in
Ringkobing, averaging 20.4 mm-about the same magnitude of difference
between the two counties as found in the special study (cf. fig. 1)-while the
positive reactions in Vejle and Aalborg are intermediate.

The differences in the degree of tuberculin sensitivity expressed by
average sizes of the positive reactions in the present material cannot be
explained by fortuitous variations, by differences in the tuberculin-testing
procedure, or by systematic changes in the readings. Nor can they be
satisfactorily explained by urban-rural differences or by different proportions
of positives with a correspondingly greater or lesser extent of overlapping
between the positives and negatives.

Because of the result of the special study carried out on the island of
Funen and in West Jutland, the possibility of bovine infection in the past
in the four counties has been investigated.

a The material from Ringk0bing includes some children, but only a few of them had positive reactions.
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FIG. 2. DISTRIBUTIONS BY SIZE OF 10 TU REACTIONS
AMONG ADULT POPULATIONS IN FOUR COUNTIES

TESTED IN THE ROUTINE MASS CAMPAIGN, DENMARK
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Efforts to eradicate bovine tuberculosis had been started in Svendborg
in the 1920's and progressed rapidly and successfully. In Vejle, Aalborg,
and Ringk0bing the testing of stock and the elimination of tuberculous
cattle were started later, the latest being in Ringk0bing, where up to the
middle 1930's 80-100% of all herds were estimated to be infected.2 In 1937
the majority of the herds had been tested in the counties of Svendborg and
Vejle, only about the half in Aalborg and Ringk0bing; since 1943 nearly
100% of the stock in each of the four counties has been regularly tested and
infected animals have been eliminated. Pasteurization of milk is of no
importance in this history; not being required by State law, it was not
generally carried out in the four counties until the late 1940's.

FIG. 3. PERCENTAGE OF TUBERCULIN-POSITIVE HERDS AMONG HERDS TESTED
IN FOUR COUNTIES OF DENMARK, 1937-50
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Official figures for results of cattle-testing extend back only to 1937.3
The results are illustrated by the curves in fig. 3. The horizontal axis shows
the calendar years from 1937 to 1950, the vertical axis the herds with
tuberculosis as a percentage of the total number of herds examined. Each
curve gives the figures for one county.

The order of prevalence of tuberculosis in cattle in which the four
counties fall corresponds fairly well to the degree of tuberculin sensitivity
among the young adult population of those counties. Svendborg had only
10% infected herds in 1937 and none in the last decade, while Ringk0bing
had over 60% infected herds with a slow reduction to recent years. Vejle
and Aalborg are in between the two extremes.

282



BOVINE INFECTION AND HUMAN TUBERCULIN REACTIONS 283

The most plausible explanation for the variations in tuberculin sensi-
tivity demonstrated in this preliminary report is that there is a relation
between the average size of the positive tuberculin reactions and the pre-
valence of tuberculosis in cattle over the past several decades.
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R1ESUMEJ
L'uniformite generale de la distribution des reactions consecutives a l'administration

d'une faible dose de tuberculine parait etre une caract6ristique frappante de la sensibilit6
specifique a la tuberculine dans de nombreuses parties du monde. Toutefois, dans quelques
r6gions, on a observe de grandes variations dont il convient de rechercher l'explication.
A l'occasion de la campagne antituberculeuse syst6matique r6cemment entreprise

au Danemark, on a fait une 6tude speciale, d'une ampleur limit6e, sur les dia-
metres des reactions a la tuberculine. Les travaux ont 6t6 menes, dans des conditions
comparables, dans deux districts: l'un oiu la tuberculose bovine avait eu autrefois une
fr6quence 6lev6e, l'autre oiu cette maladie 6tait rare depuis longtemps. Les r6actions
observees ont et6 sensiblement plus grandes dans le premier district. L'analyse des rensei-
gnements courants recueillis lors de la campagne a d'autre part montr6 que la dimension
moyenne des r6actions a la tuberculine variait fortement suivant les regions du pays. Or,
il n'6tait pas possible d'expliquer ces variations par des facteurs 6vidents tels que des
diff6rences dans la tuberculine employ6e, dans les techniques appliqu6es ou dans la
lecture des reactions; on ne pouvait pas non plus les mettre en corr6lation avec des
diff6rences dans la proportion des sujets a r6action positive. En revanche, les r6sultats de
l'etude speciale ont permis de penser qu'il y avait une relation entre la dimension moyenne
des reactions et la fr&quence de la tuberculose bovine dans le passe; l'analyse des donn6es
obtenues au cours de la campagne a rev616 la meme relation : en effet, on a trouv6 des
reactions plus petites dans les comtes d6barrasses depuis longtemps de la tuberculose
bovine que dans ceux oiu la maladie n'avait ete elimin6e que depuis peu.

L'article expose le d6tail de ces constatations. L'aperqu qu'il donne n'a cependant
qu'un caractere preliminaire, car il y aurait int6ret & faire une nouvelle analyse, plus
detaillee, des resultats des epreuves tuberculiniques chez des groupes d'adultes et chez
des enfants dans tout le pays. La publication de ce rapport a n6anmoins paru justifiee
par le fait que ces donn6es pourront etre utiles pour l'etude des problemes que pose la
lutte antituberculeuse dans les pays o'u l'on ne possede que fort peu de renseignements
sur la frequence de la tuberculose bovine.
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