
Bull. Org. mond. Sante 1967, 36, 719-731
Bull. Wld Hlth Org.

Epidemiological Basis of Tuberculosis Eradication
6. Tuberculin Sensitivity after Human and Bovine Infection*

K. MAGNUS1

The morbidity from pulmonary tuberculosis and the frequency ofpulmonary cakifica-
tions have been found to be very much lower among persons infected from bovine sources
than among persons infected from human sources. This difference might be wholly or
partly due to an attenuated virulence of the infecting bovine tubercle bacilli; the purpose
of the study reported was to examine this question. The problem was attacked indirectly by
means ofa comparison between the tuberculin sensitivity among human-source and bovine-
source reactors. The study shows that the sensitivity is stronger among the bovine-source
reactors, thus affording no support for the hypothesis that bovine infection may be of low
virulence. The alimentary route of infection therefore probably accounts for the low fre-
quency ofpulmonary cakifications andpossibly also for the low morbidity among the reac-
tors infectedfrom bovine sources.

It would be ofgreat significance for tuberculosis control programmes if it were possible
to distinguish the low-risk group of bovine-source reactors from the high-risk group of
human-source reactors. However, although the former have larger tuberculin reactions, the
difference is still so small (of the order of a few millimetres) that the tuberculin reaction
cannot be used in practice to differentiate the two groups.

INTRODUCTION

It was shown in previous studies that the morbidity
from pulmonary tuberculosis and the frequency of
pulmonary calcifications were much lower among
persons who were infected from bovine sources than
among those infected from human sources (Magnus,
1966, 1967). A low virulence of the infecting bovine
tubercle bacilli might be considered one of the causes
of these differences between the two groups. Such
an assumption might not be considered very realistic
since it is a well-established fact that bovine tubercle
bacilli may cause severe clinical disease in man, and
have thus proven their virulence. It might, however,
be possible that only a small fraction of the bovine
tubercle bacilli were virulent, the majority of the
organisms having an attenuated strength, either by
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nature or as a result of pasteurization. It is the pur-
pose of the present paper to test this hypothesis.
The problem could not be examined directly since
there are no observations illustrating the virulence
pattern of the bovine tubercle bacilli to which man
is exposed; it could, however, be tackled indirectly,
by a study of the tuberculin sensitivity among per-
sons infected from human and from bovine sources.
If a lower tuberculin sensitivity was observed
among those infected from bovine sources, this
would indicate a low virulence of the bovine bacilli,
as it is known from large-scale studies in man that a
reduction in the virulence of the bacilli leads to a
lower tuberculin sensitivity in the host (Edwards
et al., 1953).

MATERIAL

The population under study are young adults
examined in the Danish Mass Campaign against
Tuberculosis, 1950-52, which was a combined pro-
gramme of health service and research. A full
account of the campaign has been given previously
(Groth-Petersen et al., 1959), and only a summary
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of the programme and details of special interest for
this study will be given here.

All the attenders, whether previously vaccinated
or not, were submitted to a tuberculin test. Special
teams were employed for the campaign to ensure a
good and uniform technique; thus the nurses who
gave and read the tests were carefully trained and
constantly supervised. The tuberculin test was a
single intradermal test with 10 TU of purified
tuberculin, lot RT 22; all the dilutions were prepared
at the Statens Seruminstitut, Copenhagen. An
exception was, however, made in the two counties
designated in the tables as No. 19 and No. 20, where
5 TU of the same tuberculin were used. The Mantoux
test was read on the fourth day. The largest trans-
verse diameter of the induration was measured and
the result was recorded to the nearest millimetre.
In the present study the reactions have been tabulated
in 2-mm groups for the interval from 0 up to 27 mm;
reactions of 28 mm or more have been lumped into
a single group.'
The present study is an account of the tuberculin

sensitivity among bovine-source and human-source
reactors, and it is therefore imperative to exclude all
persons who were BCG-vaccinated prior to the
campaign since vaccination changes the tuberculin
sensitivity. Information on previous BCG vaccina-
tion is derived partly from a personal interview of
the attenders and partly from a central file for all
BCG vaccinations in Denmark. All the participants
in the campaign were carefully questioned about
previous BCG vaccination on their first day of
examination and the answer, whether positive or
negative, was noted in detail on the examination
card. It had, however, been observed in a special
study (Groth-Petersen, 1953) that not all previous
vaccinations are brought out by means of the inter-
views, and it was therefore decided to supplement
the information with that from the records for
previous BCG vaccinations. From the time the
Statens Seruminstitut started regular production
of BCG vaccine, it asked physicians to report
vaccinations on special forms which accompanied
the vaccine and which made provision for entering
the batch number of the vaccine and identification
data for each person vaccinated. At the end of the
1940s this reporting procedure was changed. At this
time mass BCG vaccination was started under the

1 When the means and standard deviations were com-
puted, the means of the class intervals 6-7 mm, 8-9 mm, etc.
were defined as 7 mm, 9 mm, and so on. The mean of the
last class interval, 28 mm or more, has been defined as 30 mm.

guidance of the chest clinics and school physicians,
and the records for these vaccinations were filed in
the local chest clinics. It therefore became possible
for the Danish Tuberculosis Index to establish a
nation-wide register for all the vaccinations that
had taken place prior to the 1950-52 mass campaign,
by pooling the record cards from the Statens Serum-
institut and those from the local chest clinics. It may
be mentioned here that the vast majority of BCG
vaccinations in Denmark have been made by the
chest clinics and the school physicians (K. Bunch-
Christensen-personal communication, 1967) and
it is therefore reasonable to assume that there is not
a big deficit in the established BCG file.
When the mass campaign was over, the records

in the BCG file were matched against the records
for the mass campaign population; the cards in the
two files were arranged in the same order according
to sex, date of birth and name, and the two sets of
cards were then compared. It should be noted that
the matching comprised all persons who had
participated in the mass campaign, irrespective of
whether they had provided information as to pre-
vious vaccination or not. If the cards matched, the
information on the vaccination card was compared
with that on the mass campaign card and supple-
mented or corrected accordingly as necessary.
Persons who had claimed during the mass campaign
that they had already been vaccinated but for whom
no matching card could be found were classified as
vaccinated. The study population could be divided
into three groups after the matching had been com-
pleted: a group of unvaccinated persons with no
history of vaccination and no match with the BCG
file; a group of vaccinated persons who had a
history of vaccination or a match with the BCG
file; and finally a group with unknown vaccination
status. The two last-mentioned groups made up
about 20% of the young adults under study, and
have been excluded from the study. Among the
persons classified as unvaccinated there will be
some who have in fact been vaccinated, but so far
as can be judged, the error caused by their inclusion
is of a negligible significance.

It was necessary in the present study to divide the
study population into those who had pulmonary
calcification and those who had not. This division
was made on the basis of a 35-mm photofluorogram
which was taken of all attenders to the campaign.
The photofluorograms were submitted during the
campaign for reading by the head of the local county
chest clinic (Magnus, 1967). The findings were
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recorded according to a uniform code and if calci-
fication was present it was always recorded. For
1 % of the population in the eligible groups the films
were classified as technically insufficient and these
films have been excluded from the study. The actual
study population thus comprises 343 923 unvaccin-
ated persons who were 20-39 years old at the time
of the mass campaign and whose photofluorograms
were interpreted by the local reader.'
A nation-wide programme for eradication of

cattle tuberculosis was started in Denmark in the
1930s and an essential part of it was tuberculin
testing of cattle. The resulting data are available
for the 20 counties covered by the present study,
and the percentage of tuberculous herds in 1937-39
has been calculated. It has previously been shown
that this percentage is a good index of the past
exposure of the human population to bovine tuber-
culosis (Magnus, 1966). Table 1 and Fig. 1 and 2 of
Magnus (1966) show the percentage of infected
herds in each county and the location of the coun-
ties.

RESULTS

The purpose of the present study is to compare
the tuberculin sensitivity among persons infected
from bovine sources with that among persons
infected from human sources. A condition for such
a comparison, however, is that the tuberculin test
used be able to differentiate uninfected persons from
infected persons. This is examined in Fig. 1, which
shows the distribution of the study population
according to size of tuberculin reaction, the two
counties in which the Mantoux 5 TU test was used
being excluded. The distributions are given for
persons who have lived in areas with a low and a
high prevalence of cattle tuberculosis, respectively,
and in accordance with previous studies, for the
urban and the rural populations (Magnus, 1966,
1967). It is seen that all the distributions are clearly
bimodal with one maximum at 0 and the other
around 15 mm. The minimum, between 5 mm and
7 mm, is very pronounced and there can therefore

1 A detailed description of the procedure used for inter-
preting the photofluorograms has been given earlier (Magnus,
1967). The photofluorograms were also submitted to central
reading, but this has not been taken into account in the pre-
sent study since the central reader covered only one-third of
the total study population; the number of persons thus found
to have pulmonary calcifications is therefore smaUl and even
though the central reading may lead to a higher degree of
uniformity, the small numbers lead to large variations.

It may be mentioned that an analysis of the centraly
read material showed results consistent with those presented
here.

be only a negligible overlap between the two dis-
tributions-i.e., those representing persons not
infected with tubercle bacilli and persons infected
with tubercle bacilli, respectively. Tuberculin reac-
tors have therefore been defined as persons showing
reactions measuring 6 mm or more.

It has previously been shown that the frequency
of tuberculin reactors increases considerably with
the prevalence of cattle tuberculosis, and this
observation has been interpreted to mean that in
such cases an increasing proportion of tuberculin
reactors has acquired tuberculin sensitivity through
infection from bovine sources. If the tuberculin
sensitivity among the bovine-source reactors had
been very different from that among the human-
source reactors, this fact would have affected the
shape and the location of the distributions in Fig. 1;
it might have been assumed that the distribution
for the tuberculin reactors in the high-prevalence
areas would show a tendency towards bimodality
and a larger variance. Such a trend is not observed.
It might, however, be objected that the pooling of
the counties might conceal such a tendency, but a
study on the data for the individual counties,
available from the Appendix Table, did not reveal
any systematic difference in the shape of the dis-
tributions. There is, however, in Fig. 1 an indication
that the tuberculin reactions are larger among the
bovine-source reactors. The distribution for high-
prevalence areas is shifted towards larger values,
the means being 1-2 mm larger. This result is con-
sistent with the findings for selected counties reported
in a preliminary communication (Danish Tubercu-
losis Index, 1955).
The possible connexion between the size of the

tuberculin reactions and exposure to cattle tuber-
culosis is illustrated in further detail in Fig. 2, in
which the mean size of the tuberculin reactions
among the tuberculin reactors is correlated, by
county, with the percentage of tuberculous herds.
Two of the points are circled; these represent the
counties in which the tuberculin dose was 5 TU.
These counties have been included in Fig. 2 to
give a complete presentation of the data, but they
have been excluded from the estimation of the
regression lines. The slopes of the regression lines
suggest that the size of the tuberculin reactions
increases with increasing exposure to cattle tuber-
culosis. However, the regression coefficients are not
significantly different from zero; in urban areas
20 %Y <P <40%, and in rural areas 10 % <P <20%.
The variations around the regression line are 2 mm
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FIG. I
DISTRIBUTION OF TUBERCULIN REACTIONS, BY SIZE, IN AREAS WITH LOW AND HIGH PREVALENCE

OF CATTLE TUBERCULOSIS

LOW PREVALENCE
(PERCENTAGE OF TUBERCULOUS HERDS: 6.0%-35.8%)

URBAN RURAL

Total number:49 014 Total number:89 367

Tubercul in reactors(G6 mm): 29 721 Tuberculin reactors(>6mm): 42 916
Mean: 16.2 Mean: 16.0

St. dev.: 4.8 St. dev.: 4.9
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St. dev.: 5.1

Total number :1 22 052
Tuberculin reactors(>6mm): 77527

Mean :17.3
St. dev.: 5.2

~~~~~~~~~-8xxs - 1- -- - -"- w - -1 v xN u x

I ~~~~ ~~~~~~~~I I I6 N t 0Nq Wm O N I ON @ ON I w WON Wm
_ _ - - -C CM C N CM - - - - - N N N CM

INDURATION (mm)

50

40

30

Lu ,10

O

.z

40

40

30

,r

722



TUBERCULIN SENSITIVITY AFTER HUMAN AND BOVINE TUBERCULOUS INFECTION

FIG. 2
CORRELATION BETWEEN MEAN SIZE
OF TUBERCULIN REACTIONS AMONG
REACTORS a AND PREVALENCE OF
CATTLE TUBERCULOSIS, BY COUNTY b
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a Persons with reactions of 6 mm or
more.

b The circled points represent counties
where Mantoux 5 TU test was used.
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PERCENTAGE OF TUBERCULOUS HERDS

or more for many counties. Such large variations
are most unlikely to be due to sampling errors. The
number of reactors in each county is very high,
varying between 1000 and 12 000 persons, and for
no county was the standard error of the mean
larger than 0.2 mm. The observed deviations must
therefore mainly be due to non-random errors.

Among such errors it seems most reasonable to
think that differences from county to county in the
technique of tuberculin testing and reading have
played a role. Even though a great effort was made
to standardize the technique, such differences are
inevitable in a campaign covering a million persons
and running over a period of 2 years. Variations in
the potency of the tuberculin dilutions may also be
considered, as the campaign took place before the
instability of tuberculin dilutions due to adsorption
to glass was recognized (Guld et al., 1955; Magnus
et al., 1956; Waaler et al., 1958).
As mentioned above, systematic variations in the

measurement of the tuberculin sensitivity have
manifested themselves from county to county. These
variations have made it difficult to estimate a pos-
sible difference in the size of tuberculin reactions
between human-source and bovine-source reactors.
In order to eliminate these factors, the ideal would
have been to perform an analysis for each county
with a comparison between these two types of
reactors. It was, however, not possible to do this
directly, and a more complex procedure had to be
followed. It has been shown (Magnus, 1967) that
the frequency of pulmonary calcification is very low

among bovine-source reactors; for the sake of
simplicity we shall now assume that the frequency is 0.
This means that the reactors with pulmonary calcifi-
cation, all over the country, constitute a " pure "
group, infected solely from human sources. The
analysis is now based on the difference C_- C+, where
C_ represents the mean size of reactions among
reactors without calcification and C+ the mean size
of reactions among reactors with calcifications. This
difference is called the " sensitivity index ". The
" sensitivity index " thus represents the difference in
sensitivity between a mixed group of bovine-source
and human-source reactors without calcification and a
group of human-source reactors with calcifications.
The index is therefore unaffected by the systematic va-
riations in the measurement of the tuberculin sensiti-
vity, as such variations will most likely affect reactors
with and without calcifications to the same degree.
The correlation between the " sensitivity index "

and the frequency of tuberculous herds is given in
Fig. 3. The slopes of the regression lines show that
the "sensitivity index " increases with increasing
prevalence of cattle tuberculosis, indicating that the
size of reactions in the mixed group of bovine-source
and human-source reactors increases when the
proportion of bovine-source reactors increases. In
other words, the bovine-source reactors have, on
the average, larger reactions than the human-source
reactors. The number of reactors with pulmonary
calcifications is very small in some of the counties,
as seen in Table 1, but, in spite of this, the variations
around the regression lines are smaller than in
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Fig.12. This indicates that the influence of the tech-
nical errors mentioned above has been reduced or
completely eliminated. For the same reason it has
been possible to include the two counties where
Mantoux 5 TU was used. The slopes of the regres-

FIG. 3
CORRELATION BETWEEN
"SENSITIVITY INDEX", a AND
PREVALENCE OF CATTLE
TUBERCULOSIS, BY COUNTY

a The " sensitivity index " is defined as
the difference in mean size of reactions
between reactors without and those with
pulmonary calcification.

sion lines in Fig. 3 therefore differ statistically
significantly from 0: in urban areas P< 5 %, and in
rural areas P< 0.1 %.
The fact that the regression coefficient in Fig. 3

is significantly different from 0 may be regarded as

TABLE 1
MEAN SIZE OF REACTIONS AMONG TUBERCULIN REACTORS a WITHOUT AND WITH PULMONARY CALCIFICATION

Urban Rural

Reactors without Reactors with Reactors without Reactors with
County pulmonary calcification pulmonary calcification pulmonary calcification pulmonary calcification

Mean Mean Mean MeanNo. (mm) No. (mm) No. (mm) No. (mm)

1 Frederiksborg 933 16.9 10 17.4 5 688 15.0 96 16.2

2 Holbcek 2 142 15.5 27 18.4 5 339 15.9 76 18.0

3 Sore 3 875 17.3 95 18.3 4 029 16.8 76 19.1

4 Prcesto 1 964 15.6 62 17.8 2 953 16.5 80 18.7

5 Maribo 3 895 16.3 62 18.7 4 740 16.1 58 19.0

6 Svendborg 3 403 15.9 54 17.3 4 673 15.4 122 17.7

7 Odense, Assens 7 759 15.6 176 17.1 6 400 15.2 128 16.8

8 Vejle 9 023 17.0 284 18.6 8 055 16.8 282 18.2

9 Arhus, Skanderborg 12 225 17.9 178 19.2 9 509 17.8 142 18.6

10 Randers 4838 17.5 70 19.0 7619 16.2 147 17.0

11 Alborg 8 828 17.8 185 19.0 9 254 17.8 401 19.0

12 Hjorring 5 095 16.3 219 17.7 8102 16.8 356 17.4

13 Thisted 1 825 18.3 45 19.6 5 725 18.7 174 19.8

14 Viborg 2 228 14.4 10 15.1 10 504 16.2 197 17.5

15 Ringkobing 4 657 19.2 21 21.1 9 423 19.1 55 19.4

16 Ribe 4 695 16.9 28 18.0 7 527 16.5 58 17.5

17 Haderslev 2 155 16.4 10 16.6 4 921 16.8 38 18.1

18 Abenrc 1 661 16.9 10 18.0 3 465 16.1 31 16.4

19 Sonderborg 2 079 15.5 12 15.8 2 391 15.5 34 15.9

20 T0nder 1 102 15.8 8 16.0 3180 15.5 26 16.8

a Persons with reactions of 6 mm or more.

(i-)
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TABLE 2

CORRELATION BETWEEN "SENSITIVITY INDEX" a AND PROPORTION
OF BOVINE-SOURCE REACTORS

Urban Rural

County Proportion Sensitivity Proportion Sensitivity
infected from index infected from index
bovine sources (mm) bovine sources (mm)

I Frederiksborg 0.13 - 0.5 0.17 - 1.2

2 Holboek 0.23 - 2.9 0.36 - 2.1

3 Sor0 0.17 - 1.0 0.28 - 2.3

4 Proasto 0.10 - 2.2 0.15 - 2.2

5 Maribo 0.05 - 2.4 0.08 - 2.9

6 Svendborg 0.05 - 1.4 0.08 - 2.3

7 Odense, Assens 0.06 - 1.5 0.10 - 1.6

8 Vejle 0.26 - 1.6 0.41 - 1.4

9 Arhus, Skanderborg 0.35 - 1.3 0.49 - 0.8

10 Randers 0.36 - 1.5 0.49 - 0.8

11 Alborg 0.25 - 1.2 0.40 - 1.2

12 Hj0rring 0.20 - 1.4 0.30 - 0.6

13 Thisted 0.24 - 1.3 0.34 - 1.1

14 Viborg 0.34 - 0.7 0.44 - 1.3

15 Ringk0bing 0.32 - 1.9 0.41 - 0.3

16 Ribe 0.33 - 1.1 0.44 - 1.0

17 Haderslev 0.38 - 0.2 0.54 - 1.3

18 Abenrh 0.38 - 1.1 0.53 - 0.3

19 S0nderborg 0.28 - 0.3 0.42 - 0.4

20 Tonder 0.39 - 0.2 0.50 - 1.3

a The " sensitivity index "is defined as the difference in mean size of reactions between reactors
without and those with pulmonary calcification.

statistical evidence that bovine-source reactors have
larger tuberculin reactions than human-source
reactors. However, a quantitative estimate of these
differences cannot be obtained from these data as
the percentage of bovine-source reactors in the
human population is not identical with the per-
centage of infected herds in the county. Even in
areas where practically all herds were infected, a
material proportion of the reactors will still have
been infected from human sources. It has, however,
been possible by means of a mathematical model
(Magnus, 1966) to estimate for each county the
proportion of all the reactors who were infected

from bovine sources.' These proportions, given in
Table 2, are correlated in Fig. 4 with the sensitivity
index for the respective counties. The regression
lines in this figure therefore show how the sensitivity
index changes when the proportion of bovine-source
reactors increases. The regression coefficients for

1 According to the mathematical model, the tuberculin
reactors were in fact divided into three groups: those who
were infected only from human sources; those who were
infected only from bovine sources; and those who were
infected from both sources. The proportion of reactors
infected from bovine sources only has been used in Table 2
and Fig. 4. The implications of including the doubly infected
group among the bovine-source reactors are discussed in the
Annex.
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FIG. 4
CORRELATION BETWEEN
"SENSITIVITY INDEX", a
AND PROPORTION OF BOVINE-
SOURCE REACTORS, BY COUNTY

a The "sensitivity index" is defined as
the difference in mean size of reactions
between reactors without and those
with pulmonary calcification.

urban and rural areas were 0.027 and 0.032, respect-
ively, but as they did not differ significantly from
each other, a combined coefficient has been cal-
culated. This coefficient was 0.028, which means

that the sensitivity index increases by 2.8 mm when
the proportion of bovine-source reactors increases
from 0 to 100 %. In other words a bovine-source
reactor has a tuberculin reaction which is 2.8 mm
larger on the average than the reaction for a human-
source reactor. The 95% confidence interval for this
difference is between 1.2 mm and 4.4 mm.

This estimation of the difference in size between
the tuberculin reactions among bovine-source and
human-source reactors has been based on certain
assumptions, for example, that pulmonary calcifica-
tions do not occur among the bovine-source reactors.
It is shown in the Annex that modifications of these
assumptions lead to even larger differences. The
estimate of 2.8 mm given here may therefore be
regarded as the lower limit of the " real " difference.

DISCUSSION

The present study indicates that persons infected
from bovine sources have tuberculin reactions
which on an average are 3 mm larger than the reac-
tions among persons infected from human sources.
It might seem exaggerated to attach any biological
significance to a difference of this order of magnitude.
However, studies on BCG vaccination of man have
demonstrated that a difference of a few millimetres
in post-vaccinal allergy may reflect large differences
in dose-virulence of the bacilli injected. Thus, the
tuberculin reaction was reduced about 3 mm in size
when 990% of the BCG bacilli were killed; a similar
reduction was observed when the number of bacilli
was diminished by 90% (Edwards et al., 1953). How-

ever, one should not conclude that corresponding
differences in dose-virulence have existed between
the bovine-source and human-source infections. It is
well known from studies on standardization of
tuberculin in animals and man that the potency of a

tuberculin preparation, in terms of provoking
reaction, depends on the level of sensitivity to be
measured and on the source of this sensitivity. Guld
et al. (1958), for instance, found that the potency
ratio between two batches of tuberculin was 2: 1 in
BCG vaccinated persons, while it was about 1: 1 in
persons with naturally acquired sensitivity. In other
words, the difference in size of the tuberculin reac-

tions in groups infected with different types of bacilli
may depend on the particular batch of tuberculin
used, and the result of the present study might
therefore have been somewhat different if another
tuberculin had been used. Of greater significance for
the interpretation of the findings may be that the
conditions under which -the human-source and
bovine-source infections took place were different
in several respects. It is generally claimed that
infection with bovine bacilli is to a large extent
alimentary and occurs mostly among infants and
small children, whereas infection with bacilli of the
human type is usually aerogenous and increases in
frequency with age. Superinfection may be rare

among human-source reactors, while it may be the rule
rather than the exception among bovine-source re-

actors through regular consumption of infected milk.
Little is known about the quantitative significance

of the above-mentioned factors, and their net effect
on the size of reactions in the two groups cannot be
estimated. However, the present results give no

support to the hypothesis mentioned in the introduc-
tion that the bovine bacilli which infected man were

attenuated through pasteurization of milk. This

LIX
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study therefore seems to imply that the difference in
route of infection is responsible for the different
frequencies of pulmonary calcifications and possibly
also for the different morbidity from pulmonary
tuberculosis among human-source and bovine-
source reactors.

It would be most useful for tuberculosis control
programmes if the low-risk group of bovine-source
reactors could be separated from the high-risk group
of human-source reactors by the use of the tuber-
culin test. It is obvious that the difference in mean
size of tuberculin reactions found here offers no
possibility of identifying bovine-source and human-
source reactors. The difference is very small com-
pared with that frequently encountered among
persons within a uniform group as a result of indivi-
dual variations and the technical inadequacy of the
tuberculin test. One cannot exclude the possibility
that duplicate tests with tuberculin prepared from
different strains of bacilli might be used in order to
distinguish between reactors infected from bovine
and human sources. Laboratory experiments on
these lines, however, have not been successful
(C. E. Palmer-personal communication, 1967).
The stability of tuberculin sensitivity in man is

often discussed It is generally agreed that sensitivity
induced through BCG vaccination may wane within
a few years, but more conflicting views are expressed
as regards naturally acquired sensitivity. The salient
question is whether or not it is rare that a tuberculin
reactor reverts from a " positive " to a " negative "
reaction. The present study indicates that naturally

RtS

Au cours d'etudes anterieures, l'auteur a montr6 que la
morbidite par tuberculose pulmonaire et la frequence des
calcifications pulmonaires sont beaucoup moins elev6es
chez les personnes dont l'infection est d'origine bovine
que chez celles oii elle est d'origine humaine. La question
se posait de savoir si cette difference etait imputable A une
virulence att6nu6e du bacille tuberculeux bovin. Une
etude sur la sensibilit6 tuberculinique chez deux groupes
de sujets appeles respectivement les <x r6acteurs bovins *
et les (( reacteurs humains * a et6 entreprise en vue de
completer la documentation sur ce probleme.

Les observations ont porte sur 343 923 personnes non
vaccinees agees de 20 a 39 ans au moment de la campagne
antituberculeuse danoise de 1950-1952. La plupart des
sujets ont et6 soumis a l'epreuve tuberculinique par
administration de 10 UT d'une tuberculine purifi6e
(RT 22), et seul un petit groupe a requ 5 UT de tuberculine

acquired sensitivity is fairly stable in young adults.
During the decade prior to the study, cattle tuber-
culosis was in its last phase of eradication, and very
few of the study population could therefore have
had a recent tuberculous infection from bovine
sources. The great majority of the bovine-source
reactors were most likely infected as infants or small
children and have thus maintained a strong tuber-
culin sensitivity for at least 10 to 20 years.

Certain characteristics of persons infected from
human and bovine sources have been studied in this
and preceding papers (Magnus, 1966, 1967). The
results of these studies were not based on direct
observations among tuberculin reactors from the
two groups, as it was not possible to separate them
by the tuberculin test used, but had to rest upon
mathematical models and statistical analyses. The
confidence in the results obtained and the conclu-
sions drawn is naturally not so strong as it would have
been had direct observations been possible. It is
therefore worth noting that the study presented here
has implications regarding the reliability of previous
results. The present analysis is based on two results
from the previous studies-namely, on the estimated
proportion of bovine-source reactors in each county,
and on the low frequency of pulmonary calcifica-
tions among these bovine-source reactors. If these
estimates had been false, one can hardly see how a
significant difference in sensitivity among reactors
infected from bovine and human sources could have
been demonstrated. The study reported here there-
fore also serves to confirm the previous results.

UMIt

du meme lot. Des entrevues individuelles et la consulta-
tion du registre danois des vaccinations par le BCG ont
permis d'identifier les sujets pr6alablement vaccines.
Ceux-ci et les personnes sur lesquelles on manquait de
renseignements ou dont la vaccination etait douteuse
ont 6t6 exclus de l'etude.

Les reacteurs se sont montr6s d'autant plus sensibles A
la tuberculine qu'ils avaient ete plus exposes A la tuber-
culose bovine. Du fait d'erreurs techniques dans la
realisation et la lecture des epreuves, les chiffres on
considerablement varie d'un comte A un autre, et aucune
tendance statistiquement significative ne s'en d6gage.
Afin d'6liminer l'incidence de ces erreurs, on a exploit6
les resultats des examens radiologiques effectu6s au
moment de la campagne antituberculeuse. On admet que
chez les reacteurs dont la radiographie indique des
calcifications pulmonaires, l'infection est toujours

727
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d'origine humaine et que chez les autres elle est d'origine
humaine ou bovine. L'analyse repose sur la difference
entre le diametre moyen de la reaction chez les reacteurs
selon qu'ils presentent ou non des calcifications. On
montre que cette diff6rence croift dans le meme sens que
la proportion de (( reacteurs bovins *. Ceux-ci reagissent
donc plus fortement que les <(re'acteurs humains *. La
difference est evaluee a 2,8 mm avec un intervalle de
confiance i 95% allant de 1,2 a 4,4 mm. En modifiant
rationnellement les hypoth6ses sur lesquelles repose cette
analyse, on aboutit a une diff6rence encore plus grande.
Rien ne vient donc appuyer l'hypothese selon laquelle les
bacilles bovins seraient attenues.

En conclusion, il semble que se soit a la diversite des
voies d'infection chez les < reacteurs humains # et < bovins#
qu'il faille attribuer les diff6rences entre les frequences
des calcifications et peut-etre aussi entre les taux de
morbidite par tuberculose pulmonaire.

I1 y aurait avantage au cours des programmes anti-
tuberculeux a separer le groupe des a reacteurs bovins #,
peu exposes, de celui des ( reacteurs humains ), fortement
exposes. A la lumi6re des resultats qui viennent d'etre
mentionnes, il est toutefois evident que l'epreuve tuber-
culinique, telle qu'elle a et pratiquee au cours de la
pr6sente etude, ne permet pas de distinguer ces deux
groupes.
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Annex

THE DIFFERENCE IN MEAN SIZE OF TUBERCULIN REACTIONS
AMONG TUBERCULIN REACTORS WITHOUT AND WITH PULMONARY

CALCIFICATIONS, EXPRESSED AS A MATHEMATICAL FUNCTION

DEFINITION OF SUBSCRIPTS

i: County number (i = 1,2 ...................... 20)
H: Sensitivity due to human infection
B : Sensitivity due to bovine infection

-C : Reactors without pulmonary calcifications
+C : Reactors with pulmonary calcifications

DEFINITION OF SYMBOLS

a : Proportion of reactors with sensitivity due to
bovine infection

1-a: Proportion of reactors with sensitivity due to
human infection

r : Rate of pulmonary calcification among reactors
B : Ratio between rate of pulmonary calcification

among reactors infected from bovine sources and
rate among reactors infected from human

rB
sources =

rH

X : Mean size of tuberculin reactions

K : Difference in mean size among reactors without
and with pulmonary calcification, when infected
from the same source pf infection

As a preliminary assumption,

KH = XH(-C)i -XH(+C)i =

KB = XB(-C){ -XB(+C)i = K, for i = 1, 2, ... 20

8: Difference in mean size among reactors infected from
bovine and human sources. As a preliminary as-
sumption

8+C = XB(+C) -XH(+C) =

8-C = XB(-C) - XH(-C)i = 8

Note that K and 8 are independent of i.
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DISCUSSION OF FUNCTION a

X(-C){ = aiXB(-C)i + (1 - ai) XH(-C)i
aj (XH(.C)i + 8) + (1 - ai) XH(-C)L

= XH(_C)j + ai S.

- - jai rB XB(+C)i + (1 -aj) rH XH(+C)i
X(+C)i aj rB + (1 -ai) rH

ai f XB(+C)i + (1 -ai) XH(+C)i
ai , + 1 -ai

As XB(+C)i = XH(+C)i + 8 = XH(-c)j - K + 8

we get

- =a ,B(XH(-C)i-K+ 8)+ (1 -ai)(XH(-cC) i-K)
X(+C)i = a j+ 1--a

-- = ~~~~~~~ai~
=XH(_c)j- K + 8 +-1+-

X(_c) -X(+c)i = ai 8+K- 8af+{ I -a

=K+ai S (1 aif 1a (ai, K, 8'

5(fP )±aS1

Pj71)Iba ( ap+l -a)+a (a# + -a)2

-1 2 +
2

As 0<P<land
0 < a < 1,

-f > 0 when a < 0.5, and
a

. < 0 when a = 1.0;
oa

-f= 8 when P = 0ba

The function has been presented graphically in Fig. 5
for various values of P.

It is seen from Fig. 5 that the difference X(-c) - X(+C)
has its maximum for P = 0.

MODIFICATION OF FUNCTION WHEN KH KB and 8 +C 8c

X(_C) i= a XB(_C)j + (1 -ai)XH(_C)j
= aj (XH (-C)i + 8-C) + (1 -ai) XH(_C)i

=XH(.C)i + ai 8-C

a The correct expression for the first equation below is
- ai(l - rB)XB(-C)i + (1 - ai) (1 -rH)XH(-C)i
=(-f aj(l-rB) + (1 -ai) (I-rH)

but as rH and rB are less than 3 %, the expression is sim-
plified as shown.

- aj fi XB(+C)i + (1 -ai)XH(+C)i
afia + 1 -ai

ai 13(XH (-C)i - KH + S+C) + (1- ai) (XH(_C) - KH)
aij + I -ai

KH+ ai9+C=XH (C)i-KH ai + ai

_~~~~~~~~P_ +CX(-C)-X(+C)j = KH + ai (8-C
In Fig. 6 is shown the function when S+c= - 8-c.
It is seen that if 8+c > 0, the maximum is still reached
for ,B = 0.

** *

In the body of this paper an estimate of 2.8 mm was
given of the difference in mean size of tuberculin reactions
between bovine-source and human-source reactors. This
estimate was based on the assumption that the group of
reactors infected from both bovine and human sources
has the same sensitivity as the group infected from human
sources only. It might, however, be that the doubly
infected group has the same sensitivity as the group
infected from bovine sources only. It will be shown in the
following that this assumption would lead to a larger
estimate of the difference in sensitivity of the two groups.

Estimates based on the latter assumption will have the
superscripts '. Estimates based on the former assumption
will have no superscript.
A given difference of the mean size of reactions among

reactors without and with pulmonary calcification in
county No. i may thus be written

X(-c)i-X(+c)i = K + ais (1 - ai +± -ai)
=K+aS' (l -ag -{

From the Annex to a previous paper (Magnus, 1966),
we have

YH Tot i.e., a' = ,where O< a < 1.

From the same Annex is seen

arH + bxrB = (a- a) rH 1-a rB

i.e., rH = rA andr= arH + (1 -a) rB

and-7 = ,B' = a +( 1- a) ,B.rH

Inserting these expressions for a, and P', we get

K+ai8 1 - aiM+I -a)
ai ~~ asB+ (I-a)p

=K+l a [-S1 a±(1-a),B
a (a (l- - a

or 1 ( a+(l -a):)
e.,, 8 (ai±1-ai-\

\ ai + 1-at /
8' (a8i±+ 1-ai-a-(1-a)p\

1-a aif + 1-a
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i.e., 8 (1 -P)(1 -a)

8'
= _a((I -a)(I-P)+at-ai)

i.e., 8( I-B) ( I- ai) -8 (I1- ) (1 _a)

8(1-ai)=8' (1(-a 1

as O<a<I, 8'>8.

PROPORTION OF "BOVINE" REACTORS

.20 .30 .40 .50 .60 .70 .80 .9'

PROPORTION OF "BOVINE" REACTORS

FIG. 5
RELATION BETWEEN
"SENSITIVITY INDEX"
AND PROPORTION OF BOVINE-
SOURCE REACTORS FOR VARIOUS
VALUES OF p a

ag is defined as the ratio between the
rate of calcifications among reactors infected
from bovine sources and the rate among
reactors infected from human sources.

FIG. 6
RELATION BETWEEN
"SENSITIVITY INDEX"
AND PROPORTION OF BOVINE-
SOURCE REACTORS FOR VARIOUS
VALUES OF 0 AND 8+C=Y28-C

0

144~
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