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Epidemiological Basis of Tuberculosis Eradication
3. Risk of Pulmonary Tuberculosis after Human and Bovine Infection *

K. MAGNUS 1

Cattle tuberculosis was eradicated in Denmark more than 10 years ago, but still a
sizable proportion ofDanish tuberculin reactors owe their sensitivity to tuberculous infection
derivedfrom bovine sources. Thispaper deals with the question whether the risk ofpulmonary
tuberculosis after such infection is different from that after tuberculous infection acquired
from man. This problem has been studied by utilizing data from the Danish tuberculosis
mass campaign, 1950-52, including eight years offollow-up, and data from the eradication
programme for cattle tuberculosis. It is shown that the tuberculin reactors can be divided
into two groups carrying a widely different risk oflate pulmonary tuberculosis: one, infected
from bovine sources, carrying a low risk; the other, infectedfrom human sources, carrying
a relatively high risk.

INTRODUCTION

Epidemiological studies from several parts of the
world indicate that a very high proportion of all
new cases of pulmonary tuberculosis today arises
among tuberculin reactors some of whom have
been infected years ago (Great Britain, Medical
Research Council, 1963; Comstock & Shaw, 1960;
Groth-Petersen, Knudsen & Wilbek, 1959; Palmer,
Shaw & Comstock, 1958; Palmer & Edwards, 1961).
In tuberculosis control this group of the population
has therefore become increasingly important. If
significant progress is to be made, effective ways
must be developed to prevent tuberculosis among
the reactors or to detect the disease at an early stage.

In most countries, even in those where the control
of tuberculosis is highly advanced, the frequency of
tuberculin reactors is very high, particularly in the
middle-aged and older segments of the population.
The absolute number of tuberculin reactors is so
large that the prevention of tuberculosis by chemo-
prophylaxis or early case-finding is a formidable
task. The magnitude of this problem would be
reduced if the total group of reactors could be

* From the Danish Tuberculosis Index, Copenhagen
Denmark. This study was supported by Grant No. Al-04817
from the National Institutes of Health, Bethesda, Md., USA.
Previous articles in this series have appeared in Bull. Wld
Hlth Org., 1959, 21, 5-49; and Bull. Wld Hlth Org., 1964,
30, 609-621. A further article appears in Bull. Wld Hlth
Org., 1966, 35, 509-526.

1 Actuary, Consultant Statistician of the Danish Tuber-
culosis Index.

separated into subgroups carrying different risks of
developing tuberculous disease. The ultimate goal
would be to define a relatively small group of the
population in which the bulk of future cases might
be found. Tuberculosis control operations could
then be heavily directed toward this high-risk group,
and little attention would need to be paid to the
remainder.
Much research has been carried out in this field

(Groth-Petersen, Knudsen & Wilbek, 1959; Hansen,
1964; Horwitz, 1964; Palmer, 1963), but a relatively
new aspect of the problem is dealt with in this paper.

It is well known that natural tuberculin sensitivity
in man may be produced by bacilli of different strains
which may enter the body through the respiratory or
the digestive tract. In many countries, both direct
and indirect exposure to tuberculous cattle is, or
was in the past, a significant source of tuberculin
sensitivity in the human population. (For references
see Francis, 1958.) The question naturally arises
whether the consequences of such infection in terms
of late pulmonary disease differ from the conse-
quences of tuberculous infection carried from man
to man.
A unique opportunity to investigate these problems

is present in Denmark because of the extensive
epidemiological data available. Material from three
separate sources have been used. First are the data
from the nation-wide programme to eradicate
bovine tuberculosis; from this material is obtained
an index of the exposure of the human population
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to tuberculous infection from bovine sources.
Second are the data on tuberculous infection
obtained from a mass campaign which covered the
general population. Finally there are data on tuber-
culosis cases derived from a central national register.
The material from these sources has been com-

bined in a mathematical-statistical analysis. The
analysis provides estimates of the frequency of
tuberculin reactors infected from bovine sources and
estimates of the morbidity from pulmonary tuber-
culosis among these reactors.

MATERIALS

Tuberculous infection in the bovine population
Tuberculosis in Danish cattle first appeared early

in the last century after tuberculous cows were
imported across the border from northern Germany.
By the end of the century the disease had obviously
become highly prevalent in some parts of the country.
Except on the island of Bornholm no systematic

attempt to eliminate tuberculous animals was made
until about 1930. During the previous decade less
than 1% of the herds were tuberculin-tested annually
and isolation and slaughter of infected animals was
uncommon.

Pasteurization of milk was introduced around
1900. In 1928 it was required by law that milk
from dairies should be pasteurized. A large pro-
portion of the rural population, however, used the
milk from their own herds and it was reported that
the regulations for pasteurization were often ignored
and that the tubercle bacilli were not always killed.
A nation-wide, centrally directed programme to

eradicate bovine tuberculosis was begun in 1932,
greatly intensified during the 1940s, and by 1952
cattle tuberculosis in Denmark was regarded as
eradicated (Bendixen, 1950). Tuberculin testing of
cattle, a critical part of the programme, was carried
out according to strict rules and the same tuberculin
and criterion for defining a reactor were used
throughout the country (Francis, 1958). Records
available in the Ministry ofAgriculture were obtained
and it was possible to calculate, for each county for
each year from 1937 to 1950, the percentage of
infected herds, an infected herd being defined as one
in which one or more animals reacted to tuberculin.
Review of this material indicated that during
1937-39 about 60% of all herds in the country were
being tuberculin tested each year. The average
percentage of infected herds each year during those
three years seemed to furnish the best single index
available today of the risk of the population in

TABLE 1
TUBERCULOUS CATTLE HERDS IN DENMARK, 1937-39 n

Average Tuber-
Number number of CulousCounty of herds herds herds

1 Frederiksborg 5 200 3 500 17.5

2 Holbxk 10000 6400 33.4

3 Soro 7200 5100 23.7

4 Prcest0 8 800 5 700 12.2

5 Maribo 7 800 4 800 6.0

6 Svendborg 10500 6400 6.7

7 Odense, Assens 10 700 3 700 8.7

8 Vejle 10 900 8 200 45.4

9 Arhus, Skanderborg 12 600 8 500 55.0

10 Randers 10900 5900 60.3

11 Alborg 11 300 6100 49.0

12 Hj0rring 13800 7500 35.8

13 Thisted 9100 8500 44.1

14 Viborg 14 600 8 800 57.7

15 Ringk0bing 15 600 5 500 56.5

16 Ribe 11 700 6 800 56.0

17 Haderslev 4 900 2 500 82.3

18 AbenrA 2 700 1 500 82.4

19 Sonderborg 2 300 2 000 54.1

20 Tonder 3800 1100 79.8

Total 184 400 108 500 40.9

a A herd is defined as tuberculous when one or more ani-
mals react to tuberculin.

each county of becoming tuberculin reactors
because of exposure to tuberculous cattle in their
own community. Results for earlier years were not
satisfactory, because too few herds were then being
tested. Results from later years, although a higher
percentage of herds was being tested, were influ-
enced by the fact that tuberculous herds were rapidly
being eliminated by the slaughter of infected animals.
The marked variation in the prevalence of infected

herds in 20 of the 23 counties 1 in Denmark is shown
in Table 1, which is based on the results of tuberculin
testing about 100 000 herds each year for the three-
year period 1937-39. Fig. 1 indicates the geogra-
phical location of the counties and Fig. 2 brings

I Data are not available for Roskilde county, and those
for Copenhagen and Bornholm counties are not pertinent for
the purposes of the present study.
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out the fact that in some sections of the country-for
example, southern Jutland-the frequency of infected
herds was generally very high, while in others-the
islands of Zealand, Lolland-Faister, and Funen-they
were low.

Tuberculous infection and disease in the human
population

A mass antituberculosis campaign, covering the
whole country except Copenhagen and Bornholm
counties, was carried out in Denmark in 1950-52.
It was aimed primarily at the population 15-35 years
of age but was fairly complete for those up to age 40.
Tuberculin tests, chest X-rays and vaccination of
negative tuberculin reactors were systematically
carried out for a study population of about 1.5 mil-
lion persons and a vigorous attempt was made to
identify all cases and suspected cases of active
pulmonary tuberculosis. Great care was taken to
develop and to follow standardized procedures
throughout the campaign and particular attention
was paid to the preparation of accurate, complete
records designed for immediate and long-range
tuberculosis research. The over-all planning, super-
vision and direction of the campaign as well as
responsibility for handling, processing and the
ultimate use of the records was entrusted to the
Danish Tuberculosis Index, a national institution
established in 1950 for epidemiological research in
tuberculosis (Horwitz & Palmer, 1964).
A number of published reports give details of the

work carried out in the mass campaign, and the
interested reader should consult particularly the
paper by Groth-Petersen, Knudsen & Wilbek (1959)
for a full account of field procedures, definitions of
terms, statistical treatment of the data, and the
results obtained.

Prevalence of tuberculous infection

The material summarized in Table 2 and Fig. 3
shows the percentage of tuberculin reactors among
some 432 000 male and female residents of 20 Danish
counties who were 20-39 years old when they were
tested in 1950-52. Appendix tables give similar
data subdivided by sex and two age-groups (20-29
and 30-39 years). Persons 15-19 years old were
not included in the study population for the present
investigation-partly because it seemed desirable to
eliminate those born after the eradication pro-
gramme was started, partly because such a high

proportion of those aged 15-19 had been given
BCG. To show broad differences in different parts
of the country, results for males and females and
the whole age-span from 20 to 39 years are com-
bined. This procedure seems justifiable because the
age and sex composition of the study population does
not vary greatly from county to county. The per-
centages are given separately for the urban and rural
populations, however, because the proportions so
classified vary greatly from county to county. As
may be inferred from Table 2 and Fig. 3, substantial
differences existed in different parts of the country
in the percentage of reactors. In rural areas the
percentages range from about 30 to 70, in urban
areas from about 40 to 70.
Comparison of Fig. 2 and 3 certainly suggests a

cause-and-effect relation between the percentage of
tuberculous herds of cattle in 1937-39 and the
percentage of tuberculin reactors among human
beings 20-39 years of age in 1950-52. Such an
association was reported on the basis of tuberculin
testing of schoolchildren in 1937 by Madsen, Holm
& Jensen (1942). Many of the children they tested
could be expected to be among those tested about
15 years later in the mass campaign. Madsen,
Holm & Jensen did not hesitate to attribute the
higher frequency of reactors among children in
areas with the higher frequency of infected herds to
tuberculous infection from bovine sources.

Incidence of tuberculous disease

As previously reported, a substantial number of
previously unknown cases of active pulmonary
tuberculosis were discovered as a result of the mass
campaign. Additional cases have continued to
appear in the examined population as a result of
active case-finding work after the campaign (Groth-
Petersen, Knudsen & Wilbek, 1959). Both kinds of
cases, those found during the campaign and those
found during a period of eight years after the cam-
paign, are pertinent to the present study and are
tabulated in some detail in the appendix tables.

For purposes of summarizing the findings on
tuberculosis morbidity the cases found during and
after the campaign were combined. Altogether,
1102 cases were observed-about equally divided
between the urban and rural parts of the population.
Of these cases, 872-or more than 75 %-were found
among the tuberculin reactors. In Table 3, the
number of cases are given by county of residence in
1950-52.

486
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TABLE 2
TUBERCULIN REACTORS AMONG 20-39-YEAR-OLD PERSONS EXAMINED IN THE DANISH

MASS TUBERCULOSIS CAMPAIGN, 1950-52

Urban Rural

County No. Reactors No. Reactors
teste No.tested No. % tested No.

1 Frederiksborg 2180 950 43.6 13 090 5 820 44.5

2 Holbcek 4 580 2160 47.2 13 510 5 440 40.3

3Sor0 8 770 3 990 45.5 11 380 4 120 36.2

4 Prcesto 4 950 2 050 41.4 8 730 3 060 35.1

5 Maribo 9 670 3 980 41.2 14 800 4 830 32.6

6 Svendborg 7 500 3 480 46.4 14 130 4 830 34.2

7 Odense, Assens 17 630 7960 45.2 18 290 6 590 36.0

8 Vejle 17 000 9 330 54.9 17 710 8 340 47.1

9 Arhus, Skanderborg 25 210 12 870 51.1 20 410 9 840 48.2

10 Randers 9 200 4 920 53.5 14 800 7 820 52.8

11 Alborg 14 710 9 040 61.5 18 330 9 720 53.0

12 Hj0rring 9 260 5 330 57.6 16 360 8 490 51.9

13 Thisted 3370 1 950 57.9 11 600 6380 55.0

14 Viborg 4120 2 230 54.1 19 440 10 820 55.7

15 Ringkobing 8 720 4 870 55.8 17 630 10 270 58.3

16 Ribe 8 550 4 750 55.6 13 830 7 660 55.4

17 Haderslev 3140 2170 69.1 7 620 5 000 65.6

18 Abenra 2 420 1 680- 69.4 5 300 3 520 66.4

19 Sonderborg 3350 2100 62.7 4420 2450 55.4

20 Tender 1 700 1 110 65.3 4 640 3 210 69.2

Total 166 030 86 920 52.4 266 020 128 210 48.2

_I i_I__

Rates per 1000 examined and rates per 1000
reactors 1 have been calculated on the basis of these
data and of those given in Table 2. The numbers
in some of the counties are rather small and subject
to sizable sampling fluctuations. It is clear, however,
that rates are considerably higher for the urban than
for the rural groups. No other geographical pattern
is readily apparent, such as was observed for the
prevalence of tuberculous herds and for tuberculin
reactors.

I The rates have not been corrected for depletion in the
study population because of deaths, all causes, and the diag-
nosed cases of tuberculosis; this fact is, however, of negligible
numerical significance.

The morbidity figures are based on cases diagnosed in the
mass campaign and during eight years of follow-up. The rates
cannot therefore be quoted as prevalence or incidence rates.

RELATION BETWEEN TUBERCULOUS INFECTION
IN CATTLE AND TUBERCULOUS INFECTION

AND DISEASE IN MAN

The purpose of this section of the paper is to
present the principal results of the study in simple
graphic terms and to do so for the whole age-group
20-39 years old, both sexes, and cases found during
and after the campaign combined, but separately
for the urban and rural groups. Data for similar
analyses are given in the appendix tables in respect
of the separate age and sex groups as well as for
cases of tuberculosis found during and after the
campaign. Except for minor differences, the prin-
cipal results are the same for the separate groups as
for those to be used here.

I
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TABLE 3

NEW CASES OF PULMONARY TUBERCULOSIS IN THE 20-39-YEAR-OLD AGE-GROUP:
CASES DETECTED IN THE DANISH MASS CAMPAIGN 1950-52, AND DURING 8 YEARS' FOLLOW-UP

Urban Rural

County

1 Frederiksborg

2 Holbcek

3 Soro

4 Prcesto

5 Maribo

6 Svendborg

7 Odense, Assens

8 Vejle

9 Arhus, Skanderborg

10 Randers

11 Alborg

12 Hiorring

13 Thisted

14 Viborg

15 Ringkobing

16 Ribe

17 Haderslev

18 Abenrh

19 Sonderborg

20 Tonder

Total

Number of cases
among:

Total Tuberculin
tested reactors

6

17

22

14

24

32

64

56

70

35

63

45

9

16

28

24

7

12

9

2

4

11

17

12

15

28

50

44

55

30

55

36

7

15

22

17

5

11

9

2

555 445

Rate per 1000 Number of cases
among:

Tested eactors Total TuberculinTested :Reactors tested reactors.~~~~tse_

2.8 4.2 36

3.7 5.1 20

2.5 4.3 22

2.8 5.9 13

2.5 3.8 34

4.3 8.0 35

3.6 6.3 35

3.3 4.7 40

2.8 4.3 37

3.8 6.1 27

4.3 6.1 53

4.9 6.8 33

2.7 3.6 25

3.9 6.7 45

3.2 4.5 25

2.8 3.6 24

2.2- 2.3 10

5.0 6.5 14

2.7 4.3 13

1.2 1.8 6

3.3 5.1 547

26

15

17

8

28

27

24

31

30

23

40

28

21

35

17

19

9

13

10

6

Rate per 1 000

Tested Reactors

2.7

1.5

1.9

1.5

2.3

2.5

1.9

2.3

1.8

1.8

2.9

2.0

2.2

2.3

1.4

1.7

1.3

2.6

2.9

1.3

427 2.1

4.5

2.8

4.1

2.6

5.8

5.6

3.6

3.7

3.0

2.9

4.1

3.3

3.3

3.2

1.7

2.5

1.8

3.7

4.1

1.9

3.3

The results presented in Tables I and 2 are brought
together in the correlation diagram shown in Fig. 4.
Although the points representing individual counties
show considerable fluctuation about the regression
line, a remarkably systematic increase in the per-
centage of tuberculin reactors in the human popula-
tion in 1950-52 occurs with increase in the percentage
of tuberculous herds in 1937-39. Where bovine
tuberculosis is absent or very low, the prevalence of
tuberculin reactors is about 40% in the urban and
30% in the rural populations. Where bovine infec-
tion is very high (of the order of 80% of infected
herds), the prevalence of reactors in man increases
to about 70% in both urban and rural groups. From

the slopes of the lines shown in the figure it can be
estimated that with each increase of 10% in the
frequency of infected herds, there is an increase of
the order of 5% in the frequency of infected persons.

Results given in Tables 1 and 3 are brought
together in Fig. 5 and 6. Because the number of
cases of tuberculosis for individual counties is
generally small, the data are grouped for illustration.
The counties have been ranked according to the
percentage of infected herds and combined into
five groups with four counties in each group.

In Fig. 5 the percentage of tuberculous herds is
related to the tuberculosis morbidity expressed as
the rate per 1000 persons examined in the mass

-~~~~~~~~
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FIG. 4. CORRELATION BETWEEN PERCENTAGE OF TUBERCULOUS HERDS (1937-39) AND PERCENTAGE
OF TUBERCULIN REACTORS IN THE HUMAN POPULATION (1950-52)

60 80 0 20 40
PERCENTAGE OF TUBERCULOUS HERDS

campaign. The figure shows that an increase-in the
prevalence of infected herds is not accompanied by
an increase in tuberculosis morbidity. As shown
in Fig. 4, the prevalence of tuberculin reactors
increases with increasing frequency of infected
herds. The morbidity rate among reactors is con-

siderably higher than the rate among non-reactors.
The results shown in Fig. 5 thus imply that the rate
among reactors must decrease with increasing
frequency of infected herds.

This is clearly brought out in Fig. 6, where the
rate per 1000 reactors is plotted along the vertical
scale. In both urban and rural areas the risk of
having tuberculous disease among reactors would
appear to decrease as the proportion of reactors,
presumably arising from exposure to tuberculous
cattle, increases. This tendency attains statistical
significance for the rural areas taken separately, as

well as for urban and rural areas combined.

ANALYSIS

It seems difficult to ignore two striking implications
of the results presented in Fig. 4 and Fig. 6. First, a

fairly high proportion of the tuberculin reactors in
the Danish population today owe their reactions to
exposure to tuberculous cattle some time in the past;
and, second, tuberculin reactors from bovine sources

have a lower risk of pulmonary tuberculosis than
reactors who owe their reactions to exposure to
tuberculous human beings.
These statements express the main results of the

study in broad qualitative terms only and it would
seem desirable to try to express them in quantitative
terms: that is, to estimate the actual proportion of
reactors that can be attributed to bovine and to
human sources; similarly, to estimate the actual
morbidity rates among reactors subdivided according
to source of tuberculin sensitivity. Such a quan-

titation of the results is described in detail in the
annex. In this section of the paper, an attempt is
made to summarize briefly the main results of the
quantitative analysis.

Separation ofreactors according to source of infection

Fig. 7 (the upper line adapted from Fig. 4) illus-
trates schematically how tuberculin reactors can be
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FIG. 5. CORRELATION BETWEEN PERCENTAGE OF TUBERCULOUS HERDS AND MORBIDITY RATE
PER 1000 EXAMINED IN THE HUMAN POPULATION

60 80 0 20 40
PERCENTAGE OF TUBERCULOUS HERDS

FIG. 6. CORRELATION BETWEEN PERCENTAGE OF TUBERCULOUS HERDS AND MORBIDITY RATE
PER 1000 REACTORS IN THE HUMAN POPULATION

60 80 0 20 40
PERCENTAGE OF TUBERCULOUS HERDS
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FIG. 7
SCHEMATIC FIGURE ILLUSTRATING SEPARATION

OF TUBERCULIN REACTORS BY SOURCE OF INFECTION

.~~~~~~~~~~~~4
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PERCENTAGE OF TUBERCULOUS HERDS

subdivided into three groups: one group infected1
from human sources only; a second group infected
from bovine sources only; and a third group infected
from both sources.
To make this subdivision it was necessary to

accept four basic assumptions:
(1) Naturally acquired tuberculin sensitivity is

caused by infection from human and bovine sources
only.

(2) The tuberculin reactors in areas with no
tuberculous herds in 1937-39 all owe their sensitivity
to infection from human sources.

(3) The prevalence of human sources of infection
is uncorrelated with the prevalence of bovine
sources of infection.

(4) The probability of infection from a human
source is the same in those infected from a bovine
source as in those not infected from a bovine source
and vice versa.
By applying the statistical methods described in

the annex, the observed percentages of reactors in
1 Infection is here defined as exposure to tubercle bacilli

giving rise to tuberculin sensitivity.

each county were separated into the three groups
shown in Fig. 7. Table 4 gives the results, expressed
as the proportions of the observed number of
reactors that can be attributed to the different sources
of infection. As may be seen, the proportions vary
widely from county to county. In some counties
very few reactors are allocated to the " bovine
source only" group; in the rural populations in a
few counties more than half of the reactors are
attributed to bovine infection. In the total rural
population one-third, and in the total urban popula-
tion one-quarter, are assigned to the " bovine
source only " group.

Morbidity rates according to source of infection

If it were possible to classify each individual
reactor according to the source of his infection, the
calculation of morbidity rates would be very simple
and straightforward. Observed morbidity rates
could then be found by dividing the number of
cases by the number at risk in the groups infected
from the two sources. However, no technique has
yet been developed for distinguishing a tuberculin
reaction due to human infection from one due to

FIG. 8
SCHEMATIC FIGURE ILLUSTRATING RELATION BETWEEN
PERCENTAGE OF TUBERCULOUS HERDS AND NUMBER
OF CASES AMONG REACTORS PER 1000 EXAMINED

t° + __ _I __
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TABLE 4
ESTIMATED PROPORTION OF 20-39-YEAR-OLD TUBERCULIN REACTORS

BY SOURCE OF INFECTION a

Urban Rural

Proportion Proportion
County Infected Infected Infected Infected Expose

from from Exposed Ifecte nfeo Epsd
bovine human to both bovine human sources

source only source onlyl sources source only source only

1 Frederiksborg 0.13 0.78 0.09 0.17 0.75 0.08

2 Holbcek 0.23 0.61 0.16 0.36 0.46 0.18

3 Soro 0.17 0.71 0.12 0.28 0.58 0.14

4 Proesto 0.10 0.84 0.06 0.15 0.77 0.08

S Maribo 0.05 0.92 0.03 0.08 0.88 0.04

6 Svendborg 0.05 0.92 0.03 0.08 0.87 0.05

7 Odense, Assens 0.06 0.90 0.04 0.10 0.85 0.05

8 Vejle 0.26 0.54 0.20 0.41 0.38 0.21

9 Arhus, Skanderborg 0.35 0.41 0.24 0.49 0.26 0.25

10 Randers 0.36 0.38 0.26 0.49 0.27 0.24

11 Alborg 0.25 0.55 0.20 0.40 0.40 0.20

12 Hj0rring 0.20 0.66 I 0.14 0.30 0.56 0.14

13 Thisted 0.24 0.58 0.18 0.34 0.48 0.18

14 Viborg 0.34 0.42 0.24 0.44 0.33 0.23

15 Ringkobing 0.32 0.44 0.24 0.41 0.37 0.22

16 Ribe 0.33 0.44 0.23 0.44 0.35 0.21

17 Haderslev 0.38 0.34- 0.28 0.54 0.20 I 0.26

18 Abenra 0.38 0.34 0.28 0.53 0.20 0.27

19 Sonderborg 0.28 0.53 0.19 0.42 0.37 0.21

20 Tonder 0.39 0.33 0.28 0.50 0.25 0.25

Total 0.24 0.58 0.18 0.36 0.46 0.18

a The proportions are weighted averages of the proportions for the four age and sex groups
given in Appendix Table 3.

bovine infection. Morbidity rates by source of according to the percentage of tuberculous herds
infection (the average for all 20 counties) will (schematically illustrated in Fig. 7);
therefore have to be estimated by the application (b) the observed morbidity among tuberculin
of a statistical technique to the material assembled reactors in each of the 20 counties.
in Tables 3 and 4. On the basis of these data is found the relation

Details of how this is done are described in the between the percentage of tuberculous herds and
annex. A simplified outline of the principles of this the number of cases among reactors per 1000
estimation will be given here. examined, as illustrated schematically in Fig. 8.
The estimation is based on the following data: The assumption has been made above that in

(a) the percentage of tuberculin reactors infected areas with no tuberculous herds all tuberculin
from human sources only, infected from bovine reactors owe their sensitivity to infection from
sources only, and infected from both sources, human sources. The morbidity rate among reactors
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FIG. 9
SCHEMATIC FIGURE ILLUSTRATING BASIS FOR ESTIMATION OF MORBIDITY RATES AMONG REACTORS

INFECTED FROM HUMAN AND BOVINE SOURCES
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infected from human sources only can therefore be
estimated on the basis of the results in Fig. 7 and 8,
for percentage of tuberculous herds = 0. This is
illustrated in the top section of Fig. 9. (To simplify
the illustration the scales have been constructed to
make the height of the two blocks the same.)

In the middle section of Fig. 9 are shown the
results in an area with tuberculous herds (here an

area was chosen in which the percentage of tuber-
culous herds is 80). On the basis of the rate among
reactors infected from human sources only, one

can estimate the number of cases occurring among

these reactors. The remaining cases must then be
found among reactors infected from both sources

and among reactors infected from bovine sources

only. A morbidity rate for this combined group of
reactors may then be calculated. It is seen that this
rate will be lower than that among reactors infected
from human sources only. The results from the
actual computation described in the annex are given
in Table 5. The rate for the combined group is
about half the rate among reactors infected from
human sources only.

TABLE 5
ESTIMATED MORBIDITY RATES FOR 20-39-YEAR-OLD
TUBERCULIN REACTORS INFECTED FROM HUMAN

SOURCES AND FOR THE COMBINED GROUP
OF REACTORS INFECTED FROM BOVINE SOURCES

ONLY AND FROM BOTH SOURCES

Rate per 1 000 reactors
Reactors I

Urban Rural

Infected from human sources only 6.5 5.0

Infected from bovine sources only
and infected from both sources 3.3 1.9

The rate for the combined group has a biological
meaning only if the risk of tuberculous disease
among those infected from both sources is the same

as that among those infected from bovine sources

only. However, it seems more natural to believe
that the risk for the doubly infected group would be
more similar to that among reactors infected from
human sources only. We now assume that the risks
for the doubly infected group and for the group
infected from human sources only are equal. This
has been illustrated in the bottom section of Fig. 9.
It is seen that, on this assumption, very few cases

occur among those infected from bovine sources

TABLE 6
ESTIMATED MORBIDITY RATES FOR 20-39-YEAR-OLD
TUBERCULIN REACTORS INFECTED FROM BOVINE
SOURCES ONLY AND FOR THE COMBINED GROUP
OR REACTORS INFECTED FROM HUMAN SOURCES

ONLY AND FROM BOTH SOURCES a

Rate per 1 000 reactors
Reactors

Urban Rural

Infected from human sources only
and infected from both sources 6.6 5.0

Infected from bovine sources only 0.9 0.4

a The estimates rest upon the assumption that the rate
among reactors infected from both sources is the same as for
those infected from human sources only.

only. The estimated rates are given in Table 6. The
rate in the " bovine sources only " group is about
one-tenth of that for the combined group: 0.9 versus
6.6 in urban areas and 0.4 versus 5.0 in rural areas.
One might, however, assume that the two infec-

tions were mutually exclusive, that is, that bovine
infection excluded infection from human sources,
and vice versa. Under this assumption the doubly
infected group would disappear, being replaced by
persons who had either bovine or human infection.
In the annex there is a discussion of the situation in
which all these persons were bovine-infected; and
the incidence rates would then be as in Table 5. If
all in the group were human-infected, the rates
would be as given in Table 6.

DISCUSSION

Even if cattle tuberculosis is eradicated in a
country, one has to reckon that the human popula-
tion will bear traces from bovine tuberculous
infection for several decades. Thus, cattle tuber-
culosis has been practically non-existent in Denmark
for the past 15 years, but a sizable proportion of
the population in the country still owe their tuber-
culin sensitivity to an infection from bovine sources.
It is estimated in this paper that, in the population
now 35-55 years old, about one-third of all tuberculin
reactors have been infected from bovine sources
only. In some counties even, the majority of the
tuberculin reactors have had such infection.
From the theoretical as well as from the practical

point of view it is of significance to know the risk
of pulmonary tuberculosis among persons infected
from bovine sources. No tuberculin test or other
test was available to distinguish between reactors
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infected from human or bovine sources. The
morbidity rates presented here are therefore not
based on a follow-up of individuals in the two
groups, but on a mathematical-statistical analysis.
The risk of developing pulmonary tuberculosis has
been estimated to be many times higher in the group
infected from human sources than in the group
infected from bovine sources. As the analysis rests
upon certain assumptions, the estimates may be
subject to systematic errors. It is shown in the
annex, however, that realistic modifications of these
assumptions will tend to make the difference in
morbidity of the two groups even greater.
The present material does not permit an evaluation

of the total harmful or possible immunizing effect of
infection from bovine sources. The mortality and
morbidity from the initial tuberculous infection up
to the time of the mass campaign in 1950-52 are not
known. It can be concluded from the present study,
however, that the " survival group " of reactors is
composed of two widely different groups as far as the
risk of pulmonary tuberculosis is concerned: the one
infected from bovine sources carrying a low risk, and
the other infected from human sources carrying a
relatively high risk.

This conclusion would have been contradicted
if bovine tubercle bacilli had been isolated in a
great number of the patients. This was not the case.
Among 777 bacillary patients, human organisms
were found in 724 cases, bovine organisms in 17
cases, and in 36 cases the type of tubercle bacillus
was not known.1

I In 95 cases tubercle bacilli could not be isolated.

The present study does not account for the reasons
of the difference in morbidity between the two
groups of reactors. Apart from the difference in the
infecting agent, the dosage and route of infection
may be responsible, and the age at the time of
infection may also vary systematically. Further
studies on the frequency of pulmonary calcifications
in areas with varying prevalences of reactors infected
from bovine sources may contribute to answering
these questions.
The present results indicate that in countries where

cattle tuberculosis has been or is prevalent the value
of the tuberculin test as a tool in tuberculosis
epidemiology is very much reduced. The prevalence
of tuberculin reactors in the country will be neither
a reliable index of tuberculous infection from human
sources nor a reliable index of the number of future
cases of pulmonary tuberculosis. This implies that
the frequency of tuberculin reactors can only be
applied as a useful guide in the evaluation of tuber-
culosis as a public health problem if it is possible
to estimate the proportion of tuberculin reactors
which has been infected from human sources. This
has important bearings on inter- and intra-country
comparisons as well as on the study of time trends.
As a result of the present study, information on

past exposure to infection from bovine sources might
be of value in the identification of population groups
carrying a different risk of pulmonary tuberculosis.
The separation of tuberculin reactors into individuals
infected from human and bovine sources, respec-
tively, is, however, the ultimate goal. The develop-
ment of a tuberculin test to serve this purpose may be
a fertile field of research.
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RSUMIE

L'identification de groupes exposes ia un risque e1eve
de morbidite tuberculeuse parmi les sujets reagissant a la
tuberculine est l'une des tiches les plus importantes de
l'6pidemiologie modeme. En particulier, ce risque est-il
different chez ces sujets suivant que leur infection est
d'origine bovine ou humaine? Pour etudier ce probleme,

l'auteur a utilise le materiel epidemiologique conside-
rable reuni au Danemark, et provenant de trois sources
differentes: donnees recueillies au cours du programme
national d'eadication de la tuberculose du betail de
1930 a 1952; donn6es sur la pr6valence des reactions
tuberculiniques positives dans la population humaine,
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obtenues au cours de la campagne de masse contre la
tuberculose de 1950 a 1952; enfin, donn6es sur la mor-
bidite tuberculeuse dans la population touchee par la
campagne de masse, basees sur l'enregistrement centra-
lise de tous les nouveaux cas de tuberculose. L'article
decrit brievement l'analyse mathematique de ce materiel
cependant qu'un appendice detaille les procedes ana-
lytiques utilises et presente les diverses donn6es sous
forme de tableaux.
De 1937 A 1939, 108 500 troupeaux de bovins repre-

sentant plus de 60% du cheptel ont fait l'objet d'une
enquete annuelle. La proportion des troupeaux infectes
a varie de moins de 10% A plus de 80%. Ces chiffres ont
ete utilises comme indice du risque d'infection de la
population humaine A partir de sources bovines.
Au moment de la campagne de masse, 432000 personnes

des deux sexes, residant dans 20 comtes et Agees A l'epoque
de 20 A 39 ans, ont subi des reactions tuberculiniques. Le
pourcentage des sujets reagissant A la tuberculine a varie
fortement, de 30% A 70% dans les districts ruraux et de
40% A 70% dans les villes de province. Les correlations
etroites existant entre ce pourcentage et la frequence des
troupeaux infect6s indiquent que dans certaines regions
une forte proportion des infections a e d'origine bovine.
Au cours de la campagne de masse et des huit annees

de surveillance ulterieure, 1102 cas de tuberculose
humaine ont ete diagnostiques. On ne note ici aucune
correlation entre les taux de morbidite calcules pour
l'ensemble des sujets, reagissant ou non A la tuberculine,
et la frequence des troupeaux infectes. Mais, lorsqu'ils
sont calcules pour les seuls sujets . r6agissants *, ces taux
de morbidite varient en raison inverse de la frequence
des troupeaux infectes. Il semble donc qu'il existe un-

moindre risque de tuberculose secondaire chez les sujets
dont l'infection est d'origine bovine que chez ceux dont
l'infection est d'origine humaine.
A l'aide de mod6les mathematiques simples, on a

essaye d'evaluer quantitativement le risque de tuber-
culose, selon l'origine bovine ou humaine de l'infection,
chez les personnes reagissant a la tuberculine. L'analyse
a porte en premier lieu sur la proportion des sujets
( r6agissants * dont l'infection etait d'origine humaine,
bovine ou mixte. Sur l'ensemble des sujetso reagissants *,
la proportion des infections d'origine uniquement bovine
etait de 25% dans les zones urbaines et de 35% dans les
zones rurales. On s'est attache ensuite a calculer le taux
de morbidite parmi les sujets . reagissants * en fonction
de la source d'infection. I1 n'a pas ete possible d'estimer
de facon certaine le taux de la morbidite chez les sujets
ou l'infection etait d'origine bovine, mais on a pu
determiner ses limites superieure et inferieure qui corres-
pondaient respectivement a la moitie et au dixieme du
taux de morbidite chez les infectes par contamination
humaine. La limite inferieure parait la plus vraisem-
blable. La majorite des infections d'origine bovine s'etant
produites plusieurs annees avant le debut de la periode
d'observation n'ont pu etre completement analys6es.

L'auteur conclut que la valeur 6pidemiologique des
r6actions tuberculiniques peut etre tres diminuee dans les
pays oiu la tuberculose du betail a et ou est prevalente.
Cette connaissance d'une exposition passee a la tuber-
culose bovine permet de definir des groupes de population
exposes A des risques tres differents de morbidite tuber-
culeuse. L'ideal serait de pouvoir classer les individus
eux-memes selon l'origine humaine ou bovine de l'in-
fection.

REFERENCES

Bendixen, H. C. (1950) The fight against tuberculosis,
Copenhagen, Danish National Association for the
Fight against Tuberculosis, p. 75

Comstock, G. W. & Shaw, L. W. (1960) Publ. Hlth Rep.
(Wash.), 75, 583-594

Francis, J. (1958) Tuberculosis in animals and man; a
study in comparative pathology, London, Cassell

Great Britain, Medical Research Council (1963) Brit.
med. J., 1, 973-978

Groth-Petersen, E., Knudsen, J. & Wilbek, E. (1959)
Bull. Wld Hlth Org., 21, 5-49

Hansen, 0. G. (1964) Bull. int. Un. Tuberc., 35, 355

Horwitz, 0. (1964) Bull. int. Un. Tuberc., 35, 341-348
Horwitz, 0. & Palmer, C. E. (1964) Bull. Wld Hlth Org.,

30, 609-621
Madsen, T., Holm, J. & Jensen, K. A. (1942) Acta

tuberc. scand., Suppl. 6
Palmer, C. E. (1963) In: Seventeenth International

Tuberculosis Conference. Abstracts of papers, Amster-
dam, Excerpta Medica Foundation, p. 255

Palmer, C. E. & Edwards, L. B. (1961) Bull. int. Un.
Tuberc., 32, 373-383

Palmer, C. E., Shaw, L. W. & Comstock, G. W. (1958)
Amer. Rev. Tuberc., 77, 877-907

Annex

DETAILS OF MATHEMATICAL ANALYSIS'

The mathematical analysis of the material pre-
sented was described in brief in the body of this

I See pages 504-505 for explanation of the symbols used
in this annex.

paper. This annex gives a detailed account of the
analytical procedures used, the assumptions that
were made and a discussion of some modifications
to these assumptions. The data classified according
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to age and sex and by urban and rural areas from
the mass campaign and during eight years of follow-
up are given as well as the estimates of reactors by
source of infection and morbidity rates.

Before we can express the prevalence of reactors
due to human and bovine sources in terms of the
parameters a and b which define the total percen-
tage of reactors, some further assumptions are
necessary.

BREAKDOWN OF TUBERCULIN REACTORS BY SOURCE

OF INFECTION

A strong positive linear correlation was observed
between the prevalence of tuberculin reactors in the
Danish mass campaign and the frequency of tuber-
culous herds (Fig. 4 above). By standard linear
regression analysis procedures, the linear regression
equation

Y= a + bX (I)
was determined, where

Y = prevalence of reactors (%), and
X = frequency of infected herds of cattle (%)

Appendix Table 2 gives the results of the regression
analysis for each of the separate age and sex groups.
As illustrated schematically in Fig. 10, the total

percentage of reactors, Y, may be proportionately
assigned to groups on the basis of source of infection.
Before this is possible it is necessary to state the
first basic assumption.

Assumption 1: Natural tuberculin sensitivity is
caused by infection from human and bovine sources
only.

We may now define the three groups of reactors
who comprise the total number as:

YH = reactors (%) infected only from a human
source,

YB = reactors (%) infected only from a bovine
source,

YH+B = reactors (%) infected both from human
and bovine sources.

It is now clear that

Y = YH + YB + YH+B (2)

Furthermore, we may, by assigning the doubly
infected group, YH+B, to either the human source
only or bovine source only, define two combined
groups as:

YH Tot = YH + YH+B
YB Tot = YB + YH+B

(3a)
(3b)

where YH Tot (YB Tot) contains all those with a

human (or bovine) source of infection.

Assumption 2: The tuberculin reactors in areas with
no tuberculous herds in 1937-39 all owe their
sensitivity to infection from human sources.

Assumption 3: The prevalence of human sources of
infection is uncorrelated with the prevalence of
bovine sources of infection.

The observed correlation, then, must be due to an
inherent linear correlation between the prevalence
of bovine-source reactors and the percentage of
tuberculous herds. That is,

YB Tot = PX (4)
as YB Tot = 0 for X = 0 (Assumption 2).

Assumption 4: The probability of infection from a
human source is the same in those infected from
a bovine source as in those not infected from a
bovine source and vice versa.

It then follows that the total prevalence of persons
infected from human sources is independent of X, or

YH Tot = a (5)
and the prevalence of those who are doubly infected
is:

YH+B = (YH Tot) (YB Tot) = a,BX (6)
The equations for the prevalence of reactors from
human and bovine sources only, YH and YB respect-
ively, are, by subtracting the doubly infected from
the total infected from human and bovine sources:

YH = a (1 - IX)
YB = BX(I - a)

(7)
(8)

The value of P may be determined from the sum of
equations (6), (7) and (8), which equals the total
prevalence of reactors, a + bX, as indicated by
equations (1) and (2). Thus:

b

In summary, the total group of reactors may be
broken down into three mutually exclusive sub-
groups: infected from human source only, infected
from bovine source only, and doubly infected.

498
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These subgroups are defined in equations (7), (8),
and (6) respectively. By allowing the doubly
infected to be combined either with the human-
only or bovine-only groups, two other groups (not
now mutually exclusive) are defined: total infected
from human source and total infected from bovine
source, equations (5) and (4) respectively. The
proportion of reactors in any one subgroup may
easily be computed for appropriate values of a
and b (i.e., for a specific age-group, sex and urban or
rural area) from these equations 1 as the proportion
of reactors among the " observed " number of
reactors given in Appendix Table 1.

COMPUTATION OF MORBIDITY RATES

The total number of cases of pulmonary tuber-
culosis must on the basis of assumption 1 be com-
posed of the cases arising from the groups infected
from human sources only, from bovine sources only,
and from both sources. Thus, if

r = morbidity rate,
C = total number of cases of pulmonary tuber-

culosis,
N = number of reactors,

and the subscripts H, B and H + B indicate the
source from which these cases were originally
infected, then:

Cit
rk =- k k = H, B, H+B

We now postulate that, except for random fluctua-
tions, the rk does not vary from county to county
for each of the eight age, sex, urban-rural groups
for which the analysis has been carried out.

The morbidity rates are estimated by minimizing
the sum of the squares of the deviations of the
expected number of cases from the observed number
of cases.

I In the actual computation YH= YObs - YB Tot, where
Yobs=observed prevalence of reactors, and the proportion
of human reactors among the total is then YH . The fluctu-

YOb8
ations around the regression line cannot be considered simply
random and may be due to several factors. The author has
considered it reasonable to assign these fluctuations wholly to
variations in the prevalence of human-source reactors. Note,
however, that these differences in exposure are uncorrelated
with the prevalence of bovine sources of infection.

20 2

S = CO bs - CEXP = Minimum (10)2

where

CEXpi = (NH, rH) + (NBi rB) + (NH+Bi rH+B) (11J
i = county index.

Substituting (11) in (10) yields:

20

S= (CObs( - (NHi rH + NBJ rB + NH+Bi rH+B))2

- Minimum (12)

The rates are now estimated on the basis of one
of the following alternatives:

A: rH+B = rH

B: rH+B = rB

On alternative A or alternative B, equation (12)
becomes:

S = 0 { bs- [(NH, + NH+B,) rH + NB,rB] J

- Minimum (13a)

S = £ { Cobs- [NHirH + (NBi ±NH+B{) B] 1

- Minimum (1 3b)
respectively.
By partial derivation of equations (13a) and (1 3b)

with respect to rH and rB respectively we get:

8s 20
= -i2 (NH, + NH+Bi)

lCObsi [(NHi + NH+Bi)rH + NB, rB] =0 (14a)

as 20

8r -= - 2 E NBi CObs- [(NH, + NH+B ) rH+

+ NBirB] = 0 (15a)

for alternative A and,

2As the number tested varied considerably for the 20
counties the estimation has been carried out by minimizing
the sum of the squares of deviations between the observed
and expected number of cases. Estimation by minimizing
the sum of the squares of the deviations between the observed
and expected rates would not produce systematically different
results, but the sampling errors of the estimates would be
larger.
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Ss 20
N

1
C

Ht
-INHi rH +

+ (NBi + NH+Bi) rB]J = 0

Ss 20
r = -2 f (NBi + NH+Bj) COb82 -INHi

+ (NB, + NH+B,) rB] ) = 0

for alternative B.

ICExprt
TA= YH Totj iA-H YB, rB (alternative A) (I 7a)

(14b) ( =

= YHi rH + YB Tote rB (alternative B) (I 7b)

In other words, since the Ys are all linear func-
rH + tions of X, the morbidity rates among those tested

were fitted to the following linear function of X:
(I 5b) CExp(CTV If(a.b,rH, rB) ± f2(a, b, rH,rB)Xi (18)

The observed number of cases, by county (Cob8,)
and the total number of reactors (Ni) are given in Ap-
pendix Table 4. The estimated numbers of " human",
"bovine", and "human and bovine" reactors by

county (NHi NB1 NH+Bi) are found by multiplying
the estimated proportion given in Appendix Table 3
with the total number of reactors given in Appendix
Table 1. The final results of the analysis, presented
as estimated morbidity rates among human and
bovine infected are given for each alternative
(A or B) in Appendix Table 5.

DISCUSSION

The simplifying assumptions which were made in
this study and which were described earlier in this
annex (assumptions 1, 2, 3, and 4) are, of course,
not strictly valid. Nevertheless, it will be shown
that certain realistic modifications of these assump-
tions would produce not only the same pattern of
results but also even greater differences in morbidity
rates between those infected from human and from
bovine sources. We give below the description and
analysis of these modifications as they affect changes
in the computed morbidity rates.

It has been shown previously that the morbidity
rates among those infected from human and from
bovine sources, rH and rB respectively, were esti-
mated by fitting the observed number of cases to the
expected number of cases. For alternatives A and B
respectively this function may be written as:

CExp1 = (NH, + NH+B,) rH + (NB1) rB (16a)
or

CExpi = (NHi1) rH A (NBi + NH+B1) rB (16b)
Letting

T = total number of persons tested

The general procedure employed in the discussion
which follows is to find the modified Ys on the basis
of the modified assumptions and thereby the modi-
fied functions f1 and f2. By equating the modified
and original functions, the relation between the
modified and original morbidity rates may be found.

Modified assumption I

Suppose that, in addition to infection from human
and bovine sources, tuberculin sensitivity might
have been caused by infection with a non-specific
agent completely unrelated to tuberculous disease
(see Fig. 10).
Let: Pn = Total reactors (all counties) infected

with a non-specific agent (%).
Thus the total percentage of tuberculin reactors,
Y, equals:
Y= a + bX= Pn [I-(a' +b1X)] + (a±+bX) (19)

where

a' + bi X = percentage of reactors infected from
human or bovine sources.

Pn [1 - (a' + b1i X)] = percentage of reactors in-
fected with the non-specific agent only.
From equation (19)

i=a - Pn.
I - Pn

(20)

and
(21)b

bi =
I - Pn

Since

it follows that
0< Pn< a< I

a'< a
bi >b

We may, as before, define a function

(22)
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FIG. 10. SCHEMATIC FIGURE ILLUSTRATING SEPARATION OF REACTORS BY SOURCE OF INFECTION
FOR ORIGINAL AND MODIFIED ASSUMPTIONS

Y O RIG INAL o

00

0

w

w

wno 61352

501



K. MAGNUS

fi =-
1 - ai

From equations (20) and (21) it would follow, then,
that

b
1a

Following the generalized procedure outlined
above for determining the results of the modifica-
tions, we first list the modified percentages of
reactors from human and bovine sources, the lower-
case roman numeral as superscript representing the
modified value:

YiH = a' (1 - l)
YiB = #Xi (1 - ai) = biXt
Y'H Tot = a'
Y1B Tot = 9Xi

(23a)
(23b)
(23c)
(23d)

CEst1 CE.St
Equating values of T and T yields, for altern-
ative A: T T

ai riH + btXir'B = arH + bXirB (24)

By equating values of fi and f2 in equation
(24) respectively we see that:

rtH = a(aj rH rB = () rB

Modified assumption 2

Suppose that in areas with no infected herds
(in 1937-39) there is still a prevalence, a, of bovine-
source reactors. This may have been true either
because infection occurred prior to 1937 or because
of migration from areas with non-zero prevalence
of bovine-source reactors. In this case the relation-
ship between the prevalence of bovine-source
reactors and the frequency of infected herds is of
the form:

YilB Tot = a + pli' X (28)
instead of

YB Tot = fiX

From Fig. 10 it is clear that:

Y1H Tot = a - a + 9p
where p is the percentage of reactors infected from
both human and bovine sources in areas without
infected herds, i.e., X = 0.

From assumption 4 then follows:

a-a
a 1-a

Thus
a-a

Y11H Tot ==
- a

where, by virtue of the inequality (22)

r'H > rH riB < rB

Since

and
or the " human " rate would be increased and the
" bovine " rate decreased under modified assump-
tion 1, alternative A.

CE8t1 and CE8t
For alternative B, equating T T yields:

ai (I - lXi)riH + /3Xir1 = a (1- /Xi)rH + /3XirB (25)
Equating the fi1 with f1 yields:

a(i ) (26)

Equating the values of f2 from equation (25) and
substituting for riH from equation (26) yields:

riB = rB (27)
In summary, the presence of non-specific sensitivity
would enlarge the differences previously found in
the morbidity rates among those infected from
human and bovine sources. That is:

riH > rH Altern-
riB < rB ative A

riH > rH Altern-
riB = rB ative B

(29)

YiiB = Y- Y"H Tot

Y11H = Y - Y11B Tot

we may summarize the percentages of reactors for
modified assumption 2 as:

YiiH = (a - a) + (b - fi) X

(1 - a)
(1 -a)

Y11H Tot = 1 - a

Y11B Tot = a +fi' X

(30a)

(30b)

(30c)

(30d)
where since

y = Y1IB Tot + Y11H Tot - Y"B Tot Y1H Tot

fi =fl(-a) (1-a) (30e)

On alternative A:

a -_a riH + a (l a) + bX] ruB ar +1- a! +[(1-a)=ar+
+ bXLrB (31)
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Equating the values off2 first yields:
riis = rB

Making this substitution and equating the f1 in
equation (31) values yields for r11H, after simplifying:

r11H= a (1 - a) rH - a (1 - a) rB
(a-a)

(32)

For both age-groups, sexes and urban and rural
areas it was found that

rH > rB
or

rH = rB + M

where M = positive number.
Therefore we can write rilH from equation (32) as:

r'aH = rH + (l-a) M

from which, since the quantity in brackets is positive,
it follows that

rNiH > rH
On alternative B:

[(a - a) + (b -fPi) Xi] riUH + (a + fl"iXi) r"B
= a (1-J3Xi) rH +± XfrB (33)

Equating the f1 and f2 yields, respectively:

and
(a - a) riiH + ar"B = arH (34a)

(b - fli) riiH + filriiB = fi (rB - arH) (34b)
Multiplying equation (34a) by

fi and adding to
equation (34b) yields after simplifying:

r1iB = rB

From (34a) with the above bovine-source rates set
equal and using rH = rB + M as before, we find:

a MriUH = rH +

and since the bracketed quantity is positive:
rj1H > rH

In summary, for the modified assumptions that a
non-zero (a) prevalence of bovine-source reactors
exists in areas without infected herds in 1937-39
(i.e., for X = 0) we find:

r1iH > rH

Alternatives A and B
ritB =rB

Modified assumption 3

Suppose that the prevalence of human sources of
infection is slightly correlated positively with the
prevalence of bovine sources of infection.
That is:

YiIH Tot = a + 8 X

A schematic illustration of this modification is
given in Fig. 10. The percentages of human and
bovine reactors which prevail under this assump-
tion are:

Yt11H Tot = a + 8 X

YiiB = (b -8) X
(b -8) X

Y B Tot = I -(a+ 8X)

(35a)
(35b)

(35c)

YiiiH = (a + bX) 1 -(+ X) (35d)

It is pointed out that the prevalence of all bovine-
source reactors is non-linear under this modified
assumption. In order to simplify the equations which
follow, we define a difference function D(X) equal
to the difference in the prevalence of bovine-source
reactors under original assumption 3 and modified
assumption 3.

D(X) = YBTot- (b)YXBTot = ,X- I b )X (36)YIiBTt / 1-l(a + SX)
where, substituting for fl from equation (9) and
factoring an X, we get:

D(X) =X [(1-a(a +bX)](1 - a)[1 - (a+ X)] (37)

Since the quantities 1 - (a + bX), non-reactors,
and 1- (a + 8X), non-reactors plus bovine-source-
only reactors, are both positive and since a < 1,
and 8 was defined as positive, the function D(X) is
shown to be positive by equation (37).
On alternative A we find for modified assump-

tion 3:

(a + 8A') riU ± (b - 8)Xi rnB = arH + bXi rB
It follows directly, then, that

rmH = rH

and, by equating the values of f2 letting r1iiH = rH
and rB = rH- M, as before:

riB = r- (b-S
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Since the quantity in brackets is positive it follows
that:

riB < rB

On alternative B:

Ib 8)j riilB+±(a + bXi)-(- +)X] riiH
1(a+SX) 1 1- (a+8Xi)]

= [a + (b -f)Xid rH+PXi rB (38)
It follows from equation (38) that

ritiH= rH (39)

Although it is not possible to " fit " the left-hand
side of equation (38) to a straight line, we may,
however, simplify the equation and solve for the
modified bovine-source rate, riii. To do so we
substitute the equality of equation (39), again let
rH = rB + M, and substitute D(X) where applicable:

[pXi - D(Xi)] r'B = Xi rB - D(Xi) [rB + M]
or

rE"B rB
MD(Xj)

-

MD(Xi)
BXi - D(Xj) YmB Tot

Since M, D(X) and YSB Tot are positive quantities:
riB < rB

In summary, for human sources of infection
correlatedpositively with bovine sources of infetion:

rSH = rH

Alternatives A and B
rSB < rB

Modified assumption 4

Suppose that infection from the two sources is
mutually exclusive. That is,

YH + B = 0

Then, depending on which source of infection the
potential reactor was first exposed to, we have the
following alternative situations:

(a) Infection from human sources precedes
infection from bovine sources:

YH = YH Tot = a

YB = Y- YH = bX
(40)

(b) Infection from bovine sources precedes
infection from human sources:

YB = YB Tot = /3X '41
YH = Y- YB Tot = a + (b-,B)X= a (I -,)X
Thus, the rates estimated on the basis of modified

assumptions 4 (a) and 4 (b) are the same as those
resulting from alternatives A and B.

CONCLUSIONS

The results of the analysis described earlier in this
annex are shown in Appendix Table 5. For each
of the eight groups of people, and for both altern-
atives A and B, it was found that the morbidity rates
among bovine-source reactors were less than the
corresponding morbidity rates among human-
source reactors.
When the assumptions which were made to permit

computation of these results are modified to allow
for one or more of the following possibilities
(modified assumptions):

(1) sensitivity to tuberculin caused by non-specific
infection,

(2) a non-zero prevalence of bovine-source
reactors in zero-cattle infected areas,

(3) a positive correlation between the prevalence
of human sources of infection and bovine sources of
infection, and

(4) human and bovine sources of infection
mutually exclusive,
it is shown that the bovine-source rates would
remain the same or decrease and the human-source
rates would remain the same or increase. These
modifications, then, lend added support to the
original conclusion of this paper.

LIST OF SYMBOLS USED

a Constant of regression line (%)
b Slope of regression line
C Cases of pulnonary tuberculosis
D(X) Difference function (see equation 36)
f1, f2 Constant functions (see equation 18)
M Positive difference between rates from human

and bovine sources
N Number of reactors
Pn Reactors with non-specific infection (%)
r Morbidity rate (based on cases per 1000

reactors)
S Sum of the squares of the deviations of

expected from observed number of cases
T
x
y

Number of persons tested
Tuberculous herds (%)
Tuberculin reactors (%)
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a Tuberculin reactors from bovine source in

areas without infected herds in 1937-39

Ai Slope of regression line relating total bovine-

source reactors to tuberculous herds

8 Slope of regression line relating total human-

source reactors to tuberculous herds

9p Prevalence of human-source and bovine-

sourc. -reactors (both in areas without

infected herds in 1937-39)

Subscripts :

B

H

H± B

i

Tot

Obs

Exp

Superscripts :

Bovine

Human

Human plus bovine

County subscript

Total

Observed

Expected

i

Hii

Modification I

Modification 2

Modification 3

PERSONS ATTENDING

TO

APPENDIX TABLE I

DANISH MASS TUBERCULOSIS CAMPAIGN (1950-52), DISTRIBUTED ACCORDING

PREVIOUS BCG VACCINATION AND TUBERCULIN REACTION

MALES FEMALES

20O-29 years 30O-39 years 20-29 years 30-39 years

utyFt) Not Rei-Not c-Not c-Not Reac

Vacci- vaccinated Rc Vacci- vaccinated Ra-Vacci- vaccinated Ra-Vacci- vaccinatedR
~~~Total tors Total tors -Total1 tots Total tors

e. Pas. Neg. Pos. Neg. Pos. Neg. IPos..

1 204 96 171 471 36.3 79 84 294 451 64.3 257 232 220 709 31.0 102 180 264 546 48.4

2 340 250 425 1015 41.9 114 276 654 104.4 62.6 404 464 479 1347 35.6 177 390 605 1172 51.6

3 641 451 647 1739 37.2 168 535 1230 1933 63.6 654 1198 875 2727 32.1 228 906 1233 2367 52.1

4 470 216 336 1022 32.9 163 276 673 1112 60.5 592 558 413 1563 26.4 233 390 627 1250 50.2

5 1059 371 607 2037 29.8 441 513 1407 2361 59.6 1094 909 696 2699 25.8 513 794 1269 2576 49.3

6 591 257 573 1421 40.3 214 397 1047 1658 63.1 685 855 724 2264 32.0 319 698 1138 2155 52.8

7 1303 731 1137 3171 35.9 397 1005 2356, 3758 62.7 1219 2368 1615 5202 31.0 537 2107 2853 5497 51.9

8 1331 455 1564 3350 46.7 494 616 2796 3906 71.6 1785 1192 2054 5031 40.8 682 1106 2919 4707 62.0

9 2404 476 2039 4919 41.5 850 785 3569 5204 68.6 3132 1761 2928 7821 37.4 1250 1684 4333 7267 59.6

10 570 314 825 1709 48.3 238 371 1372 1981 69.3 839 912 1231 2982 41.3 316 712 1495 2523 59.3

11 961 277 1290 2528 51.0 349 362 2570 3281 7.3 1390 983 2072 4445 46.6 777 3111 4456 69.8

12 616 200 .845 1661 50.9 212 286 1538 2036 75.5_ 862 783 1245 2890 43.1 358 618 1699 2675 63.5

13 187 142 313 642 48.8 54 142 612 808 75.7 191 383 428 1002 42.7 58 264 600 922 65.1

14 201 196 354 751 47.1 84 195 633 912 69.4 382 432 564 1378 40.9 110 293 677 1080 62.7

15 719 203 792 1714 46.2 210 303 1492 2005 74.4 946 634 1107 2687 41.2 327 514 1475 2316 63.7

16 762 165 671 1598 42.0 242 193 1342 1777 75.5 1036 512 1119 2667 42.0 417 476 1615 2508 64.4

17 168 65 342 575 59.5 49 73 598 720 83.1 205 209 525 939 55.9 91 702 904 77.7

18 119 57 283 459 61.7 33 62 455 550 82.7 III 188 448~ 747 60.0 44 129 492 665 74.0

19 234 82 378 694 54.5 57 112 565 734 77.0 232 264 572 1068 53.6 86 183 586 855 68.5

20 102 35 191 328 58.2 22 42 324 388 83.5 121 144 281 546 51.5 27 95 318 440 72.3

Total1 12982 5039 13783 31804 43.3 4470 6628 25527 36625 69.7 16137 14981 19596 50714 38.6 644.3 12427 28011 46881 59.7

RURAL

1 1132 759 953 2844 33.5 366 942 1807 3115 58.0 1035 1330 1187 3552 33.4 452 1250 1876 3578 52.4

2 943 1360 1054 3357 31.4 219 1412 1996 3627 55.0 525 1823 942 3290 28.6 260 1523 1449 3232 44.8

3 922 1086 734 2742 26.8 154 1255 1409 2818 50.0 490 1689 745 2924 25.5 175 1487 1229 2891 42.5

4 812 742 530 2084 25.4 215 928 1113 2256 49.3 515 1184 493 2192 22.5 242 1038 921 2201 41.8

5 1529 1392 773 3694 20.9 290 1756 1827 3873 47.2 787 2008 805 3600 22.4 327 1885 1424 3636 39.2

6 1615 1097 877 3589 24.4 458 1176 1624 3258 49.8 1042 1857 847 3746 22.6 520 1538 1477 3535 41.8

7 1566 1554 1146 4266 26.9 308 1985 2246 4539 49.5 793 2764 1221 4778 25.6 279 2447 1979 4705 42.1

8 1386 1327 1547 4260 36.3 336 1173 2902 4411 65.8 1084 1989 1538 4611 33.4 426 1657 2348 4431 53.0

9 1590 1075 1557 4222 36.9 456 1348 3374 5178 65.2 1391 2048 1853 5292 35.0 543 2119 3053 5715 53.4

10 853 1016 1468 3337 44.0 153 943 2485 3581 69.4 )64 1831l 1654 4049 40.8 236 1383 2212 3831 57.7

11 1423 1009 1752 4184 41.9 356 1023 3208 4587 69.9 1165 1797 1847 4809 38.4 514 1323 2911 4748 61.3

12 1154 1083 1520 3757 40.5 212 1039 2837 4088 69.4 753 1965 1598 4316 37.0 232 1428 2539 4199 60.5

13 574 961 1177 2712 43.4 78 698 2253 3029 74.4 291 1466 1133 2890 39.2 88 1062 1818 2968 61.3

14 1001 1617 2131 4749 44.9 156 1138 3687 4981 74.0 571 2291 2045 4907 41.7 177 1671 2953 4801 61.5

15 1262 915 1887 4064 46.4 235 717 3499 4451 78.6 988 1731 2019 4738 42.6 317 1203 2860 4380 65.3

16 1065 786 1374 3225 42.6 166 679 2537 3382 75.0 776 1499 1462 3737 39.1 172 1029 2286 3487 65.6

17 474 389 993 1856 53.5 86 248 1517 1851 82.0 258 685 1072 2015 53.2 81 392 1421 1894 75.0

18 302 210 696 1208 57.6 46 154 1070 1270 84.3 167 545 754 1466 51.4 54 306 997 1357 73.5

19 330 223 451 1004 44.9 58 260 823 1141 72.1 193 477 465 1135 41.0 51 381 706 1138 62.0

20 245 157 651 1053 61.8 40 138 1003 1181 84.9 126 402 729 1257 58.0 41 286 826 1153 71.6

Total 20178 18758 23271 62207 37.4 4388 19012 43217 66617 64.9 13514 31381 24409 69304 35.2 5187 25408 37285 67880
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APPENDIX TABLE 2. RESULTS OF REGRESSION ANALYSIS OF PREVALENCE OF TUBERCULIN REACTORS
IN THE DANISH MASS CAMPAIGN (1950-52) ON THE FREQUENCY OF TUBERCULOUS HERDS a

Urban Rural
Estimates from
the regression Males Females Males Females

analysis Males Femals- Mals
20-29 years 130-39 years 20-29 years 130-39 years 20-29 years 130-39 years 20-29 years j 30-39 years

a (%)

b

-a

31.7 59.0 25.8 47.2 20.5 45.4 20.2 37.9

0.32 0.28 0.35 0.32 0.43 0.48 0.39 0.42

0.47 0.68 0.47 0.61 0.54 0.88 0.49 0.68

a The constants a and b refer to the regression line Y = a + bX, where Y = tuberculin reactors (%) and X = tuberculous
herds (%).

APPENDIX TABLE 3
ESTIMATED PROPORTION OF TUBERCULIN REACTORS, BY SOURCE OF INFECTION

MALES FEMALES

20 29 years 30 39years 20- 29yeom 30 39years

County Proportion infected from Proportion infected from Proportion infected from Proportion infected from

bov ine human bovine human bovine human bovine human
sources sources sources sources sources sources sources sources

only only sources o sces o o only only sources

1 0.15 0.77 0.08 0.08 0.81 0.11 0.20 0.74 0.06 0.12 0.78 0.10
2 0.25 0.63 0.12 0.15 0.64 0.21 0.33 0.56 0.11 0.21 0.61 0.18
3 0.20 0.70 0.10 0.10 0.75 0.15 0.26 0.65 0.09 0.15 0.73 0.12
4 0.12 0.83 0.05 0.06 0.86 0.08 0.16 0.78 0.06 0.08 0.85 0.07
5 0.06 0.91 0.03 0.03 0.93 0.04 0.08 0.89 0.03 0.04 0.93 0.03
6 0.05 0.92 0.03 0.03 0.93 0.04 0.07 0.90 0.03 0.04 0.92 0.04
7 0.08 0.89 0.03 0.04 0.91 0.05 0.10 0.87 0.03 0.05 0.90 0.05
8 0.31 0.54 0.15 0.18 0.57 0.25 0.39 0.48 0.13 0.23 0.56 0.21
9 0.42 0.38 0.20 0.22 0.45 0.33 0.52 0.31 0.17 0.30 0.45 0.25
10 0.40 0.41 0.19 0.24 0.41 0.35 0.51 0.31 0.18 0.33 0.39 0.28
11 0.31 0.55 0.14 0.17 0.57 0.26 0.37 0.50 0.13 0.22 0.58 0.20
12 0.23 0.67 0.10 0.13 0.68 0.19 0.29 0.61 0.10 0.18 0.66 0.16
13 0.29 0.58 0.13 0.16 0.60- 0.24 0.36 0.52 0.12 0.22 0.59 0.19
14 0.39 0.42 0.19 0.23 0.44 0.33 0.49 0.34 0.17 0.30 0.45 0.25
15 0.39 0.43 0.18 0.21 0.48 0.31 0.48 0.35 0.17 0.28 0.47 0.25
16 0.43 0.37 0.20 0.21 0.50 0.29 0.47 0.37 0.16 0.28 0.48 0.24
17 0.44 0.35 0.21 0.28 0.33 0.39 0.52 0.31 0.17 0.34 0.36 0.30
18 0.43 0.37 0.20 0.28 0.32 0.40 0.48 0.36 0.16 0.36 0.33 0.31
19 0.32 0.53 0.15 0.20 0.52 0.28 0.35 0.53 0.12 0.25 0.53 0.22
20 0.44 0.36 0.20 0.27 0.35 0.38 0.54 0.27 0.19 0.35 0.34 0.31

Total 0.29 0.57 0.14 0.16 0.60 0.24 0.35 0.53 0.12 0.22 0.59 0.19

RURAL

1 0.22 0.72 0.06 0.14 0.74 0.12 0.20 0.74 0.06 0.14 0.77 0.09
2 0.46 0.43 0.11 0.29 0.47 0.24 0.45 0.43 0.12 0.31 0.49 0.20
3 0.38 0.52 0.10 0.23 0.59 0.18 0.36 0.55 0.09 0.24 0.62 0.14
4 0.20 0.74 0.06 0.12 0.78 0.10 0.21 0.73 0.06 0.12 0.80 0.08
5 0.12 0.85 0.03 0.06 0.89 0.05 0.10 0.87 0.03 0.06 0.90 0.04
6 0.12 0.85 0.03 0.06 0.88 0.06 0.12 0.85 0.03 0.07 0.89 0.04
7 0.14 0.83 0.03 0.08 0.85 0.07 0.13 0.83 0.04 0.09 0.86 0.05
8 0.54 0.33 0.13 0.33 0.40 0.27 0.53 0.34 0.13 0.36 0.42 0.22
9 0.64 0.20 0.16 0.40 0.27 0.33 0.61 0.23 0.16 0.43 0.30 0.27
10 0.59 0.26 0.15 0.42 0.24 0.34 0.58 0.28 0.14 0.44 0.29 0.27
11 0.50 0.37 0.13 0.34 0.39 0.27 0.50 0.37 0.13 0.34 0.46 0.20
12 0.38 0.52 0.10 0.25 0.55 0.20 0.38 0.53 0.09 0.25 0.60 0.15
13 0.44 0.45 0.11 0.28 0.48 0.24 0.44 0.45 0.11 0.30 0.51 0.19
14 0.55 0.31 0.14 0.37 0.32 0.31 0.54 0.32 0.14 0.39 0.36 0.25
15 0.52 0.34 0.14 0.34 0.37 0.29 0.52 0.35 0.13 0.36 0.41 0.23
16 0.57 0.29 0.14 0.36 0.35 0.29 0.56 0.30 0.14 0.36 0.42 0.22
17 0.66 0.17 0.17 0.48 0.13 0.39 0.60 0.24 0.16 0.46 0.25 0.29
18 0.61 0.23 0.16 0.47 0.15 0.38 0.62 0.21 0.17 0.47 0.24 0.29
19 0.52 0.35 0.13 0.36 0.35 0.29 0.51 0.35 0.14 0.37 0.41 0.22
20 0.56 0.30 0.14 0.45 0.18 0.37 0.54 0.33 0.13 0.47 0.24 0.29

Total 0.44 0.45 0.11 0.29 0.47 0.24 0.42 0.47 0.11 0.30 0.51 0.19
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APPENDIX TABLE 4
NEW CASES OF PULMONARY TUBERCULOSIS AMONG 20-39-YEAR-OLD TUBERCULIN REACTORS: CASES DETECTED

IN DANISH MASS CAMPAIGN (1950-52) AND DURING 8 YEARS' FOLLOW-UP, BY AGE AND SEX

URBAN

MALES FEMALES

20 - 29 years 30 - 39 yeors 20 - 29 years 30 - 39 years

Number of Number of Number of Number of
County cases detected cases detected cases detected cases detected

No. du Rate per No during Rate per No. d Rate pe No. dng Rate pe
tbn in MOSS 8 years Total 1000 tbn in mass 8 years Total 1000 tbn in mass 8 yrs Total 1000 tbn in mas 8 years Totol 1000

reactors campaign follow- reactor ctor compaign follow reoctor reocton campaign follow- reactor reacton campaig follow- reactor

up up up up

1 171 1 5.85 294 - - - 0.00 220 _ 1 1 4.55 264 1 1 2 7.58
2 425 - 1 2.35 654 2 1 3 4.59 479 - 4 4 8.35 605 2 1 3 4.96
3 647 2 3 4.64 1230 4 5 4.07 875 2 3 3.43 1233 2 4 6 4.87
4 336 3 4 11.90 673 - 1 1.49 413 2 3 7.26 627 3 4 6.38
5 607 2 2 4 6.59 1407 3 2 5 3.55 696 2 1 3 4.31 1269 1 2 3 2.36
6 573 1 3 4 6.98 1047 2 5 7 6.69 724 1 8 9 12.43 1138 3 5 8 7.03
7 1137 2 5 7 6.16 2356 2 9 11 4.67 1615 5 1 1 16 9.91 2853 8 8 16 5.61
8 1564 3 3 6 3.84 2796 3 4 7 2.50 2054 4 1 1 15 7.30 2919 8 8 16 5.48
9 2039 - 8 8 3.92 3569 9 4 13 3.64 2928 4 15 19 6.49 4333 5 10 15 3.46
10 825 2 4 6 7.27 1372 3 4 7 5.10 1231 4 7 11 8.94 1495 2 4 6 4.01
11 1290 1 6 7 5.43 2570 1 14 15 5.84 2072 - 14 14 6.76 3111 2 17 19 6.11
12 845 3 7 1' 11.83 1538 2 3 1.95 1245 2 14 16 12.85 1699 1 6 7 4.12
13 313 1 1 2 6.39 612 - - - 0.00 428 - 2 2 4.67 600 1 2 3 5.00
14 354 1 1 2 5.65 633 - 1.58 564 3 4 7 12.41 677 4 1 5 7.39
15 792 - 3 3 3.79 1492 3 4 2.68 1107 2 4 6 5.42 1475 4 5 9 6.10
16 671 - 6 6 8.94 1342 - 3 3 2.24 1119 - 2 2 1.79 1615 3 3 6 3.72
17 342 - - - C.00 598 1 - 1.67 525 - 1.90 702 2 1 3 4.27
18 283 - 3 3 10.60 455 - - - C.G00 448 2 2 4 8.93 492 - 4 4 8.13
19 378 - 1 2.65 565 - 3 3 5,31 572 - 2 2 3.50 586 1 2 3 5.12
20 191 - - - C. 0( 324 1 _ 1 3.C9 281 - - - 0.00 318 1 - 1 3.14

Tota 13783 19 59 78 5.66 25527 31 59 90 3.53 19596 33 105 138 7.04 2801 1 52 87 139 4.96

RURAL

1 953 3 2 5 5.25 1807 8 9 4.98 1187 3 3 6 5.05 1876 5 6 3.20
2 1054 - 1 0.95 1996 1 3 4 2.00 942 4 5 5.31 1449 2 3 5 3.45
3 734 2 1 3 4.09 1409 3 1 4 2.84 745 2 3 4.03 1229 4 3 7 5.70
4 530 - - - 0.00 1113 - - - 0.00 493 - 3 3 6.09 921 4 5 5.43
5 773 1 2 3 3.88 1827 2 3 5 2.74 805 2 8 10 12.42 1424 6 4 10 7.02
6 877 1 7 8 9.12 1624 - 2 2 1.23 847 5 8 13 15.35 1477 - 4 4 2.71
7 1146 - 2 2 1.75 2246 1 2 3 1.34 1221 4 5 4.10 1979 8 6 14 7.07
8 1547 2 3 5 3.23 2902 2 3 5 1.72 1538 7 9 16 10.40 2348 3 2 5 2.13
9 1557 3 2 5 3.21 3374 2 3 5 1.48 1853 7 3 10 5.40 3053 5 5 10 3.28
10 1468 2 2 4 2.72 2485 2 1 3 1.21 1654 2 5 7 4.23 2212 2 7 9 4.07
11 1752 1 7 8 4.57 3208 - 7 7 2.18 1847 6 7 13 7.04 2911 4 8 12 4.12
12 1520 1 4 5 3.29 2837 2 3 1.06 1598 2 9 1 1 6.88 2539 6 3 9 3.54
13 1177 1 - C.85 2253 6 7 3.11 1133 4 2 6 5.30 1818 5 2 7 3.85
14 2131 1 7 8 3.75 3687 5 1 6 1.63 2045 9 10 4.89 2953 5 6 11 3.73
15 1887 2 1 3 1.59 3499 3 4 1.14 2019 2 3 1.49 2860 2 5 7 2.45
16 1374 1 2 3 2.18 2537 2 - 2 0.79 1462 2 5 7 4.79 2286 3 4 7 3.06
17 993 - 1 1 1.01 1517 - 2 2 1.32 1072 - 2 2 1.87 1421 1 3 4 2.81
18 696 - 1 1 1.44 1070 1 4 5 4.67 754 - 2 2 2.65 997 3 2 5 5.02
19 451 1 2 3 6.65 823 2 1 3 3.64 465 2 - 2 4.30 706 1 2 ,.83
20 651 1 - 1 1.54 1003 - 1 1.00 729 2 3 4.12 826 - 1 I 1 1.21

I I I I W814 3.7

-
-

140
53

78 140 3<-J53 80 1.85 24409 1 4927ITotal 123271 23 1 47 70 3.01 43217 88 137 5.61 372851 62
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APPENDIX TABLE 5
ESTIMATED MORBIDITY RATE AMONG TUBERCULIN REACTORS INFECTED FROM BOVINE

AND HUMAN SOURCES, BY AGE AND SEX

Rate per 1 000 reactors

Urban Rural
Alternative Reactors infected from

Males Females Males Females

20-29 30-39 20-29 30-39 20-29 30-39 20-29 30-39
years years years years years years years years

Human sources 7.5 4.6 10.1 6.0 4.6 2.3 8.9 5.5
Aa

Bovine sources 0.4 -0.6 2.9 0.4 1.4 0.4 1.6 -0.2

Human sources 7.5 4.5 10.1 5.9 4.6 2.3 9.0 5.5
Bb

Bovine sources 2.6 2.7 4.5 3.1 2.0 1.3 3.0 2.0

a Morbidity among reactors with double infection the same as morbidity among reactors with infection from human sources
only.

b Morbidity among reactors with double infection the same as morbidity among reactors with infection from bovine sources
only.


