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The Efficacy of the Tuberculin Test
An Analysis Based on Results from 33 Countries

J0RGEN NYBOE, cand. act. 1

Is it always justified to take a tuberculin reaction over a certain size limit as indicative
of infection with tubercle bacilli and reactions below the limit as indicative of absence of
such infection ? Information on this point is here derived from a quantitative analysis
of test reactions found in general population groups. The data were collected by specially
trained international teams operating simultaneously with or as a preliminary to large-scale
tuberculosis control programmes. Because of the international character of the work it
has been possible to compile a picture which shows the tuberculin sensitivity in a large part
of the world, yet which is based on highly uniform techniques. It is hereby demonstrated
that the pattern of tuberculin sensitivity varies widely between different populations, but
follows a definite geographical trend. In temperate and subtropical countries almost all
test reactions are either clearly " positive " or clearly " negative ", indicating that the test
is highly efficient. In tropical regions, on the other hand, a large proportion of the reactions
are intermediate in size, and distinction between two kinds of reaction is therefore difficult.
The data strongly suggest that the cause of the intermediate reactions is that the population
is being massively exposed to certain unidentified agents producing cross-reactions to
tuberculin. In tropical regions a clear-cut distinction between tuberculosis infected and
uninfected evidently cannot be made by means of the present tuberculin test.

INTRODUCTION

In most of the tuberculosis projects currently
conducted with international assistance in Africa,
Asia and South America, the tuberculin skin test
is of critical importance. It is used in BCG vaccina-
tion campaigns for selecting subjects for vaccination,
in tuberculosis surveys for estimating the prevalence
of tuberculous infection, in tuberculosis control
projects for diagnosis of disease.2 In each of these
applications, however, the purpose of the test is the
same: to distinguish between those persons infected
with tubercle bacilli and those uninfected.
While the test seemed to fuffil its purpose without

presenting serious problems in the countries in
which it was developed, no systematic data were
available on its efficacy in other parts of the world.
The need for such data was recognized, and the first

1 Division of Communicable Diseases, WHO, Geneva,
Switzerland (formerly Statistician, WHO Tuberculosis Re-
search Office, Copenhagen).

'The test is also used to evaluate tuberculin allergy
induced by BCG vaccination, but the present paper is con-
fined to an evaluation of the efficacy of the test in distinguish-
ing tuberculin sensitivity induced by natural infection.

studies to obtain them began shortly after the WHO
Tuberculosis Research Office (TRO) was established
in 1949. During this decade pertinent studies have
been included in many different projects carried out
under the technical direction of the TRO. Most of
the data were collected by the so-called BCG
assessment teams that were established to evaluate
the results of the mass BCG vaccination campaigns.
Within this programme it was natural to include
studies of the effectiveness of the test in selecting
persons for vaccination. Further, data were collected
from a number of studies of various technical
aspects of BCG vaccination and from tuberculosis
prevalence surveys carried out in several countries
in Africa. In all these projects the field personnel
were trained in the use of uniform testing techniques,
a fact which contributes considerably to the com-
parability of the material from the various projects
and countries.

These data show that the efficacy of the tuberculin
test differs widely in different parts of the world.
In some regions the reactions to the test fall into two
distinct groups, large reactions and small reactions,
and the population can thereby be divided into two
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categories, presumably the infected and the un-
infected. But in many other regions a large propor-
tion of the test reactions are intermediate in size, and
the distinction of two categories becomes difficult.
The reasons for the varying efficacy are not yet clear,
but a good deal of observation has been made that
begins to throw some light on the nature and cause
of the perplexing intermediate tuberculin sensitivity.
The data available are summarized in the present
paper, and their interpretation is discussed.

METHODOLOGY

The history of the tuberculin test is a history of
varying opinions as to the appropriate dose. When
Charles Mantoux intoduced the intradermal test
technique, he suggested a dose of 1 TU (1/20 ml of a
1:5000 dilution of OT) (Mantoux, 1910), but by
1935 a dose of 100 TU-preceded by weaker doses-
was often used, and some authors even advocated
1000 TU as a final dose (Saye, 1936; Paretzky, 1937).
This development towards a high test dose was no
doubt influenced by the clinical observation that
tuberculous patients do not always react to a low
dose. But the consequences of using a high test
dose in uninfected persons were not recognized.

It was not until the introduction of a new study
technique-a quantitative study of tuberculin
reactions-that it was shown by Palmer that a low-
dose test was the more appropriate. By testing
patients in tuberculosis hospitals he showed that a
dose of 5 TU (PPD) produces definite reactions in
all but a very small proportion; more precisely,
that when the reactions are arranged according to
size of diameter of induration they will approximate
to a normal distribution, with a mean of 15-20 mm
and a standard deviation of 3-4 mm (WHO Tuber-
culosis Research Office, 1955a). And when the same
test dose is used in groups of healthy persons, a
varying but certain proportion present reactions
that are distributed like the patients' reactions,
whereas the remainder have only small reactions or
none at all. Palmer (1953) also showed that the
frequency of reactions to the low dose of tuberculin
depends on the degree of contact with cases of
tuberculosis, but that the distribution of reactions
to a high dose does not; the latter varies with location
of residence. On the basis of these findings he con-
cluded that a dose around 5 TU is best suited for
selecting persons infected with tubercle bacilli, and
that reactions to high doses of 100 TU or more are

caused by infection with an organism other than
Mycobacterium tuberculosis of the human or bovine
type.
The quantitative study of tuberculin reactions has

also been applied in the present analysis of the
efficacy of the test. A Mantoux test was given in
various population groups in each country, usually
without further medical examination. The Mantoux
technique is well suited for quantitative studies of
tuberculin sensitivity because the resulting reaction
(erythema or induration) forms a confluent area that
can be measured relatively easily. Other test tech-
niques such as Moro's or Heaf's may by easier to
apply but the reactions cannot be objectively quan-
tified: they require a judgement on the part of the
reader for classification. In addition to this essential
property the Mantoux test has certain other ad-
vantages: with a suitable dose the reaction sizes are
distributed over a relatively large range, which is
convenient, and the dose of tuberculin can be more
precisely determined than with other testing tech-
niques.

5 TU 1 was used as the standard dose of tuberculin.
In addition, persons with small reactions to the
Mx 5 TU test were tested with Mx 100 TU in some
groups. The results of the latter testing have been
included to elucidate certain trends in the pattern
of small reactions to 5 TU.
The reactions were read by measuring the diameter

of the indurated skin area in millimetres, and these
readings were recorded on individual cards or on
lists together with information on age and sex. The
analysis of the data comprises a study of the distribu-
tions of tuberculin reactions according to size.
While simple size-distributions of reactions do not
allow conclusions to be drawn as to the medical
significance of test results, they do provide some
reference information about the behaviour of the
test in different countries, which appears to be
essential before specific studies of interpretation can
fruitfully be made.

STUDY POPULATION

The study population comprises about 190 000
persons tested in 33 different countries in Africa,
America, Asia and Europe during the period 1950-58

1 The dilutions were prepared to contain 5 TU. However,
recent studies have shown that PPD is adsorbed to the walls
of the glass containers in varying amounts; consequently
the doses actually administered are now estimated to have
been about 2 TU (Waaler et al., 1958).
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(Table 1). About 4400 of the tested were school-
children, and the remainder were general population
groups cf all ages.
The study population groups were not randomly

selected except in some African countries, and they
cannot therefore be regarded as truly representative
of the populations of the countries in question.
This deficiency in the study population is due, in
the main, to two circumstances. First, a large part
of the data was collected among schoolchildren
tested for inclusion in the BCG studies. No attempt
was made to obtain a representative selection of
schools because schoolchildren are not necessarily
representative of the total population of their age-
group. Secondly, a mass BCG campaign was often
under way in the countries concerned, and the
population already covered by the campaign could
not be included in the present studies. As the BCG
campaigns usually proceeded systematically from
district to district, there was no possibility of
selecting a sample that would be representative of
the whole area.

Possibilities for choice were thus often very
limited, but when feasible the team leaders tried
to select groups well scattered over the country
and representing different terrains-mountainous,
lowland, desert, etc. In countries where BCG
vaccination campaigns were in progress, assessment
team leaders were instructed to examine all persons
for BCG vaccination lesions if mass campaign teams
had been operating in the neighbourhood. All
persons presenting a scar that might have been due
to BCG vaccination have been excluded from the
data.
The number tested varies widely from country

to country, from 450 in Mexico to 48 000 in the
Sudan; in most countries the number lies between
3000 and 10 000 (Table 1). In order to give an idea
of the scatter of the groups included, the number of
localities visited and the number of major administra-
tive divisions visited out of the total number in the
country have also been given in Table 1. In some
countries the data comprise one or a few communities
only and in others the localities visited are con-
centrated in a limited part of the country. On the
other hand, in those countries where the data are
relatively complete an analysis by locality has
shown that the findings are consistent; and moreover
the data for all countries follow a very clear trend.
We therefore believe that the non-randomness and
other limitations of the data do not seriously
impair the validity of the conclusions drawn.

TECHNIQUE OF TUBERCULIN TESTING

The tuberculin product used in these studies
was PPD prepared from human strains of tubercle
bacilli in the Statens Seruminstitut, Copenhagen.
One batch, RT 19-21, was used in all countries
except Ecuador, where batch RT 22 was used.
One unit of RT 19-21 is equivalent in powder weight
to one unit of the international standard tuberculin,
PPD-S, i.e., 1/50 000 mg. One unit of RT 22, a
more potent preparation, is defined as 1/75 000 mg.
Dilutions ready for use were prepared at the Statens
Seruminstitut and forwarded to the teams by air,
except in the two American countries, where stock
solution was sent to local laboratories for further
dilution.
The tests were given by injecting 0.1 ml of dilution

very superficially into the skin on the dorsal aspect
of the forearm. The injections were made with
all-glass syringes, and the amount injected was
judged by the scale on the barrel of the syringe, not
by the weal produced on the skin; since 1953 all
syringes have been pretested for leakage. The
criterion for giving the Mx 100 TU test has varied
somewhat, from the early criterion of 4 mm or less
induration to the Mx 5 TU test up to 9 mm or less
in groups recently tested.
The tests were read three or four days after they

had been given, by measuring the transverse dia-
meter of the indurated skin area in millimetres.
The nurses reading the reactions had received
extensive training in measuring reactions precisely
and in maintaining a constant level of measurement.
They were specifically trained not to think of the
reactions in terms of " positives " or " negatives ",
and even when the result had certain consequences
for the person tested (for example, whether BCG
vaccination or a 100 TU test should be given), the
nurses were expected to maintain impersonal,
objective measurement of the reaction size. It is
general experience that nurses who have been given
this training tend to read reactions slightly larger
than " untrained" nurses, and it should be borne in
mind that as far as the absolute size of reactions is
concerned the observations reported here might
have been slightly lower if made by other persons.

In spite of all efforts to obtain uniform results the
data are still influenced by certain variations in the
testing technique. Even experienced nurses do not
measure reactions alike: a difference between readers
of 3 mm may occur. Further, recent studies show
that tuberculin dilutions prepared to contain 5 TU

7



TABLE 1
EXTENT OF DATA

Number of major Number of Type of Number of Number of
Country administrative localities popu persons persons Period of work

divisions visited a visited lation b selecd for tested withaIon testing Mx 5 TU

6 districts (9)
5 districts (13)
1 division (8)

4 provinces (14)
6 districts (6)

1 department (23)
4 provinces (18)
4 provinces (24)
1 county (53)
5 divisions (5)

8 states (27)

5 provinces (11)

5 ostans (10)

5 liwas (14)
3 districts (8)

5 districts (5)

1 province (3)

8 districts (9)
1 state (32)
4 divisions (5)

2 divisions (3)
2 divisions (12)

5 provinces (51)

3 provinces (4)

5 provinces (6)

5 districts (6)

9 provinces (9)

6 districts (6)

2 provinces (18)

1 province (8)
2 provinces (70)

4 provinces (63)

4 provinces (4)
4 provinces (34)

6
8
2

15
14

77
8
4
1
9

10
10

16

11

7

6

12

1414
20

8
8

13

7

11

10

102

7

5

5
4

19

10
9

Total

G
G
G
S

S

G
S

S

S

S

S

G
S

G
S

G
S

G
S

G
G
S

G
S

G
S

G
S

G
S

G
G
S

G
S

G
S

G
S

G
S

G
S

G
S

G
S

G
G
S

G
S

G
G
S

G
S

Total

3 668
3 561
1 200
1 767
4 885
17 527
1 852
4 237
698

1 892
1 871
3 607
5 925
6 656
1 865
4 306
3 657

12 900
1 459
7 696
3 998
1 237
6 000
5 332
1 500

58
7 866
600

9 291
5 445
5 110
5 660
1 269
1 200
5 100
4 450
225

8 250
3 383
5 933
2 578

23 130
33 274
3 051
341

1 015
676

3 030
4 000
3 622
3 540
3 476
6 055
1 108
3 250

165 308
99 974

265 282

3 585
3 454
1 110
1 492
4 497
6 623
1 532
4 122
637

1 007
1 350
3 103
4 590
3 767
1 569
3 447
3 178
6 435
1 319
4 227
2 057
929

1 023
4 627
1 241

42
6 148
459

8 185
4 812
3 263
2 650
968

1 119
3 920
3 999
207

2 108
2 432
4 073
2 340
17 351
30317
2 846
317
773
580

3 005
2 708
3106
1 884
3 027
5915
1 056
2 645

107 155
86 021

193 176

March-July 1957
May-September 1956
January 1955
January 1955
May-June 1954
July-October 1955
July-October 1955
February-May 1950
April-June 1951
Dec. 1951-March 1952
November 1953
January-August 1957
January-May 1954
June-September 1954
May-June 1955
September-November 1954
September-November 1954
January-June 1955
January-June 1955
June-July 1956
January-August 1956
January-August 1956
October-December 1955
October-December 1955
November 1954
November 1954
June-October 1956
August 1950
Sept. 1955-December 1956
Sept. 1955-December 1956
March-April 1956
February-May 1956
February-May 1956
February-April 1954
January-March 1955
February-October 1958
February-October 1958
October-December 1955
October-December 1955
January-March 1956
January-March 1956
April 1954-March 1955
April 1954-March 1955
Oct. 1956-February 1957
Oct. 1956-February 1957
Dec. 1954-January 1955
Dec. 1954-January 1955
September-November 1957
October-December 1954
October-December 1954
May 1953-June 1954
May 1953-June 1954
January-August 1958
April-July 1954
April-July 1954

a The figures in parenthesis give the total number of major administrative divisions in the country.
b G = general population groups S = schoolchildren

Basutoland
Bechuanaland
Burma

Cambodia
Cyprus

Denmark
Ecuador
Egypt
England
Ghana
India, North
India, South f

Indonesia

Iran

Iraq
Jordan

Lebanon

Libya

Mauritius
Mexico
Nigeria

Pakistan, East
Pakistan, West

Philippines

Sierra Leone

Somalia

Somaliland Pro-
tectorate

Sudan

Swaziland

Taiwan

Tanganyika
Thailand

Turkey

Uganda
Viet Nam
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vary considerably because a high but variable pro-
portion of the active substance is adsorbed to the
surface of the container; the dose injected, therefore,
has not always been the same.' These variations in
the measuring instrument must therefore be kept
in mind when evaluating the observed differences
in reaction size.

RESULTS

Variations in sensitivity pattern
The tuberculin testing results in each country are

given in Appendix Tables 1 and 2 as frequency distri-
butions of reactions to Mx 5 TU and Mx 100 TU
according to size (in 2-mm groups) in specified age-
groups. In order to present first a picture of the
kind of variation in the sensitivity patterns found
in various populations the results of testing with
5 TU in one age-group (10-14 years) in 33 countries
are shown graphically in Fig. 1.
The shape of the distributions varies considerably

in several respects, but the most important difference
in the present context is that some distributions can
be described as bipartite whereas others can not.
Bipartite distributions-those, for example, in
Basutoland, Cyprus, Denmark and Egypt-are
characterized by an accumulation of reactions
around 0-3 mm with rapidly decreasing frequencies
in the succeeding size-groups, very few reactions in
the range 8-11 mm and a second accumulation of
reactions between 12 and 25 mm with a maximum
around 15-20 mm.

This sensitivity pattern indicates that the popula-
tion comprises persons with two essentially different
responses to tuberculin: some respond with large
reactions and may be termed reactors, others with
small or no reactions, the non-reactors. An observed
bipartite distribution with an estimated breakdown
into the reactor and non-reactor components is
given in Fig. 2. The breakdown is made so that both
component distributions are regular in shape and
taper off smoothly.
The left-hand component has a mode at 2-3 mm

and tails off rapidly to the right; only 1% of the
reactions exceeds 7 mm. Its shape resembles the
distribution of reactions obtained when buffered
diluent alone is used for testing (Table 2). The
right-hand component has the shape of a normal
distribution with a mean of 19 mm and a standard
deviation of 3-4 mm. There is very little overlapping
between the two component distributions, or, in

1 See footnote, page 6.

TABLE 2

DISTRIBUTIONS OF REACTIONS TO BUFFERED DILUENT
ACCORDING TO SIZE IN THREE COUNTRIES

Diameter
of induration Denmark Nigeria Sudan

(mm)

0-1 11 44 96

2-3 87 60 16

4-5 60 46 4

6-7 9 15 1

8-9 3 1 1

Total 170 166 118

other words, the tail-end of each component that
stretches into the range of the other comprises only
a small proportion of the reactions. Thus if the
limit between positive and negative reactions is set
at, say, 10 mm the proportion misclassified in either
direction will be small.
But it is clear from Fig. 1 that the sensitivity

pattern in many countries is not bipartite. In
Bechuanaland, Burma, Cambodia, the Philippines
and Viet Nam, for example, no less than 15 %-
20% of all reactions fall into the intermediate range
8-11 mm, and at no place on the scale is there an
interval with few reactions separating the distribu-
tion into two parts. And the non-bipartite distri-
butions vary considerably in shape. Some distribu-
tions show a maximum percentage of reactions
around 5-6 mm, with decreasing frequencies both
towards smaller and larger reaction-sizes (Burma,
Cambodia, Mauritius). In others the frequencies
do not vary much between 3 and 18 mm (Bechua-
naland, Nigeria, the Philippines). It is significant,
however, that in most of the non-bipartite distribu-
tions two modes can be seen more or less clearly,
the one around 5-6 mm and the other around 15-16
mm, indicating that these populations-like those
characterized by bipartite distributions-include
two groups of persons with two different responses
to tuberculin. Even in those few distributions where
no bimodality can be observed (East Pakistan, for
example), two component parts merging into a
flat or unimodal shape can be supposed: as com-
posite distributions are characteristic of the great
majority of countries it seems reasonable to assume
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DISTRIBUTIONS OF
FIG. I

REACTIONS TO THE Mx 5 TU TEST ACCORDING TO SIZE
10-14 YEARS OLD IN 33 COUNTRIES
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FIG. 2
OBSERVED BIPARTITE DISTRIBUTION WITH

ESTIMATED BREAKDOWN INTO NON-REACTOR
AND REACTOR COMPONENTS

i NON-REACTOR COMPONENT

z

Id

this is true of them all. Further evidence supporting
this assumption will be given in the next section.
An observed non-bipartite but bimodal distribu-

tion is given in Fig. 3 with three hypothetical
breakdowns into the two component parts. Hypo-
thesis C, where the two components split abruptly
at one point on the scale, is contrary to general
biostatistical experience and quite implausible.
Distributions of biological reactions generally
assume a smooth shape, tapering off more or less
regularly, and do not end abruptly. Hypotheses A
and B depict two plausible explanations of how the
two components might be placed. In A the right-
hand (reactor) component has the shape and loca-
tion of the reactor component in a bipartite distribu-
tion, while the left-hand component extends further
to the right than in a bipartite distribution; in B the

left-hand component is assumed to end at about the
same place on the size-scale as in the bipartite distri-
butions, while the reactor group spreads considerably
further to the left. Both hypotheses are plausible,
and it is clear that from the shape of an observed
non-bipartite distribution alone the correct place-
ment of the two components cannot be deduced.
All that can be said is that the right-hand component
cannot be located much higher up the scale than
depicted in A, nor much lower than shown in B,
if the distributions for both components are to be
unimodal and regular in shape. Some further infor-
mation about the distribution of the two components
of a non-bipartite distribution can be gained from
a study of the pattern of sensitivity by age and will
be presented in the following section.
The most important implication of the non-

bipartite distribution pattern is that it is not possible
to distinguish sharply between the two components
by means of the test reactions. No matter where the
limit between positive and negative reactions is set,
a not inconsiderable proportion of persons belonging
to one category will inevitably be included in the
other.

Trends according to age

The foregoing analysis was based on a study of
reaction sizes in a single age-group, 10-14 years.
In order better to define the components of the
size-distributions, an analysis of reaction size will
be made in this section for all age-groups.

Distributions of reactions for specified age-groups
are given in Fig. 4 for Basutoland, Iraq, Libya and
West Pakistan, areas where the separation between
the two components in the age-group 10-14 years is
distinct. Mx 5 TU reactions are given in the upper
half of the figure, Mx 100 TU reactions in the lower.
The 5 TU distributions for each age-group contain
the two components observed in the age-group
10-14 years, but in varying proportions. In the
youngest ages, 0-4 years, the non-reactor component
is by far the largest, the reactor component very
small. With increasing age the non-reactor com-
ponent diminishes and the reactor component
increases correspondingly until in the age-group
50 years and over it comprises the great majority
of reactions. As people get older they pass from the
non-reactor into the reactor group, and this increase
in tuberculin sensitivity with age is commonly found
wherever tuberculin testing surveys are done.

This general trend, however, is not of so much
interest here as the observation that the separation

11
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FIG. 3
OBSERVED NON-BIPARTITE DISTRIBUTION WITH THREE HYPOTHETICAL BREAKDOWNS INTO

TWO COMPONENT PARTS

OBSERVED DISTRIBUTION
30
20-

A. PLAUSIBLE HYPOTHESIS B. PLAUSIBLE HYPOTHESIS C. IMPLAUSIBLE HYPOTHESIS

L0i

20-

12 N 24 28 0 4 8 12~~~21 24 260 48 12 i 20 a42B
DIAMETER OF INDURATION (mm)

between the two components becomes somewhat
blurred with increasing age: the proportion of
reactions falling between 8 and 11 mm increases. A
closer scrutiny of the distributions in the different
age-groups reveals that this increase is at least in
part due to changes in the left-hand component.
Among the youngest persons the majority of
reactions fall between 0 and 3 mm, and few fall
between 4 and 9 mm; but with increasing age a
comparatively larger number measure 4-9 mm,
and a smaller number measure 0-3 mm. There
seems to be a shift towards slightly larger reactions
among the non-reactors with age. Retesting them
with 100 TU (cf. lower part of Fig. 4) supports the
trends observed in the 5 TU distributions: the
youngest non-reactors have essentially no tuberculin
sensitivity, even to a high dose, but as age increases
the response to 100 TU also increases.
Thus it becomes clear that the persons termed

non-reactors are not entirely lacking in sensitivity
to tuberculin. Their reactions to Mx 5 TU, though
small, increase with age, and their reactions to
Mx 100 TU are clearly larger than those to buffered
diluent, shown in Table 2. This tuberculin sensitivity
among persons belonging to the left-hand compo-

nent, whether observed in reactions to 5 TU or
brought out only by a higher dose, will in the
following be termed weak sensitivity or low-grade
sensitivity in contrast to the strong sensitivity
manifesting itself as large reactions to 5 TU.

There are a few further observations to be made
in connexion with the results of testing with 100 TU.
First, considerable geographical variation is observed
in the level of weak tuberculin sensitivity. Among
non-reactors to the low-dose test in the age-group
20 years and over in Libya, for example, most of the
100 TU reactions are relatively small, but in Basuto-
land most are large, and in Iraq and West Pakistan
there is approximately the same frequency of
reactions of all sizes between 0 and 22 mm.' Se-
condly the distributions of reactions to 100 TU are
in general not bipartite. In some countries the
distribution is bimodal in some age-groups, but it
should be clear that the non-reactor component of

1 The fact that the criterion for giving the 100 TU test
was 7 mm or less of induration to 5 TU in Libya and 9 mm
or less in the three other countries could hardly change this
general picture. There are so few 5 TU reactions in the
range 8-9 mm in Libya that the size-distribution of 100 TU
reactions would only be slightly affected if these persons had
been included in the 100 TU testing.
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FIG. 4
DISTRIBUTIONS OF REACTIONS TO THE Mx 5 TU AND Mx 100 TU TESTS ACCORDING TO SIZE

IN SPECIFIED tAGE-GROUPS IN BASUTOLAND, IRAQ, LIBYA AND WEST PAKISTAN

DIAMETER OF INDURATION (mm)
Mx 100 TU given to persons with Mx 5 TU reactions measuring less than 10 mm (in Libya 8 mm)

2
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the Mx 5 TU distributions cannot be separated into
two distinct groups by testing with Mx 100 TU.
The reactor component in these size-distributions

of Mx 5 TU reactions does not differ markedly
between the various age-groups except that it grows
with increasing age. As pointed out previously, this
component approximates to the shape of a normal
curve and is therefore characterized by the mean size
and the standard deviation. Estimates of these
statistics are given in Table 3 for the reactor com-
ponent in various age-groups in eight countries; the
countries included are those in which the reactor
component is clearly discernible and for which data
are available over a wide age-range.
The means are very stable within each country

but a slight decrease in size is observed in most
countries with increasing age: on the average the
mean measures 1.3 mm less among persons 50 years
of age and over than among children 5-9 years old.
The standard deviation increases slightly but con-
sistently with age in nearly all countries; on the
average it is higher by about one millimetre in the
oldest age-group than in the young children.

It is clear that as the spread of reactions increases
and the mean size drops slightly with increasing age
there will be an increase in the proportion of reac-
tions in the reactor component measuring, say, less

ESTIMATED MEAN

than 11 mm and that this increase will of necessity
blur the distinction between the two components in
older persons. With increasing age there are thus
trends in the sensitivity pattern of both the non-
reactors (an increase) and the reactors (a decrease)
that make the distinction between them a little less
clear.
Common to the populations so far discussed is

the finding that in general a relatively good distinc-
tion between the two components can be made by
means of the Mx 5 TU test. If attention is turned to
populations where the distinction is poorer, a
different picture emerges, and one that is more
difficult of interpretation. Data from South India,
Nigeria, East Pakistan and Tanganyika are shown
in Fig. 5, the Mx 5 TU test results in the upper part,
the Mx 100 TU results in the lower part. The
general pattern of reactions to 5 TU resembles
somewhat the trend observed in Fig. 4 in that
tuberculin sensitivity is seen to increase with age.
However, the shape of the distributions in the ages
between 10 and 49 years is markedly different from
those in Fig. 4: none of them are bipartite.

In three of the countries the size-distributions are
bimodal in some age-groups, indicating again that
the populations comprise two groups of persons
with different responses to tuberculin. In East

TABLE 3
SIZE AND STANDARD DEVIATION OF REACTIONS COMPRISING THE REACTOR COMPONENT

IN SPECIFIC AGE-GROUPS IN EIGHT COUNTRIES *

Mean size of diameter of induration (mm)

age-group (years)

0-4

17.8

19.0

18.5

5-9

18.6

19.3

18.8

20.3

19.1

19.5

18.6

19.9

10-14 15-19

18.1

19.7

18.9

20.1

20.0

19.2

18.2

19.0

18.1

18.2

18.7

20.1

19.4

19.3

17.8

16.9

20-49

17.3

19.0

18.4

19.8

19.4

19.0

17.5

16.7

>50

16.3

18.2

17.4

19.9

19.4

18.8

17.4

16.5

Standard deviation of diameter of induration (mm)

age-group (years)

0-4

3.3

4.6

4.3

5-9

3.1

4.0

3.3

3.6

3.5

3.7

3.2

3.4

10-14

3.1

3.5

3.2

3.6

3.7

3.1

3.3

3.6

15-19 20-49 >50

3.3

3.8

3.1

3.2

3.3

3.9

3.3

3.5

4.0

3.6

4.2

3.5

3.6

3.1

3.6

4.1

3.9

4.1

6.0

4.2

3.8

4.9

4.1

4.3

Simple average - 19.3 ]19.2 J 18.6 18.4 18.0 | - 3.5 - 3.4 3.4 - 3.7 { 4.4

Country

Basutoland

Cyprus

Iraq

Jordan

Lebanon

Libya

Pakistan, West

Turkey

* For persons under 20 years of age the estimates have been computed from reactions measuring 10 mm or more. For older
age-groups, where the separation between the reactor and non-reactor components is less clear, estimates have been computed
from reactions measuring 13 mm or more and adjustment for the truncation made as described by Fisher (1931).

Il s s
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EFFICACY OF THE TUBERCULIN TEST

FIG. 5
DISTRIBUTIONS OF REACTIONS TO THE Mx 5 TU AND Mx 100 TU TESTS ACCORDING TO SIZE
IN SPECIFIED AGE-GROUPS IN SOUTH INDIA, NIGERIA, EAST PAKISTAN AND TANGANYIKA

AGE-GROUP
(YEARS)

,EAST 1 TANGANYIKA

DIAMETER OF INDURATION (mm)
Mx 100 TU given to persons with Mx 5 TU reactions measuring less than 10 mm (in South India 8 mm)
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Pakistan none of the distributions are bimodal, but
the way their shape changes with age suggests a
transfer of persons from one group to another. If
the distributions reflected a uniform response to
tuberculin, the increase in sensitivity would be seen
as a gradual increase in the modal point, but this is
not what is observed. As the age of the tested in-
creases the mode remains at 2-3 mm up to about
20 years while the right tail swells; after age 20 the
mode is located around 14-18 mm, and the left tail
seems to shrink. This is exactly the pattern that
would be expected if the distributions were com-
posed of two widely overlapping parts.
An attempt has been made to study the variation

in shape and location of the two components with
age as was done for bipartite distributions, but the
extensive overlapping of the two components makes
this difficult, and the results are limited.
The left-hand component can be studied rather

well in the young ages, where the reactor component
is small. Examination of Fig. 5 shows that the
tuberculin sensitivity of the left-hand component
increases rapidly with age: in the youngest age-
group, 0-4 years, most of the reactions are less than
4 mm and only a few measure 4-9 mm (except in
South India), but in the next age-groups, 5-9 and
10-19 years, the proportion of very small reactions
decreases and the proportion of reactions measuring
4-9 mm increases. In South India the left-hand
component is located rather high up on the size-
scale even among the youngest children, but a shift
to the right is nevertheless discernible with in-
creasing age. These trends are well corroborated by
testing with 100 TU: in the youngest age-group a
large proportion of the reactions are small, but
strong reactions are already in the majority among
children 5-9 years old, and after the age of 10 years
practically everyone reacts strongly to 100 TU. The
tuberculin sensitivity of persons in the left-hand
component thus increases much more rapidly in
these populations than in the populations charac-
terized by a bipartite pattern of sensitivity. Whether
the increase continues beyond the age-group 10-19
years is difficult to ascertain because the two com-
ponents become thoroughly intermixed beyond this
point.
The right-hand component is more difficult to

analyse. Among young children 5-9 years old it
sometimes stands out rather clearly, and from these
few instances the inference can be made that this
component again assumes the shape of a normal
distribution and that the spread is approximately

the same as that observed for the right-hand com-
ponent in bipartite distributions. In the next age-
groups the distinction becomes very poor because
of the extensive overlapping with the left-hand com-
ponent, but in persons 50 years of age and over the
right-hand component is again well defined. Here
again the mean size of reactions is 1-2 mm less than
among young children.
Even with this limited knowledge at hand,

breakdowns of the composite distributions into
their component parts can be attempted. In illustra-
tion, an estimated breakdown of the data for
Nigeria is shown in Fig. 6. The divisions have been
made by eye, in such a way that the left-hand com-
ponent is regular in shape and the right-hand com-
ponent is symmetrical and approximately " normal "
and its mean that indicated by the observed distribu-
tions. With these conditions the possibilities of
subjective variation in estimation are very limited.
In other countries such as East Pakistan and Burma
breakdowns of this nature would be much less
certain because the observed distributions give no
indication of the mean of the right-hand component
in any age-group except the oldest.

Analysis of the shape and location of the two
components by age thus shows that the sensitivity
pattern of a population is primarily determined by
variation in the tuberculin sensitivity of the non-
reactors. There is, in all populations, an increase
in tuberculin sensitivity among the non-reactors
with age, but whereas in some populations this
sensitization is so faint that persons with weak
sensitivity are well distinguished from those with
strong sensitivity until late in adulthood, in others
the sensitization is so much stronger and more rapid
that it obscures the separation between the two
components at a very early age. In these latter
populations persons belonging to the left-hand
component can hardly be termed non-reactors:
except among young children, an appreciable pro-
portion of them do in fact react to 5 TU with 10 mm
of induration or more, and when tested with 100 TU
they all react strongly.

Variations in the location of the right-hand
component also occur, and it appears that in those
populations where the sensitization of the left-
hand component is most marked, the right-hand
component is depressed, i.e., the mode is usually
located a few millimetres lower on the size-scale.
The connexion between a high level of weak sensi-
tivity and a slightly depressed level of strong sen-
sitivity is not found in all countries, but sufficient

16



EFFICACY OF THE TUBERCULIN TEST

FIG. 6

OBSERVED DISTRIBUTIONS OF REACTIONS TO THE Mx 5 TU TEST ACCORDING TO SIZE IN
SPECIFIED AGE-GROUPS IN NIGERIA WITH ESTIMATED BREAKDOWNS INTO COMPONENTS

Z,
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observations are available to establish a definite
correlation between the two phenomena. A schem-
atic illustration of the varying shape and position
of the two components and the effect of this variation
on the composite distribution is shown in Fig. 7.

J-I _

Geographical trends

Analysis of size-distributions of reactions has
shown that the clarity of distinction between two
kinds of reaction varies considerably from country

17

0

0-



FIG. 7
SCHEMATIC ILLUSTRATION OF THE SHAPE AND
LOCATION OF THE TWO COMPONENTS IN A

BIPARTITE (UPPER FIGURE) AND A NON-BIPARTITE
(LOWER FIGURE) DISTRIBUTION

w~~~~~~~~~~~~~~~~~
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0 4 8 12 16 20 24 28
DIAMETER OF INDURATION (mm)

to country. In order to evaluate the geographical
trends in this variation, a quantitative measure of
the degree of distinction (or merging) is called for.
The simple two-way description of distributions as
bipartite and non-bipartite used to illustrate the
sensitivity patterns in the foregoing sections is not
adequate for this purpose because in fact all degrees
of merging occur. Brief reference to Fig. 1 will
show the range: in Jordan, for example, the two
components are very distinct, they are a little less
so in Iraq, much less so in North India, and in
Viet Nam they coalesce to a large extent. As a
measure of the degree of merging we shall use in
this section the percentage of reactions falling in the
size-range 8-11 mm. While this index is not an
absolute measure of the merging, a low figure will
indicate a good distinction, the higher the percentage
the greater the merging.
As has been shown, the frequency of Mx 5 TU

reactions in the size-range 8-11 mm varies with the
age of the tested. The age-factor must therefore
be taken into account in a comparison between

countries, and this has been done in the following
analysis by using data from one age-group only.
The age-group 10-14 years has been chosen because
it includes a fair number of observations in most
countries; the trends, however, are much the same
in the age-groups 5-9 and 15-19 years, as the reader
may verify for himself from Appendix Table 1.
The percentages of reactions between 8 and

11 mm are given for the age-group 10-14 years by
country in Fig. 8. The percentages vary from 0.40%
in Cyprus to 25.90% in Burma, but a striking geo-
graphical trend is immediately clear from the map:
the percentages are low in the northern temperate
and subtropical countries and, with two exceptions
(Mexico and Ecuador), high in tropical areas.
Data are available for only two countries south
of the Tropic of Capricorn: Swaziland with an
index of 7.2 0/% and Basutoland with a very low index
of 1.9 %. It would thus appear that the efficacy of
the tuberculin test in distinguishing between reactors
and non-reactors is rather sharply delineated by
climatic zones: it effects a sharp distinction in tem-
perate and subtropical areas and usually a poor
one in populations living in the tropical belt.

In order to study the uniformity of the data
within countries, breakdowns by individual localities
are given in Table 4. In countries where the index
is low less than 2% there is little variation from
locality to locality: in no locality does the index
exceed 4%. In those countries where the average
index is 100% or more there is some variation from
60% to 3400 -but with a single exception (Viet
Nam) the index is never low. For areas with either a
very low or a very high index, then, the data are
rather uniform.

In some of the countries where the index lies
between 2% and 10% the variation is more pro-
nounced-for example, North India, Iran and
Swaziland. In North India this variation has
previously been shown to be related partly to
geographical location, partly to altitude above sea
level (Bates, Busk & Palmer, 1951; WHO Tuber-
culosis Research Office, 1955c). In Gauhati, for
example, a lowland town in Assam State (bordering
East Pakistan), 27% of reactions fall in the inter-
mediate range and the distinction between the two
components is very poor indeed; in the nearby town
of Shillong, however, situated 6000 feet (about
1800 m) above sea level, the distinction is much
better. A similar difference is observed between
villages at an altitude of 7500 feet (about 2300 m) in
Uttar Pradesh and localities in the lowlands of

18 J. NYBOE
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TABLE 4

PERCENTAGE OF REACTIONS TO THE Mx 5 TU TEST MEASURING BETWEEN 8 AND 11 mm AMONG PERSONS
10-14 YEARS OLD IN INDIVIDUAL LOCALITIES IN 17 COUNTRIES *

I ~~~ ~~~ ~~~ ~~~ ~~~ ~~~~~~~~~~~~~~~ ~~~ ~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Country

Basutoland

Cambodia

Cyprus

Denmark

India, North

Indonesia

Iran

Lebanon

Nigeria

Pakistan, West

Philippines

Somalia

Somaliland
Protectorate

Sudan

Swaziland

Turkey

Viet Nam

0.0

8.3

0.0

0.0

1.3

5.7

2.0

0.0

6.7

0.0

7.1

2.9

2.9

8.0

1.2

0.0

1.7

0.0

11.5

0.0

0.0

1.8

6.2

2.6

0.0

7.7

1.5

13.3

6.0

3.9

8.0

4.4

0.0

12.1

2.2

14.2

0.0

0.0

3.7

6.9

3.2

0.0

11.0

3.1

14.4

7.6

5.4

8.1

4.5

0.0

15.2

2.4

15.5

0.0

0.0

4.2

8.2

3.4

0.0

11.2

3.1

14.8

9.1

5.5

11.0

8.1

0.0

16.7

% in individual localities

2.4

17.4

0.0

0.0

4.2

8.7

4.6

0.0

13.3

3.1

15.3

10.1

6.2

11.3

8.7

1.1

19.0

3.1

20.7

0.3

2.5

4.8

10.2

6.2

0.8

14.3

3.8

15.5

10.1

6.7

12.0

10.8

1.3

23.0

21.1

0.4

2.6

4.8

12.3

7.7

0.8

17.9

4.2

17.2

10.1

7.0

12.1

17.3

1.4

21.8

1.1

2.9

6.4

13.3

9.4

1.3

20.0

5.2

20.0

10.2

12.4

1.9

Weig hted
average for
all localities

visited

23.6

1.4

3.9

7.8

14.1

16.0

1.6

22.2

20.8

12.4

14.3

3.2

24.9

1.4

27.0

21.4

23.6

23.9

12.7

14.6

26.5

21.8

24.6

24.2

13.4

21.2

31.3

29.8

33.5

13.6

23.0

1.9

20.6

0.4

1.2

7.5

10.9

4.8

0.6

13.9

2.8

18.1

9.8

5.3

15.7

7.2

1.3

17.5

* Only localities with 50 or more observations in the age-group 10-14 years have been included. Where less than six such loca-
lities were available, the country has been excluded from the table; where more than 12 were available, a random sample of 12
is given.

Delhi and Rajasthan. In this connexion it should
also be pointed out that the one group tested in
Mexico lay more than 6000 feet above sea level,
and that a high proportion of the children tested in
Ecuador were living in the mountains. These
observations suggest that it is the climatic conditions
rather than the geographical latitude that determine
the sensitivity pattern.
On the whole the data indicate that there exist in

tropical surroundings certain factors that impair the
efficacy of the test in distinguishing two kinds of
reaction.

DISCUSSION

The purpose of a biological selective test is to
effect in a given population a separation into two
categories of individuals who differ from each other

in a specific biological aspect. While it is often
difficult if not impossible to observe the biological
phenomena directly, their occurrence is usually
accompanied by physiological changes that can be
observed, and the biological selective test consists
in determining whether or not the physiological
change has occurred. For example, the tuberculin
test measures skin sensitivity to tuberculin from
which infection with tubercle bacilli is inferred.

In an evaluation of the efficacy of the test, it must
be borne in mind that there are two kinds of error
involved: persons infected with tubercle bacilli may
be classified as uninfected (hereafter referred to as
error of the first kind) and uninfected persons may
be classified as infected (error of the second kind).
In any given population the frequency of both kinds
of error may be affected by changing the limit be-
tween positive and negative reactions, or by changing

20 J. NYBOE



EFFICACY OF THE TUBERCULIN TEST

the test dose, but it can be shown that efforts to
minimize the one error will often result in an in-
crease in the other. If, in the observed distribution
shown in Fig. 2, the right-hand component is as-
sumed to comprise the infected and the left-hand
component the uninfected, and the limit for positive
reactions is changed from 10 mm to 8 mm, the
frequency of errors of the first kind will be reduced,
but, simultaneously, the frequency of the second kind
of error will be increased. Conversely, if the limit
is raised to 12 mm there will be fewer errors of the
second kind, but more of the first. By the same
token, if the test dose is increased but the limit
between positive and negative reactions remains
unchanged, there will be fewer errors of the first kind
but probably more of the second.
There has in the past been a tendency within the

medical profession to attach the greater importance
to avoiding the first kind of error, the false classifica-
tion of infected as uninfected. From the beginning
Mantoux (1910) stated that the negative reaction
was more useful from a clinical point of view
because it could be used to exclude the diagnosis
of tuberculosis, whereas a positive reaction had little
clinical significance, as the majority of older children
and adults reacted so. With that epidemiological
background and with that purpose in mind it was
of course important that a diagnosis of non-infection
was correct. However, it does not follow that errors
of the first kind are to be avoided at all costs in every
situation. In tuberculin testing surveys, for example,
it is important that the two kinds of error be of
equal magnitude so that the estimate of the fre-
quency of infection will be correct. Furthermore,
the epidemiological situation has changed markedly
since the days of Mantoux. In some countries we
are now approaching a situation where a positive
reaction among children and young adults is the
exception rather than the rule. With this develop-
ment the correctness of a diagnosis of infection may
become the more important.

In the present discussion we have taken the view
that the tuberculin test is effective only when the
frequencies of both errors are low. This requires
that two conditions be met: first, the distinction
between large skin reactions and small reactions
must be sharp, and, secondly, the inference of infec-
tion with tubercle bacilli from a large reaction, and
of non-infection from small or no reactions, must
hold true almost without fail. The two conditions
are equally important: the distinction between
infected and uninfected will break down both when

there are many exceptions to the interpretation of
the skin reactions and when the two kinds of reac-
tion cannot clearly be distinguished.
The present studies, conducted with uniform test

procedures throughout a large part of the world,
provide extensive data with which to judge the
capacity of the tuberculin test to distinguish between
two kinds of reaction. Mantoux (1910), in launching
the technique named after him, emphasized the ease
with which the test distinguished between positive
and negative reactions, although he did mention a
certain type of reaction (reactions frustes) that
presented some difficulty in classification. The
present data, compiled with approximately the same
test dose as Mantoux's but on a wide geographical
basis, indicate that his statement will not hold true
for all populations. While reactions to the Mx 5 TU
test do generally seem to be of two kinds, the differ-
entiation between them cannot always be made with
equal ease, and in some instances is difficult indeed.
The separation is usually better among young chil-
dren than among older persons. But even more
important than the age factor is the geographical
location of the population: the distinction is usually
good where the climate is temperate or subtropical
but poor where the climate is tropical. It seems, in
fact, fair to postulate that if Mantoux had been
working, say, in the Philippines he would not have
been so convinced that the positives and the negatives
are easily distinguished.

Further, differences in the capacity of the test to
distinguish between the two kinds of reaction
reflect variations in both kinds. The sensitivity of
persons with the smaller reactions to Mx 5 TU
varies widely among different population groups,
from a very low level characterized by small reac-
tions to both 5 TU and 100 TU reactions only
slightly larger than those to buffered diluent-
to a relatively high level characterized by inter-
mediate-sized reactions to 5 TU and strong reac-
tions to 100 TU. The sensitivity of persons with
large reactions to Mx 5 TU also differs slightly
among different population groups and seems to
be lowest exactly in those populations where the
small reactions are intermediate in size, a circum-
stance that aggravates the merging of the two kinds
of reaction.
The validity of the inference of infection or non-

infection from the two kinds of tuberculin reaction
is the second condition of the efficacy of the test.
Although information on the medical significance
of the test reactions is not available from the data
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given here, present knowledge and theory will be
reviewed as a basis for evaluation.

Relatively good evidence exists that the large
reactions to Mx 5 TU-the reactions characterized
by an approximately normal size-distribution with
a mean of 15-20 mm and a standard deviation of
3-4 mm-are primarily caused by infection with
pathogenic tubercle bacilli, i.e., mainly of the
human or bovine type. First, the shape and location
of the distribution of these reactions closely re-
sembles that obtained by testing patients in tubercu-
losis hospitals (WHO Tuberculosis Research Office,
1955a).1 Moreover, the frequency of large reactions
has been shown to be related to the degree of contact
with cases of tuberculosis (Palmer, 1953). Finally,
in follow-up studies in populations with little new
infection, clinical cases of tuberculosis most often
develop in persons with strong tuberculin sensitivity
(Groth-Petersen, Knudsen & Wilbek, 1957; Palmer,
Shaw & Comstock, 1958). These findings can be
taken to indicate rather conclusively that large
reactions to the Mx 5 TU test are caused by patho-
genic tubercle bacilli. On the other hand it is not
known whether strong sensitivity to tuberculin can
be caused by agents other than the tubercle bacilli.
It is generally believed not to be the case, but the
possibility cannot be excluded. The small Mx 5
TU reactions the left-hand component of the size-
distribution-present greater problems in inter-
pretation. Generally, small reactions are taken as
indicative of non-infection. There are some well-
recognized exceptions, however, which it might be
advisable to enumerate. For example, persons
tested shortly after infection do not react. This
can be a serious impediment if testing is done in
a group just after a tuberculosis epidemic, but as
the annual infection rate is less than 10% in practi-
cally all populations and often very much less-
and as the period between infection and the develop-
ment of sensitivity is about one month, the pro-
portion of infected missed on this account will on
the average be low indeed. Further, persons suffering
from certain diseases such as measles and scarlet
fever lose their sensitivity temporarily (Weis
Bentzon, 1953), but as these diseases are recognizable
and occur in epidemics it should be rather easy to
avoid the difficulties they create. In those popula-
tions where the distinction between large and small
reactions is good there is the possibility of directly
assessing the importance of these exceptions by

1 See also Fig. 9 below.

testing the population on two occasions at a short
interval. As an illustration, some data are given in
Appendix Table 3 for groups of schoolchildren in
Cyprus, Iran and Lebanon tested at an interval of
2-3 months. Although there is some variation in
the observed reaction sizes, there are only very
few instances where the reaction is small at the first
test and large at the second and none where the
reaction size shifts in the other direction. The data
are too limited to draw valid conclusions as to the
frequency of such exceptions but do show that in
these populations they do not play a very important
role. Finally, it is generally recognized that tuber-
culous patients sometimes lose their tuberculin
sensitivity when critically ill, but although this
exception is important in clinical work it is hardly
a serious obstacle when the test is used as a public
health tool.

However, the critical question remains: How are
the varying levels of weak sensitivity to be inter-
preted? And in this connexion naturally the ques-
tion of what causes the weak tuberculin sensitivity
also arises. The most plausible explanation of the
latter question is that the weak sensitivity is caused
by an agent or agents antigenically related to the
human type of tubercle bacilli (that used in the
preparation of the present tuberculin). On this
hypothesis the variation in level of sensitivity among
different populations could be explained partly by
the agents being of different kinds in different popula-
tions, partly by differences in the degree of exposure
to the agents.
The risk of exposure to the weak sensitizing agents

is very high in populations living in tropical areas:
practically everyone has acquired a weak sensitivity
to tuberculin by the age of 10 years, while a similar
prevalence of strong sensitivity is usually found
only after the age of 50 years. Thus the exposure
to the weak sensitizing agents must be reckoned to
be several times heavier than exposure to pathogenic
tubercle bacilli.
The nature of the weak sensitizing agents is not

yet known, but because of their antigenic relation
to human tubercle bacilli the suggestion has been
made that they belong to the genus Mycobacterium
(Palmer, 1953; WHO Tuberculosis Research Office,
1955b). It is also possible that they are tubercle
bacilli, if this term is applied in accordance with
common terminology, i.e., mycobacteria that may
produce progressive tuberculous disease in man or
an animal species. Various " atypical" acid-fast
organisms have been isolated in recent years from
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patients with disease resembling tuberculosis, and
it has been demonstrated that some of these patients
have only small reactions to human tuberculin but
strong reactions to the homologous antigen (Edwards
& Palmer, 1958).
While the weak sensitizing agents considerably

alter the tuberculin sensitivity pattern, there is no
indication that they contribute much to the tuber-
culosis morbidity. If they did, a certain proportion,
anyway, of the tuberculosis patients in the tropics
might be expected to have only weak sensitivity
to human tuberculin, but such a phenomenon has
not been reported in the medical literature. Further,
in connexion with the studies reported here, tuber-
culous patients were tested in many countries with
the same test technique and tuberculin product as
used in the general population groups. Mx 5 TU
reactions among these patients are given in Fig. 9

FIG. 9
DISTRIBUTIONS OF REACTIONS TO THE Mx 5 TU TEST

ACCORDING TO SIZE AMONG PATIENTS IN
TUBERCULOSIS HOSPITALS IN (A) COUNTRIES

WITH A HIGH LEVEL * AND (B) COUNTRIES WITH
A LOW LEVEL** OF WEAK TUBERCULIN SENSITIVITY
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** Basutoland, Cyprus, Denmark, England, Iraq, Lebanon,

Libya, West Pakistan

in two histograms; the upper figure comprises
reactions of patients in countries where the level of
weak sensitivity is high, the lower figure reactions
of patients in countries where the level is low. The
two distributions resemble each other (and the
reactor component in the size-distributions of
reactions among the general populations): there is no
appreciable proportion of small reactions in either.
From this we can conclude that if the weak sensitiz-
ing agents are infecting micro-organisms, either
they are seldom pathogenic for man or the disease
they cause is seldom mistaken for tuberculosis. If
they were pathogenic one would expect to find a
considerable proportion of persons with weak
sensitivity hospitalized for tuberculosis, at least in
those areas where exposure to the weak sensitizing
agents is several times heavier than exposure to
pathogenic tubercle bacilli. Apart from this
essential property nothing is known of the weak
sensitizing agents. Whether they provoke a disease
different from tuberculosis, or whether they cause
a benign " tuberculous " infection with or without
consequent immunity to infection with other myco-
bacteria, cannot be stated. It is not even certain
that they are micro-organisms multiplying in the
human body.
The existence of agents inducing a weak sensitivity

to tuberculin may well explain the connexion
observed between a slightly lower level of sensitivity
among persons infected with pathogenic tubercle
bacilli in those areas where weak sensitivity is
widespread. Two explanations of this connexion
have been offered by Bates, Busk & Palmer (1951):
(a) that an initial weak sensitization (acquired by
the majority of the population in tropical areas)
may prevent the development of as high a degree
of sensitivity as would otherwise appear from sub-
sequent infection with pathogenic tubercle bacilli;
or (b) persons infected with pathogenic tubercle
bacilli may become partly desensitized through
constant exposure to the weak sensitizing agents.
A third possible explanation of the lower allergy
level might be that part of the tuberculin injected
is fixed by the cellular antibodies responsible for
the weak sensitivity.

It is thus reasonable to assume that although the
levels of sensitivity of the two component parts of
the size-distribution of Mx 5 TU reactions vary
among different population groups, their inter-
pretation with regard to tuberculous infection is
the same: infection with pathogenic tubercle bacilli
can be inferred from strong tuberculin sensitivity
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and non-infection from weak or no sensitivity. The
problem of the efficacy of the test depends therefore
essentially on how well the two components can be
distinguished, and this, in turn, has been shown to
be associated with climatic conditions.

In temperate and subtropical regions the test is
effective: when a suitable reaction size is used as
the limit between positive and negative reactions,
only a few per cent of the infected will be wrongly
classified as uninfected, and vice versa. In these
areas, in fact, the tuberculin test is perhaps one of
the best of biological tests at our disposal today.

In tropical regions, on the other hand, where the
two component parts overlap to a large extent, the
efficacy of the test is sharply reduced. For diagnostic
purposes, its use is of limited value. Only from a
very large or a very small reaction can a diagnosis
of infection be made with some confidence; for the
great bulk of persons with intermediate-sized reac-
tions this is not possible. For epidemiological pur-
poses the test is perhaps more useful. Although a
large proportion of the population cannot be classi-
fied as infected or uninfected, an estimate of the
frequency of infection can nevertheless be made by
estimating the size of the right-hand component,
as illustrated in Fig. 6. Such estimates are of course
more or less accurate depending, again, on the level of
weak sensitivity, and it must be admitted that in
some countries they will be pretty uncertain.
When the test is used to select persons for BCG

vaccination in tropical countries applying the same
criterion for vaccination as is applied in temperate
and subtropical areas, a higher proportion of error
will be made: more uninfected persons will be exclu-
ded from vaccination and more infected persons will
be vaccinated. The limit for vaccination may be
raised for the purpose of giving BCG to more
uninfected persons, but if so it will also be given to
more infected. Further, there is some question of
the value of vaccinating persons who have already
acquired a weak sensitivity to tuberculin (Palmer,
1957). Specific studies are needed to determine
whether the weak sensitivity is accompanied by
an increased resistance to infection with human or
bovine tubercle bacilli or whether this sensitivity
is incidental and has nothing to do with the resistance
mechanism.
Many problems remain, then, in the use of the

tuberculin test in tropical regions, which comprise
a large proportion of the world's population.
Further research is indicated in two directions.
Investigations should be made to identify the weak

sensitizing agent or agents and their possible
contribution to host resistance in tuberculosis. And
study must be continued on finding a means of
improving the tuberculin test for use in tropical
areas. As the weak sensitizing agents have an
antigenic link to the pathogenic tubercle bacilli, a
possible method would seem to be to fractionate the
present tuberculin product in an attempt to remove
those components common to both but retain
those specific for the pathogenic tubercle bacilli.
The need for an improvement of the test by this or
another method is clearly demonstrated by the
data presented here. Somehow the tuberculin test
must be modified so as to become as effective for
the populations in the vast tropical regions as it is
for the populations of the temperate regions, where
it was developed.

SUMMARY

For the tuberculin test to be effective in distinguish-
ing between persons infected with tubercle bacilli
and persons not infected, two requirements must be
fulfilled: first, the test reactions must be of two
distinct kinds and, secondly, the one kind must
represent the infected, the other the uninfected. The
present paper deals with the problem of the extent
to which the first requirement is fulfilled in various
populations. The data presented are very extensive,
comprising tuberculin test results from about
190 000 persons in 33 countries, and they have been
compiled with a high degree of uniformity in testing
procedures. The study method consists in a quan-
titative evaluation of the pattern of tuberculin
sensitivity: intradermal (Mantoux) 5 and 100 TU
tests have been given to schoolchildren and general
population groups, the size of the reactions has been
carefully measured and recorded and the resulting
distributions of reactions according to size subjected
to statistical analysis.
By means of this technique it has been shown that

in many countries reactions to a dose of 5 TU are of
two distinct kinds small reactions and large reac-
tions. If a suitable reaction size is used for separating
the two kinds only a few per cent of reactions of the
one kind will be erroneously classified with the other
kind and vice versa. But in many other countries
there is no natural distinction between the two kinds
of reaction, as reactions of intermediate size occur
with appreciable frequency. A closer scrutiny of the
size distributions obtained in these areas indicates
that the reactions are indeed of two kinds, but that
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they merge considerably. There are two tendencies
which bring about this merging a decreased
sensitivity among the reactors and an increased
sensitivity among the non-reactors. In consequence,
the two kinds of reaction cannot be clearly dis-
tinguished in such populations: no matter where a
point of separation is established a not inconsiderable
proportion of one kind will be included among the
other.

Analysis of the data by geographical location
indicates that the distinction between the two kinds
of reaction is usually good among persons living in
temperate or subtropical climates and poor among
those living in the tropics.
The paper contains no data concerning the medical

significance of the two kinds of tuberculin reaction,
but other studies indicate that in general persons
with the large reactions to Mx 5 TU are infected
with pathogenic tubercle bacilli, those with the small
reactions are not. This seems to hold true all over
the world, regardless of how well the two kinds of
reaction are distinguished from each other. The
increase in the sensitivity of non-reactors in some
populations is best explained by a sensitization by
agents other than pathogenic tubercle bacilli, pos-
sibly other types of mycobacteria. The presence of
such sensitizing agents might also explain the some-
what lower level of the strong sensitivity. The need
for improving the tuberculin test for use in tropical
areas is emphasized.

RItSUMI2

L'epreuve A la tuberculine ne peut permettre de dis-
tinguer les sujets infectes des sujets non infectes qu'A
deux conditions: les reactions qu'elle provoque doivent
etre de deux types nettement differencies et chaque type
doit correspondre exclusivement aux cas infectes ou
aux cas non infectes. Le but de l'article est d'examiner
dans quelle mesure la premiere condition se trouve
remplie dans diverses populations. Les donnees presen-
tees sont tres vastes, puisqu'elles interessent les resultats
d'epreuves tuberculiniques pratiquees selon une techni-
que uniforme sur quelque 190 000 personnes reparties
dans 33 pays. La methode adoptee a consiste A evaluer
quantitativement les reactions de sensibilit6 A la tuber-
culine: a cet effet, on a pratique des epreuves intrader-
miques (Mantoux) A 5 et 100 UT sur des ecoliers, ainsi
que dans des groupes preleves parmi la population
generale et l'on a soigneusement mesure et enregistre la
dimension des reactions; la distribution des reactions
selon leur dimension a ensuite fait l'objet d'une analyse
statistique.

Cette methode a permis de se rendre compte que dans
beaucoup de pays les reactions A une dose de 5 UT sont
de deux ordres - les reactions de petite dimension et
les reactions de grande dimension - et si l'on choisit
une dimension adequate pour operer la discrimination
entre ces deux types, le risque de confusion sera minime.
Dans beaucoup d'autres pays, en revanche, la distinction
est beaucoup moins nette car il se produit assez souvent
des reactions de dimension intermediaire. Un examen
plus attentif de la distribution des dimensions observees
dans ces regions montre que les reactions sont, en fait,

de deux genres, mais avec une zone de chevauchement
importante. Ce chevauchement resulte de deux facteurs,
A savoir une sensibilite diminuee chez les sujets positifs
et une sensibilite accrue chez les sujets negatifs. La
distinction devient alors difficile et, quelle que soit la
ligne de demarcation adoptee, une proportion non
negligeable de l'un des genres de reactions sera classee a
tort dans l'autre categorie. En analysant les donnees par
region geographique, on s'apergoit que, si la distinction
est, en general, satisfaisante chez les habitants des zones
temperees et subtropicales, elle est tres imparfaite chez
ceux des zones tropicales.

L'article ne fournit aucune donnee sur la signification
medicale des deux genres de reactions, mais d'autres
etudes montrent qu'en general les personnes qui pre-
sentent les fortes reactions au Mantoux A 5 UT sont
infectees par des bacilles pathogenes, tandis que celles
qui font de petites reactions ne le sont pas. I1 semble en
etre ainsi dans le monde entier, quelle que soit l'exac-
titude avec laquelle la distinction est etablie entre les
deux genres de reactions. Ce qui explique peut-etre
le mieux l'accroissement de sensibilite chez les sujets
negatifs dans certaines populations est un phenomene
de sensibilisation par des agents autres que des bacilles
tuberculeux pathogenes, peut-etre par d'autres types de
mycobacteries. La presence de ces agents sensibilisants
expliquerait peut-etre aussi le niveau quelque peu plus
bas de la forte sensibilite. L'article souligne qu'il importe
d'ameliorer l'epreuve A la tuberculine pour les regions
tropicales.
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APPENDIX TABLE 1

DISTRIBUTIONS OF REACTIONS TO THE Mx 5 TU TEST ACCORDING TO SIZE IN SPECIFIED
AGE-GROUPS IN 33 COUNTRIES

Country & Diameter of induration ()
age-groupToa
(years) 0-1 2-3 4-5 6-7 8-9 13-11 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-27 28-29 _3Qo30

BASUTOLAND

0- 4 347 172 32 4 1 - - 4 9 4 - 2 - - 1 - 576
5- 9 204 177 40 3 2 - 3 13 19 31 17 11 2 2 1 - 525

10-14 122 142 57 18 6 3 7 15 34 36 26 11 7 - - - 484
15-19 52 53 48 11 6 7 8 22 36 42 33 17 6 2 - - 343
20-49 69 91 72 48 25 47 78 145 177 173 122 68 40 12 2 2 1171
2 50 13 9 24 21 17 23 44 83 100 70 45 17 13 3 3 - 485
Unknown ..___ _ _ - - - - - 1 - - - 1

Total 807 844 273 105 57 80 140 282 375 356 243 126 69 19 7 2 3585

BECHUANALAND

0- 4 259 188 56 37 20 9 3 1 6 14 11 8 5 - 1 1 619
5- 9 91 92 68 45 37 16 11 26 32 27 20 8 1 2 - - 476

10-14 32 29 33 32 33 27 16 37 36 42 26 9 3 - - - 355
15-19 20 13 19 22 18 15 27 43 39 34 17 8 6 - - - 281
20-49 24 39 48 45 62 70 175 245 303 208 90 36 8 2 - _ 1355
2 50 7 7 12 15 9 22 52 76 80 47 27 10 2 1 - - 367
Unknown __.... . 1 . . . .. 1

Total 433 368 236 196 179 159 284 428 497 372 191 79 25 5 1 1 3454

BURMA
0- 4 3 5 45 37 13 3 1 2 - 1 1 - 1 - - - 112
5- 9 5 31 217 195 72 28 16 14 22 31 17 5 3 - 1 - 657

10-14 2 15 96 200 132 54 49 40 35 46 28 12 6 1 1 - 717
15-19 7 3 55 113 85 57 64 56 36 41 20 7 5 1 - - 550
20-49 1 1 14 34 41 47 88 86 66 36 14 6 2 2 - - 438
. 50 - - - 2 4 7 20 24 37 17 10 4 1 2 - - 128
Unknown _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -

Total 18 55 427 581 347 196 238 222 196 172 90 34 18 6 2 - 2602

CAMBODIA
0- 4 3 2 4 2 - - 1 - 1 - - - - - - - 13
5- 9 97 264 401 307 106 90 72 80 80 59 28 8 - 1 - - 1593

10-14 62 216 478 449 283 225 165 202 156 125 60 25 5 3 - - 2454
15-19 9 25 66 67 50 32 44 34 31 17 16 2 3 1 - 397
20-49 - - 5 3 2 3 3 3 2 - - - - - - 21
. 50 _ _ _ _ _ _ _ __. .
Unknown 1 4 4 3 1 3 1 1 - 1 . . . . . . 19

Total 172 511 958 831 442 353 286 320 270 202 104 35 8 5 - - 4497

CYPRUS

0- 4 399 534 12 - 1 1 - 2 1 2 1 - - - 953
5- 9 865 1222 99 i 10 2 4 3 4 15 12 6 3 4 1 - 2259

10-14 662 806 116 25 6 1 3 6 11 18 16 16 11 - 1 - 1698
15-19 250 267 57 13 5 9 3 12 28 26 22 10 5 5 - - 712
20-49 360 411 123 23 11 14 29 84 153 184 162 106 48 25 7 2 1742
> 50 37 97 51 14 17 19 32 80 110 112 94 64 29 19 4 1 780
Unknown 4 4 1 - - - - - 1 - - 1 - - - - 11

Total 2577 3341 459 84 50 46 71 187 308 357 307 203 96 53 13 3 8155

DENMARK
0- 4 . . . . . . . . . . . . . . . . .
5- 9 754 402 33 2 1 4 2 3 1 3 3 - 6 2 - - 1216

10-14 1625 695 96 15 20 11 27 39 42 30 26 12 11 5 1 4 2659
15-19 130 66 11 1 5 6 6 6 8 6 1 - - 1 - - 247
20-49 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -

. 50 _ _ _ _ _ _ _-
Unknown _ _ _ _ _ _ _-

Total 2509 1163 140 18 26 21 35 48 51 39 30 12 17 8 1 4 4122

EGYPT
0- 4 3 5 2 1------- ------11
5- 9 115 345 136 23 7 3 8 5 17 45 53 35 11 6 _ 809

10-14 8 24 20 7 1 - 2 1 8 12 14 13 2 4 - 116
15-19 - 3 2 1 - - 1 1 1 - 1 2 1 - - 13
20-49 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -

> 50 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Unknown 14 18 4 1 - 1 - - 1 6 6 4 1 1 1 - 58

Total 140 395 164 33 8 4 11 7 27 63 74 54 15 11 1 - 1007
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APPENDIX TABLE 1 (continued)
DISTRIBUTIONS OF REACTIONS TO THE Mx 5 TU TEST ACCORDING TO SIZE IN SPECIFIED

AGE-GROUPS IN 33 COUNTRIES

Country & Diameter of induration (mm) Total

(years) O-1 2-3 4-5 6-7 8-9 1)-il 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-27 28-29 >30

ENGLAND

0- 4 23 13 3 . . . . . . . . . . . . .40
5- 9 524 249 63 11 2 - 1 5 13 8 11 6 5 1 899

10-14 144 123 43 12 4 1 5 6 13 15 20 5 3 - 394
15-19 2 4 5 1 - - 1 2 2 - - _ _ _ 17
20-49 . . . . . . _ _ _ _ _-

2 50- -

Unknown. _

Total 693 389 114 24 6 1 7 13 28 24 31 11 8 1 - _ 1350

ECUADOR

0- 4 1 1 . . . . . . 2 - 1 1 - - - - 6
5- 9 21 53 95 34 8 12 14 21 28 38 29 14 9 2 - - 378

10-14 7 13 34 20 2 6 8 16 21 19 29 15 5 - - - 195
15-1v - - 1 1 1 - 1 3 3 2 - 2 1 - - - 15
20-49 - - - - - - _ - - _ _ _-
. 50 _ _ _ _ _ _ _ _ _ _ _ _-
Unknown 2 5 9 3 1 1 1 4 7 6 2 1 - 1 - - 43

Total 31 72 139 58 12 19 24 44 61 65 61 33 15 3 - 637

GHA&RA

0- 4 369 138 40 21 11 6 7 4 6 5 3 4 2 1 - - 617
5- 9 151 133 55 30 16 21 13 22 18 16 23 9 2 - 1 - 510

10-14 64 45 41 27 19 17 14 19 24 23 8 3 7 1 - - 312
15-19 39 17 28 12 12 12 21 27 21 22 13 2 5 1 - - 232
20-49 64 29 70 69 56 68, 107 230 148 137 75 41 16 3 2 - 1115
. 50 16 4 8 12 7 16 29 77 67 30 31 11 5 1 2 - 316
Unknown 1 - - - - - - - - - - - - - - -1

Total 704 366 242 171 121 140 191 379 284 233 153 70 37 7 5 - 3103

INDIA, NORTH

0- 4 - 5
5- 9 304 435 341 77 25 13 34 31 35 47 33 23 15 7 4 2 1426

10-14 250 495 533 233 100 76 79 125 126 139 85 68 30 12 6 3 2360
15-19 49 98 188 99 42 30 40 54 56 46 26 14 12 3 1 - 758
20-49 1 1 4 1 2 - 2 4 1 1 - - 1 - - - 18
. 50 _ _ _ _ _ _ _ _ _ _ _ _ _-
Unknown 5 7 2 3 - - 1 1 1 2 - 1 - - - - 23

Total 609 1041 1068 413 169 119 156 215 219 235 144 106 58 22 11 5 4590

INDIA, SOUTH

0- 4 40 154 327 108 17 6 2 4 3 4 - 2 - 1 - - 668
5- 9 29 100 415 291 73 21 11 18 27 27 14 7 4 3 - - 1040

10-14 14 28 303 416 160 92 57 39 57 58 41 19 3 2 - - 1289
15-19 5 10 135 195 88 79 74 73 76 41 22 15 7 2 - - 822
20-49 6 4 41 154 129 131 145 162 180 113 81 36 23 7 2 - 1214
. 50 1 - 8 30 24 28 34 52 51 40 12 12 4 2 1 - 299
Unknown - 1 2 1 - - - - - - - - - - - - 4

Total 95 297 1231 1195 491 357 323 348 394 283 170 91 41 17 3 - 5336

INDONESIA

0- 4 45 241 213 67 20 6 4 4 3 7 3 1 2 - 1 1 618
5- 9 274 235 426 244 81 37 52 48 60 73 42 15 10 4 3 - 1604

10-14 268 138 460 350 146 92 103 171 140 144 85 41 26 6 1 1 2172
15-19 23 17 57 56 45 36 32 40 33 35 18 11 10 3 2 - 418
20-49 39 24 85 118 103 118 118 184 218 218 147 89 45 17 14 4 1543
> 50 21 - 6 17 11 33 17 26 26 41 23 10 16 5 1 2 255
UWmown 2 2 4 - - - 2 1 1 1 - 2 - - - - '5

Total 672 657 1251 852 408 322 328 474 481 519 318 169 109 35 22 8 6625

IRAN
0- 4 381 586 62 16 5 3 9 3 7 8 8 4 - - - - 1092
5- 9 423 785 209 47 23 9 10 22 30 49 44 32 9 3 3 - 1698

10-14 354 470 185 65 41 23 15 30 22 38 40 25 15 4 1 - 1328
15-19 176 250 147 63 32 32 39 35 48 75 39 30 15 3 - - 984
20-49 155 260 177 116 96 105 137 227 275 217 171 114 43 22 7 - 2122
. 50 43 41 41 26 19 26 41 59 67 69 50 25 7 1 2 1 518
Unknown 3 5 2 1 - - - - 1 - - - - - - - 12

Total 1535 2397 823 334 216 198 251 376 450 456 352 230 89 33 13 1 7754
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APPENDIX TABLE 1 (continued)

DISTRIBUTIONS OF REACTIONS TO THE Mx 5 TU TEST ACCORDING TO SIZE IN SPECIFIED
AGE-GROUPS IN 33 COUNTRIES

Country & Diameter of induration (mm) Total
age-group
(yeaJ 0-1 2-3 4-5 6-7 8-9 10-11 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-27 28-29 >30

IRAQ

0- 4 413 369 41 9 3 5 - 4 4 9 4 8 4 2 - - 875
5- 9 317 297 94 29 18 4 7 15 33 46 35 21 9 5 - - 950

10-14 111 105 31 13 8 5 2 16 27 41 32 22 9 2 - - 424
15-19 61 76 29 18 6 4 5 13 30 44 41 20 4 2 - - 353
2?-49 100 70 50 31 19 25 59 106 190 220 181 124 66 24 2 7 1274

50 20 8 8 9 7 11 21 34 57 57 64 37 18 7 5 8 371
Unknown - - - - - - - - - - - - - - - --

Total 1022 925 253 109 61 54 94 188 341 417 357 232 110 42 7 15 4227

JORDAN

0- 4 193 126 7 - - 2 2 1 1 1 - 1 - - - - 334
5- 9 477 392 32 5 2 1 4 4 14 20 20 26 15 2 1 1 1016

10-14 253 223 39 2 3 - 4 12 11 33 20 24 13 7 2 1 647
15-19 76 69 6 4 - 1 1 4 12 12 18 17 11 1 - - 232
20-49 74 68 23 10 4 8 10 28 54 86 80 81 28 15 4 1 574
. 50 11 8 6 4 1 2 7 17 20 21 26 31 12 7 4 1 178
Unknown 2 1 - - - - - - - 1 - 1 - - - - 5

Total 1086 887 113 25 10 14 28 66 112 174 164 181 79 32 11 4 2986

LEBANON
0- 4 35 71 5 - 1 - - 1 - 1 1 - - - - - 115
5- 9 1046 864 86 7 3 3 2 8 6 13 18 15 5 - - - 2076

10-14 UlSS 974 123 20 5 10 2 7 21 41 44 46 21 3 4 - 2476
15-19 282 279 49 10 4 2 3 7 11 16 27 1S 6 1 - - 712
20-49 47 50 7 3 1 1 2 5 9 11 14 9 6 1 1 - 167
. 50 1 6 3 2 4 2 5 7 7 17 14 15 6 1 2 - 92

Unknuow 4 8 - - - - - - - - - - - - - - 12

Total 2570 2252 273 42 18 18 14 35 54 99 118 100 44 6 7 - 5650

LIBYA

0- 4 138 122 8 1 - - - - - 1 2 1 - - - - 273
5- 9 79 51 19 2 1 2 - 3 5 7 10 3 5 1 - - 188

10-14 22 30 14 2 1 1 - 2 11 11 4 11 3 - - - 112
15-19 23 21 11 3 1 1 2 4 3 7 8 8 - 1 - 1 94
20-49 41 36 24 7 2 4 9 28 64 77 64 36 18 6 - - 416
. 50 2 2 2 3 4 4 U1 19 26 40 34 22 10 8 7 3 197
Unknawn - 1 - - - - - 1 - - - - 1 - - - 3

Total 305 263 78 18 9 12 22 57 109 143 122 81 37 16 7 4 1283

MAURITIUS
0- 4 360 525 317 66 15 4 5 5 3 5 3 3 2 2 - - 1315
5- 9 136 353 313 109 45 21 12 13 21 24 14 10 8 2 - - 1081

10-14 27 63 151 102 64 41 27 30 26 30 21 10 5 - - - 597
15-19 13 12 67 67 53 35 50 27 33 40 20 15 5 - 2 - 439
20-49 26 30 116 152 132 181 221 260 304 325 206 81 30 17 6 3 2090
. 50 2 4 13 28 32 49 62 84 118 107 73 37 11 3 2 - 625
Unknown . . . . . . _ _ - - 1 - - - - - 1

Total 564 987 977 524 341 331 377 419 505 531 338 156 61 24 10 3 6148

91IC00
0- 4. . . . . . . . . . . . . . . . .
5- 9 109 12 1 1 1 - 2 1 4 4 4 4 3 - 1 - 147

10-14 176 24 2 3 3 3 3 7 13 20 12 10 6 5 - 1 288
15-19 14 1 - 1 - - - 1 1 1 2 2 - 1 - - 24
20-49 _ _ - - - - _ _ _ _ _ _ _ _ _ _ -
> 50 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Unknown -

Total 299 37 3 5 4 3 5 9 18 25 18 16 9 6 1 1 459

NIGERIA
0- 4 778 389 129 39 19 11 3 14 9 14 14 9 4 4 - - 1436
5- 9 514 728 640 264 189 118 97 150 168 195 117 95 42 16 5 4 3342

10-14 208 279 421 294 218 197 196 310 327 251 155 66 35 17 2 - 2976
15-19 46 38 91 76 90 74 111 159 81 87 30 24 16 4 2 2 931
20-49 107 71 200 193 235 280 416 741 536 392 212 106 47 12 5 - 3553
> 50 24 13 46 36 45 68 86 166 129 75 34 22 8 3 2 - 757

Unknown 1 - - - - - - - - 1 - - - - - - 2

Total 1678 1518 1527 902 796 748 909 1540 1250 1015 562 322 152 56 16 6 12997
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APPENDIX TABLE 1 (continued)

DISTRIBUTIONS OF REACTIONS TO THE Mx 5 TU TEST ACCORDING TO SIZE IN SPECIFIED
AGE-GROUPS IN 33 COUNTRIES

Country & Diameter of induration (mm)
age-group Total
(years) 0-1 2-3 4-5 6-7 8-9 10-il 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-27 28-29 230

PAKISTAN, EAST

0- 4 182 196 54 22 13 10 3 2 2 3 5 . . . . . 492
5- 9 105 161 94 71 51 31 17 10 12 7 9 2 _ 1 -_ 571

10-14 35 84 59 46 43 33 36 25 16 14 8 4 2 - -_ 405
15-19 20 40 30 29 27 26 23 18 18 13 7 5 2 - _ - 258
20-49 41 81 79 80 93 122 167 181 168 122 55 23 6 - -_ 1218
2 50 12 6 12 24 30 22 30 47 46 49 23 10 5 1 - - 317
Unknown 1 - 1 - _ _ _ _ _ _ - 2

Total 396 568 329 272 257 244 276 283 262 208 107 44 15 2 - - 3263

PAKISTAN, WEST

0- 4 126 108 19 5 1 2 1 3 3 5 3 5 2 - - - 283
5- 9 306 342 78 36 11 13 8 34 60 86 72 51 13 1 - - 1111

10-14 163 184 62 33 15 7 20 40 67 79 62 42 7 3 2 - 786
15-19 27 37 22 12 7 5 6 13 23 24 24 8 3 - - - 211
20-49 70 76 40 35 27 48 63 118 138 145 105 71 24 4 - - 964
> 50 14 7 12 7 9 9 27 30 37 40 36 24 7 1 - 2 262

Unknown 1 - - - - - - - - - - - - _ _ _ I

Total 707 754 233 128 70 84 125 238 328 379 302 201 56 9 2 U 3618

THE PHILIPPINES

0- 4 77 50 47 21 12 3 3 2 1 1 1 - - 1 - - 219
5- 9 254 319 389 248 161 91 79 119 136 140 75 28 6 1 2 - 2048

10-14 130 229 282 280 221 165 130 206 196 144 96 30 17 6 1 - 2133
15-19 1 7 7 12 14 18 8 22 19 8 10 12 5 4 1 - 148
20-49 5 2 5 12 16 15 25 41 44 62 70 39 16 4 4 1 361
> 50 1 - 1 3 4 7 7 14 19 20 26 7 8 - 2 2 121
Unknawn 1 - 2 1 1 - - 2 - 1 1 - - - _ _

Total 469 607 733 577 429 299 252 406 415 376 279 116 52 16 10 3 5039

SIERRA LEONE

0- 4 378 137 45 23 4 4 1 8 5 11 4 6 5 3 2 _ 636
5- 9 84 104 94 49 43 31 23 20 24 37 21 11 13 3 5 - 562

10-14 26 29 47 53 44 32 38 27 51 42 24 12 6 1 - _ 432
15-19 9 13 18 12 18 19 14 38 26 24 18 8 4 1 - - 222
20-49 44 24 69 80 65 108 171 322 317 273 180 76 34 11 6 - 1780
. 50 16 4 22 22 25 41 61 117 98 79 47 26 10 5 - - 573
Unknown . . . . . . . .. 1 _ _. 1

Total 557 311 295 239 199 235 308 533 521 466 294 139 72 24 13 - 4206

SOMALIA

0- 4 43 96 53 13 4 4 5 4 7 4 2 2 - - - - 237
5- 9 40 197 257 88 36 39 51 94 83 48 22 6 3 - - - 964

10-14 41 93 218 174 72 79 181 245 243 134 46 14 3 1 1 - 1545
15-19 14 13 60 47 32 39 101 166 117 72 22 6 - - 2 - 691
20-49 13 9 28 28 23 67 133 227 189 94 45 13 6 1 - - 876
. 50 - 3 3 9 11 19 40 60 38 19 17 4 1 2 - - 226
Unknown 1 - - - - - - - _ _ _ _ _ _ _ 1

Total 152 411 619 359 178 247 511 796 677 371 154 45 13 4 3 - 4540

SOQLALILAND
PROTECTORATE

0- 4 212 193 72 15 8 5 12 11 8 8 3 1 1 - - - 549
5- 9 145 205 212 60 25 25 55 77 126 105 33 18 2 1 - - 1089

10-14 69 122 122 67 30 44 135 292 274 162 56 16 4 - - 2 1395
15-19 39 32 43 38 27 29 145 343 236 114 44 20 5 1 - - 1116
20-49 43 20 42 21 23 67 244 612 411 214 70 22 10 1 - 1800
> 50 15 2 8 17 10 40 87 136 84 33 19 4 3 - 1 - 459

Unknown - 1 - 1 - - - 1 2 - - - - - - 5

Total 523 575 499 219 123 210 678 1472 1141 636 225 81 25 3 1 2 6413

THE SUDAN
0- 4 1301 466 124 58 72 25 14 15 15 15 12 8 5 2 3 4 2139
5- 9 3540 2746 2001 1273 1274 633 529 502 493 510 397 261 129 52 21 16 14377

10-14 2219 2262 2100 1536 1546 963 801 964 961 969 723 446 271 74 40 21 15896
15-19 562 535 600 457 472 333 299 465 505 495 340 200 108 38 21 9 5439
20-49 664 310 293 313 433 368 447 787 1231 1248 846 456 247 104 40 25 7812
> 50 159 45 44 60 114 94 116 249 350 348 209 123 45 22 5 11 1994
Unknown 2 2 3 - - 1 1 - - - 1 1 - - - - 11

Total 8447 6366 5165 3697 3911 2417 2207 2982 3555 3585 2528 1495 805 292 130 86 47668
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APPENDIX TABLE I (concluded)
DISTRIBUTIONS OF REACTIONS TO THE Mx 5 TU TEST ACCORDING TO SIZE IN SPECIFIED

AGE-GROUPS IN 33 COUNTRIES

ageCgroup Diameter of induration (mm) Total
(years) 0-1 2-3 4-5 6-7 8-9 10-.1 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-27 28-29 230

SWAZILAND
0- 4 286 176 49 1S 8 - 5 1 4 4 6 4 3 2 1 1 565
5- 9 123 157 91 29 18 9 9 13 27 35 30 14 1 - - - 556

10-14 70 85 67 60 28 12 18 27 40 65 52 26 7 1 - - 558
15-19 21 23 23 15 14 11 13 31 52 57 32 15 6 1 - - 314
20-49 10 14 19 16 20 33 77 146 192 188 105 40 19 6 1 - 886
. 50 1 - 2 8 8 24 28 57 62 47 26 18 2 - 1 - 284
Unknown - - - - - - - - - - - - - - - - -

Total 511 455 251 143 96 89 150 275 377 396 251 117 38 10 3 1 3163

TAIWAN

0- 4 15 46 16 2 1 2 3 1 1 - 2 2 1 1 - 1 94
5- 9 34 107 201 104 31 9 4 7 9 19 32 27 26 3 3 3 619

10-14 - 4 5 6 2 2 1 3 3 7 11 11 9 4 3 1 72
15-19 - 1 - 1 2 - 3 5 4 17 8 13 7 4 3 - 68
20-49 3 1 1 5 5 3 7 26 45 86 68 70 39 18 3 2 382
2 50 4 - 1 1 - 4 3 7 9 20 17 22 18 4 5 2 117
Ukrnk_own . . . . . . - 1 -. .. 1

Total 56 159 224 119 41 20 21 49 72 149 138 145 100 34 17 9 1353

TANGANYIKA

0- 4 292 99 52 12 1 1 2 1 - - 2 5 2 - 3 2 474
5- 9 96 72 65 26 6 4 4 2 6 3 18. 3 3 3 1 - 309

10-14 48 43 44 41 17 13 6 7 5 10 8 11 4 1 1 - 259
15-19 26 n1 27 22 16 9 16 16 9 16 12 7 8 3 1 - 199
20-49 93 34 99 118 94 117 n1o 151 161 160 135 72 24 19 5 5 1397
. 50 12 1 19 33 23 26 24 46 56 45 41 20 16 2 1 - 365
Unknown . . . . . ..-- 1 1. . . . . . ...-- - 2

Total 567 260 306 252 157 170 163 224 237 234 213 118 57 28 12 7 3005

THAILAND

0- 4 6 98 157 25 4 2 - 3 1 5 1 1 - 1 - - 304
5- 9 26 186 574 297 56 21 25 35 43 40 26 6 5 4 - 1 1345

10-14 24 124 536 483 166 101 85 108 118 84 44 33 8 4 - - 1918
15-19 22 33 187 260 136 87 83 100 86 61 31 12 7 2 3 1 n111
20-49 1 5 58 127 98 75 95 164 159 101 49 17 10 1 - 2 962
2 50 - - 4 19 15 32 33 29 20 11 5 4 1 - - 173
Unknown - 1 - - - .__ _ _ _ _ _ _ _ _ 1

Total 79 447 1512 1196 479 301 320 443 436 311 162 74 34 13 3 4 5814

TURKE
0- 4 173 92 4 2 - - 1 - 3 3 1 - 1 - - - 280
5- 9 683 657 82 17 5 3 13 17 47 74 68 70 39 7 4 - 1786

10-14 513 553 117 26 8 14 26 50 98 n1s 97 85 48 14 2 - 1769
15-19 60 93 33 12 5 7 18 33 26 21 18 12 3 2 - - 343
20-49 65 76 30 10 11 19 42 82 106 87 48 48 16 3 - 2 645
. 50 3 3 4 3 1 2 10 14 15 13 7 3 7 - - - 85
Unknown - 1 - - - - 1 - - 1 - - - - - - 3

Tbtal 1497 1475 270 70 30 45 l11 196 295 317 239 218 114 26 6 2 49n1

UGANDA
0- 4 431 482 131 27 6 8 3 3 3 6 10 3 1 1 2 - 1117
5- 9 188 283 135 55 18 17 11 10 16 15 16 15 9 1 - - 789

10-14 72 97 93 48 34 18 16 21 19 6 22 14 3 3 - 1 467
15-19 65 82 62 42 27 33 18 23 25 32 23 19 6 5 1 1 464
20-49 140 174 177 155 131 149 229 289 338 309 197 106 50 16 8 4 2472
2 50 30 29 35 45 33 45 62 85 76 79 38 38 6 4 1 - 606
kmnwn - - - - - - - - - -

Total 926 1147 633 372 249 270 339 431 477 447 306 195 75 30 12 6 5915

VIET M

0- 4 43 84 38 6 - 1 1 - 1 - - -
-

- - 174
5- 9 151 208 181 88 61 77 116 119 90 77 46 14 5 - - - 1233

10-14 78 113 147 119 107 132 172 172 129 100 57 21 8 6 1 - 1362
15-19 9 17 25 15 27 61 64 57 40 15 7 - 2 1 1 - 341
20-49 50 25 80 71 33 20 26 34 27 19 5 4 2 - - - 396
. 50 25 3 19 27 18 18 12 19 13 14 5 1 2 - - - 176
Unkmown 1 2 3 1 2 2 3 1 1 1 1 1 - - - - 19

Total 357 452 493 327 248 311 394 402 301 226 121 41 19 7 2 - 3701



J. NYBOE

APPENDIX TABLE 2
DISTRIBUTIONS OF REACTIONS TO THE Mx 100 TU TEST ACCORDING TO SIZE AMONG PERSONS

WITH Mx 5 TU REACTIONS MEASURING LESS THAN 10 mm* IN SPECIFIED AGE-GROUPS IN 32 COUNTRIES

Countr7 5: Diameter of induration (mm)
age-group Total
(years) o-1 2-3 4-5 6-7 8-9 10-11 12-13 14-15 1-17 18-19 20-21 22-23 24-25 26-27 28-29 .30

BASUTOLAND
0- 4 65 30 7 9 2 4 - - 2 1. . . . . .- 120
5- 9 28 22 9 U1 7 8 5 1 2 - -. . .93

10-14 20 2 17 8 11 6 10 7 - 1 1 1 - _ _ - 84
15-19 - - 2 4 2 5 9 2 4 1 - 1 - - - 30
. 20 2 - 1 2 1 5 s 15 6 5 7 2 2 3 1 - 58
Unknown _ _ - - - - - - - - - - - - - - -

Total 115 54 36 34 23 28 30 25 14 8 8 4 2 3 1 - 385

BSCHUANALAND

0- 4 20 3 2 3 5 3 5 5 3 1 - - - _ _ 50
5- 9 1 1 1 - 2 4 5 3 5 2 1 - - - _ 25

10-14 1 1 1 - 1 1 - 1 4 1 1 - - - - 12
15-19 1 - - 1 1 - 1 2 - 1 - - - - 7
. 20 2 - 1 - 1 3 1 7 2 4 3 1 - 1 26
Unknown _ _ _ _ _ _ _ - - - - - _ -

Total 25 5 5 4 10 11 12 18 14 9 5 1 - - 1 _ 120

BURMA

0- 4. . . . . . . . . . . . . . . . .
5- 9 4 3 17 16 24 29 36 26 12 6 3 1 - - - - 177

10-14 2 2 3 2 6 10 14 16 17 7 3 1 - - _ - 83
15-19- - - - - - - - -- - - - - - - --
> 20 _ _ _ - - - - - - - - - - - _ _ _

Unknown-

Total 6 5 20 18 30 39 50 42 29 13 6 2 - - - - 260

CAMBODIA
0- 4 - 1 1 1 1 - 2 - - 2. . . . . . 8
5- 9 20 33 42 41 65 115 184 166 135 61 28 6 3 - - - 899

10-14 14 9 16 19 46 92 145 198 192 136 61 15 8 3 - - 954
15-19 1 - 1 1 1 6 7 11 12 8 3 4 1 - 56
. 20 - - - - - - - - - - - - - - -

Unknown - - 1 - - 4 2 1 - - 2 - - - 10

Total 35 43 61 62 U3 217 340 376 339 201 94 25 12 31927

CYPRUS

0- 4 18 28 1 - - 1 1 - - - - - - - 49
5- 9 7 27 6 5 2 4 3 1 2 - - - - - 57

10-14 12 22 8 8 4 6 5 5 2 - - - - - 72
15-19 3 9 - 3 1 5 5 4 1 - - - - - 31
. 20 10 12 7 6 6 5 8 7 11 2 - 1 - - - - 75
Unknown - - - - - - - - - - - - - - -

Total 50 98 22 22 13 21 22 17 16 2 - 1 - - - - 284

DENIMARK
0- 4.
5- 9 619 341 115 29 22 18 8 3 3 1 -. . ..1159

10-14 1280 641 208 69 50 39 27 14 14 3 6 1 - - _ _ 2352
15-19 103 50 17 10 11 - 4 1 1 - - - - - - -197
. 20 - - - - - - - ---- -

Unknown - - - - - - - - - - _-

Total 2002 1032 340 108 83 57 39 18 18 4 6 1 - - - _ 3708

EIYPT
0- 4 4 2 1 1 . . . . .. 8
5- 9 37 147 65 42 46 33 18 19 U 2 420

10-14 4 8 6 7 2 10 4 2 ..43
15-19 - - - 1 - 1 2 1 .. 5
> 20 _ _ _ - _ _ _ _

Unknown 3 16 9 1 2 1 2 -.34

Total 48 173 81 52 50 45 26 22 11 2 510

* In Cambodia and Cyprus 8 mm, in Denmark 5 mm, in Egypt 6 mm
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APPENDIX TABLE 2 (continued)

DISTRIBUTIONS OF REACTIONS TO THE Mx 100 TU TEST ACCORDING TO SIZE AMONG PERSONS
WITH Mx 5 TU REACTIONS MEASURING LESS THAN 10 mm* IN SPECIFIED AGE-GROUPS IN 32 COUNTRIES

Country &Countnr
up Diameter of induration (mm) Total

(years) 0-1 2-3 4-5 6-7 8-9 10-11 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-27 28-29 230

ENaIAND
0- 4 9 19 4 - 1 - 1 - - - - - 34
5- 9 261 228 99 60 43 23 26 11 14 4 6 1 - - 776

lo-14 44 79 58 42 30 20 9 15 8 2 1 - _ _ 308
15-19 1 2 3 2 - - 1 1 1 - - - - 11
> 20 _ - - - - _ _ - _ - - - _ _

Unknown _ _ _ _ _ _ _ _ _ _ _-

Total 315 328 164 104 74 43 36 27 23 6 8 1 - - - - 1129

GHAN
0- 4 61 23 21 7 21 17 17 8 5 2 1 - - -183
5- 9 15 16 21 8 11 16 11 18 13 2 1. - - 132

10-14 6 1 7 4 5 5 10 9 3 1 1 1 - 52
15-19 1 - 3 2 1 2 7 6 4 3 - - - 29
2 20 3 1 6 1 1 11 13 27 31 11 2 2 1 - 110
Unknown - - - - - - - - - - - - - -

Total 85 41 58 22 39 51 58 68 56 19 5 3 1 - - - 506

MNDIA, NORTH

0- 4 1 1 1 1 - 1 5
5- 9 51 63 47 32 53 84 82 56 43 23 14 5 3 2 - - 558

10-14 37 51 40 36 61 77 108 116 86 61 42 10 5 3 - - 733
15-19 10 4 8 10 7 22 49 40 21 14 5 2 2 - 1 - 195
. 20 . _ _ _ - 2 - - - .2
Unknown 1 - - - - 2 1 2 - 1 1 - - - - - 8

Total 100 119 96 79 121 185 241 214 150 101 62 17 10 5 1 - 1501

INDIA, SOUTH

0- 4 39 33 124 72 29 33 26 14 3 2 - - - - - - 375
5- 9 10 17 30 43 49 55 61 54 33 17 3 4 - - - - 376

10-14 3 4 5 9 15 34 64 114 141 91 47 17 5 - - - 549
15-19 1 - - - 2 4 20 52 69 69 31 14 8 1 1 2 274
2 20 - - - 1 1 3 20 28 36 19 10 5 3 - - - 126
Unknown - - - - - - - 1 - - - 1 - - - 2

Total 53 54 159 125 96 129 191 262 283 198 91 40 17 1 1 2 1702

INDONESIA
0- 4 27 117 115 67 40 51 37 27 15 3 1 - 1 - - - 501
5- 9 113 34 53 51 76 123 125 122 84 64 25 6 4 1 - - 881

10-14 83 23 32 32 40 77 113 141 127 96 50 26 4 5 2 1 852
15-19 2 4 2 5 3 6 10 18 16 21 20 6 2 2 - 1 118
. 20 22 4 7 14 8 12 26 58 65 56 43 25 12 4 3 3 362
Unknown 3 - 3. _ - - - 1 - - - - - - - 7

Total 250 182 212 169 167 269 311 366 308 240 139 63 23 12 5 5 2721

IRAN
0- 4 31 83 4 1 1 - 5 2 1 1 - - - - - - 129
5- 9 29 87 28 5 7 9 9 4 5 2 1 - - - - - 186

10-14 19 54 14 14 5 16 11 15 7 1 1 - 1 - - - 158
15-19 3 11 6 7 10 5 11 9 4 3 2 - - - - - 71
. 20 6 7 3 4 6 11 15 11 12 8 9 1 1 - 1 - 95
Unnwn- _ _ _ _ _ _ - - - - - - - --

Total 88 242 55 31 29 41 51 41 29 15 13 1 2 - 1 - 639

0-4 138 113 11 5 12 13 19 14 8 1 - - - - 334
5- 9 68 61 27 25 24 28 30 22 8 7 4 1 1 - - - 306

10-14 18 22 18 14 15 10 15 9 9 1 1 - - - - 132
15-19 7 8 3 3 3 6 7 7 6 1 - 2 - - - 53
. 20 11 7 7 7 5 6 6 12 9 13 7 6 2 - 1 1 100
Unknown _ - - - - - - - - - - - - -

Total 242 211 66 54 59 63 77 64 40 23 12 9 3 - 1 1 925

* In England, India and Iran 8 mm



J. NYBOE

APPENDIX TABLE 2 (continued)

DISTRIBUTIONS OF REACTIONS TO THE Mx 100 TU TEST ACCORDING TO SIZE AMONG PERSONS
WITH Mx 5 TU REACTIONS MEASURING LESS THAN 10 mm* IN SPECIFIED AGE-GROUPS IN 32 COUNTRIES

Countzy & Diameter of induration (mm) Toal
(years) o-1 2-3 4-5 6-7 8-9 10-U1 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-27 28-29 .30

JORDAN
0- 4 U1 16 1 - - - 1 - - 1 1 - - - - - 31
5- 9 2 7 2 1 2 1 2 - - - - - - - - - 17

10-14 3 4 2 4 - - 2 2 1 - - - - - - - 18
15-19 - 1 - 2 2 3 2 2 . . . . . . . 12
> 20 3 3 5 3 1 4 6 6 2 2 - 1 - - - - 36
Unlmown--------- -- --- --

Total 19 31 10 10 5 8 13 10 3 3 1 1 114

LEBANON
0-4 - 1. . . . . . . . . . . . . . .1
5- 9 229 211 21 14 U1 4 5 2 2 . . . . . . . 499

10-14 167 191 34 12 14 9 7 7 3 1 1 - - - 46
15-19 13 20 7 3 3 2 1 - -. . . . .49
. 20 1 - - - - - - - - 1
unknown 2 4 - - 1. .. - - - - 7

Total 412 427 62 29 29 15 13 9 5 1 - 1 - - - - 1003

LIBYA

0- 4 38 175 32 1 2 - - 1. - - -249
5- 9 22 84 25 8 - 2 2 - - - 2 145
10-14 7 18 U1 8 4 - - 1 - - - 49
15-19 1 16 7 1 4 2 3 1 - - - 35
. 20 8 22 26 U1 8 7 4 5 7 2 2 102
Unknown - -_ - -_ - - - - - -

Total 76 318 101 29 18 U 9 8 7 2 4.580

MAURITIUS

0- 4 89 51 37 14 22 10 25 5 - 3 1 -. . .257
5- 9 23 27 20 16 14 20 19 13 U1 4 1 -. . .168

10-14 2 1 3 4 4 3 16 15 10 5 1 -. . .64
15-19 1 1 3 - 1 2 8 15 8 9 1 -. . .49
2 20 1 1 2 - 1 9 16 19 33 23 10 2 1 - - - 118
Unknown _ _ _ _ _ _ _ _ _ _ _ _-

Total 116 81 65 34 42 44 84 67 62 44 14 2 1 - - - 656

lmlco
0- 4.
5- 9 66 17 4 3 3 4 - 1 1 1 - - - 100

10-14 108 27 6 8 10 U 6 2 1 4 1 - 1 - 185
15-19 6 - 3 1 1 3 - - - - _ - - - 14
> 20 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Unknown - _ _ _ _ _ _ _ -

Total 180 44 13 12 14 14 10 2 2 5 2 - 1 - - - 299

NIGERIA
0- 4 118 74 33 19 29 35 28 19 8 3 - 1 - - 1 - 368
5- 9 50 52 71 47 65 108 145 199 ?17 76 18 2 - - - 1 951

10-14 18 12 8 14 24 43 99 185 153 77 20 4 1 - - - 658
15-19 3 1 2 2 - 4 15 21 26 17 5 1 - 1 - - 98
. 20 8 3 14 8 16 22 31 56 50 30 17 12 3 - 1 - 271
Unknown -_ _ _ _ _ _ _ _ _ _ _ _ _ -

Total 197 142 128 90 134 212 318 480 354 203 60 20 4 1 2 1 2546

PAKISTAN, EAST
0-4 38 54 19 12 14 21 25 22 21 8 6 1 _ 241
5- 9 13 20 18 13 15 24 35 36 48 32 13 2 - - - - 269

10-14 4 5 7 3 1 9 12 34 35 35 17 5 2 - - - 169
15-19 _ 2 - 1 4 _ 8 17 13 15 20 4 6_ 84
. 20 3 3 - 2 7 15 16 29 62 74 35 13 1 - 260
Unkow. . . . - 1 . _ _ _ _ 1

Total 58 84 4 31 41 69 97 138 179 164 91 25 3 - - -1024

a In Lebanon and Libya 8 mm, in Mexico 6 mm
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APPENDIX TABLE 2 (continued)
DISTRIBUTIONS OF REACTIONS TO THE Mx 100 TU TEST ACCORDING TO SIZE AMONG PERSONS

WITH Mx 5 TU REACTIONS MEASURING LESS THAN 10 mmi IN SPECIFIED AGE-GROUPS IN 32 COUNTRIES

Coaentru Dieter of induration (m) Total
(years) 0-1 2-3 4-5 6-7 8-9 10-11 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-27 28-29 .30

PAKISTAN, WEST
0- 4 20 22 3 - - 2 3 1 - - - - - 51
5- 9 20 26 10 6 12 6 3 12 3 1 - - - - - 99

10-14 6 10 2 3 1 3 9 5 6 3 1 - - - - - 48
15-19 2 2 2 1 1 5 1 2 2 - - - - 18
> 20 3 4 2 2 4 3 4 2 6 5 2 3 1 - 1 1 43
Unknown 1 - - - - - -... _ _ _ _ _ 1

Total 52 64 19 12 18 19 20 22 16 9 3 3 1 - 1 1 260

THE PHILIPPINES

0- 4. . . . . . . . . . . . . . . .
5- 9 42 36 52 55 61 116 169 220 153 74 18 1 1 - - - 998

10-14 21 9 21 10 16 76 134 232 162 79 25 4 1 - - - 790
15-19 - - 1 - - 2 2 1 3 - - - - - - 9
. 20 . . .. . . - 1. _ _ 1
Unknown - - - 1 - - - 12

Total 63 45 74 66 78 194 305 454 319 153 43 5 2 - - - 1800

SIERRA LEONE

0- 4 13 12 8 4 5 5 4 3 - - - - - 54
5- 9 1 2 - 1 1 5 8 7 5 3 3 - 1 37

10-14 - - - 1 - 1 3 6 - - 2 1 - 14
15-19 - 1 - - - 1 - 1 3 2 1. - - 9
2 20 - - 2 - - 1 7 3 8 8 3 - - -32
Uaknown - - - - - - - - - - - - - -

Total 14 15 10 6 6 13 22 20 16 13 9 1 1 - - - 146

0- 4 1 1 1 - 1 1 1. . . . . . . . . . 6
5- 9 12 9 16 17 50 59 56 23 17 1 1 - -.261

10-14 5 2 3 7 26 53 93 82 27 12 3 2 - - - - 315
15-19 1 - - 1 2 7 16 12 4 1 1 1 - - - - 46
> 20 _
lUknown - - - - - - - - - - - - - - - - -

Total 19 12 20 25 79 120 166 117 48 14 5 3 - - - - 628

SOUALLAN
'PROTCTORATE

0- 4 58 30 7 8 17 8 3 1 - - - - 132
5- 9 22 11 9 16 23 23 22 8 6 - - - -140

10-14 7 2 6 8 6 19 23 16 6 5 - - ..98
15-19 1 1 2 1 2 8 3 7 2 1 1 -. . .29
. 20 4 - - 1 - 1 3 7 6 2 3 2 - 1 - - 30
Unknown _ _ _ _ _ - - - - - - - -

Total 92 44 24 34 48 59 54 39 20 8 4 2 - 1 - - 429

THE SUDAN

0- 4 15 12 U1 6 9 6 15 11 3 - - - - 88
5- 9 86 64 79 92 223 294 449 741 465 214 67 18 8 1 1 - 2802

10-14 45 18 35 39 88 146 322 757 603 279 118 30 8 - - - 2488
15-19 3 - 5 1 11 13 36 159 139 54 26 13 3 - 1 464
. 20 3 - 1 1 1 1 6 32 25 19 6 3 2 1 1 102
Unknown - - - - - 1 - - 1 - - - - - - - 2

Total 152 94 131 139 332 461 828 1700 1236 566 217 64 21 2 3 - 5946

SIWAZILAND
0- 4 11 16 7 2 1 - 2 - - - - - - - - - 39
5- 9 20 8 10 8 U1 7 4 2 1 - - -. . . _ 71

10-14 9 8 5 12 16 U 9 U1 2 6 1. - - 90
15-19 2 2 2 1 2 3 4 14 2 4 1. - - 37
> 20 - - - - 2 1 1 - 1 2 - - 2 - - - 9
Unknown _ _ _ _ _ _ _ _ - - - --

Total 42 34 24 23 32 22 20 27 6 12 2 - 2 - - - 246

* In the Philippines and Sudan 8 mm



J. NYBOE

APPENDIX TABLE 2 (concluded)

DISTRIBUTIONS OF REACTIONS TO THE Mx 100 TU TEST ACCORDING TO SIZE AMONG PERSONS
WITH Mx 5 TU REACTIONS MEASURING LESS THAN 10 mm* IN SPECIFIED AGE-GROUPS IN 32 COUNTRIES

Countxy & Diameter of induration (mm)
age-group Total
(years) 0-1 2-3 4-5 6-7 8-9 10-1U 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-27 28-29 .30

TAIWAN

0- 4 13 21 15 4 2 1 1 3 1 2 1 - - - - - 64
5- 9 5 4 12 16 12 21 21 26 29 32 17 8 3 2 - - 208

10-14 1 - - 1 - - 3 1 1 5 1 . . . .13
15-19 - - - - - - - 1 - 1 1 - - . _ _ 3
> 20 1 1 2 - 1 1 2 2 1 1 2 2 - - - - 16
Unknown - - - - - - - - - - - - - - - - -

Total 20 26 29 21 15 23 27 33 32 41 22 10 3 2 - - 304

TANGNYIKA

0- 4 50 21 15 7 6 9 8 12 6 2 1 - - - - _ 137
5- 9 10 4 8 6 10 9 21 13 4 2 - - - - - - 87

10-14 6 - 2 3 4 5 13 22 13 5 3 2 - - - - 78
15-19 - - - 1 - 3 3 12 U 2 1 1 1 - - - 35
. 20 4 - 1 6 6 13 18 35 36 22 U1 3 2 1 - - 158
Unkmown - - - - - - - - - - - - - - - - -

Total 70 25 26 23 26 39 63 94 70 33 16 6 3 1 - - 495

THAILAND

0- 4 2 20 50 26 13 24 24 7 8 - - - - - - - 174
5- 9 12 14 42 43 49 56 88 80 51 33 14 3 - - - - 485

10-14 7 4 17 12 18 62 114 151 133 82 36 14 4 1 - 1 656
15-19 1 1 4 3 5 15 41 89 91 77 40 16 8 1 - - 392
. 20 - - - - 1 3 11 23 27 30 13 10 3 3 - 2 126
Unknown - - 1 - - - - - - . _ _ _ _ _ _ 1

Total 22 39 114 84 86 160 278 350 310 222 103 43 15 5 - 3 1834

TURKEY

0- 4 64 66 7 4 1 2 1 - 1 - - - - - - - 146
5- 9 276 317 118 99 92 34 30 16 3 2 2 1 - - 990

10-14 135 233 136 114 119 56 38 29 13 3 1 - - 1 - 878
15-19 7 22 10 21 19 14 17 6 2U - - - - - 118
.20 12 U1 16 14 22 9 8 4 3 2 2 1 - 1 - - 105
Unknown - - - 1 - - _ - _ _ _ _ _ 1

Total 494 649 287 253 253 115 94 55 22 7 5 2 - 2 - - 2238

UGANDA

0- 4 71 150 49 21 12 14 16 7 7 4 1 - - - 352
5- 9 34 40 43 27 17 30 27 20 12 - 5 - - 1 256

10-14 12 1U 7 8 9 19 19 15 17 7 2 2 - - 128
15-19 U1 13 7 2 8 10 12 12 10 3 2 - - - 90
. 20 21 17 13 12 16 21 35 49 33 26 18 8 4 3 276
Unknown ---------------- -

Total 149 231 119 70 62 94 109 103 79 40 28 10 4 4 - - 1102

VIET NAN
0- 4 38 48 35 15 9 4 8 9 2 2 1 - - - 171
5- 9 40 33 20 22 20 34 39 29 30 23 9 1 - - - - 300

10-14 20 13 10 U1 16 30 42 53 36 40 23 9 - 2 - - 305
15-19 4 2 2 2 4 4 8 7 4 5 2 1 - - - - 45
. 20 33 3 9 5 10 19 34 40 44 30 37 19 6 4 1 2 296
Unknown 1 - 1 - - 1 1 1 - - - - - - - - 5

Total 136 99 77 55 59 92 132 139 116 100 72 30 6 6 1 2 1122

* In Thailand and Viet Nam 8 mm, in Turkey 5 mm
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EFFICACY OF THE TUBERCULIN TEST

APPENDIX TABLE 3

CORRELATION BETWEEN SIZES OF REACTIONS TO TWO Mx 5 TU TESTS GIVEN
AT AN INTERVAL OF 2-3 MONTHS AMONG SCHOOLCHILDREN IN CYPRUS, IRAN AND LEBANON

I FIRST TEST J
Diameter of induration (mm) Total

______. 0-1 2-3 4-5 6-7 8-9 10-11 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-27 28-29_ 30

. 30
28-29

26-27

24-25

22-23

_ 20-21
a
0 18-9

5 16-17

3 14-15

12-13

10-11

8-9

6-7

4-5

2-3

0-1

1

1
1

1

4

2

4

2
1

2

4

13

7

_
- 1

- 2 7

5 8 14

9 13 11

14 10 3

7 4 2

- 1 -

1

5

6

3

5

1

2

1
1

1

1

18

37

44

51

22

8

7

6

3

3
18

160

132

1

1

1

1

7

70

87

3

2

2

3

84

45

1

2 1

1

6

4

1

1

2

Total 166 140 11 5 4 1 5 14 28 35 38 38 20 3 3 1 1512
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