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Evidence in Favour of a Low Dose for
the Tuberculin Test
J0RGEN NYBOE, cand. act.'

In an attempt to solve the problem of whether a high or a low dose should be usedfor
tuberculin testing a new method ofstatistical analysis is presented. It consists in tabulating
the frequency of tuberculin " positive" children in households where the adults are tuber-
culin " positive " and tuberculin " negative " respectively; thesefrequencies are compiledfor
a wide range of arbitrarily chosen limits between "'positive " and " negative " re.actions.
Values for these statistics have been obtained from data collected in Kenya; they
strongly suggest that the reactors to the low-dose test are those infected with tubercle bacilli
and the non-reactors to this test are the uninfected. However, a more detailed analysis is
possible and this paper demonstrates that statistics of the type described may be used for
testing the plausibility of a specific hypothesis about the patterns of tuberculin reactions
among infected and uninfected persons. By testing a number of different hypotheses, the
most plausible was found to be that the tuberculin sensitivities of infected and uninfected
persons correspond to those of the reactors and the non-reactors to the low-dose test respec-
tively. On the basis of the data presented it thus appears that the low-dose test is better
suited than the high-dose test for distinguishing between infected and uninfected persons.

INTRODUCTrION

Although the tuberculin test has been used for
more than 50 years in human beings there is still wide
disagreement in the medical profession about the
adequate dose. Some authors maintain that a low
dose, i.e., a dose corresponding to about 3 TU of the
international standard of PPD,2 is the " best " where-
as others claim that a much higher dose, correspond-
ing to ICO TU, 1000 TU or more, is " necessary ".
As with many other problems, this discussion is not
fruitful unless the problem is defined more precisely.
First, terms such as " best " and " necessary " must
be given a more precise meaning by specifying the
purpose of the tuberculin test. In the present paper I

I Statistician, WHO Tuberculosis Control Demonstration
and Training Centre, Tunis.

' The majority of the data shown or mentioned in this
paper have been obtained with PPD prepared by Statens
Seruminstitut, Copenhagen, lots RT 19-20-21, RT 22 and
RT 23. It has been shown elsewhere (Guld et al., 1958) that
3 TU of PPD-S corresponds approximately to 1 TU of RT 23
in diluent with Tween 80 added or to 5 TU of RT 19-20-21
or 6-7 TU of RT 22 in diluent without Tween 80.

' It may be said that the discriminative power of the test
in the first instance was 94%, but with the higher dose
only 79%.

shall deal only with the purpose for which the
tuberculin test is most often used, namely that of
discriminating between persons infected with tubercle
bacilli and persons free from such infection. Second-
ly, some attention must be given to the question of
errors, as, when a large number of persons are tested,
some errors have to be expected, no matter which
dose is used. The errors may be oftwo kinds: infected
persons may be wrongly classified as uninfected, or
uninfected persons may be wrongly classified as in-
fected. The importance of these two kinds of error
may well be different in different situations, but in
the following the view has been taken that they are
equally important. This view is exemplified by the
following hypothetical situation: By applying a cer-
tain test dose to a population 3 % of those infected
are wrongly classified and so are 3% of those un-
infected. By increasing the test dose, it is possible to
reduce the proportion of infected persons missed
from 3% to 1 %. However, if this increase in the
dose at the same time causes the proportion of
uninfected persons wrongly classified as infected to
rise from 3% to 20 %, the overall efficiency of the test
has not been increased but diminished.3
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With these remarks in mind, the premises of the
present paper may be stated as follows: The optimum
dose of tuberculin is the one that makes it possible to
distinguish between infected and uninfected persons
with a minimum of errors. In the following, evidence
will be presented to indicate that a dose correspond-
ing to 3 TU of PPD-S is satisfactory for this purpose.
First, the evidence so far published is summarized
and thereafter some new data are given which
further support this assertion.

PUBLISHED EVIDENCE IN FAVOUR OF A LOW DOSE

It has been shown repeatedly (WHO Tuberculosis
Research Office, 1955; Nyboe, 1960) that when the
low-dose tuberculin test is used in a population in
which BCG vaccination has not been used, the
population falls into two groups-those that give a
strong reaction and those that give a weak reaction.
The two kinds of response are sometimes very dis-
tinct, i.e., the great majority of test reactions are

FIG. I

OBSERVED DISTRIBUTION OF REACTIONS
TO THE LOW-DOSE TUBERCULIN TESTa

WITH ESTIMATED BREAKDOWN INTO NON-REACTORS
AND REACTORS
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a This distribution was found by testing children 10-14 years
of age In West Pakistan with Mx 5 TU (RT 19-20-21 in diluent
without Tween 80). The data have been published in a previous
paper (Nyboe, 1960).

either very small or very large, and there are only few
of intermediate size. In other populations, particu-
larly in the tropics, there is a relatively high frequency
of intermediate reactions and the distinction between
the two kinds of reaction is less sharp. The problems
concerning the test dose are simpler to explain when
the two kinds of reaction are well distinguished and
for the purposes of this paper this will be assumed to
be the case, although we do, in fact, believe that the
same considerations apply when the two kinds of
reaction are poorly distinguished.
An example of data from a population in which

the two kinds of response are clearly distinguished is
given in Fig. 1, which shows the distribution accord-
ing to size of the reactions to a Mantoux test with
5 TU of RT 19-20-21 (in diluent without Tween 80)
among children 10-14 years old in West Pakistan.
The reactions are clearly concentrated in two groups:
one group comprising the reactions measuring 0-7
mm, the other group comprising those measuring
14 mm or more, whereas there are only few reactions
in the intermediate zone of 8-13 mm. This bipartite
reaction pattern indicates that the population is
composed of two categories as illustrated in the
lower two sections of the figure: a category of " non-
reactors" whose response to the test is seen in the
middle section of the figure, and a category of
" reactors ", whose response is seen in the bottom
section of the figure. The distributions in these two
categories are not based on observations, but merely
on the general biostatistical experience that distribu-
tions tend to " tail off". It should be noted, however,
that the frequency of reactions in the intermediate
zone 8-13 mm is so low that there is very little room
for variation in judgement when estimating the tail-
ends of the two distributions. It would also appear
that it is possible to separate the two categories of
persons from each other by means of the test
reactions with only few errors. A limit of separation
at about 10 mm would seem to be best (using the
term " best " in the sense described in the intro-
duction), because with this limit the errors in classifi-
cation are few-both among reactors and among
non-reactors.

Using this limit, the low-dose tuberculin test could
be accepted as a very reliable test if it were established
that in fact the reactors are persons infected with
tubercle bacilli, and the non-reactors are persons free
from such infection. This has not been established
to the satisfaction of all authorities. Practically
everyone agrees with the first part of the statement,
namely, that the reactors are infected persons, but
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FIG. 2
DISTRIBUTION OF REACTIONS TO THE LOW-DOSE TEST AMONG UNINFECTED
AND INFECTED PERSONS ON THE BASIS OF THE LOW-DOSE HYPOTHESIS

AND THE HIGH-DOSE HYPOTHESIS
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the second part is still in dispute. Those advocating
the use of a low-dose test believe that the non-

reactors are free from tuberculous infection, or more

specifically that the very small proportion of infected
persons found among the so-called " non-reactors "
(persons with reactions under a certain size) is ex-

plained by the overlapping of the tail-ends of the
distributions for reactors and non-reactors as illus-
trated in Fig. 1.
On the other hand, those in favour of a high-dose

test obviously believe that the non-reactors to the
low-dose test comprise an appreciable proportion of
infected persons-namely, those that show large re-
actions only to the high dose. The magnitude of this
proportion depends partly on the population, partly
on the dose advocated, but as an example it may be
mentioned that in 1958 the Medical Research Council
of Great Britain, when testing schoolchildren aged
13-14 years, found 8% positive to 3 TU (of OT),
24% negative to 3 TU but positive to 100 TU, and
68% negative to both 3 TU and 100 TU. If, there-
fore, a positive reaction to 100 TU is taken to
indicate infection, a quarter of the non-reactors to
3 TU are infected and the estimated frequency of
infection is four times as high as the estimate based
on the low dose of 3 TU. It is not claimed that these
data are representative, but they serve well to illus-
trate that the high-dose test may lead to very different
results from the low-dose test. Further data concern-
ing sensitivity to a high dose of tuberculin (100 TU)
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may be found in a previous paper (Nyboe, 1960). It
appears from these data that the percentage of
" positive " children based on the 100 TU test-with
a lower limit for " positive " reactions at 8-10 mm-
is very often more than twice that based on the low-
dose test.
The difference between the views of those who

advocate a low-dose test (" low-dose hypothesis ")
and the views of those who advocate a high-dose test
(" high-dose hypothesis .) may be expressed in terms
of the low-dose reactions only, as illustrated in Fig. 2.
According to the low-dose hypothesis, the infected
persons show a homogeneous response to the low-
dose test-as represented by the unimodal curve.
Those who advocate a high-dose test, on the other
hand, assume that infected persons show a bimodal
response to the low-dose test: a proportion of those
infected show large reactions, whereas others show
small reactions (and large reactions only to a high
dose).

Unfortunately, there is at present no direct evi-
dence available to prove that the reactors to the low-
dose test are infected with tubercle bacilli and that
the non-reactors to this test are uninfected. In order
to produce such evidence it would seem necessary to
carry out investigations similar to those made by von
Pirquet 50 years ago, namely, post-mortem examina-
tions of persons whose reactions to the low-dose test
had been measured within a relatively short period
before death.

LOW-DOSE HYPOTHESIS HIGH-DOSE HYPOTHESIS

Uninfected

Infected
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There is, however, much indirect evidence in sup-
port of the low-dose hypothesis. First, it has been
demonstrated that when persons known to have been
infected with tubercle bacilli-namely patients in
tuberculosis hospitals-are tested with the low-dose
test they respond in the same way as the reactors
among the children whose reactions were shown in
Fig. 1.

Secondly, it is known that the proportion of re-
reactors to the low-dose test depends on contact
with tuberculosis. This was first established by
Palmer (1953) who grouped student nurses into 3
categories according to the degree of contact with
tuberculosis reported by them and found a low
proportion of reactors to 5 TU of PPD-S among
those reporting no known contact with cases of
tuberculosis, a higher proportion of reactors among
those with intermediate contact, and the highest
proportion of reactors among those reporting close
contact. In contrast, when the non-reactors to the
5 TU test were tested with a high dose of 250 TU the
response was the same in all 3 categories. A cor-
relation between the proportion of reactors to the
low-dose test and the degree of contact with tuber-
culosis has also been reported among British recruits
(Pollock, Sutherland & D'Arcy Hart, 1959). In a
recent tuberculosis survey made in Kenya (Roels-
gaard & Nyboe, 1961), the same trend was found, in
this instance not based on reported history of con-
tact but on direct observation: in households, where
acid-fast bacilli were found in the sputum of one of
the household members, the proportion of reactors
to the low-dose test in children under 10 years of age
was about six times as high as in households where
no such bacilli were found.
A close correlation between pulmonary calcifica-

tions and reactions to the low-dose test has also been
demonstrated in a paper published by the Danish
Tuberculosis Index (1955). In this paper the fre-
quency of persons with pulmonary calcifications
seen on photofluorograms was tabulated according
to the size of reaction to Mx 10 TU (RT 22 in diluent
without Tween 80). In persons aged 15-44 years, the
frequency of calcifications was very low among those
with small reactions, but rose sharply among persons
whose reactions were exactly intermediate in size
between those of non-reactors and those of reactors.
In persons over 45 years of age, the relation between
the size of the tuberculin reaction and the frequency
of pulmonary calcifications was less clear-cut, but it
is not known whether this is because in older persons
a higher proportion of calcifications are of non-

tuberculous origin or represent extinct infection, or
whether it is because the tuberculin test is less
reliable in older persons.

It will be apparent that the above-mentioned data
indicate a close correlation between infection with
tubercle bacilli and response to the low-dose tuber-
culin test, but they are not sufficient to establish a
cause-and-effect relation between the two pheno-
mena. In particular, the data do not exclude the
possibility that there is an appreciable proportion of
infected persons among the non-reactors to this
test. Indeed this is difficult to disprove because it is
generally accepted that tuberculous infection may
take place without the person infected showing
symptoms of tuberculosis or signs demonstrable by
X-ray, bacteriological or other examination, except
tuberculin testing. Thus, even if it could be shown
conclusively that the non-reactors to the low-dose
test include only a very small proportion of persons
with definite symptoms of tuberculosis, it could still
be maintained that they include an appreciable
proportion of infected persons, the only evidence of
infection being that they react to a high dose of
tuberculin.

APPROACH USED BY AUTHOR

In this paper, therefore, no attempt has been made
to base the argumentation on a comparison between
results of tuberculin testing and results of other
diagnostic examinations. Instead, the analysis con-
sists of a comparison between the tuberculin reactions
among persons living in the same household. More
specifically, the degree of association between
" positives' reactions to the low-dose test among
children and adults of the same households is studied,
using different criteria of " positivity ". The rationale
of this approach is as follows: If "positive" and
" negative " tuberculin reactions corresponded close-
ly to the presence and absence of tuberculous infec-
tion one would expect that in households where the
adults were tuberculin positive there would be a
higher proportion of " tuberculin-positive " children
than in households where the adults were " tuber-
culin-negative ". One would also expect that the
more closely the classification into " positive" and
""negative " reactions corresponded to the presence
and absence of tuberculous infection, the greater
would be the difference between the proportions of
" positive " children in the two categories of house-
hold; in fact this difference should attain a maximum
value when the errors in classification are at a mini -
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mum. By comparing the percentages of " positive "
children in households with " positive " and " nega-
tive " adults for different criteria of " positivity ", it
would therefore seem possible to find that criterion
which separates the infected and uninfected persons
with a minimum of errors.

This method of analysis has been applied below to
some data obtained by testing a population in
Kenya with a low dose of tuberculin. It might have
been desirable to present a similar analysis based on
results of testing with a high dose, but although
some testing with a high dose was done in this
population, the number of observations was too low
to give meaningful results in the analysis by house-
holds. Instead the comparison with the high-dose
data was made in an indirect way.

The low-dose test was a Mantoux test with I
tuberculin unit (Mx 1 TU). The tuberculin used was
a PPD, lot RT 23, prepared by the Statens Serum-
institut, Copenhagen; 1 TU of this tuberculin is
equal to 0.02 ,ug. The dose in 0.1 ml of buffer diluent
to which 0.005 % of Tween 80 had been added was
injected intradermally in the middle dorsal area of
the left forearm. The test was read after 3-4 days by
measuring in millimetres the transverse diameter of
the induration. A second tuberculin test with a dose
of 20 TU was given to approximately half of those
persons who had an induration of less than 10 mm
in the first test. The second test was given in the
right forearm and it was read in the same manner
as the low-dose test.

MATERIAL AND METHODS

The study population was drawn from the popula-
tion examined during a tuberculosis survey in Kenya.
The selection of this population has previously been
described in detail (Roelsgaard & Nyboe, 1961);
for the purpose of this paper it is sufficient to mention
that the population was selected at random in order
to form a representative sample of the Kenya
population, that it consisted of 17 sample groups
scattered over the country, and that each sample
group comprised all persons living within a cluster
of houses.
The results of tuberculin testing (and other

examinations) were recorded on individual cards but
during the registration of the population the house-
holds were numbered consecutively; these numbers
were entered on all individual cards and it was thus
possible to analyse the results according to house-
holds.

Included in the present study were only households
where one or two adults (persons 20 years of age or
more) were tested with the low-dose test. Further-
more, in the households included only the data for
children 0-9 years of age and for adults 20 years of
age or more were used. The data for persons aged
10-19 years were excluded because it was thought
that the tuberculin reactions in this age-group were
only weakly correlated with the reactions among the
adults and the children. After these exclusions the
study population comprised 235 households with one
adult and the number of children tested in these
households was 532. The number of households
with two adults was 503; in these households 1395
children were tested.

RESULTS OF ANALYSIS

The distributions by size of the reactions to
Mx 1 TU among children and adults in households
with one and two adults are given in Appendix 1,
Table A, and the combined distributions for children
and adults are shown in Fig. 3. The distributions
resemble closely those already shown in Fig. 1, in

FIG. 3
DISTRIBUTIONS OF REACTIONS TO Mx I TU

(RT 23 IN DILUENT WITH TWEEN 80)
AMONG CHILDREN AGED 0-9 YEARS AND ADULTS

A GED 20 YEARS AND OVER IN THE STUDY POPULATION
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so far as they are bipartite with a low frequency of
reactions in the range 8-11 mm. The proportion of
reactors among the adults is nearly 60 %, among the
children only 8 %.
The results of tabulating the frequency of " posi-

tive" children according to the number of " tuber-
culin-positive " adults in the household, for different
criteria of "positivity ", are given in Appendix 1,
Tables B and C. These tables are somewhat com-
plicated and may require some explanation. In
Table B, in order to obtain the data taking a 4-mm
induration as the lower limit of a "positive"
reaction, the households were first classified in two
groups according to the size of the reaction in the
adult: those where the reaction was between 0 and
3 mm and those where the reaction was 4 mm or
more. In each of the two groups a count was made
of the number of children tested and the number who
were " positive" (again taking 4 mm as the lower
limit of a " positive " reaction). In order to obtain
similar data taking 5 mm as the lower limit of
" positivity ", a reclassification of the households
was made, those where the adult had a reaction of
4 mm being transferred from the category " adult-
positive" to the category " adult-negative ". A
count was then made of the number of children tested
and of the number of "positive " children in each
category, this time taking 5 mm as the lower limit of a
" positive " reaction. The process of reclassification
was then repeated to obtain data based on a 6-mm
induration as the lower limit of positivity, and so on.
The data for Table C were obtained using the same
principles, except that as there were two adults
to each household there were now 3 categories,
namely households where none of the adults was
" positive ", households where only one of the adults
was " positive ", and households where both adults
were " positive ".
The data are summarized in Fig. 4, which shows

the percentages of "positive" children in the
different categories of household as well as the ratio
between these percentages, with the limiting size of
induration taken as a criterion of "positivity "
ranging from 4 mm to 16 mm. In the households
with one adult only and where this adult was
" positive ", the percentage of " positive " children
decreases with increasing size of the induration taken
as the limit between " negative " and " positive "
reactions. In the households where the adult was
" negative ", the percentage of " positive " children
is lower and the trend is also different; the percentage
decreases from 4 mm to 9-10 mm and thereafter it

FIG. 4
PERCENTAGES OF "POSITIVE" CHILDREN

IN HOUSEHOLDS WITH ONE OR TWO "POSITIVE" ADULTS
AND IN HOUSEHOLDS WITH ONE OR TWO

" NEGATIVE" ADULTS FOR DIFFERENT CRITERIA
OF POSITIVITY TO THE Mx I TU TEST, WITH THE RATIOS

BETWEEN THE PERCENTAGES

increases slightly. As a consequence, the ratio
between the two percentages (shown in the lower
part of the figure) reaches a maximum at 9-10 mm.
Much the same trends are found in the households
where the two adults are both " positive " and both
"negative " (the data for households with one
"positive" and one "negative" adult are not
shown in Fig. 4). The findings may be summarized
by saying that there is a correlation between " posi-
tive " reactions among the adults and the children
for all sizes of induration taken as criteria of " posi-
tivity " shown, but the correlation reaches a maximum
when the limiting size between "positive" and
"negative " reactions is set around 10 mm.
As this is also the limiting size that gives the best

separation between " reactors " and " non-reactors "
to the low-dose test as outlined in Fig. 1, these find-
ings would seem to support the hypothesis that the
reactors to this test are the infected and the non-
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reactors are the uninfected. However, the analysis fected and uninfected children and adults (presented
may be carried further than this, as has been done under " Low-dose hypothesis " in Table 1 below).
below for households with 1 adult only. As a first These estimates were obtained by dividing the
step, the " low-dose hypothesis " was given a more observed distributions (given in Appendix 1, Table A)
explicit formulation by estimating the distributions into two parts-one for uninfected, one for infected;
by size of reaction to the low-dose test among in- the division was made by eye, in such a way that

TABLE 1

REACTIONS TO Mx 1 TU AMONG ADULTS AND CHILDREN IN HOUSEHOLDS WITH 1 ADULT,
CLASSIFIED AS INFECTED OR UNINFECTED ACCORDING TO THE LOW-DOSE AND THE HIGH-DOSE HYPOTHESES

Diameter Low-dose hypothesis High-dose hypothesis
of Adults Children Adults Children

(mm) Infected Uninfected Infected Uninfected Infected Uninfected Infected Uninfected

0 42 - 314 19 23 24 290

1 - 3 - 73 2 1 5 68

2 - 19 - 70 11 8 17 53

3 - 11 - 14 6 5 5 9
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2

1
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_
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7

2

1
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_ 1
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_ 5
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Totals 133 102 43 489 197 38 106 426
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both distributions were smooth and regular in shape.
It may now be shown that the observed data on

percentages of " positive " children agree well with
the " low-dose hypothesis ", making the additional
assumption that the probability that a child is
infected in households where the adult is infected is
of a different order of magnitude from the pro-

bability in households where the adult is un-

infected. If the two probabilities were known, as

well as the distributions by size of the low-dose
reactions among the infected and the uninfected, it
would obviously be possible to compute the expected
proportions of " positive " children in households
where the adult is "positive " and " negative"
respectively, taking any size of induration as the
limit between " positive " and " negative " reactions.
As the probabilities were unknown, estimates had
first to be made (by the method of least squares),
the expected proportions of "positive " children
being subsequently derived by simple calculation.
The details of these calculations are given in

Appendix 2 and a comparison between the observed
and the computed figures is shown in Table 2. The
agreement between the 2 sets of figures is very good.
The observed data thus agree well with the " low-

dose hypothesis ". It may be asked, however, whether
this agreement is decisive or whether these data are

perhaps so flexible that they could be made to fit the
" high-dose hypothesis " too? In order to examine
this possibility, a more precise formulation of the
"high-dose hypothesis " was necessary. To do
this, it was first assumed that reactions measuring
10 mm or more to either the 20 TU test or the 1 TU
test indicate infection. Using this criterion of
infection the estimated distributions by size of the
reactions to the low-dose (1 TU) test among infected
and uninfected were computed by means of the
correlations given in Appendix 1, Tables D and E.
An example will illustrate the principle: In the whole
material there were, according to Appendix 1,
Table D, 99 adults with a reaction of 0 mm to 1 TU
and 44 of them (44.40Y) had reactions measuring
10 mm or more to the 20 TU test. In the households
with 1 adult, 42 adults had a reaction of 0 mm to
1 TU and, using the criterion mentioned above, 19
of these (44.4%) are infected and the remaining 23
uninfected. The total distributions by size of the
low-dose reactions thus obtained are given under
"High-dose hypothesis " in Table 1.
By the same method as described for the " low-

dose hypothesis ", the observed data were analysed
to see whether they agree with the " high-dose

hypothesis". However, the equations resulting
from applying the principle of least squares led to a
negative estimate of the smaller probability. As this
is meaningless, it was concluded that the observed
data contradict the hypothesis made.
A modification of the high-dose hypothesis was

then made: it was assumed that only the 20 TU
reactions measuring 15 mm or more (as well as 1 TU
reactions measuring 10 mm or more) indicate
infection. However, this led again to a negative
estimate of one probability and this hypothesis was
therefore also rejected. Even the hypothesis that the
lower limit of 20 TU reactions indicating infection is
19 mm could be rejected on the same grounds. Not
until the lower limit of 20 TU reactions indicating
infection was assumed to be as high as 20 mm was a
reasonable agreement with the observed data
obtained. On this hypothesis, the estimated number
of infected adults and children with I TU reactions
less than 10 mm are as shown in Appendix 3 (all
persons with 1 TU reactions of 10 mm or more are
assumed to be infected). The following estimates of

TABLE 2
OBSERVED AND CALCULATED PERCENTAGES
OF "POSITIVE" CHILDREN IN HOUSEHOLDS
WHERE THE ADULT WAS " NEGATIVE"

AND IN THOSE WHERE THE ADULT WAS "POSITIVE",
USING DIFFERENT CRITERIA OF POSITIVITY

IN THE LOW-DOSE TEST

Lower limit Observed percentages Calculated percentages
of positive for households in for households in
reactions which adult is which adult is
to Mx 1 TU

(mm) " negative"|" positive" "negative" " positive"

4 5.8 14.2 6.1 13.9

5 4.1 12.1 3.7 12.1

6 3.8 12.5 3.5 12.5

7 3.2 12.4 3.2 12.3

8 3.2 12.2 3.1 12.3

9 2.7 12.1 2.8 12.0

10 2.6 12.1 2.8 12.1

11 3.4 11.5 2.9 11.9

12 3.3 11.7 3.1 12.0

13 3.1 11.9 3.4 11.7

14 3.3 12.2 3.8 11.7

15 4.1 11.2 4.2 11.2

16 4.3 11.0 4.4 10.9
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the probabilities of a child being infected are ob-
tained: 12.7% in households where the adult is
infected, 1.0% in households where the adult is
uninfected. With these values, the computed per-
centages of " positive " children are as shown in the
lower half of Table G, Appendix 3. The agreement
with the observed percentages is good. But it may
be shown that a better agreement between observed
and computed figures is obtained when the lower
limit of 20 TU reactions indicating infection is set
at 21 mm and an even better agreement is reached
when the limit is set at 22 mm or 23 mm. This is
shown in Appendix 3. As a measure of the agree-
ment between the observed and the computed per-
centages, the sum of the squared differences is used
and it is seen that this diminishes consistently when
the limit is pushed up. With the limit at 23 mm there
is hardly any difference between the low-dose hypo-
thesis and the high-dose hypothesis; the number of
infected adults is 133 according to the first hypo-
thesis and 135 according to the second, and the
number of infected children is the same (43) accord-
ing to both hypotheses. Even so, the sum of the
squared differences is slightly higher for the high-
dose hypothesis than for the low-dose hypothesis
(1.80 as against 1.72).

SUMMARY AND CONCLUSIONS

It appears from the data presented that there is a
higher percentage of " tuberculin-positive " children
in the households where the adults are " positive "
than in the households where the adults are " nega-
tive ". This is true no matter where the limit between
" positive " and " negative " reactions to the low-dose
test is set in the whole range between 4 mm and 16
mm. But the ratio between the percentages of
children " positive " to this test in the two categories
of households is largest when the limit between
" positive " and " negative " reactions is set around
10 mm. This coincides with the point where the size
distributions of low-dose reactions indicate the best
distinction between " reactors " and " non-reactors "
to this test. These findings would seem to confirm
that the " reactors " and the " non-reactors " to the
low-dose test are those infected with tubercle bacilli
and those uninfected, respectively.
For a more detailed analysis the assumption was

made that the probability of a child being infected
depends on whether or not the adult in the house-
hold is infected (but not on the size of reaction found
in the adult). If, in addition, certain assumptions are

made concerning the shape of the distributions by
size of reaction to the low-dose test among infected
and uninfected persons, the probability of a child
being infected can be estimated and the expected
percentages of " positive " children in households
where the adult is "positive" and "negative"
respectively can be computed for different limits of
positivity. A comparison between the observed and
the computed percentages would thus indicate
whether or not the hypothesis made is acceptable.
When this procedure was applied to the low-dose
hypothesis, i.e., the hypothesis that " reactors " to
the low-dose test are infected and " non-reactors"
are uninfected, a very good agreement between
observed and computed percentages was found,
indicating that this hypothesis is acceptable. This
agreement would also seem to lend support to the
other assumption made, namely that the probability
of a child being infected depends on whether or not
the adult in the household is infected, but not on the
size of his tuberculin reaction (at least within the
range studied).

If, on the other hand, the assumption is made that
reactions to Mx 20 TU measuring 10 mm or more
indicate infection, the distributions by size of the
I TU reactions among infected and uninfected
children and adults can be estimated by means of the
correlation observed between 1 TU and 20 TU
reactions. But when these distributions were used,
a negative estimate was obtained of the probability
of a child being infected in households where the
adult is uninfected. As this is absurd, the hypo-
thesis was rejected.
When the high-dose hypothesis was modified,

taking the lower limit of 20 TU reactions indicating
infection as more than 10 mm, the same result was
found for limits up to 19 mm. With a limit as high
as 20 mm a reasonable agreement with the observed
data was obtained, but the agreement became still
better when the limit was pushed further up the scale;
in fact the best agreement was reached when the
limit was pushed so far that there were no 20 TU
reactions above the limit, which is equivalent to
disregarding the 20 TU reactions. This trend for the
various versions of the high-dose hypothesis con-
stitutes a very strong argument for adopting the low-
dose hypothesis. The data presented here thus
indicate that the low-dose test is best suited for the
purpose of distinguishing between infected and un-
infected persons; if a high-dose test is applied as a
second test this will result in less satisfactory dis-
crimination.

537



J0RGEN NYBOE

The analysis of the present data indicates that only
a few infected persons have small reactions to the
low-dose test. As a corollary to this result, the
existence of some tuberculin sensitivity among un-
infected persons is proven. The change in the
sensitivity pattern when the dose is increased from
1 TU to 20 TU, as seen in Appendix 1, Tables D and
E, cannot be explained by changes in the reactions of
the few infected persons, but must involve a large
proportion of those tested. It follows that an
appreciable proportion of the uninfected gave an
increased reaction when the dose was increased,
or in other words that they lhad a weak degree
of sensitivity to tuberculin.
As the use of a low dose of tuberculin is advocated

in this paper, it would seem wrong to finish without
pointing out that there is definitely also a limit to
how low the dose can be. In all the data shown
here, the average size of reaction to the low dose
among the reactors is around 17-19 mm. This size
will normally ensure that the reactors are well
distinguished from the non-reactors. If, on the other
hand, the average falls much below this level the
reactor component is located too low on the scale

and as a consequence the distinction between the
non-reactors and the reactors is obscured.
There may be several reasons for reactions being

too small. In most instances, the reason is probably
that the tuberculin preparation used is below
standard, but it is also possible that the injection
technique is not adequate, for example, that the
injection is made too deep or that the volume injected
is too small. It may also be that the reading of the
reaction is not carefully done-that only a part of
the area of induration is included in the measurement.

Fortunately, it is relatively easy for those who
wish to control their testing technique to do so. A
group of about 50 reactors is enough for this purpose,
for example, a group of 50 patients in a tuberculosis
hospital, or a group of schoolchildren or a sample of
the general population large enough to comprise
50 reactors. When the reactions are read, they should
not be classified as " positive " and " negative " but
the diameter of induration should be carefully
measured. If the reactors show a mean in-
duration of 16-20 mm and a standard deviation
of 3-4 mm, the testing technique may be considered
adequate.

RItSUMI!

Bien que l'epreuve A la tuberculine soit utilisee depuis
plus de 50 ans l'accord ne s'est pas encore fait sur la dose
A utiliser. Pour certains auteurs une petite dose, corres-
pondant A 3 UT de l'etalon international de PPD, est la
meilleure, tandis que pour d'autres il est necessaire
d'utiliser des doses beaucoup plus fortes, correspondant
A 100, A 1000 UT, ou davantage.

L'auteur presente une methode personnelle d'analyse
statistique. Elle consiste A evaluer la frequence des reac-
tions positives chez les enfants appartenant A des familles
ou les adultes presentent des reactions respectivement
positives ou negatives. Le raisonnement est le suivant: si,
apres injection de petites doses (1 UT de PPD) les reac-
tions positives ou negatives des enfants correspondent A
la presence ou A l'absence d'infection tuberculeuse l'on
doit s'attendre A trouver bien plus d'enfants # positifs )
dans les familles ou les adultes sont eux-memes # positifs >

que dans celles ou ils presentent des reactions negatives.
Cette methode a et appliquee par l'auteur au cours

d'une enquete sur la tuberculose au Kenya. Les observa-
tions effectuees ont montre que le pourcentage d'enfants

<<positifso est effectivement plus eleve au sein des familles
oh les adultes sont eux-memes < positifs # que dans celles
oh ils presentent des reactions negatives. Ceci est vrai
meme si l'on fait varier de 4 a 16 mm le diametre de
l'induration a partir duquel une reaction est consideree
comme positive. Cependant le rapport est le plus etroit
lorsque l'on choisit comme limite entre les deux categories
de reactions un diametre de 10 mm.

L'analyse peut d'ailleurs etre poussee plus loin et
l'auteur montre que les statistiques de ce type peuvent
etre utilisees pour evaluer la vraisemblance d'une hypo-
these donn&e sur les reactions tuberculiniques chez des
sujets infectes ou non infectes. En comparant ainsi un
certain nombre d'hypotheses on a pu etablir que les
sensibilites A la tuberculine correspondent aux reactions,
positives ou negatives, apparaissant apr&s injection de
petites doses. I1 semble donc bien que l'epreuve utilisant
une petite dose de tuberculine soit, lorsqu'il s'agit de
distinguer les sujets infectes des sujets non infectes, plus
precise que celle utilisant une forte dose.
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Appendix 1
TABLE A

DISTRIBUTION OF SIZE OF REACTIONS TO Mx 1 TU (RT 23 IN DILUENT WITH TWEEN 80)
AMONG CHILDREN (0-9 YEARS) AND ADULTS (20 YEARS AND OVER) IN HOUSEHOLDS WITH I AND 2 ADULTS

c 0
m ~~~~~~~~~~Diameter of induration (mm)

co0

z m
0 1 2 3 4 5 6 7 8 9 10 1112 1314 1516 17 1819 2021 22 23 2425 26 2728+

1 0-9 31473700421421 21212-1-1-2121 553 93 5 12 1- -2 532
20 and
over 42 319 11 894 32 1 53 561 069916 912 19 8133 1- 4-- 4 235

2 0-9 772 162210 67 29 19 14 4 1 - 3 7 2 4 7 8 10 8 16 6 10 7 6 8 4 3 4 1 3 1 395
20 and
over 1160 196348 3924 12 198 8 21 29 23 2728 34 586541 33 6940 3734 2221 8 9 7 1 006

TABLE B

NUMBER OF TUBERCULIN-TESTED CHILDREN AND NUMBER OF " POSITIVE " CHILDREN IN HOUSEHOLDS

WITH ONE "NEGATIVE " OR ONE " POSITIVE " ADULT, FOR DIFFERENT CRITERIA OF POSITIVITY TO Mx TU

Category of [Category of 1Diameter of induration (mm) taken as lower limit of " positive " reaction

household_ cildren___a 4 5 .6 7 8 9 10 11 12 13 14 15 16

"1Negative " Tested 172 193 212 217 220 225 227 237 242 254 270 291 305
adult " Positive " 10 8 8 7 7 6 6 8 8 8 9 12 13

"1Positive " Tested 360 339 320 315 312 307 305 295 290 278 262 241 227
adult " Positive " 51 41 40 39 38 37 37 34 34 33 32 27 25

a Tested = number of tested children in the household category; " positive " = number of " positive " children in the house-

hold category. For further explanation see page 534.

TABLE C
NUMBER OF TUBERCULIN-TESTED CHILDREN AND NUMBER OF "POSITIVE" CHILDREN IN HOUSEHOLDS

WITH TWO "NEGATIVE" ADULTS, ONE "NEGATIVE" AND ONE "POSITIVE" ADULT OR TWO "POSITIVE" ADULTS,
FOR DIFFERENT CRITERIA OF POSITIVITY TO Mx I TU

Category of Category of Diameter of induration (mm) taken as lower limit of" positive " reaction
househld chidren a

4 5 6 7 8 9 10 11 12 13 14 15 16

Two " negative" Tested 143 173 198 215 245 251 264 277 310 341 369 415 484
adults " Positive " 11 9 9 7 8 8 8 8 10 11 16 16 21

One" negative" and Tested 525 564 576 570 572 581 579 613 645 649 681 660 629
one"positive" adult " Positive " 40 42 36 32 30 33 33 35 37 36 40 37 26

Tested 727 658 621 610 578 583 552 505 440 405 345 320 282
Two "positive" adults

"Positive " 133 104 91 83 80 76 76 71 60 58 45 41 39

a Tested = number of tested children in the household category; "1positive" number of positive children In the household
category. For further explanation see page 534.
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TABLE D
CORRELATION BETWEEN SIZES OF REACTIONS TO THE Mx I TU AND THE Mx 20 TU TESTS

AMONG ADULTS (20 YEARS AND OVER) (COMBINED DATA FOR HOUSEHOLDS WITH I AND 2 ADULTS)

Mx 20 TU test: diameter of induration (mm)
Total

0 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25

0 194 5 531 54 635 5 53 4 53 3 131 5 -- I- 99

E 1 ----2 2.1--- ---I- -- 1- 1- 3 --- 10

E2 6 - 53 1 1I---3 2 4- 53 1- - 2- - 1- - 39

60
4 - ---1I 1- --1 1 -2 12 3 -1- 32 - -I 2- 21

5..1-- -II112- 13 2 11 1 -- 2 16
0

8.21 -1 4

Total] 28 5 12 12 7 5 7 5 6 4 10 7 14 8 15 19 4 10 11 14 10 8 8 2 3 5 ~239

TABLE E
CORRELATION BETWEEN SIZES OF REACTIONS TO THE Mx I TU AND THE Mx 20 TU TESTS

AMONG CHILDREN (0-9 YEARS OF AGE) (COMBINED DATA FOR HOUSEHOLDS WITH I AND 2 ADULTS)

01 ~~~~~Mx20 TU test: diameter of induration (mm)

0 221 5865 26 1914 7 410 875 54 3 5411 - 1.----- 468

1 48 1911 11 17 11 2 -1- - 2-1 2 1.-------- 108
E
E2 28 911 9 3 123 2 11 3 6 4 2 1- 3 1-1.---91

3 8 24 32 -1I- 2-2 11 2 1- 2-31.--35
4 4 -211 -I-----1. 3- 3- 2-3.--- 20

'8-.
6 1 .1 - 1- - I4

E7...
8.I.

9.-

Total 310 8893 5026 22 12 9 18 9 11 10 1515 9 7 12 7 9 1 2.735
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Appendix 2

EXPLANATION OF THE METHOD OF STATISTICAL ANAL YSIS USED
FOR EVALUATION OF THE LOW-DOSE HYPOTHESIS

The " Low-dose hypothesis " is used as an illustra-
tion of the statistical procedure adopted for evalua-
tion of a hypothesis concerning the shape of the
distributions of Mx 1 TU reactions among infected
and uninfected persons. From the data given in
Table 1 (page 535) under " Low-dose hypothesis ",
the following 4 proportions are computed for each
limit of " positivity ":
P1-The expected proportion of uninfected adults

among "negative " adults. (When the lower
limit for " positives " is taken as an induration

75
of 4 mm the expected proportion is -= 1.000,75
when the limit is taken as 12 mm, the propor-

tion is 102 = 0.927).

P2-The expected proportion of uninfected adults
among " positive " adults. (When the lower
limit for "positives " is taken as 4 mm the

expected proportion is 27 = 0.169, when the160
limit is taken as 12 mm the proportion is
0

= 0.000).
125

P3-The expected proportion of " positive " children
among uninfected children. (When the lower
limit for "positives " is taken as 4 mm the

18
expected proportion is 8 = 0.037, when the489
limit is taken as 12 mm the proportion is

0 - 0.000).
489

P4-The expected proportion of " positive " children
among infected children. (When the lower
limit for "positives is taken as 4 mm the

43
expected proportion is 43= 1.000, when the

limit is taken as 12 mm the proportion is
42= 0.977.43

The complete sets of figures are given in columns 1,
2, 3 and 4 in Table F.
The probability of a child being infected in a

household where the adult is uninfected is designated

pu, the corresponding probability in a household
where the adult is infected is designated pi. If these
probabilities were known, it would be possible to
compute:
PA-The expected proportion of infected children

among children in households where the adult
is "negative ": PA = P1 Pu + (1 - P1) pi.
From this figure, it would then be possible to
compute:

P, -The expected proportion of " positives "among
children in households where the adult is
" negative ": Pi = PAP4 + (1-PA)P8 =
pUP1(P4-P3) + pi(l-P1)(P4-P3) + P3.
Similarly, it would be possible to compute:

PB-The expected proportion of infected children
among children in households where the adult
is "positive": PB = P2PU + (1-P2)pi, and

PI-IThe expected proportion of " positives " among
children in households where the adult is
positive ": PII = PBP4 + (1-PB)P3 =

pUP2(P4-P3) + pi(l-P2)(P4-P3) + P3-
As pu and pi are unknown, estimated values for
them may be derived by the method of least squares,
i.e., by seeking the minimum values of the squared
differences between the expected proportions Pi and
PI, and the observed proportions P5 and P6 in
columns 5 and 6 in the table.
This leads to the equations
pUE(P12 + P22) (P4- P3) + piA(P(1 -P1) + P2( - P2)
(P4-P3) = Z(P1P5 + P2P6 - P3(P1 + P2)) and

PUE(PI(l-P1) + P2(1-P2)) (P4-P3) + piE((l - P1)2
+ (l-P2)2) (P4-P3) = ((1-P1) P5 + (l-P2fP6
- P3(l-P1 + 1-P2)).

The coefficients of pu and pi and the constants in the
first equation are shown in columns 7, 8 and 9, and
the corresponding figures for the second equation
are shown in columns 10, 11 and 12. The resulting
equations are

1.00 pu + 1.192 pi= 0.4219
1.192pu+ 11.78pi= 1.480

which have the solutions pu = 0.025 and pi = 0.123.
When these values are applied to the expressions

for PI and PIl the figures shown in columns 13 and 14
are obtained.
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Appendix 3

TABLE G

RESULTS OF INVESTIGATING THE HYPOTHESES THAT THE LOWER LIMIT OF Mx 20 TU REACTIONS
INDICATING INFECTION IS 20, 21, 22 AND 23 mm, RESPECTIVELY

Size of Lower limit of Mx 20 TU reactions indicating infection assumed to be
reaction 20 mm 21 mm 22 mm 23 mm
A(mm) Adults Children Adults Children Adults Children Adults Children

0 3 1 3-----

1 1 -1 -1 - --

2 1 1 1 -1 - - -

3 2 - 2 -2 - --

Estimated number of 4 2 _ 1 1 - 1 -

infected persons with 2 1I TU reactions less than 5 3 2 2
10 mm based on Ap- 62pendix 1, Tables DadE 6 2 a n d _

7 1 _ _ _ _ _ _ _

8 1-1-----

Total 16 2 11 | 7 - 2 -

Calculated values of: pu 0.010 0.015 0.019 0.024

pi 1 0.127 0.122 0.122 0.122

Size of Households in Households in Households in Households in
reaction which adult is which adult is which adult is which adult is

to Mx I TU
(mm) "neg." p. "neg. pos." neg." "pos." "neg." "pos."

4 5.6 14.2 6.1 14.0 6.1 14.0 6.0 14.0

5 3.3 12.3 3.7 12.1 3.7 12.1 3.7 12.1

6 3.4 12.5 3.6 12.4 3.7 12.4 3.6 12.4

7 3.2 12.3 3.2 12.3 3.2 12.3 3.2 12.3

8 3.0 12.3 3.0 12.4 3.0 12.3 3.0 12.3

9 2.7 12.1 2.7 12.1 2.6 12.1 2.6 12.1
Computed percentages
of "positive" children 10 2.7 12.1 2.7 12.2 2.6 12.2 2.6 12.2

11 3.1 11.8 3.0 11.9 3.0 11.9 3.0 11.9

12 3.3 11.8 3.3 11.9 3.2 11.9 3.2 11.9

13 3.6 11.6 3.6 11.6 3.5 11.6 3.5 11.6

14 4.0 11.6 4.0 11.6 3.9 11.6 3.9 11.6

15 4.4 11.0 4.3 11.1 4.3 11.1 4.3 11.1

16 4.5 10.7 4.5 10.8 4.5 10.8 4.5 11.0

Sum of squared differences between
observed and computed percentages [ 2.59 [ 2.13 1.86 1.80


