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The Problem of Comparing Tuberculins
for Potency *

GERARD WIJSMULLER'

A total of 1183 patients in a mental hospital who had 10 years earlier participated in a
study of isoniazid prophylaxis were given 2 tests, one containing a standard dose of a
reference tuberculin, the other containing one of 3 concentrations of a preparationl of
tuberculin for assay. Combinations were assigned at random to groups that were selected
to be as similar as possible with respect to age, sex, previous reaction to tuberculin, and
history ofisoniazid orplacebo medication. The report discusses theproblem ofcharacterizing
the new preparation in relation to the standard on the basis of limited information, as
collected in a population that had acquired sensitivity to tuberculin, not only by infections
with Mycobacterium tuberculosis but also by infections with non-tuberculous myco-
bacteria. After various analytical approaches were rejected, a method was developed that
classifies subjects on the basis of the sum of the reactions to the reference and the assay
preparations in both the infected and the non-infected, and in which the difference between
the three sets of tests is used to calculate the potency ratio between the two groups.

This article deals with problems encountered when
a new batch of tuberculin is assayed in human sub-
jects against the International Standard of Purified
Protein Derivative of Tuberculin (PPD-S). Although
the antigen used in this study (DT 612) will not be
released for use in man, the method of analysis
developed in the course of the study appears to be
of interest in relation to the general problem of
bioassays in man.

It is known that people acquire tuberculin sensi-
tivity through infection with different species of
mycobacteria; however, the user of the tuberculin
test is interested only in the identification of Myco-
bacterium tuberculosis infections. An efficient tuber-
culin test must therefore elicit a reaction in all per-
sons infected with tubercle bacilli, but no reaction,
or only a negligible one, in those who have been
infected with non-tuberculous mycobacteria. The
full characterization of any batch of tuberculin
therefore involves an estimation of the potency ratio
between the new batch and the standard in persons
infected by tubercle bacilli as well as in those who
have not been infected by tubercle bacilli but who
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Md., USA.
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have been infected by non-tuberculous mycobac-
teria. The new preparation will be more promising
as a diagnostic agent if it is more potent than the
standard in persons infected with tubercle bacilli
and less potent than the standard in those infected
with non-tuberculous mycobacteria.

Since nearly all populations available for bio-
assays of tuberculin have been infected with more
than one species of mycobacterium, one problem is
how to identify persons infected by tubercle bacilli
and how to identify persons infected by non-
tuberculous mycobacteria. This is all the more
difficult since the number of tests that may be given
to each person, the dose in which the antigens may
be used, and the methods that may be followed in
testing and in reading are usually not entirely at the
discretion of the investigator but are determined
by the authority controlling the population to be
tested. Thus, in the study described here, the first
problem was that each person could receive only
2 test injections, one of which had to contain 5 TU
of PPD-S while the other should not elicit a reaction
larger than the standard reaction. These three gra-
tuitous limitations in the design posed a challenge
to the analysis, which led to an exploration and
evaluation of various alternatives that were rejected
for stated reasons. Finally, a fairly simple method
was developed that utilizes the sum of the reaction
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to the standard and the variable tests to classify
subjects as infected or non-infected, while it utilizes
the difference between the two tests for the log dose-
response curve.

MATERIALS AND METHODS

The study population consisted of mental patients
in Milledgeville State Hospital, Milledgeville, Ga.,
USA, who had participated in a study of isoniazid
prophylaxis 10 years earlier. At that time, they had
been tested with a single dose of PPD-S (0.1 ,ug per
0.1 ml), after which isoniazid or placebo had been
assigned by ward. An investigation of the question
whether the year of isoniazid medication had
measurably affected the degree of sensitivity pro-
vides an opportunity to compare the potency of
DT 612 with PPD-S.

It was decided that only 2 tests could be given
to each inmate who had participated in the isoniazid
study and that all patients within a ward would have
to receive the same test combination. One test
injection was to contain 0.1 pg of PPD-S; the
other, one of three dosages of either DT 612 or

D 402.
Since each dosage of the new antigen was to be

used on a different sample of the population, it was
extremely important that the samples should be as

nearly similar as possible. Altogether, 24 groups of
wards were selected in which the populations were

similar with respect to sex, age, previous reaction
to tuberculin and, finally, isoniazid or placebo medi-

cation. The present report concerns only the find-
ings with antigen DT 612, which was used in 12 of
the 24 groups.
Each of two nurses tested 6 of the 12 groups with

DT 612 and PPD-S, using each test combination
twice, the test combination to be used during a

particular session being determined on a random
basis. Test inoculations were alternated between
left and right arms so that if the first person received
PPD-S in the right arm, the next person received
PPD-S in the left arm. All tests were given in the
volar aspect of the forearms, one test in each arm.

In order to reduce variation in the interpretation of
results, all tests were read at 48 hours by a single
reader, only the transverse diameter of the indura-
tion being measured.

OBSERVATIONS

Populatioit

Since each dose of DT 612 was given to a different
sample of participants, the results can be meaning-
fully compared only if the samples can be shown to
be reasonably comparable. Table 1 gives the distri-
bution of participants by age and sex for each dose
of DT 612. It will be seen that the samples tested
with each dose were similar in terms of age.

In Table 2, participants are classified by sex, dose
of DT 612 used for testing, and medication (placebo
or isoniazid) received during the year of treatment.
In relating the number of placebo recipients to those
receiving isoniazid during the treatment year, it can

Table 1. Participants in study, by age, sex, and dose of DT 612

Males Females

Age 0.04 ijg 0.08 ag 0.16 jAg 0.04 ,ug 0.08 iAg 0.16 4g
(years) DT 612 DT 612 DT 612 DT 612 DT 612 DT 612

No. % No. % No. % No. % No. % No. %

10-19 3 1.7 3 1.6 14 9.7 - - 1 0.4 2 0.8

20-29 20 11.6 16 8.4 10 6.9 5 2.6 14 6.0 17 6.8

30-39 35 20.4 42 22.0 22 15.3 29 15.0 40 17.2 42 16.8

40-49 45 26.2 55 28.8 41 28.5 33 17.1 60 25.7 69 27.6

50-59 48 27.9 58 30.3 41 28.5 57 29.6 72 30.9 59 23.6

--60 20 11.6 16 8.4 14 9.7 69 35.7 43 18.5 60 24.0

Other 1 0.6 1 0.5 2 1.4 - - 3 1.3 1 0.4

Total 172 100.0 191 100.0 144 100.0 193 100.0 233 100.0 250 100.0

_l_l__ ,_ I__ I__
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Table 2. Participants in study, by test dose of DT 612, sex, and medication during year of treatment

Males Females
Dose of Placebo Isoniazid Total ~ Placebo Isoniazid TotalDT 612 Plcb Ioizi oa
(Ag) No. % No. % No. % No. % No. % No. %

0.04 71 41.4 101 58.6 172 100.0 74 38.4 119 61.6 193 100.0

0.08 80 41.9 111 58.1 191 100.0 114 48.9 119 51.1 233 100.0

0.16 69 47.8 75 52.2 144 100.0 121 48.4 129 51.6 250 100.0

Total 220 43.4 287 56.6 507 100.0 309 45.6 367 54.4 676 100.0

be seen that males treated with isoniazid and tested
with 0.16 ,ug of DT 612 were under-represented,
while females treated with isoniazid and tested with
0.04 Hg of DT 612 were over-represented.

Fortunately for the particular problem of com-
paring DT 612 with PPD-S, treatment with isoniazid
for 1 year appeared to have had little, if any, effect on
the sensitivity to tuberculin. This may be seen from
Fig. 1 showing the distribution of reactions to 5 TU
of PPD-S among males and females by treatment
with placebo and isoniazid. There exists a con-
siderable sex difference in reaction to tuberculin
but no systematic differences are associated with a
past history of isoniazid treatment. The same obser-
vation (not shown) was made when these compari-
sons were made in the samples tested with the 3
different dosages of DT 612. It was therefore
decided that further analysis should be sex-specific
but without regard to previous treatment (placebo
or isoniazid).
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Reading
Sex-specific correlations of reactions by size of

induration to PPD-S and each of the 3 dosages of
DT 612 for males and for females are given in
Fig. 2, 3, and 4. Examination of these figures reveals
an interesting reader bias-namely, the apparent
rejection of readings of equal size. Both tests given
to each participant were read at the same time and
although the reader did not know the identity of the
products used or the dose that was given, she did
know that the two tests were different. Fig. 5 illus-
trates this reader bias by showing a distribution of
differences in size of reaction between the reactions
to PPD-S and the reactions to 0.16 Mg of DT 612
and PPD-S and 0.08 Mig of DT 612 for persons
reacting with 2 mm or more to either one or both
tests. In males, as well as in females, there is a
virtual absence of reactions having a difference of
0 mm. The only logical explanation seems to be that,
since the reader knew that the two tests given to each

FEMALES

---Placebo (309)
- Isoniozid (367)

0 10

SIZE OF REACTION IN MM OF INDURATION

Fig. 1. Reactions to PPD-S, by sex and medication during year of treatment.
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Fig. 2. Reactions to PPD-S and to DT 612 among males and females (mcg = g)
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282 MALES 376 FEMALES

-15 -10 -5 0 +5 +10 +15 -15 -10 -5 0 +5 +10
DIFFFRENCE BETWEEN REACTIONS IN MM (VARIABLE-PPD-S)

Fig. 5. Differences in size of reactions to PPD-S and DT 612, by sex.

+15

person were different, she concluded, probably un-

consciously, that the two reactions should be
different. Hence, the rejection of reactions of equal
size.

Since reactions in the same size range as reactions
to 0.1 utg of PPD-S were more numerous in combina-
tions containing 0.16 ,sg of DT 612, less numerous
in combinations containing 0.08 ,ug of DT 612, and
virtually absent in combinations containing 0.04 ,ug
of DT 612, the reader bias affected the readings of
these tests in this order. Meanwhile, it is difficult to
say how important this bias is for the further analysis
of the data. Although the bias appears to be of
academic interest rather than of practical conse-

quence, its possible effects will be considered later.

General features of the correlation tables (Fig. 2-4)
A scanning of the 6 correlation tables indicates

3 concentrations of reactions. These are as follows:

(1) Nil, or essentially nil, reactions to both tests;

(2) Reactions of moderate size to PPD-S, in the
range 5-15 mm;

(3) Larger reactions to PPD-S (approximately
16 mm or over).

In each of the correlation tables, the reaction to
PPD-S appears larger than the reaction to DT 612
among persons reacting strongly to tuberculin
(group 3). However, among persons reacting mode-
rately (group 2) the reaction to 0.04 ,ug of DT 612
is considerably smaller, the reaction to 0.08 ,ug of
DT 612 is somewhat smaller, while the reaction to
0.16 ,ug of DT 612 is appreciably larger than the
reaction to 0.1 ,ug of PPD-S.

Evidently, doses of DT 612 and PPD-S that are

equipotent in persons reacting moderately to PPD-S

differ in potency in persons reacting strongly; this
suggests that strong reactors to 0.1 ,ug of PPD-S
have been sensitized to tuberculin through infec-
tions with organisms other than those that have
sensitized moderate reactors. These findings are in
accord with observations made in animal studies
conducted at the experimental laboratory unit of
the Tuberculosis Research Program, in which the
two preparations, DT 612 and PPD-S were com-
pared. In these unpublished studies, DT 612 was
weaker than PPD-S in animals infected with tu-
bercle bacilli but stronger than PPD-S in animals
infected with a variety of non-tuberculous myco-

bacteria. If this interpretation is correct, the potency
ratio between PPD-S and DT 612 should be calcu-
lated separately for the two groups of reactors.

Comparison between DT 612 and PPD-S among

strong reactors

On the assumption that the strong reactors to
PPD-S have acquired their sensitivity to tuberculin
through infection with tubercle bacilli, the difference
in reaction to 0.1 jug of PPD-S and DT 612 among

persons reacting with 16 mm or more to PPD-S was
calculated for every dose of DT 612. These values
were then used to plot a dose-response curve in
order to determine the potency ratio between PPD-S
and DT 612. Fig. 6 shows the results of this plot
for males and females. Although the dose-response
curves for males and females have essentially the
same shape, neither one forms a straight line.
Depending upon which points are considered the
more reliable ones, the potency ratio calculated from
this graph could easily vary by a factor of 2.

This raises a number of questions, the more

important of which are:
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Fig. 6. Mean differences in size of reactions to PPD-S
(mcg = ag).

(1) How good an estimate of the true difference
is the observed difference in size of reaction?

(2) Does the reliability of the observed difference
vary with the dose of DT 612?

It has been shown earlier, in Fig. 5, that one ele-
ment of reader bias, namely the rejection of readings
of equal size, affected the highest dose more than the
lowest. Although this bias may affect the difference
in size of the two reactions in an individual, it is not
clear how this reader bias could affect the mean
difference in size of the two reactions for a group
of persons. Indeed, since each reaction would have
an equal chance to be read as smaller or larger than
its companion, it would seem that this particular
reader bias should not affect the mean difference in
size of reaction to the two tests.
Another factor to be considered is the effect of

adsorption of DT 612 to the wall of the container.
It is well documented that tuberculins are adsorbed
on to glass although this is a much more serious
problem in trichloroacetic-acid-precipitated PPDs
than in ammonium-sulfate-precipitated prepara-
tions. Since DT 612 is an ammonium-sulfate-
precipitated material, adsorption is likely to be
moderate rather than severe but would affect the
lower concentrations proportionally more than the
higher ones. Thus the mean difference in size of
reaction between PPD-S and 0.04 Htg of DT 612 is
likely to be an overestimate of the true difference.

and to DT 612 among strong reactors to PPD-S, by sex

If this is true, the particular point should not have
been plotted on the abscissae at the 0.04-/ig concen-
tration, which was the amount dissolved, but at a
lower concentration, which is the amount present
after adsorption. Therefore, it is possible that the
reliability of the observed difference in size of
reaction to PPD-S and DT 612 varies by dose of
DT 612.

Returning to the first question-namely, how
good an estimate the observed difference in size of
reaction between PPD-S and DT 612 is of the true
difference in size of reaction. Suppose a person has
a true reaction of 16 mm induration to 0.1 utg of
PPD-S. This reaction will be read as 16 mm if there
is no error in testing or reading. However, some
error is usually attached to the testing or reading
procedure, or both, so that the observed reaction is
either somewhat larger or smaller than 16 mm. If
the observed reaction is 16 mm or more it would be
included in the analysis, but if the observed reaction
is smaller then 16 mm it would be excluded. In other
words, using a 16-mm induration to PPD-S as a
size limit, some observations with positive errors
are included while observations with negative errors
are excluded. The average observed reaction will
therefore be an overestimate of the average true
reaction.

Like the reaction to PPD-S, the reaction to DT 612
is also subject to error. There is, however, no size
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limit, so negative and positive errors are all included;
these negative and positive errors will tend to cancel
each other and the average observed reaction is a
reasonable estimate of the true average. But since
the average observed reaction to PPD-S is an over-
estimate, the average difference in size of reaction to
PPD-S and DT 612 must be an overestimate of the
true difference.
An accurate estimate of the true difference could

have been obtained if 2 tests rather than only 1 test
of 0.1 jg of PPD-S had been given in addition to
the antigen being assayed. The reaction to one of
the tests of PPD-S could then have been used to
classify subjects, the other to calculate the difference
in reaction to PPD-S and the variable. However,
it is often not possible, as in this study, to give more
than 2 tests.
When it was realized that a more accurate estimate

of the difference between reactions to PPD-S and
the variables would require classification by degree
of sensitivity to tuberculin, made independently of
the reaction to the reference test of PPD-S, it
appeared that use could be made of testing results
obtained some 10 years ago when the participants
entered the isoniazid prophylaxis study.

Fig. 7 shows the correlation of the initial and the
later test results for males and females by size of
induration. It will be seen that the retest was more
often than not the larger of the two. Whether this
difference is real or results from differences in testing
and reading techniques does not seem to be of con-
sequence for the following discussion.

Difference in size of reaction to PPD-S and DT 612
forpersonspossessing different degrees ofsensitivity,
determined by combined initial and recent test
results

The correlation tables in Fig. 7 have been divided
into 4 segments, labelled A, B, C, and D. The sum
of the initial and the later test results of these four
categories is as follows:

Category Sum of initial No. of males
and retest results

(mm)

A
B
C
D

0-26

27-32
33-38

>39

199
98
107
100

No. offemales

287
111

107
171

In the following analysis, persons in category A,
many of whom never reacted or reacted on only one

occasion, are not considered, only those belonging

to categories B, C, and D, almost all of whom
reacted to both the initial and the recent test of
0.1 jug of PPD-S, are included.

Subjects were classified into the 3 categories and
the difference in size ofreaction to PPD-S andDT 612
was calculated for each dose. Dose-response curves
based on these differences are plotted in Fig. 8. It
will be seen that there is, among males as well as
among females, greater similarity between the dose-
response curves in the range of 0.04 /g to 0.08 jig of
DT 612 than in the range 0.08 ,ug-0.1 6 ,g ofDT 612.
Furthermore, for categories B and C, the difference
in size of reaction to 0.1 ,ug of PPD-S and 0.16 ,ug of
DT 612 is considerably smaller than observed in
Fig. 6. Finally, the slope of the dose-response curve
in the range 0.08 ,ug-0.16 tzg of DT 612 for category
D is less steep than for categories B and C.
The remarkable similarity between the dose-

response curves in the range 0.04 ug-0.08 ,ug of
DT 612 tempts one to assume that this must be
an accurate estimate. However, this assumption
would lead to the conclusion that a dose of DT 612
smaller than 0.16 ,tg would be equivalent in potency
to 0.1 sg of PPD-S. Yet, as shown in the correlation
tables in Fig. 4, 0.16 ,tg ofDT 612 is less potent than
0.1 tg of PPD-S in subjects reacting strongly to
tuberculin. Therefore, the dose-response curves
in the range 0.04 ug-0.08 ,ug must be too steep.
Disproportionate adsorption of DT 612 affecting
the 0.04 ,ug dose more than the 0.08 jtg dose could
explain this situation. Such an assumption, however,
would have to be supported by evidence not available
at this time.
The apparent variations in the slope of the dose-

response curves among categories B, C, and D in
the range 0.08 ug-0.16,ug ofDT 612 are also puzzling,
observations for category D appearing to be out of
line. This may not be fortuitous if it is remembered
that category D consists of subjects who were
observed to react strongly to PPD-S both on entry
into the prophylaxis study 10 years ago and at the
time of retest. Therefore, this group, which reacts
to entry and retest with a total of 39 mm or more,
includes positive errors while it excludes negative
ones. The calculated mean combined reaction to
initial and retest is therefore an overestimate of the
true mean combined reaction. Meanwhile, since the
reaction to DT 612 is not subject to any size limit, the
average size of reaction to DT 612 must be a reason-
able estimate of the true average. Hence the differ-
ence in size of reaction to PPD-S and DT 612 must
be an overestimate of the true difference.
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Fig. 7. Reactions to initial test and retest with PPD-S (0.1 jig) among males and females.
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DOSE OF DT IN MrC,.

Fig. 8. Mean differences in size of reactions to PPD-S and to DT 612 for reactors with different degrees of sensi-
tivity to combined initial test and retest, by sex (mcg =-fl).

The situation is somewhat different for categories
B and C. These categories have high as well as low
size limits, so that an excess of positive errors on
one side of the category will be compensated by an
excess of negative errors on the other side of the
category. In order to test this argument, category D

was subdivided into DI (combined reactions of
39-44 mm) and D2 (combined reaction of > 45 mm).
Dose-response curves calculated for each category
are presented in Fig. 9. Unfortunately, the number
of test result available for this analysis was small.
Despite this, the mean difference in size of reaction

DOSE OF DT IN MCG.

Fig. 9. Mean differences in size of reactions to PPD-S and to DT 61 2 for reactors with a combined reaction to
initial test and retest of 39-44 mm (D1) and >45 mm (D2), by sex (mcg = jig).
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between PPD-S and DT 612 is always smaller for
category D1, and the general configuration of the
dose-response curve for this category follows more
closely those of categories B and C, thus supporting
the argument.
The validity of the argument for a one-directional

error was further tested by dividing the correlations
of reactions to PPD-S and DT 612 among partici-
pants in categories B and C in roughly equal halves,
one having the smaller, and the other having the
larger, reactions to PPD-S. The dose-response
curve for DT 612 was calculated for each category.
The observed mean size of reaction to PPD-S of
the half with the smaller reactions to PPD-S must
be an underestimate of the true mean because it
has an excess of negative errors. Conversely, the
half with the larger reactions to PPD-S has an
excess of positive errors and hence the observed
mean size of reaction to PPD-S in this category must
be an overestimate of the true mean. Consequently,
the difference in mean size of reaction to PPD-S
and DT 612 among persons falling in the group
having the smaller reactions to PPD-S must be an
underestimate of the difference, while the difference
in size of reaction to PPD-S and DT 612 among
persons having the larger reactions to PPD-S must
be an overestimate of the difference.

Fig. 10 shows the result of this analysis for males
and females of categories B and C. The dose-
response curve among persons having the smaller
reaction to PPD-S is drawn as a broken line, while
the dose-response curve among those having the
larger reaction to PPD-S is drawn as a continuous
line.

It will be seen that the difference between PPD-S
and DT 612 is smaller among persons whose ob-
served reaction to PPD-S is smaller, and larger
among those whose observed reaction to PPD-S is
larger, confirming that the former underestimates the
true difference while the latter overestimates this
difference.

Recent reactiont to PPD-S and DT 612 as a basis for
estimating the potency ratio between the two
preparations

The degree of sensitivity of an individual is usually
determined by measuring the reaction to a standard
tuberculin test. Since it is well recognized that a
single tuberculin test is subject to a considerable
amount of error, the sensitivity of an individual can
be more accurately determined by giving more than
one test, using the sum of the reactions, or the

DOSE OF DT IN MCG.

Fig. 10. Mean differences in size of reactions to PPD-S
and to DT 612, among weaker and stronger reactions
to PPD-S, by sex (mcg = ug).

average, as an estimate of the sensitivity of the
individual.

In the present study, each person received 2 simul-
taneous tuberculin tests. Although there were 3
possible test combinations, each consisting of one test
containing a standard quantity of PPD-S and
another containing a variable amount of DT 612, a
distribution of the sums of the 2 reactions among
persons within each group will be a more accurate
estimate of the variation in sensitivity among the
group than their distribution of reactions to PPD-S.
Thus persons receiving 2 tests that have a small sum
are more likely to possess only weak sensitivity than
persons who have received 1 test only and who have
a small reaction. Likewise, persons receiving 2
tests, the sum of which is large, are more confi-
dently classified as strong reactors than those who
have developed a large reaction to a single test
only.
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Assuming that the three combinations were used
in comparable samples of the population, the sums
of reactions will distribute subjects into groups with
the same order of sensitivity, regardless of the com-
bination used for testing. In other words, the seg-
ment of he population that the sum of a particular
test combination identifies as having the strongest
sensitivity to tuberculin would also have been selected
if a different test combination had been used. Like-
wise, the segment of the population having the
weakest sensitivity to tuberculin could have been
identified by each test combination as the persons
having the smallest combined reaction result.

Persons who have been infected by tubercle
bacilli are more likely to react strongly to tuberculin
than those who have been infected by non-tuber-
culous mycobacteria. Therefore, subjects, the sums
of whose reactions fall in the lower range of the
distribution of sums, i.e., the weak reactors, are
probably sensitized to tuberculin by infection with
non-tuberculous mycobacteria, while subjects, the
sums of whose reactions fall in the higher range of
the distribution of sums of reactions, i.e., the strong
reactors, are probably sensitized to tuberculin
through tuberculous infection. Somewhere be-
tween the two groups, there must be overlap-
ping.
The potency ratio between PPD-S and DT 612

among persons infected by tubercle bacilli and
among those infected by non-tuberculous myco-
bacteria can therefore be estimated by calculating
the difference in size of reaction to PPD-S and to
each of the 3 concentrations of DT 612 separately
for the strong and the weak reactors to tuberculin,
and by constructing a dose-response curve from
these calculated differences.

Considering the distribution of the reactions in
the correlation tables shown in Fig. 2-4, persons
whose sums of reaction to PPD-S and DT 612 fell
in the first 25% of the distribution were classified
as weak reactors while persons whose combined
reaction fell in the last 50-55 % of the distribution
were classified as strong reactors. The remaining
20-250o of each group falling in the intermediate
range form a mixture of strong and weak reactors
and are therefore unsuitable for analysis. Table 3
shows the exact range of reaction sizes for each group
tested, the mean difference in size of reaction to
PPD-S and to DT 612 among weak and strong react-
ors, and the percentage within each of the three
groups tested that react weakly or strongly to tuber-
culin. The dose-response curve that has been

constructed on the basis of these differences is given
in Fig. 11.

It will be seen that the dose-response curve among
males as well as among females who react weakly to
tuberculin is a straight line, while the dose-response
curve among males and females reacting strongly to
tuberculin is not.

It may be asked again whether these calculated
differences are reasonable estimates of the true
difference. There are two aspects to this question,
one technical, the other analytical. From a tech-
nical point of view there is the problem of adsorption
of tuberculin to glass. In addition, there is the possi-
bility that tuberculin tests given simultaneously may
interact. Since 3 unique pairs of tests were given in
the present study, interaction would affect the 3
points of the dose-response curve differently. It is
not at present known whether adsorption and inter-
action are of practical or of only theoretical con-
sequence to the mean difference in size of reactions.
However, observations made in some recent studies
(Wijsmuller, unpublished data) suggest that this
possibility needs to be evaluated.

Turning to the analytical aspect of the calculated
difference, since subjects have been classified by the
sum of their reactions to 2 tests rather than by their
reaction to a single test, equal weight has been given
to both test results. However, by selecting a sample
from each end of the distribution of reactions by
size of sums, the assumption is made that the longi-
tudinal axes running through the clusters of reactions
of the weak and of the strong reactors are parallel
to the diagonal of the correlation table. This has
not been established. Unfortunately, no method
has yet been developed to determine where one
cluster begins and the other one ends, so that it is
impossible to calculate the axis of each cluster.
However, from inspection of the correlation tables
it would appear that any deviation from the parallel
is probably small. Thus the method of using the
difference in size of reaction to PPD-S and each of
the 3 concentrations of DT 612 among weak and
strong reactors to tuberculin as a basis for estimating
the potency ratio between the two products in per-
sons differently sensitized should probably result in
the best estimate that can be obtained from these
data.

COMMENTS

When comparing a new tuberculin with a stan-
dard, a number of difficulties are encountered, some
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Table 3. Mean differences in size of reactions to PPD-S and DT 612 among weak and
strong reactors, by sex and dose of DT 612

Males Females

0.04 4gg 0.08 ttg 0.16 tig 0.04 ,ug 0.08 tig 0.16 jug
DT612 DT612 DT612 DT612 1DT6121 DT612

No. with reactions >0 to PPD-S and/or DT 612 138 162 123 160 193 189

Weak reactors:

Range of sum of reactions to PPD-S and
DT 612 (mm) 5-25 5-29 5-26 5-25 5-27 5-31

Number 31 41 29 38 46 44

Percentage of number with reactions >0 22.5 25.3 23.6 23.8 23.8 23.3

Mean difference (PPD-S-DT 612) -6.3 -2.0 +2.2 -6.9 -2.5 +2.0

Strong reactors:

Sum of reactions to PPD-S and DT 612 >32 >34 >35 >34 >37 |>38

Number 72 88 67 83 102 108

Percentage of number with reactions >0 52.2 54.3 54.5 51.9 52.8 57.1

Mean difference (PPD-S-DT 612) -7.2 -2.4 -0.9 -6.6 -2.8 -1.0

DOSE OF DT IN MCG.

Fig. 11. Differences in size of reactions to PPD-S and to DT 612, by degree of sensitivity to tuberculin (mcg = pg).
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of which increase with the passing of time. The
prevalence of tuberculous infection is decreasing, so

that larger and larger groups have to be tested in
order to compare the two preparations in the same

number of reactors. Also, the decrease in the risk
of infection with tubercle bacilli is not associated
with a similar change in the risk of infection with
non-tuberculous mycobacteria. As a result, the
proportion of the reactors who have acquired sensi-
tivity through infection with tubercle bacilli de-
creases while the proportion of the reactors who
have acquired sensitivity by infection with non-

tuberculous mycobacteria increases. Qualitative
differences between a new product, like the one

described in this paper, and the standard necessitate
the recognition of tuberculin sensitivity by source so

that the comparison may lead to the calculation of
at least 2 potency ratios, one among persons infected
with tubercle bacilli and the other among persons

sensitized by infection with non-tuberculous myco-

bacteria.
Ideally, homogeneous groups of subjects, sensi-

tized by just one class of organism, should be
available, but they are not. Most tuberculosis patients
cannot be considered to be infected with Myco.
tuberculosis only, since many patients must have
been infected by more than one species of myco-
bacterium. Although this fact may not be of any

consequence in a comparison between tuberculins, it
may affect comparisons of skin-test antigens made
from non-tuberculous mycobacteria. While tuber-
culosis patients become less numerous, those that
exist are treated by modern chemotherapy on an

out-patient basis, making them less accessible for
testing than they were when patients were segregated
in special hospitals. Finally, the number of tests
that may be given to a single person is usually
limited by conditions not under the control of the
investigator.

If only 2 tests may be given, a problem of how to
classify the reactors arises. The investigator may

be tempted to use the reaction to the standard test
for purposes of classification. However, this pro-
cedure must lead to an underestimation of the
potency if the potency ratio among the infected is to
be determined, and to an overestimation of the
potency if the ratio among persons sensitized by
infections with non-tuberculous mycobacteria is to
be determined. The procedure ignores the fact
that the reaction to the standard as well as the
reaction to the preparation being assayed have
equal reliability, so that neither can be taken as the

independent variable; both must be considered to be
interdependent. Thus, if only two tests can be
given, the best solution appears to be to use the
sum of the two reactions as the independent variable
and the difference between them as the dependent
variable. The alternative is to have at least 1 addi-
tional test, which should be used only to classify
subjects, so that the classification by degree of sen-
sitivity is completely independent of the reaction
results used to calculate the difference between one
preparation and another.
Using the sum of the two tests as the criterion by

which to classify subjects as strong or weak reactors
resulted in a dose-response to DT 612 that is a
perfect straight line among the weak reactors but
not a straight line among the strong reactors. The
reason why the dose-response curve among strong
reactors is not a straight line is not clear at the pre-
sent time but selective adsorption and interaction of
tuberculin tests must be considered as possible con-
tributing causes.
Be this as it may, a dose of 0.16 ,tg of DT 612

results among strong reactors in smaller reactions
than those from 0.1 ,ug of PPD-S. It appears there-
fore that the slope of the dose-response curve be-
tween 0.08 jug and 0.16 jug must give the best pre-
liminary estimate of the potency ratio among
infected subjects. Thus, the reaction to all doses
of DT 612 among the weak reactors, and the reaction
to 0.08 [g and 0.16 jtg of DT 612 among strong
reactors, results in two rather different potency
ratios (Fig. 11). The fact that a potency ratio of
1.15 can be calculated among weak reactors in
Milledgeville does not mean that the same potency
ratio will be found among weak reactors elsewhere.
Indeed, if the predominant organism responsible
for weak reactions somewhere else is different from
the predominant organism in Milledgeville, a
different result may well be found.
No potency ratio was calculated among the

strong reactors since the average reaction to each
dose of DT 612 was weaker than the average reaction
to 0.1 ,tg of PPD-S. Therefore, the calculated dose-
response curve would have to be extended beyond
the dose range actually studied and this obviously
would magnify the error and thus reduce the reli-
ability of the calculated potency ratio. It may there-
fore be emphasized that, in order to calculate the
potency ratio, the preparation being assayed must
be used in at least one dose that is stronger,
and another dose that is weaker, than the stan-
dard.
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Finally, it may be emphasized that, considering
our inability to control the qualitative and quanti-
tative characteristics of new batches of tuberculin
predictably, and in view of the increasing difficulty
of characterizing new preparations, it seems most

desirable for future epidemiological studies that a
very large batch of high quality tuberculin should be
produced to cover the demands of research workers
and controllers for many years.

R1ISUME

PROBL MES POStS PAR L'tVALUATION COMPARATIVE DE L'ACTVITE DE TUBERCULINES

Maints problemes surgissent lorsqu'on entreprend de
comparer l'activite d'une nouvelle tuberculine a celle d'une
preparation de reference. La prevalence de la tuberculose
est en declin, de sorte qu'il faut pratiquer des epreuves sur
des groupes de plus en plus importants pour disposer de
reacteurs en nombre suffisant. II faut aussi tenir compte
du fait que la proportion des personnes infectees par
Mycobacterium tuberculosis diminue alors que celle des
sujets qui ont e en contact avec des mycobacteries non
tuberculeuses est en augmentation.
On a fait subir a 1183 malades d'un h6pital psychia-

trique qui avaient, 10 ans auparavant, participe & une
etude sur la prophylaxie par l'isoniazide, deux epreuves,
l'une avec une dose standard d'une tuberculine de
reference, l'autre avec l'une de trois concentrations d'une
nouvelle tuberculine. Les diverses combinaisons de tests

ont e reparties aleatoirement entre des groupes tres
semblables sous le rapport de l'age, du sexe, de la reacti-
vite anterieure a la tuberculine et des antecedents en
matiere de prophylaxie par l'isoniazide.

L'auteur expose les problemes que pose l'evaluation de
l'activit6 de la nouvelle preparation au regard de celle
de la preparation de reference. Apres avoir envisage
differents moyens de les resoudre, il propose de prendre
comme critere la somme des reactions des deux tests
(tuberculine de reference et nouvelle preparation) pour
faire la distinction entre les sujets infectes par Myco-
tuberculosis et les autres. Quant au rapport d'activit6
entre les deux preparations, il peut etre estime en se basant
sur la difference entre les dimensions des reactions a la
preparation de reference et a chacune des trois concentra-
tions de la preparation etudiee.
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