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Simultaneous Multiple Tuberculin Testing*
SOL ROY ROSENTHAL, M.D., Ph.D. 1 & J. E. P. LIBBY, S.B.2

In experimental work with tuberculin testing-for example, for comparing different
testing procedures, for standardizing tuberculin, etc.-two tests are often given to each
person. Because of variations in allergy from person to person, such duplicate testing
gives a much more precise comparison of two test procedures for a given number ofpersons
than does the alternate use from person to person of two test procedures to be compared.
In adopting this method of testing it is tacitly assumed that the two tests in the same person
do not interact in any way. The present paper shows, however, that this assumption is not
justifiable.

The authors describe an experiment in which 611 infants who had been BCG-vaccinated
at 2-5 days ofage were tuberculin-tested 3-5 months later, 306 of them with a single 10 TU
test and 305 with a 10 TU test in one arm and a 100 TU test in the other arm. The results
showed that there was a highly significant difference between the two groups, both in the
average size of the reactions and in the degree of induration, the single-test group giving
the larger and stronger 10 TU reactions.

The size of the tuberculin reaction has recently
been related to the eventual development of active
disease (Palmer, 1957; Tuberculosis Vaccines Clini-
cal Trials Committee, Medical Research Council
of Great Britain, 1959), to the efficacy of vaccines
against tuberculosis (Tuberculosis Program, Public
Health Service, USA, 1955), and to the specificity of
the reaction (Palmer, 1957; Pollock, Sutherland &
D'Arcy Hart, 1959).

Frequently simultaneous multiple tests are given
(Furcolow, Hewell & Nelson, 1942; Pollock,
Sutherland & D'Arcy Hart, 1959). The experiment
reported here, in which the reactions to simultaneous
multiple tests were compared with those to single
tests, is noteworthy, since the size of the reactions to
similar doses was found to vary under these condi-
tions. The differences were highly significant
statistically.

It has been standard procedure in the Tuberculosis
Prevention Clinic of the Chicago Municipal Tuber-
culosis Sanitarium since 1937 to measure and record
the transverse and longitudinal diameters, and the
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intensity of induration and redness, of the tuberculin
reactions following BCG vaccination. At first, a
single test of 20 TU (0.1 ml of 1: 500 Old Tuberculin
(OT)) or 100 TU (0.1 ml of 1 100 OT) was used,
butlater, when the use of10TU (0.1 ml of 1: 1000OT
or equivalent) had become widespread, a 10 TU test
was adopted. In order to have a reference point, two
tests were given simultaneously, i.e., 10 TU and
100 TU, one in each arm. The larger dose, however,
consistently gave excessive reactions, and it was
therefore discontinued and only the smaller dose was
used. When this procedure was adopted, it appeared
that the reactions to this single dose (10 TU) were
larger than the reactions to the same dose when
given with 100 TU at the same time. Because of the
possibilities that the vaccine, the method of injection
and of reading of the tuberculin test, the time of the
year, etc., may have varied, an experiment was
designed wherein the two types of test were given
alternately to minimize these variables.

METHOD

Newborn infants (2-5 days of age) were vaccinated
with BCG by the multiple-puncture method (Rosen-
thal, 1939) and 3-5 months later were tested with
1: 100 and/or 1: 1000 dilutions of OT. The dilutions
were made in physiological salt solution (0.85 %).
The 1: 100 dilution was used within one week of
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preparation; the 1: 1000 dilution was made from the
1: 100 concentration and was used immediately.
Only completely filled vials were used.

One-tenth of a millilitre of one or both dilutions
of tuberculin was injected in the upper third of the
volar aspect of the forearm. A 26- or 27-gauge
(0.45- or 0.40-mm) steel needle was used. The 10 TU
dose was given in the right forearm and the 100 TU
dose, when used, was injected in the left forearm.
When the two doses were given, the 10 TU dose was
injected first in the great majority of cases, since it
caused less " stinging" than the 100 TU dose. The
one- and two-test doses were given alternately to the
infants. The tests were read after 48 hours by a
staff doctor as part of the routine clinic programme.
In all, eight such doctors were involved, and at the
time none was aware of the study reported here.
The method of reading has been described elsewhere
(Rosenthal, 1957). In all, 306 infants were tested
with one dose and 305 infants with both doses.

RESULTS

The transverse and longitudinal measurements
(in millimetres) of the individual indurations were
averaged for each infant in both groups. Table 1
shows the mean induration, the standard error of the
mean, and the standard deviation for each group.
The two distributions are shown in the accom-
panying figure. The difference between the means is
4.2 mm and has a P value of less than 0.001,
single-test group is 31 % greater than that of the
indicating very high significance. The mean of the
double-test group. To serve as a reference, the mean
of the 305 reactions to 1 : 100 OT was computed;
this value, 21.5 mm, is 61 % greater than the mean of
the 305 reactions to 1: 1000 OT of the same infants.

COMPARISON OF
TESTS I N

TABLE 1
SINGLE AND MULTIPLE TUBERCULIN
BCG-VACCINATED INFANTS

Single-test group Multiple-test group
(1:1000 OT) (1:1000 OT)

Mean 17.6 mm 13.4 mm

Standard error of
mean 0.33 mm 0.30 mm

Standard deviation 5.84 mm 5.24 mm

Number in group 306 305

Difference between means = 4.2 mm; P < 0.001.

HISTOGRAMS OF THE DIAMETERS OF INDURATION
IN SINGLE AND MULTIPLE TUBERCULIN TESTS

IN BCG-VACCINATED INFANTS
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Thus, single testing instead of double testing in-
creases the size of the reaction more than half as
much as does increasing the test concentration
tenfold.

In the histogram (see figure above) it will be noted
that the distribution of the 10 TU reactions according
to diameters (in millimetres) are unimodal in both
groups. In each histogram arrows have been placed
three standard errors of the mean above and below
each mean. It will be noted that these values do not
overlap.

Further information on the reactions to single and
multiple testing was obtained from the data on
induration. Table 2 gives the distribution, in both
groups, of cases showing induration levels of
negative, trace, one plus, two plus, and three plus.
It is apparent that 1 :1000 OT as a single test has
fewer cases in the three lower levels, and more in the
upper two, than 1: 1000 OT given as a double test
with 1 : 100 OT. The X2 value was computed after
grouping the first two levels and correcting for
continuity. The result was x2 (3) = 65.04, P< 0.001.
This indicates that were size of reaction ignored, the
single measure of the level of induration would
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TABLE 2
DEGREE OF INDURATION IN SINGLE AND MULTIPLE
TUBERCULIN TESTS IN BCG-VACCINATED INFANTS

1:100T alone 1 : 1000 OT in1:1000 OT alone double test
Induration a

Number Percentage Number Perf tntage

Negative 0 0 10 3.3

Trace 1 0.3 6 2.0

+ 38 12.4 105 34.4

++ 230 75.2 175 57.4

+++ 37 12.1 9 3.0

Total | 306 | 100 - 305 j 100

a Arbitrary designation:
Trace = ± induration;
+ = up to 4-mm thickness on buckling;
+ + = over 4-mm thickness on buckling;
+ + + = where buckling is not possible.
x2 (3) = 65.04; P <0.001.

demonstrate a highly significant difference, with the
single test again showing stronger reactions than
the multiple test.

DISCUSSION

Many factors may influence the dimensions of the
tuberculin reaction. Perhaps the most important
and most common variable is the human factor.
Because the proper application and reading of the
tuberculin test is a most exacting procedure, the
Joint Enterprise 1 teams, who tuberculin-tested and
BCG-vaccinated around the globe, were required to
undergo a two-month course of training before
qualifying for field work.

Other factors which may influence the tuberculin
reaction in the host are repeated tuberculin tests
(Magnus & Edwards, 1955), using the same site for
repeated injections (WHO Tuberculosis Research
Office, 1955), etc. Finally, the tuberculin itself, the
diluents used, the degree of exposure to light and
air, etc., are important considerations (Guld,

1 The Joint Enterprise is the name given to the mass anti-
tuberculosis vaccination programme that was carried out in
the late 1940's and early 1950's by the Danish Red Cross,
the Swedish Red Cross, and the Norwegian Relief for
Europe, with material aid from the United Nations Children's
Fund (UNICEF) and technical help from the World Health
Organization.

Magnus & Magnusson, 1955; Rosenthal, 1957;
WHO Tuberculosis Research Office & Biophysics
Laboratory of the University of Copenhagen, 1955).
As far as could be ascertained from a cursory

review of the vast literature on the subject of tuber-
culin testing, this is the first report on the effect of
simultaneous multiple testing on the size of the
tuberculin reaction in humans. It deserves mention,
however, that Paterson & Leech (1954) observed a
parallel phenomenon when carrying out experiments
on guinea-pigs.
How can one explain this phenomenon? In con-

tact dermatitis, the interference phenomenon has
been cited wherein a potent contact skin sensitizer is
capable of blocking to some extent the contact
sensitization of the skin of a weaker allergen when
both are applied at the same time-" the stronger
allergen preempts the antibody synthesizing me-
chanism" and blocks sensitization to the weaker
allergen (Epstein & Kligman, 1958). Immuno-
logically, the crowding out or competition of anti-
gens is a well-known phenomenon wherein under
special circumstances the injection of one antigen
inhibits the formation of antibodies to another
unrelated one (Edsall, 1957; Wilson & Miles, 1955).
The phenomenon reported here differs from the

above in that the latter is primarily an immunizing
or sensitizing phenomenon, whereas in this study the
immunization or sensitization is already in effect.
The " competition " in the present instance is for the
same antibody by a given antigen of different con-
centration. Competition for the synthesizing me-
chanism is thus ruled out here; rather, the present
interaction suggests competitive drawing upon an
antibody production which is not unlimited in the
period of the reaction.

CONCLUSIONS

1. Statistically highly significant differences were
observed in the diameter of tuberculin reactions
when a 10 TU test was given singly and when it was
given simultaneously with a 100 TU test.

2. The reactions to 10 TU of OT in 611 newborn
infants vaccinated by the multiple-puncture method
with BCG measured 13.4 mm when this dose was
given simultaneously with 100 TU and 17.6 mm
when it was injected alone.

3. In the case of both high and low levels of
induration, single testing resulted in stronger
reactions than multiple testing, the differences being
highly significant statistically.
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R3-SUMt

Dans les 6tudes experimentales sur la tuberculine,
lorsqu'il s'agit, par exemple, de comparer deux techniques
d'6preuve, ou F'activite de lots de tuberculine, il est fr6-
quent que l'on procede simultanement a deux 6preuves
sur la meme personne, afin de supprimer la variable que
repr6sentent les differences individuelles d'allergie. Ce
faisant, on admettait qu'aucune interference entre les
tests ne venait invalider les r6sultats. Cette etude tend
a demontrer qu'il n'en est pas ainsi.
Des nouveau-n6s, de 2-5 jours, ont et vaccines par

le BCG. Trois a cinq mois plus tard, ils ont ete r6partis
en deux groupes: le premier, comprenant 306 enfants,

a recu une seule injection de 10 UT de tuberculine;
l'autre, r6unissant 305 enfants, a recu simultanement
deux injections, l'une de 10 UT dans I'avant-bras gauche,
I'autre de 100 UT dans I'avant-bras droit. L'analyse
statistique des diametres des r6actions et de leur degr6
d'induration montre qu'il existe entre les deux groupes
une difference significative, la reaction a 10 UT etant
plus faible (13,4 mm) dans le cas de la double injection
que dans le cas de l'injection simple (17,6 mm). L'auteur
suggere une explication, encore hypoth6tique, de ce
phenomene.

REFERENCES

Edsall, G. (1957) J. Allergy, 28, 1
Epstein, W. L. & Kligman, A. M. (1958) J. invest. Derm.,

31, 103
Furcolow, M. L., Hewell, B. & Nelson, W. E. (1942)
Amer. Rev. Tuberc., 45, 504

Guld, J., Magnus, K. & Magnusson, M. (1955) Amer.
Rev. Tuberc., 72, 126

Magnus, K. & Edwards, L. B. (1955) Lancet, 2, 643
Palmer, C. E. (1957) Bull. int. Un. Tuberc., 27, 106
Paterson, A. B. & Leech, F. B. (1954) Amer. Rev. Tuberc.,

69, 806
Pollock, T. M., Sutherland, I. & D'Arcy Hart, P. (1959)

Tubercle (Lond.), 40, 336
Rosenthal, S. R. (1939) Amer. Rev. Tuberc., 39, 128

Rosenthal, S. R. (1957) BCG vaccination against tuber-
culosis, Boston, Mass., Little, Brown & Co., p. 215

Tuberculosis Program, Public Health Service, USA
(1955) Bull. Wld Hlth Org., 12, 31

Tuberculosis Vaccines Clinical Trials Committee,
Medical Research Council of Great Britain (1959)
Brit. med. J., 2, 379

WHO Tuberculosis Research Office (1955) Bull. Wld
HlYth Org., 12, 197

WHO Tuberculosis Research Office & Biophysics
Laboratory of the University of Copenhagen (1955)
Bull. Wld Hlth Org., 12, 179

Wilson, G. S. & Miles, A. A., ed. (1955) Topley & Wilson's
principles of bacteriology and immunity, 4th ed.,
Baltimore, Md., Williams & Wilkins, p. 1263


