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REPEATED TUBERCULIN TESTS IN THE SAME SITE

WHO TUBERCULOSIS RESEARCH OFFICE *

SYNOPSIS

When the tuberculin-testing technique for the Tuberculosis
Research Office field studies became so standardized that successive
tests were being placed in about the same site on the forearm, there
was a sudden and pronounced increase in the frequency of bullous
reactions.

Preliminary trials pointed to repeated testing in the same site as
the most likely cause of this altered response to tuberculin. To obtain
further information, a study was carried out on 356 mental patients,
each receiving an initial test with 5 TU in one forearm and 3 months
later two follow-up tests with 5 TU-one in the same site as the
initial test and one in the corresponding site on the other forearm.

This study shows that among tuberculin-sensitive persons the
response to tuberculin injected into the site of a previous test differs
both in size and in character from the response to tuberculin injected
into an unused site. In the previously used sites the tuberculin
reactions appear sooner and fade sooner than reactions in new sites;
they attain greater maximum size and present a much higher fre-
quency of bullae. Thus, the " used-site " phenomenon may cause
practical problems in the interpretation of reactions in programmes
involving periodic tuberculin-testing.

Introduction

More and more frequently the intradermal tuberculin test is being used
not only to identify persons infected with tuberculosis, but also for periodic
assessment of the level of cutaneous allergy after BCG vaccination. As part
of the routine follow-up the vaccinated person is tested at suitably spaced
intervals with the same dose of tuberculin: a decrease in reaction size is
interpreted as loss of allergy, and if the reaction size falls below a specified
limit revaccination is recommended; a substantial increase in reaction size
is often interpreted as a sign of superinfection, an indication for further
examination of the person tested and of his environment. It is thus generally
assumed that the size of the reaction to a given dose of tuberculin is a
measure of the level of tuberculin allergy of the person tested. The size of
the reaction, however, will not only vary with the person's level of allergy

* The tuberculin-testing reported in this paper was done by Lis Halkjcr-Lassen and Birthe Johansen.
The material was analysed and the report prepared by Lydia B. Edwards and Knut Magnus.
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and the dose of tuberculin; the reaction and its measurement are also
influenced by a variety of uncontrolled, and mostly uncontrollable, factors
which together cause what may be called the experimental error of the test.
This paper deals with one such factor, commonly ignored, which may cause
variations in the tuberculin reaction-namely, placing the test in a site used
for a previous test.

During the autumn of 1951 our field teams encountered an unusually
high percentage of bullous reactions in the yearly tuberculin-testing of
BCG-vaccinated schoolchildren. Some of the reactions were highly atypical
in appearance, seeming to consist only of a bulla with little or no perceptible
induration underneath. Only the groups of children that had been tested
by our field teams during the past year presented this high frequency of
bullous reactions; among vaccinated newcomers to the schools few bullous
reactions were observed.

It seemed likely that some factor connected with the testing procedure
was responsible, and the key to the problem was found when a new injection
site was used for the tuberculin test. Instead of giving the test in the left
forearm as usual, we tried testing alternately in the left and right forearms
in two groups of children: one group (A) of 275 children, who had been
vaccinated two years earlier and had received two post-vaccination tests in
the left arm; and another (B) of about 200 children, who had been vaccinated
two months earlier and had so far received only their pre-vaccination test
in this arm. It was found that in both groups those tested in the left arm
developed bullous reactions far more frequently than those tested in the
right arm, as shown in table I.

TABLE I. FREQUENCY OF BULLOUS REACTIONS
IN NEW AND USED SITES

Percentage of reactions with bullae
Group

left arm (used site) right arm (new site)

A 47.2 11.4

B 43.1 5.7

Admittedly, it had not occurred to us that tuberculin reactions might
develop so differently in new and in previously used sites. In fact, during
the year preceding these observations we had made a great effort to
standardize our testing technique with respect to choice of injection site (on
the left forearm), so that the test results would not be influenced by any
site-to-site variations in skin reactivity. The groups of vaccinated children
presenting a high incidence of atypical bullous reactions at the annual
retesting were thus actually the first to be tested twice in a standardized site.
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Review of the early literature on tuberculin-testing revealed that altered
reactions to tests placed in previously used sites had been described in 1907
by Cohn 1 for the ophthalmic test, by von Pirquet 4 and Mantoux 2 for the
tests bearing their names, and, among others, by Weiss,5 who made a
detailed study of the matter The veterinarians have long known about this
difference in development between reactions in used and in new sites and
have taken it into account in their testing of cattle.

The present paper reports an investigation made to obtain further
information on this phenomenon in humans.

Study Plan

The study was carried out in Denmark in an institution for mental
defectives.

In June 1952, the patients were given a single intradermal tuberculin test
with 5 TU, in a prescribed sitea in the right and left forearm alternately.
Three months later, in September 1952, each patient was given duplicate
intradermal 5 TU tests; one test was given as nearly as possible in the site
used for the previous test, the other in the corresponding site on the opposite
forearm.b The reactions in the two forearms are hereafter called " used-
site " and " new-site " reactions.

One nurse, chosen because of the uniformity of her performance, gave
all the tuberculin tests. A second nurse read all reactions-measuring the
transverse diameter of induration in millimetres-the June tests at 3 days,
the duplicate tests in September at 6 hours and 1, 3, and 6 days.c

Tests were given to 415 patients and the prescribed readings completed
in 388. Of these 388 patients, 126 had been previously vaccinated with BCG
(as evidenced by a typical scar, a record of vaccination, or both), 230 were
unvaccinated, and in 32 the vaccination status was doubtful or unknown.d
More than 80% of the patients were males. The unvaccinated ranged in age
from 8 to 84 years, the majority from 16 to 55; all but 12 of the vaccinated
were between 8 and 35 years old.

Results

Results are presented only for the duplicate tests given in September
in new and used sites; they are analysed separately for the vaccinated
and for the unvaccinated patients.

a With the forearm pronated, the injection is made just distal to the muscle mass of the extensor radialis
in the transverse midline -well below the site commonly used for tuberculin-testing in Denmark.

b Two PPD tuberculin products were used: RT XIX-XX-XXI, prepared at the Statens Seruminstitut,
Copenhagen; and PPD-S, prepared under the supervision of Dr. Florence Seibert of the Henry Phipps
Institute, Philadelphia. Both products were diluted so that 0.1 ml of the final dilution contained 5 TU
(0.0001 mg), and each was given to about half of the patients as described later in the section, Effect ofdifferent
tuberculins, on page 203.

c Details of field procedures are given in Chapter I of BCG Vaccination, Geneva, 1953 (World Health
Organization: Monograph Series No. 12).

d These 32 have been excluded in the analysis of results.
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Unvaccinated patients

The 230 unvaccinated patients have been divided into two groups
according to the size of their reaction to the single 5 TU test given in June:
the 216 who reacted with 5 mm or more of induration are considered
positive tuberculin reactors and will be analysed separately from the small
group of 14 who had less than 5 mm and are considered tuberculin negative.

The reactions of the tuberculin positives to the duplicate 5 TU tests
given in September are distributed by size in fig. 1-the upper section
showing reactions in the new site, and the lower section, the reactions in
the used site, as read 6 hours and 1, 3, and 6 days after the injections.

Reactions in the new site, at 6 hours, are scattered over a wide range,
with a high proportion between 4 mm and 18 mm and averaging 10.2 mm
in diameter. The distribution is skewed to the right. At 24 hours most of
the reactions are very much larger and form a more normal type of distri-
bution with a mean value of 19.4 mm. The distribution shows little change
at the next two readings, the average reaction size decreasing to 19.2 mm
at 3 days and to 17.2 mm at 6 days.

Used-site reactions differ strikingly from reactions in the new site at
6 hours. Nearly all measure more than 18 mm in diameter and their average
size is 23.3 mm-about 13 mm larger than that of the reactions on the
opposite (new-site) arm. From the first through the sixth day the average
size falls fairly rapidly from 21 mm at 24 hours to 15.6 mm at 6 days.

Those classified as tuberculin negative-a small group of only 14 persons
-show no significant change in response on retesting in the same site.

FIG. 2. DISTRIBUTIONS BY SIZE OF REACTION TO INTRADERMAL
5 TU TEST GIVEN IN NEW AND PREVIOUSLY USED SITES

AMONG 14 TUBERCULIN-NEGATIVE PERSONS

6 HOURS I DAY 3 DAYS 6 DAYS

NEW SITE
MMEAN: 4.4| I MEAN: 4.1 |I MEAN:3.3 I MEAN: L.9

INDURATION (mm)
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As shown by the distributions in fig. 2, both the used-site and the new-site
reactions have developed maximally at 6 hours, showing about the same
average size; they change little up to 24 hours, then gradually decrease in
size during the remaining days.

FIG. 3. MEAN SIZE OF REACTIONS TO INTRADERMAL 5 TU TEST GIVEN IN NEW
AND PREVIOUSLY USED SITES AMONG 216 TUBERCULIN-POSITIVE

AND 14 TUBERCULIN-NEGATIVE PERSONS

25

15_-=_

20

O rU9RC,I ~~ ~ ~~N1EGA 7IVE GRoUp

06 1 3 6
HOURS DAY DAYS DAYS

INTERVAL BETWEEN TESTING AND READING

USED-SITE REACTIONS
-- NEW-SITE REACTIONS

Fig. 3 summarizes the findings just presented. The unbroken lines
depict the average size of used-site reactions, and the broken lines that of
new-site reactions, for tuberculin positives and negatives at each of the
four readings after testing. The figure shows that in positive tuberculin
reactors, the reactions to tests given in used sites have attained at 6 hours
a mean size that is 4 mm larger than the maximum mean size reached after
1-3 days by the reactions in new sites. By the third day, the used-site reac-
tions are about the same size as the new-site reactions, and at 6 days signi-
ficantly smaller. Among tuberculin negatives the two curves do not differ
significantly.

Another important finding is the high frequency of bullae and vesicles
in the used-site reactions among the positives. As shown in table II, some
bullae appear within 6 hours, and after 24 hours more than half the used-
site reactions are bullous, a high proportion of the bullae exceeding 15 mm
in diameter. On the third day a lower frequency of bullae is recorded, the
many bullae that have broken and begun to heal being recorded as crusts.
Bullae are also found in the new-site reactions, but here they are much less
frequent, appear later, and are smaller.
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TABLE II. FREQUENCY OF BULLOUS REACTIONS TO INTRADERMAL
5 TU TESTS GIVEN IN NEW AND PREVIOUSLY USED SITES

AMONG 216 TUBERCULIN-POSITIVE PERSONS

Frequency (%) at

Size of butlae 6 hours 1 day 3 days 6 days

new used new used new used new used
site site site site site site site site

1 - 5 mmia 1.8 4.6 6.0 5.6 3.7 1.4 1.4 0.5

6-10mm - 0.5 0.9 7.9 5.1 6.9 2.3 -

11 -15 mm - - 0.5 12.0 4.2 10.6 3.2 2.3

16 - 20 mm _ - - 18.5 1.9 10.2 0.5 2.8

21 mm - - - 7.9 0.5 3.7 - 0.5

Total 1.8 5.1 7.4 51.9 15.4 32.8 7.4 6.1

a Includes vesicles

Vaccinated patients

The pattern of response in the BCG-vaccinated is like that found in the
natural positives: the used-site reactions come up more rapidly, reach a
larger average size, and fade earlier than those in the new site. The distribu-
tions in fig. 4 and the curves in fig. 5 show that the reactions in the used site
are considerably larger than those in the new site at 6 hours, about the same
size at 3 days, and somewhat smaller at 6 days. Comparison of fig. 1 and
fig. 4 indicates that the tuberculin reactions in the vaccinated average 5-6 mm
less than in the natural positives-but the difference between the responses
in new and used sites is similar.

Bullae are again more frequent in the used than in the new site, as shown
in table III, although the absolute frequency of bullae in used-site reactions
is less than among the natural positives. At 24 hours nearly 30% of the used-
site reactions have become bullous compared with about 5 % of the reactions
in new sites.

Effect of different tuberculins

The two tuberculin products, RT XIX-XX-XXI and PPD-S, were
used in the study to see if altered response to testing in a used site was
dependent upon one particular product. By random selection, about half
the patients tested in June were given RT, the other half PPD-S, and in
September half of each group received the same product as before, while
half received the other product. The patients may therefore be divided,
as shown in table IV, into four sub-groups according to the products with
which they were tested.

14

203



WHO TUBERCULOSIS RESEARCH OFFICE

- I ''1I I

o 0

.4 .

a UZ

I __ .- _,T II

0 * la
. . 5

S>-
10-P

o~~~ ~~~~~~~~ . t

2_ e0

0

If n t

_ -a

o
N ... _ E co

0~~ ~~

i to'' o
(40
2

t

Ze

aU )

UOI ~ ~ 0

ZI.. pZM Co

1

l_a3
X__

.

e _
V: S

10

00~~~~~~~~~~~~~~~~q

W W

. t. ~~~~N

Cl)~~~~~~~lc0~~~~~~~
0

1 2

39V1N33U3d

204

0)
4D
(0

U)

4t

4Ca

j

A

J

I-

L

a

z

z

w

-I

0

A.

la

U s
.

Z-

z

Z-

>

z

_zO- Z
Z 2

oc

z

w

DU)

La.

I-

-0

to
n
N

PI
0
N

0

12

0
2

IN

E

00
2
eC01
0

cm

Ntu
N

O'0,,,., , ,w rX
40 at
pi 4.

;. w
4c 0
w D_;.a U) q0

14

14
0

14
V

6
Iq

04
3

N
Li

a
0

&NIM
Ms"M

R,,-IN

11

9



REPEATED TUBERCULIN TESTS IN THE SAME SITE 205

FIG. 5. MEAN SIZE OF REACTIONS TO INTRADERMAL 5 TU TEST GIVEN IN NEW
AND PREVIOUSLY USED SITES AMONG 126 VACCINATED PERSONS

20

15

06 3 6
HOURS DAY DAYS DAYS

INTERVAL BETWEEN TESTING AND READING

USED-SITE REACTIONS

.NEW-SITE REACTIONS

TABLE II. FREQUENCY OF BULLOUS REACTIONS TO INTRADERMAL
5 TU TESTS GIVEN IN NEW AND PREVIOUSLY USED SITES

AMONG 126 VACCINATED PERSONS

Frequency (%) at

Size of bullae 6 hours 1 day 3 days 6 days

new used new used new used new used
site site site site site site site site

1 - 5 mma 1.6 5.6 4.0 9.5 1.6 1.6 0.8 0.8

6-10mm - - - 7.9 - 0.8 - 0.8

11 -15 mm _ - 0.8 7.1 - 4.7 - 2.4

.16 mm - - 4.0 1.6 3.2 1.6 -

Total 1.6 5.6 4.8 28.5 3.2 10.3 2.4 4.0

a Includes vesicles

The mean sizes of reactions to the September tests are shown in appendix
table 1 for each of the four sub-groups, separately for the natural
positives and the vaccinated. Regardless of the product used for the June
and September tests, the used-site reactions are consistently much larger
than the new-site reactions at 6 hours, about the same size at 3 days, and
significantly smaller at 6 days.

An additional finding not germane to the purpose of the study was
that the difference in size between the reactions to PPD-S and RT was
significantly greater among the natural positives than among the vaccinated.
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TABLE IV. COMBINATIONS OF THE TUBERCULIN PRODUCTS
USED AT THE TWO TESTING PERIODS

Tuberculin product used for I
duplicate tests

single test (September)
(June)

used site new site

RT RT RT

RT PPD-S PPD-S

PPD-S RT RT

PPD-S PPD-S PPD-S

At the 3-day readings, for example, the mean size of reaction to PPD-S
was 3.7 mm larger than that to RT among the positives, but among the
vaccinated the difference was negligible. These findings would suggest that
the two tuberculins -differ qualitatively and thus agree with the findings
of a previous study.3 Further investigations on this point are at present
,under way.

Discussion

The study reported shows that in allergic persons reactions to tuberculin
injected in the site of a previous test developed differently from reactions
elicited'in unused sites. The used-site reactions appeared sooner, attained
*a greater maximum size, presented a much higher frequency of bullae, and
faded sooner. This altered response was not dependent on the presence of
allergy at the time of the previous test: recently vaccinated schoolchildren
showed the phenomenon clearly, although they had not reacted to the
previous (pre-vaccination) test. No change in response could be demons-
trated in persons who were non-reactors at the time of the repeat test.

What are the consequences of this altered development of reactions in
tuberculin-testing programmes where the same persons are retested at
regular intervals without specific thought to the placement of previous tests,
and where reactions are read only once, 2-4 days after the injection is made ?

In our own experience-after we had standardized the technique of
tuberculin-testing, including the choice of test site-the consequences were
twofold., First, the unexpectedly high frequency of accelerated intense
bullous reactions occurring in the highly allergic vaccinated schoolchildren
was so disturbing to parents and school authorities that our retesting pro-
gramme was in serious danger of being stopped until we found a way to
avoid such reactions. We accordingly modified our testing technique,
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specifying at each retesting period where the tests were to be placed and
rotating sites on the two forearms so that the children were not tested twice
in the same site. A second, equallv important, consequence was that we
did not know how to interpret the reactions obtained. They were obviously
different in character from the reactions seen previously in these same
children or in similar groups of vaccinated children; this change in the
response to tuberculin was apparently due to some extraneous factor and
did not reflect a sudden change in the level of post-vaccination allergy.

It is not only in research work that the " used-site " phenomenon
is of importance, but whenever allergic persons are periodically retested.
In most retesting programmes, either by instruction or from habit, tests are
given in the same general area; and the more uniform is the testing technique
as regards choice of site, the more frequently will a test be placed in sites
where previous tests have been given.

It may well be that the observed difference between newr and used-site
reactions described in this paper may be modified or accentuated when,
for example, other doses of tuberculin or other intervals between tests are
used, or when the same site is retested more than once. However, the
important point is to recognize that reactions may develop differently when
a test is given in a site where another test has previously been given. This
possibility must be kept in mind when comparing the results bf successive
tests in the same person. Changes in the size or character of the reaction
may simply be related to the chance placement of a current test in a site
used for a previous test.
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RI-SUME

Au cours de ses premieres annees d'existence, le Bureau de Recherches sur la Tuber-
culose s'est attache tout specialement A mettre au point, pour les tuberculino-reactions,
des techniques suffisamment standardisees pour que l'on puisse comparer les resultats
obtenus A des moments et en des lieux differents. Cependant, lorsque la technique a et6
perfectionnee au point que les epreuves successives 6taient effectuees approximativement
au meme endroit de l'avant-bras, la frequence des reactions bulleuses a accuse une nette
et soudaine augmentation. En fait, les fortes reactions sont devenues si nombreuses
que l'on a craint de devoir interrompre le programme de renouvellement des epreuves.

I1 parut ressortir d'experiences preliminaires que la reponse a la tuberculine se trouvait
modifiee parce que l'on choisissait toujours le meme siege pour proc6der aux tuberculino-
reactions. En vue d'obtenir des indications supplementaires, on a entrepris une etude
portant sur 356 malades mentaux. Chacun des malades a ete soumis a une premiere
epreuve avec 5 UT sur l'un des avant-bras et, trois mois plus tard, a deux epreuves avec
5 UT egalement- l'une au meme siege que l'injection initiale et la seconde dans la region
correspondante de I'autre avant-bras.

Les resultats ont indique que la reponse des personnes sensibles a la tuberculine sur
lesquelles on avait pratiqu6 une nouvelle injection en un point deja utilise diff6rait, par
ses dimensions et son caractere, de celle que provoquait le test pratique en un point non
encore utilise. Dans les localisations anterieures, les reactions apparaissaient et s'effagaient
plus t6t que dans les localisations nouvelles; elles atteignaient des dimensions maximales
plus elev6es et donnaient lieu beaucoup plus frequemment A des bulles. Le phenomene
inherent A 1' # utilisation du meme siege # peut donc poser des probl6mes d'ordre pratique
dans l'interpretation des reactions lors de l'execution de programmes qui comportent
des epreuves periodiques A la tuberculine.
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