
Bull. Org. mond. Sante 95 2 8-9
Bull. Wld Hlth Org. 1 ' 1

TUBERCULIN REACTION SIZE
ON FIVE CONSECUTIVE DAYS

WHO TUBERCULOSIS RESEARCH OFFICE *

SYNOPSIS

The present paper gives the results of a study on tuberculin
reaction size-erythema and induration-at different intervals after
intradermal testing with 1 TU.

In the course of tuberculin-testing some 18,000 textile workers
in Mehalla el Kobra, Egypt, the tuberculin reactions of 417 men
were read daily for five days after the tests had been given. The
successive readings were made by the same observer without reference
to his previous readings.

No difference of any practical significance was found between
the results of readings made on the second through the fifth day.
Almost all the reactions of over 6 mm of induration on any one day
(except the first) remained above 6 mm on the subsequent days,
and those measuring 0-6 mm did not exceed 6 mm on the later
days. Thus, whether the reactions had been read on the second, third,
fourth, or fifth day, essentially the same persons would have been
classified as positive and negative according to the induration-
reaction size.

Erythema could have served as well as induration for separating
the study population into the same two groups, had 0-8 mm of
erythema been defined as negative and erythema of 9 mm or more
as positive for reactions read on the second through the fifth day.

In tuberculin surveys of the population under study there would
thus have been no need to adhere to a fixed reading interval.

The material included in the present paper illustrates how the
results of a relatively small and inexpensive preliminary study may
serve to simplify and rationalize subsequent large-scale work.

When a large-scale tuberculin-testing survey is planned, whether for
epidemiological purposes or as a preliminary to mass BCG vaccination,
the question often arises whether the results will be affected if the reactions
are not always read at the same interval after the tests have been given.
As the answer to this question may well be different for different populations
and for different test procedures, a pilot study in a sample of each popula-
tion concerned is the only satisfactory way to obtain pertinent information.

The present paper gives the results of a study on the tuberculin reactions
at different intervals of time after the test had been given. The study was

* The field work reported in this paper was planned and carried out by LeRoy E. Bates. The material
was analysed and the report prepared by Thoger Busk and Knut Magnus, assisted by Christine Bl0cher.
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done in the course of tuberculin-testing some 18,000 employees of a large
Egyptian cotton mill in the city of Mehalla el Kobra in the Nile delta. The
study population comprised 417 men, ranging in age from 16 to 67 years,
the majority being between 18 and 30. None had been previously vacci-
nated with BCG. A tuberculin test with 1 TU of PPD' was given into the
most superficial layer of the skin on the upper volar surface of the forearm.
The 417 tests were read at 1, 2, 3, 4, and 5 days by measuring the transverse
diameters of erythema and induration. The same observer read the reactions
on the five consecutive days without reference to his previous readings, as
he was not allowed to see the record cards; he simply dictated his measure-
ments to a clerk.

Results

The frequency distribution by diameter of induration of the tuberculin
reactions at 3 days is shown in the form of a histogram in fig. 1. The distri-
bution is bimodal, indicating that it is composed of two groups: one to the

FIG. 1. DISTRIBUTION BY INDURATION SIZE OF
REACTIONS AT 3 DAYS TO INTRADERMAL I TU TEST

AMONG 417 UNVACCINATED EGYPTIAN MEN
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right, with fairly large reactions (above 6-8 mm) distributed around 13-14
mm, and one to the left, with small or no reactions (0 to 6-8 mm). The large
right-hand group, which comprises persons with a high degree of sensitivity
to tuberculin, is, as discussed in a previous paper,' assumed to represent
persons infected with tuberculosis; while the small left-hand group, with
no or low-grade sensitivity to tuberculin b presumably represents persons
not infected with tuberculosis. From the shape of the distribution it is
evident that there is no clear-cut separation between these two groups; they
overlap. But the best separation would seem to be at the minimum of the
distribution between 6 mm and 7 mm.

a Purified Protein Derivative, batch RT XIX-XX-XXI, from the Statens Seruminstitut, Copenhagen;
1 TU (tuberculin unit) contains 0.00002 mg of the dry substance.

b As discussed elsewhere (see page 63), the low-grade sensitivity is most likely not specific for tuberculous
infection.
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FIG. 2. DISTRIBUTIONS BY INDURATION SIZE OF
REACTIONS ON FIRST 5 DAYS TO INTRADERMAL I TU TEST
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This separation into two groups, one with 0-6 mm reactions and one
with reactions measuring 7 mm or more will be used for evaluating the
readings at the other intervals, as the 3-day reading interval is the one
generally used. Persons with reactions of 0-6 mm of induration at 3 days
will be referred to as " negative ", those with reactions of 7 mm or more
of induration as " positive ".

The results for the readings made on the five consecutive days are shown
in fig. 2, beginning at the top of the figure with the reaction sizes after 24
hours and ending at the bottom with the reaction sizes on the fifth day.
The reactions of the negatives (0-6 mm at 3 days) have been lightly shaded
whereas the reactions of the positives (7 mm or more at 3 days) are heavily
shaded.

Readings made after 24 hours obviously cannot be used to separate the
population into two groups: the distribution is unimodal, with the nega-
tives and positives to a large extent showing the same reaction size. Begin-
ning with the second day, however, and up to and including the fifth day,
the distributions are clearly bimodal, with the point of low frequency
separating the two component groups remaining constantly at 7 mm. And,
as shown by the shading, few persons with positive reactions at 3 days would
have been classified as negative on the second, fourth, or fifth day; nor
would more than a very few of the negatives have been classified as positive
on these days. In fact, out of a total of 1,251 readings made of the 417
reactions on the second, fourth, and fifth day, only 18 did not agree in
classification with the readings made on the third day. It would thus appear
that the separation made between 6 mm and 7 mm on the basis of the
readings on the third day could just as well have been made on the basis of
the readings at the second, fourth, or fifth day and using the same criterion.

TABLE I. MEAN AND DISPERSION (STANDARD DEVIATION) OF INDURATION
SIZE OF REACTIONS TO INTRADERMAL I TU TEST ON THE FIVE CONSECUTIVE
DAYS AFTER THE TEST WAS GIVEN AMONG 417 UNVACCINATED EGYPTIAN MEN,

67 WITH NEGATIVE REACTIONS AND 350 WITH POSITIVE REACTIONS

Mean (mm) Standard deviation (mm)
Reactions of induration size of of induration size of

negative positive negative positive
reactions * reactions ** reactions * reactions **

1 day 4.4 11.3 1.5 4.2

2 days 4.1 13.6 1.7 3.9

3 days 3.4 13.9 1.8 3.6

4 days 3.4 14.2 1.8 3.6

5 days 3.2 13.9 2.0 3.5

* 0-6 mm induration at 3 days.
** 7 mm induration or more at 3 days.
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This consistency in the classification of persons as negative or positive on
the four later reading-days does not necessarily imply that all those classified
as positive are infected and all those classified as negative are uninfected.
However, there is some evidence suggesting that the negative and positive
groups comprise persons with different kinds of tuberculin sensitivity. The
material given in table I indicates that the trend of the development of the
negative reactions is different from that of the positive ones. The negative
reactions show their maximum average size at 24 hours and decrease steadily
during the following days, whereas the mean size of the positive reactions
is lowest on the first day and increases to reach a maximum on the fourth

FIG. 3. DISTRIBUTIONS BY ERYTHEMA SIZE OF
REACTIONS ON FIRST 5 DAYS TO INTRADERMAL I TU TEST

AMONG 417 UNVACCINATED EGYPTIAN MEN
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day. The change with time tends to produce a clearer separation between
the two groups at the later reading intervals. The dispersion (standard
deviation) of the reactions also differs in the two groups. The dispersion
of the negative reactions was smallest at one day and increased with time,
whereas that of the positive reactions attained its maximum at one day and
decreased with time.

Another question is whether erythema could have been used just as
well as induration to separate the two groups. As shown in fig. 3, the
distributions of erythema differ in some respects from those for induration-
the distributions by size of erythema are skew, with a long tail extending
out to the right. Possibly some of the reactions with extremely large areas
of erythema represent the second concentric zone of erythema commonly
surrounding collateral oedema. The important finding, however, is that the
distributions for erythema, like the ones for induration, are bimodal,
with a point of low frequency appearing fairly constantly at 9 mm. The
results indicate that erythema might have served as well as induration
for separating the study population into the positive and negative groups. c

The separation in the case of erythema would have to be made between
8 mm and 9 mm instead of between 6 mm and 7 mm, as almost all the
positive reactions had an erythema of 9 mm or more while nearly all the
negative reactions had an erythema of 0-8 mm.

Comments

There are some discrepancies among instructions for intradermal
tuberculin-testing with respect to the recommended interval between the
giving and the reading of the test: while a number of instructions specify
that the reaction should be read at a fixed interval-usually 72 hours 3'7
at least one advises reading at either 48 or 72 hours,4 and another, in recom-
mending reading at 72 hours, gives 96 hours as a possible alternative.2

The present investigation indicates that, in the population studied,
there is no difference of any practical significance in the results of readings
made at different intervals within the range 48-120 hours. The size of the
1 TU tuberculin reactions changed from the reading at 24 hours to the
reading at 2 days but remained very stable from the second through the
fifth day. With few exceptions each person would have been classified
in the same way on all four days.

The present results apply only to the population under study : it is
likely that different results would be obtained in other groups with a differ-
ent kind or degree of sensitivity, tested with another dose or type of

c That classification of tuberculin reactions may be based on erythema size just as well as on induration
size was concluded 10 years ago by Nobechi et al.,5,6 who found far better agreement among untrained obser-
vers in their readings of tuberculin reactions by size of erythema than in their readings by induration size.
Apparently the tactile delimitation of the indurated areas presented more difficulties to the untrained observer
than the visual delimitation of the erythematous zone.
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tuberculin or with a different test procedure. Thus, before undertaking
large-scale tuberculin-testing programmes it would seem worth while to
conduct a pilot study on a representative sample of the population to
be tested. The importance of holding to a fixed reading interval and the
most reasonable point of separation between positive and negative reactions
could then be assessed for the type and dose of test to be used in
the particular population. In such a study, of course, the same observer
must make the successive daily readings of the reactions, to ensure compa-
rability of the readings; and, of particular importance, the readings made
each day must be independent of the readings on previous days.

The need to adhere to a given reading interval may frequently create
organizational difficulties in practical programmes as it will hamper the
scheduling of the work. For example, if reactions always have to be read
at 3 days, tests cannot be given on the third day before a holiday. If, on
the other hand, a pilot study such as the present one indicates that the
reading of the reactions may be done on any one of several days without
practically affecting the results, the subsequent large-scale testing programme
could be planned on the basis of a flexible reading interval that would
make the testing schedule much more adaptable to varying circumstances.

RIASUME
L'article donne les resultats d'une etude sur la dimension de la reaction -erytheme

et induration - consecutive 'a l'administration par voie intradermique d'une UT, les
lectures etant faites a des intervalles variables.

Lors d'epreuves tuberculiniques pratiquees i Mehallah el-Kobra (Egypte) sur environ
18.000 ouvriers de l'industrie textile, on a mesur6 quotidiennement pendant cinq jours
les reactions chez 417 sujets. Les lectures successives ont ete faites par le meme observateur,
sans qu'il ait eu connaissance de ses lectures prec6dentes.

Les dimensions relevees du deuxieme jusqu'au cinquieme jour inclusivement n'ont
accuse, du point de vue pratique, aucune diff6rence notable. Presque toutes les reactions
caracterisees par une induration de plus de 6 mm un jour quelconque (sauf le premier)
sont restees superieures a ce chiffre les jours suivants, tandis que celles qui mesuraient
de 0 'a 6 mm n'ont jamais depasse cette derniere dimension au cours de la periode d'obser-
vation. Ainsi donc, que les reactions fussent lues le deuxieme, le troisieme, le quatrieme
ou le cinquieme jour, le classement des sujets en (( positifs > et en ;4 n6gatifs )) d'apres la
dimension de l'induration aurait ete sensiblement le meme.

L'erytheme aurait pu, tout aussi bien que l'induration, servir a separer la population
considere en deux groupes analogues, si un erytheme de 0 a 8 mm avait ete defini comme
negatif et un erytheme de 9 mm ou plus comme positif pour les reactions lues du deuxieme
jusqu'au cinquieme jour inclusivement.

Dans les enquetes tuberculiniques sur la population etudiee, il n'aurait donc pas et6
necessaire de s'en tenir it un jour fixe pour les lectures. Tout intervalle compris entre
48 heures et 120 heures apres l'administration de la tuberculine aurait convenu a cet
effet, ce qui permet d'adapter beaucoup plus facilement le schema des 6preuves a des
conditions variables.

Les precisions donnees dans l'article montrent avec 6loquence qu'une 6tude prelimi-
naire relativement limitee et peu cofiteuse peut servir a simplifier et a rationaliser des
travaux auxquels il sera donne plus d'ampleur par la suite.
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