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Japan 303 216 71.3
Koera 11 7 63.6
Nepal 63 13 20.6
India 9 1 11.1
Bengladesh 7 1 14.3
Sri Lanka 5 1 20.0
Malaysia 88 27 30.6
Myanmar 72 21 29.2
Thailand 26 3 11.5
Philippines 14 2 14.3
Indonesia 9 3 33.3
Solomon : 63 0 0
Yemen 19 1 5.3
Bolivia 16 0 0
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Comparison of erythema and mduratlon as results

of tuberculin tests

M. Kimura,* G. W. Comstock,” T. Morit

* Ministry of Health, Labor, and Welfare, Tokyo, Japan; t Johns Hopkins Bloomberg School of Public Health,
Baltimore, Maryland, USA; *Japan Anti-Tuberculosis Association, Tokyo, Japan

SUMMARY

SETTING: Schoolchildren, tuberculosis (TB) patients, and
hospital employees in Tokyo, Japan.

OBJECTIVE: To compare erythema and induration re-
sulting from tuberculin tests among TB patients, normal
children, and hospital employees with and without evi-
dence of atopy.

DESIGN: The distributions of diameters of erythema
and induration were compared among three groups: 951
TB patients, 6139 first-grade and 6185 seventh-grade
children, and 97 volunteer employees classified as atopic
or non-atopic on the basis of skin tests and serum immu-
noglobulin E (IgE) concentrations.

RESULTS: Erythema and induration were highly corre-
lated. The distribution of erythema diameters was uni-

modal, and the distribution of induration diameters was
bimodal. Erythema was considerably greater than indu-
ration among persons classified as being atopic.
CONCLUSION: Both erythema and induration appear to
be adequate indices of tuberculin sensitivity. However,
because most of the world uses induration as the index
and virtually all studies of tuberculin sensitivity rely on
induration, there are advantages in the use of indura-
tion. It would be desirable to initiate a large prospective
study to see whether erythema or induration is the better
predictor of subsequent tuberculous disease, and to con-
firm our finding that erythema is more likely to be con-
founded by atopy than induration.

KEY WORDS: tuberculin test; erythema; induration; atopy

IT HAS BEEN more than a century since Koch de-
scribed tuberculin as a curative agent for tuberculosis
(TB).! Although it did not take long before tuberculin
was found not to be a ‘magic bullet’, the tuberculin
skin test (TST) has remained the only widely accepted
screening tool for TB infection. Old tuberculin (OT),
similar to Koch’s original preparation, was intro-
duced in Japan in the mid 1920s.2 Florence Seibert of
the Henry Phipps Institute introduced purified pro-
tein derivative (PPD) of tuberculin in 1934,3 but Japan
did not switch from OT to its Japanese standard PPD-s
until 1968.2 The large batch of PPD-tuberculin by
Seibert in 1940 became the international standard
PPD (PPD-S) in 1952.45 Both PPD-s and PPD-S are
prepared from OT by precipitating the protein with
ammonium sulphate. The usual dose of PPD-s is equiv-
alent to 3 tuberculin units (TU), while the usual dose
of PPD-S is equivalent to 5 TU.

In 1934, Aronson recommended that the widest di-
ameter of induration be recorded as the index of sensi-
tivity to a specified dose of tuberculin.6 This was ac-
cepted by an American committee in 1940.7 By 1955,
this index had become more specific as the ‘widest
transverse diameter’.8 In 1940, Nobeji and colleagues
reported a comparison of erythema and induration

among five patients using 20 medical students as ob-
servers and found inter-observer variability to be
greater for induration than for erythema.? On the basis
of this study, the average of the longitudinal and trans-
verse diameters of erythema was initially accepted as
the result of TSTs in Japan. In 1974, this criterion was
replaced by the maximum diameter of erythema, with
=10 mm constituting a positive reaction.!0

Because the comparability of erythema and indu-
ration of PPD-s reactions has had little discussion,
two research questions will be addressed in this study.
First, to what extent are the two measurements, ery-
thema and induration, correlated? Second, because
Tarlo et al. reported a positive correlation between
immediate hypersensitivity to PPD-tuberculin and
atopic status,!! is erythema more closely related to
atopic status than induration?

MATERIALS AND METHODS

TST results among bacteriologically confirmed

TB patients

From records of patients admitted between 1989 and
1997 to Fukujuji Hospital (Japan Anti-Tuberculosis
Association), Tokyo, 951 bacteriologically confirmed

Correspondence to: Dr G W Comstock, George W. Comstock Center for Public Health Research and Prevention, P O Box

2067, Hagerstown, MD 21740, USA. Tel: (+1
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TB patients with complete records of TSTs were se-
lected for analysis of the association between indura-
tion and erythema. The patients were classified into
three groups—critically ill, moderate and the least
involvement—according to the Disease Classification
of Pulmonary Tuberculosis of the Japanese Society
for Tuberculosis.12

TST results among schoolchildren

TST records of elementary school and junior high
school students in the Tokyo area for the school year
1994-1995 were obtained with permission of the
Board of Education. The longitudinal diameters of
erythema and induration were compared among
6139 first graders aged 6~7 years and 6185 seventh
graders aged 1213 years. More than 95% of school-
children are believed to have been vaccinated with ba-
cille Calmette-Guérin (BCG) before the age of 4 years.
At primary school entrance, 20-30% are revaccinated,
and of these about half are vaccinated again when
they enter junior high school.

Subjects for tuberculin and allergy testing

A total of 97 Japanese volunteers aged 23 to 75 years
(mean age 40.4 years) living in the northern Tokyo
area consented to participate in TST and allergy test-
ing. Of this group, 26 (26.8%) had formerly been
bacteriologically confirmed TB patients, five (5.1%)
were diagnosed as having had Mycobacterium qvium
disease and 66 (68.0%) were healthy hospital employ-
ees. All 97 individuals completed the series of testing.
Information was obtained regarding risk factors for
atopic disorders, residential area, and socio-economic
status, as determined by final education level.

For measurements of serum immunoglobulin E
(IgE), 10 ml of venous blood was drawn from each sub-
ject, allowed to clot at room temperature, and centri-
fuged. Total serum IgE levels were measured using
enzyme-linked immunosorbent assay ([ELISA], Be-
thel Laboratories, Inc, Montgomery, TX, USA). All
subjects had detectable IgE levels.

A standard test dose of PPD-s (0.05 pgin 0.1 ml of
diluent, approximately 3 TU) was injected intracuta-
neously into the volar surface of the left forearm. Skin
test reactions in mm, both as the maximum diameter
of erythema and the transverse diameter of induration,
were measured at 15 min, 1 h, 4 h, 24 h and 48 h after
injection.

To assess atopic status, two types of antigens, pol-
len (1:1000, Torii Pharmaceutical Company, Tokyo,
Japan) and house dust (house dust extract, 1:1000,
Torii Pharmaceutical Company, Tokyo, Japan) were
also injected intracutaneously. The presence of >10 mm
of redness or a wheal =5 mm to either antigen at 15
min was interpreted as a positive reaction. The diag-
nostic criteria of the United Kingdom working party
were also used.!3 Persons were classified as atopic if

they had positive reactions to both antigens and sat-
isfied the UK diagnostic criteria. Total serum IgE con-
centrations were also compared among atopic and
non-atopic persons.

TSTs were performed for all study groups and read
by a few expert TB physicians, using the same PPD-s
and the same system of reading and recording results.
PPD-s was prepared by the Japan BCG Manufactur-
ing Company Ltd, Tokyo, Japan and was used in a
dosage equivalent to 3 TU.

Statistical analysis

Student’s t-test was performed to assess the statistical
significance of the difference of means. Pearson’s and
Spearman’s correlation coefficients were used to com-
pare measurements of erythema and induration. Anal-
yses were done with statistical software for STATA®
(Stata Corp, College Station, TX, USA).

RESULTS

Relationship between erythema and induration

The frequency distributions of erythema and indura-
tion are shown in Table 1. It can be seen from this
table that erythema has no mode at 0 mm; its distri-
bution is unimodal among both TB patients and chil-
dren. Among those with some erythema, the median
values were 30.5 mm for the patients, 13.3 mm for
the first-grade children, and 18.7 for the seventh-
grade children. The induration distributions were bi-
modal, with the first peak at 0 mm and the median
among those with some induration being 16.3 mm
among the TB patients, and 11.9 and 16.2 among the
first- and seventh-grade schoolchildren, respectively.
In all three study populations, erythema had greater
means and standard deviations than induration.

Comparisons of erythema and induration among
TB patients showed only fair correlation. Pearson’s
correlation coefficient was 0.53 and Spearman’s rank
order correlation coefficient was 0.63, based on 5§ mm
groupings. With increasing age, the correlation tended
to be better, although without statistically significant
differences. There were no important differences in
correlations for males or females. There was only a
slight difference according to severity of disease. Among
critically ill TB patients, Pearson’s correlation coeffi-
cient was slightly better than among the other pa-
tients (0.69 and 0.60, respectively).

For schoolchildren, the correlation between ery-
thema and induration was better than among patients.
Pearson’s correlation coefficient was 0.74 and Spear-
man’s rank order correlation coefficient was 0.81,
both indicating good correlation. There was little dif-
ference in the associations among first-grade and sev-
enth-grade students, with only slightly better Pear-
son’s correlation coefficient among the first graders
(0.78 vs. 0.71).
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Erythema and induration

Table 1

Percentage distributions of TB patients and first- and seventh-grade schoolchildren

by maximal diameter of erythema and transverse diameter of induration to PPD-s tuberculin

Schoolchildren

TB patients First grade Seventh grade
(n =951) (n = 6139) (n = 6185)
Erythema Induration Erythema Induration Erythema Induration
0 1.8 8.0 3.4 31.9 0.7 19.5
1-4 1.1 1.2 8.4 5.0 3.0 2.5
5-9 2.9 8.5 15.8 194 7.4 11.5
10-14 58 28.9 36.7 24.7 20.5 20.7
15-19 10.7 28.4 22.0 13.6 255 24.0
20-24 13.9 . 157 9.5 4.7 17.4 15.0
25-29 14.0 5.6 2.8 0.7 12.4 5.8
30+ 49.8 3.7 1.4 0.03 13.1 1.0
Total 100.0 100.0 100.0 100.03 100.0 100.0
Median* 30.5 16.3 133 11.9 18.7 16.2
* Among persons with 1+ mm.
TB = tuberculosis.
Atopic status and tuberculin sensitivity DISCUSSION

Of 97 hospital volunteers who successfully completed
this part of the study, 65 (67.0%) were male and 32
{33.0%) were female. Mean age was 40.5 years (range
29-75 years). Of these volunteers, 54 were classified
as being atopic and 43 as showing no evidence of
atopy. The median IgE concentrations of the atopic
and non-atopic persons were 41.7 and 19.3 ng/ml, re-
spectively. There were no demonstrable differences in
the distributions of IgE concentrations before and
after testing with PPD-tuberculin (P = 0.9).

The atopic and non-atopic persons were compared
with respect to diameters of erythema and induration
(Table 2). The atopic group had appreciably larger
differences between erythema and induration than
the non-atopic persons. The differences between the
two groups were trivial when readings were made at
<24 h, and became marked by the second day after
the TSTs were given. At this time, the distributions of
induration between the two groups were not signifi-
cantly different (P = 0.42), while the distributions of
erythema did differ significantly (P = 0.005).

Table 2 Comparison of erythema and induration from
tuberculin testing of 43 normal (not atopic) and
54 atopic adults

Diameter, mm*

10th and 90th

Median percentiles

Erythema

Not atopic 16.0 8,45

Atopic 24.5 12,49
Induration

Not atopic 58 1,19

Atopic 8.2 0,18
Difference (erythema minus induration)t

Not atopic 16.0 8, 45

Atopic 24.6 12,49

* Maximum diameter for erythema; transverse diameter for induration.
*Based on distributions of individual values.

The answer to the first question posed for this study,
‘Are the diameters of erythema and induration corre-
lated?” is yes, although far from perfectly. This is partic-
ularly true among the first- and seventh-grade school-
children. Each group had a Spearman rank order
correlation coefficient of 0.81. Correlation was not as
good among the TB patients, for whom the rank order
correlation coefficient was only 0.63. This lower
value could not be attributed to the inclusion of 109
critically ill patients, as their rank order correlation
coefficient was 0.69. All of these coefficients are highly
unlikely to be attributable solely to chance.

Erythema proved a slightly more sensitive indica-
tor of tuberculous infection, with 94.2% of the TB
patients having diameters of erythema of =10 mm,
whereas only 90.7% of the patients had diameters of
induration of =5 mm.

It is of considerable interest that a 1955 study of
tuberculin sensitivity among 417 Egyptian® cotton
mill workers done by the World Health Organization
(WHO) Tuberculosis Research Office (then under the
direction of C E Palmer) reported that erythema ap-
peared to be as good an index of tuberculin sensitivity
as induration!4 (although perhaps not a feasible index
in populations with very dark skins). Among these
men, the distributions of both erythema and indura-
tion were bimodal, in contrast to the findings of the
present study, in which the distribution of erythema
diameters showed only one mode. Bimodality is a use-
ful indication that the persons represented by the dis-
tribution are composed of two groups, those with and
those without the characteristic being measured, or
with distinctly different mean values of the character-
istic. Bimodality thus suggests that the ‘valley’ between
the two modes is a reasonable cut-off point between
‘positives’ and ‘negatives’, and is very useful for a
screening or diagnostic test.

The answer to the second question, ‘Is erythema
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more closely related to atopic status than indura-
tion?’, is also yes. Atopic persons had considerably
more erythema at 2 days, and only slightly more indu-
ration than the non-atopic group. This result suggests
that erythema as a criterion may yield a higher pro-
portion of false-positive tuberculin reactors than in-
duration. This finding deserves further investigation.

CONCLUSION

A major problem resulting from the use of erythema as
an index of tuberculin sensitivity is that the rest of the
world uses induration. As a result, it is not possible in
Japan to use the same indications for preventive ther-
apy that have been established by studies in other coun-
tries. A possible solution to this problem would be to
repeat the present study among the general population,
not only to confirm its findings but, more importantly,
to establish a cohort for longitudinal study. The pri-
mary goal of a longitudinal study would be to establish
the relative usefulness of erythema and induration as
predictors of the risk of the subsequent development of
TB and of the need for preventive treatment of latent
TB infection. Secondary goals would be 1) to establish
more firmly the conclusions of Nobeji et al.? and the
WHO Tuberculosis Research Office!* that measure-
ments of erythema are more repeatable than measure-
ments of induration; 2) to confirm the association of
erythema with atopy; and 3) to ascertain whether
erythema is subject to boosting to the same extent as in-
duration. Such a study could make important contribu-
tions to knowledge of TB and tuberculin testing.
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RESUME

CONTEXTE : Ecoliers, patients tuberculeux et employés
d’hopitaux a Tokyo, Japon.

0BJECTIF: Comparer Pérythéme et 'induration résul-
tant des tests tuberculiniques parmi les patients tuber-
culeux, les enfants normaux et les employés d’h6pitaux
avec ou sans signe d’atopie.

SCHEMA : On a comparé les distributions des diameétres
de I’érythéme et de induration dans trois groupes : 951
patients tuberculeux, 6.139 enfants du premier degré et
6.187 enfants du 7éme degré et 97 employés volontaires
classés comme atopiques ou non-atopiques sur la base
de tests cutanés et de la concentration sérique d’IgE.
RESULTATS : Il y a une corrélation étroite entre érytheme
et induration. La distribution des diametres d’érythéme
est unimodale, et la distribution des diamétres d’indura-
tion est bimodale. L’érythéme est considérablement plus

important que 'induration chez les sujets classés comme
atopiques.

CONCLUSION : Tant ’érythéme que 'induration s’avérent
des indices adéquats de sensibilité tuberculinique. Toute-
fois, puisque dans la plus grande partie du monde c’est
I'induration qui est considérée comme ’index, et puisque
virtuellement toutes les études de sensibilité tuberculi-
niques reposent sur induration, il y a des avantages a
utiliser cette derniére. Il serait souhaitable de mettre en
route une importante étude prospective pour savoir si
c’est Pérythéme ou Pinduration qui est le meilleur fac-
teur prédictif d’'une maladie tuberculeuse ultérieure et
pour confirmer notre observation que I’érythéme est plus
susceptible d’étre confondu par le fait de ’atopie que ce
n’est le cas pour 'induration.
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RESUMEN

MARCO DE REFERENCIA: Nifios en edad escolar, pa-
cientes con tuberculosis (TB) y personal hospitalario en
Tokio, Japon.

OBJETIVO : Comparar el eritema y la induracion como
respuestas a la prueba cutanea de la tuberculina en pa-
cientes con TB, en nifios sanos y en el personal hospi-
talario con datos sugestivos de atopia o sin ellos.
METODO : Se comparé la distribucién de los diametros
del eritema y de la induracién en tres grupos : 951 pa-
cientes con TB, 6139 nifos de primer grado de primaria
y 6185 nifos de séptimo grado y 97 empleados volunta-
rios clasificados como atépicos o no atépicos basandose
en pruebas cutaneas y concentraciones séricas de IgE.
RESULTADOS: Se observo una alta correlacion entre
eritema e induracién. La distribucion de los didmetros
del eritema fue monomodal y la distribucién de los dia-

metros de la induracion fue bimodal. El eritema fue sig-
nificativamente mayor que la induracién en las personas
clasificadas como atépicas.

CONCLUSION : Tanto el eritema como la induracion
parecieran indices adecuados de sensibilidad a la tubercu-
lina. Sin embargo, dado que mundialmente se utiliza mas
la induracién como indice de referencia y que casi todos
los estudios sobre la sensibilidad a la tuberculina se basan
en la induracion, el uso de ésta presenta mas ventajas.
Seria interesante comenzar un amplio estudio prospec-
tivo para definir entre el eritema y la induracion el mejor
factor de prediccion de enfermedad tuberculosa poste-
rior y para confirmar la observacién del presente estu-
dio, que es mas probable que la atopia constituya un fac-
tor de confusion para el eritema, que para la induracion.
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