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Determining the prevalence of tuberculosis infection in
populations with non-specific tuberculin sensitivity*
H. G. TENDAM & K. L. HITZE2

In tropical countries, where there is generally a high prevalence of non-specific
sensitivity, the tuberculin test is inadequatefor detecting tuberculosis infection. A method is
proposed by which the prevalence of infection in the population can be determined under
such circumstances thus making possible meaningful epidemiological surveillance of the
disease. This method compares levels oftuberculin sensitivity in individuals before and after
BCG vaccination. IfBCG vaccination fails to produce an increase in tuberculin sensitivity,
the individual must have been infected with human or bovine tubercle bacilli.

In temperate and subtropical regions the tuberculin
test has proved to be an important tool in the diagnosis
and epidemiology of tuberculosis. In tropical regions,
on the other hand, where the population is often
massively sensitized by mycobacteria other than
Mycobacterium tuberculosis or Mycobacterium
bovis, the efficacy of this test is greatly reduced. Its
diagnostic value is low since a conclusion can be drawn
with confidence from only a very small or a very large
reaction and not for the majority with reactions of
intermediate size (1).
Although under such conditions individuals cannot

be classified as infected or uninfected, the proportion
of infected persons can often be estimated approxi-
mately by analysing the frequency distribution of the
reactions in the tested population (1, 2) if it is assumed
that the non-specific reactions are never large. In
practice this is doubtful, certainly when the prevalence
of non-specific sensitivity is high and tuberculosis
infection is relatively rare. In such cases the estimates
may be uncertain (1) and, although of some value as a
first indicator of the epidemiological situation, they
are inadequate if quantitative measurements are
required, such as in epidemiological surveillance for
which a tuberculin survey is the recommended method
(3).
Although the need for a more specific or modified

tuberculin test suitable for tropical regions has long
been recognized (1), no progress has been made. In
fact, research has rather been directed towards finding
methods for identifying the various sources of non-
specific sensitivity. As a by-product of this research a
method of dual testing with tuberculin and a myco-
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bacterina was suggested for distinguishing specific and
non-specific sensitivity. This method is based on the
experimentally confirmed assumption that sensitivity
to the homologous mycobacterin (including tuber-
culin) will be stronger than to a heterologous one (5).
The fact that the sensitizing mycobacteria will usually
not have been identified seemed to be no obstacle,
because the mycobacterins show great cross-reactivity
(low specificity). But as this also applies to tuberculin,
the precision of the method cannot be expected to be
very high. Dual testing with tuberculin and intra-
cellularin (often called PPD-B) has been carried out
extensively (6) and has been recommended as being of
some help in making a differential diagnosis between
sensitivity caused by infection with M. tuberculosis or
with other mycobacteria (7). In epidemiological work
the interpretation of dual tests is fraught with diffi-
culties and remains problematic in the cases where the
reactions to the tuberculin and the mycobacterin are
of a similar size. Indeed, in a recent large-scale study,
dual testing with PPD-S and PPD-B failed to produce
a better separation between those infected with
M. tuberculosis and those not so infected than the
single test with PPD-S, even though clinical follow-up
data were available (8). This observation would
appear to make the general validity of the dual testing
method highly questionable.

CHARACTERISTICS OF NON-SPECIFIC
TUBERCULIN SENSITIVITY

The following characteristics of non-specific
tuberculin sensitivity are of interest in distinguishing it
from specific sensitivity:

a Mycobacterin is the general term suggested by Runyon (4) for a
purified protein derivative prepared from a mycobacterium other
than M. tuberculosis.
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(a) Non-specific sensitivity apparently wanes with
time, as does that induced by BCG (9, 10, 11), and
may be recalled by a tuberculin test (12, 13).b
Sensitivity induced by M. tuberculosis wanes only in
very exceptional cases, and waning is not usually
observed even if the testing interval is several years
(14).

(b) The presence of non-specific sensitivity does
not influence the level of sensitivity induced by subse-
quent (or preceding) tuberculosis infection. This has
been demonstrated experimentally (15); also the
distribution of reactions to the same dose of tuber-
culin is remarkably consistent throughout the world,
whether or not non-specific sensitivity is prevalent (1,
16, 17). Several workers have observed that the aver-
age size of reaction in infected persons decreases
slightly with increasing prevalence of non-specific
sensitivity. This will be discussed below. In the present
context, it is important to note that non-specific
sensitivity does not increase specific reactions.

(c) The level of tuberculin sensitivity following
BCG vaccination is almost independent of the
presence of non-specific sensitivity. Notably, non-
specific sensitivity does not prevent the development
of the characteristic level of BCG-induced tuberculin
sensitivity (15). If anything, it slightly increases the
mean postvaccination reaction (18). On the other
hand, BCG vaccination of infected persons does not
increase the level of tuberculin sensitivity (14).

It has been pointed out that the effect of one
tuberculin test on the next may be very inconvenient in
epidemiological studies and in the evaluation of BCG
vaccination (13, 19). However, in connexion with the
characteristics mentioned above, it would seem that
this untoward effect may be used to advantage. When
the result of the first test is not clear, the second test
can provide further information. The following
situations may arise:

(a) The second reaction is smaller than the first.
This is incompatible with the presence of both specific
and non-specific sensitivity and must be attributed to
experimental error, or to a temporary loss of delayed
hypersensitivity arising from an acute viral infection,
treatment with corticosteroids, etc.

(b) The second reaction is as large as the first. Apart
from experimental error, this indicates that there was
no recall of sensitivity and thus that the sensitivity was
specific, or that the sensitivity was non-specific but
could not be recalled (perhaps because waning had not
yet occurred).

(c) The second reaction is larger. Disregarding

b The fact that a second tuberculin test does not give a still greater
increase in reaction size (14) suggests that, as with BCG vaccination,
the phenomenon is due to recall of waned sensitivity rather than to
boosting of existing sensitivity. In the present context, however, this
question is irrelevant.

experimental error, this indicates that sensitivity was
recalled and thus must have been non-specific.

EXAMINATION OF A PROPOSED METHOD FOR
DETERMINING PREVALENCE

These characteristics lead to the possibility that the
relation between two successive tuberculin reactions
may make it possible to distinguish between specific
and non-specific sensitivity in at least some cases.
To investigate this proposal, data reported by Geser

et al. (12), from studies in Burundi, Dahomey (now
Benin), and Mauritania in 1964, have been re-
examined. In these studies, tuberculin testing was
carried out before and 8 weeks after BCG vaccination
and in unvaccinated controls. The frequency distri-
butions of reaction sizes to a prevaccination test are
shown in Fig. 1 for two study populations (Dahomey
and Mauritania), in which non-specific sensitivity was
apparently present. From the distributions it is
difficult to make any estimate of the prevalence of
infection. The relation between the reactions to the
first and the second tests in the unvaccinated controls
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Fig. 1. Distribution of the prevaccination tuberculin reactions
to 1 TU (Dahomey) or 2 TU (Mauritania) of RT 23 with
Tween. (From Geser et al. (12))
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is shown in Tables 1 and 2, and from these tables it is
seen that many children with initial reactions of up to
15 mm had larger reactions to the second test, indicat-
ing that they had non-specific sensitivity. Many
children had a large reaction to both tests, and in many
other cases the reaction size was not increased or was
increased very little (reactions close to the diagonal).
The latter children, therefore, can be said to have had
specific sensitivity, i.e., they had been infected with
M. tuberculosis (or M. bovis). However, in some cases
the second reaction would appear exceptionally large,
even if one allows for experimental error (see Table 1),
and it would seem more likely to have been due to non-
specific sensitivity than to infection.
Some children who reacted to the first test had no

reaction at all to the second. This points to an error at
either the first or second test, and obviously these
cases provide no useful information. Other children
had a somewhat smaller reaction to the second test
than to the first, probably as a result of experimental
error. The chances of having a smaller or larger
reaction at the second test because of such experi-
mental error are about equal (20), except when the
initial reaction is either very small or very large. For

these, a spurious increase or decrease may occur,
respectively, because variation will tend to be in one
direction (reversion to the mean).
Some children had "zero" reactions to both tests,

and should be classified as uninfected. A few other
children had small reactions to both tests, and were
also probably uninfected, but interpretation becomes
difficult as the reaction sizes increase. As mentioned
above, in some cases the non-specific sensitivity may
not have waned and thus could not be recalled.
Indeed, certain kinds of non-specific sensitivity may
not wane at all, and other kinds of waned sensitivity
may not be recalled by the tuberculin test. These cases
would show equal reactions to both tests and therefore
would be wrongly classified. The amount of sensitivity
recalled appears highly variable, and diagnosis in
individual cases remains difficult if the difference
between the two reactions is small. Because of experi-
mental error, some children with non-specific
sensitivity may actually have had the same or a smaller
reaction to the second test than to the first one. These
children would also be wrongly classified, as would
infected children who because of experimental error
showed a larger reaction to the second test.

Table 1. Correlation of size of reactions to the pre- and postvaccination tests among the unvaccinated controls, Dahomey

Size of reactions to Mx I TU post-vaccination test (mm)

58

2

3

2

3

4

8

2

3

3

2

t

4

4

3

QO
- 4 2 5 6 6 2 4 6 5 4 - 9 5 5 3 2 5 2 7 2 - 2 1 - - 1 3

0 2 4 6 e 10 12 14 16 18 20 22 24 26 28 30

0 28-- 3 2 5 2 4 2 1 4 1 1 - 3 2 1 1 - - - - - - - - -

- ---. --.
2 1 -

4 - - - - - - - - - -- - - - - - - -

- - - - --_ - - - - - - - - - - - - -

- - - ,1 - - - -- X - 1 - - - - - - - - - -

1- - - - -- - - - -

10 2 - -.t-

I - - - - - - - - - - \11 - - 1 - 2 1 - - 1-

12......t.......- - --

- I I

14 - -_--I I_ - - - - - - - - -

16 - - 1 - -

6 - _- _ _ _ ____1 _-- -- - - - -

- - - - - - - . -- - - - - - - - 1

_ _- -

- _- I - - 2

_- - - - 2

24 _-
- - - - - - - - - ox- -

26 26.- -- --

477

129ITotal 1134



478 H. G. TEN DAM & K. L. HITZE

Table 2. Correlation of size of reactions to the pre- and postvaccination tests among the unvaccinated controls, Mauritania
Size of reactions to Mx 2 TU post-vaccination test (mini
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Table 3. Correlation of size of reactions to the pre- and postvaccination tests among the vaccinated subjects, Dahomey
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These difficulties would be avoided to a large extent

by making use of the characteristics mentioned under

item (c) on page 476, ifBCG vaccination were given at

the same time as the first tuberculin test. This pro-

cedure would introduce a level of sensitivity compar-

able to that induced by infection, provided that a

highly sensitizing BCG product (dose) were used.

Considering the results of tuberculin testing of

vaccinated children in Mauritania and Dahomey

(Tables 3 and 4), by 8 weeks after vaccination, the

children with no or non-specific sensitivity may be

expected to have acquired the sensitivity level char-

acteristic for the BCG vaccination, whereas in the

infected children there will have been no change.

Thus, whereas BCG-induced sensitivity cannot be

distinguished from sensitivity caused by infection, a

change in the level of sensitivity may be highly

indicative.

For the children with reactions of 10 mm or less to

the first test, reactions to the second test were typically
distributed to the right of the diagonal; disregarding
the "zero" reactions, there were only two cases

(both in Table 3) in which sensitivity did not increase,

and these may well be exceptions rather than the left-

tail of the distribution. Apart from these two cases,

the sensitivity observed before vaccination must be

regarded as non-specific.
On the other hand, for children with large reactions

to the first test (say 20 mm or more) the reactions are

on the whole distributed on both sides of the diagonal,
thus reflecting infection. Incidentally, this also shows

that there has not been a gross systematic error in the

reading of the reaction sizes, or in the application of

the tuberculin tests. Some exceptionally large
reactions should nevertheless be noticed (Table 3).

There is only one child (see Table 3) who reacted only

to the first test.

Among the children with initial reactions of 10-

20 mm, many appear to have acquired greater sensi-

tivity. Those who have not are regarded as infected

with tuberculosis, but some children with non-specific

sensitivity could be wrongly included in this classifi-

cation. This can be verified by examining the distri-

bution of reaction sizes (to the first test) in the popu-

lation classified as infected (Fig. 2). If many children

with non-specific sensitivity had been included, the

distribution would be skewed because of an "excess'"
of intermediate-sized reactions. This would appear

not to be the case; the distributions seem to conform

well to the "normal" shape expected for an infected

Table 4. Correlation of size of reactions to the pre- and postvaccination tests among the vaccinated subjects, Mauritania

Size of reactions to Mx 2 TU post-vaccination test (mm)
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Fig. 2. Distribution of the reaction sizes in the population
classified as infected. (From Geser et al. (12))

population.
One way of estimating the prevalence of infection in

the tested populations would therefore be to examine
the relation between the reactions before and after
BCG vaccination (as in Tables 3 and 4) and:

(a) to count the number of cases in which the reac-
tions are the same (on the diagonal);

(b) to count the number of cases in which the
second reaction is smaller (under the diagonal);

(c) to count, for each row of reaction sizes to the
first test, the number of cases above the diagonal, but
only up to the number observed in the same row under
the diagonal.c

c For the largest reactions there may be more cases under than over
the diagonal; it would therefore be inaccurate simply to double the
number of cases observed under the diagonal.

The sum of these counts divided by the total gives
the infection prevalence in the tested population.
Possible cases showing a reaction to the first test but
none at all to the second test (like the one case in
Table 3) are probably best eliminated from both the
numerator and the denominator. If "zero" and very
small reactions to both tests are observed on or under
the diagonal, inadequate vaccination is a more likely
explanation than infection, and such cases are also
best disregarded.
This method would give an infection prevalence of

10.7% in Dahomey (Table 3) and of 17.5% in Mauri-
tania (Table 4). (These figures apply to the time of the
first test.)

It is of interest to compare these estimates with
those obtained by other methods. Geser et al. (12)
considered that the distinction between infected and
uninfected was totally obscured, and did not attempt
to make an estimate. A rough method often applied in
the past was simply to consider reactions of 10 mm or
larger as positive. This method applied to the prevacci-
nation tests, would give infection prevalences for
Dahomey and Mauritania of 31.2% and 39.1%,
respectively. Applied to the second test, in the non-
vaccinated controls, it would show prevalences of
51.2% and 44.0%, respectively. There is clearly a
tremendous discrepancy between the interpretation
we propose and the rough method previously used.
To investigate this discrepancy, examination of the

data obtained by Geser et al. (12) in Burundi appears
to be relevant. In this study, the population was
heterogeneous, consisting of schoolchildren and adult
women (about 25010). The distribution of reactions to
the first tuberculin test, shown in Fig. 3, was bimodal.
Although it would seem possible to distinguish
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Fig. 3. Distribution of the prevaccination tuberculin reactions
to 2 TU of RT 23 with Tween. (Data from Geser et al. ( 12))
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Table 5. Correlation of size of reactions to the pre- and postvaccination tests among the vaccinated subjects, Burundi
Size of reactions to Mo 2 TU post-vaccination test (mm)
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infected and non-infected groups, to the left and right
of the antimode, respectively (at about 8 mm), it will
be seen that the right-hand part of the distribution is
not normal (as would have been expected for an
infected population) but skewed, which indicates that
non-specific reactions are included.
The relation between the pre- and postvaccination

tuberculin reactions is shown in Table 5. Interpret-
ation of the data as suggested above (see Fig. 3)
appears to agree with an interpretation usually applied
in such cases, which consists in reconstructing the
distribution for the infected from the right-hand tail
of the distribution.d A large proportion of non-
specific reactions occur in the right-hand part of the
distribution and the prevalence of infection would be
not more than 20%. The rule of thumb, which would
falsely classify all non-specific reactions of 10 mm and
larger, would suggest an infection prevalence more
than twice as high.

d Unpublished document WHO/TB/techn. guide/2.rev.3.

CONCLUSIONS

The proposed analysis suggests that the prevalence
of tuberculosis infection has been systematically and
sometimes grossly overestimated. The likelihood of
this has been pointed out before by Roelsgaard et al.
(21), who showed that when the estimates for a large
number of countries are plotted, there appears to be a
strong positive correlation between the levels of
specific and non-specific sensitivity.

It has been stated elsewhere that the size of tuber-
culin reactions due to infection tends to decrease as the
prevalence of non-specific sensitivity increases (1, 22,
23, 24). This has not been experimentally confirmed,
however (15), and the statement is at variance with
observations in patients (1, 16, 17). The apparent de-
crease could well be a result of non-specific reactions
being falsely classified as "positive", thus confirming
that overestimates of the infection prevalence are
frequent.
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Unfortunately data on which the method of
analysis we propose could be examined (detailed
correlation tables) are seldom published. From the
present material (see also Fig. 2) it would appear that
the method has a high specificity, i.e., that the risk of
falsely classifying a person as infected is small. The
possibility that this high specificity is obtained at the
cost of reduced sensitivity, i.e., that the chance of
detecting an infected person is reduced, should also be
considered. The result would be that the method
would systematically give an underestimate of preva-
lence. If used in comparative studies to determine
trends in prevalence, as in surveillance, this would
scarcely be a problem. Indeed, under such circum-
stances a high specificity is to be preferred to a high
sensitivity.
A particular difficulty in tuberculin surveys arises

when a large proportion of the population has been
vaccinated with BCG and, to avoid this problem,
vaccinated children are normally eliminated from
populations in which the surveys are undertaken. In
practice this is not always easy since although BCG
vaccination generally leaves a characteristic scar, this

is not invariably so. Moreover, if vaccination coverage
is high, the unvaccinated population is not necessarily
representative. The characteristics of BCG-induced
sensitivity are essentially the same as those of non-
specific sensitivity, but they are quantitatively
different. Thus, revaccination may not induce a much
higher level of sensitivity (25) so that in a vaccinated
population the proposed method would become
inaccurate because of experimental error. Possible
exceptions to this are programmes in which vacci-
nation is given to the newborn, in which the dose is
generally reduced. The newborn, moreover, have a
relatively weak response to vaccination (26), and
revaccination (at school age) with a potent vaccine
may be expected to produce a measurable increase in
tuberculin sensitivity.

Tuberculosis surveillance based on the proposed
method should be easily practicable in countries where
BCG vaccination or revaccination is given systemati-
cally to schoolchildren. Representative samples of the
eligible children could be given pre- and postvacci-
nation tuberculin tests and be vaccinated by a skilled
team, as is done in vaccine evaluation, at set intervals.
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DtTERMINATION DE LA PREVALENCE DE L'INFECTION TUBERCULEUSE
DANS DES POPULATIONS PRPSENTANT UNE SENSIBILITt TUBERCULINIQUE NON SPtCIFIQUE

En raison de la sensibilisation par des mycobacteries
autres que Mycobacterium tuberculosis, 1'epreuve tubercu-
linique a une faible valeur diagnostique et, de plus, elle se
prete mal A la surveillance epidemiologique de la tuberculose
dans la plupart des pays tropicaux. Jusqu'A present aucun
progres reel n'a ete fait sur la voie de la production d'une
tuberculine specifique de l'infection A M. tuberculosis, et la
validite d'une double epreuve par la tuberculine et par une
mycobacterine s'est revelee douteuse.
On a determine certaines caracteristiques de la sensibilite

tuberculinique non specifique qui permettraient de la
distinguer de l'hypersensibilite resultant de l'infection tuber-
culeuse. 1) A la difference de cette derniere, la sensibilite non
specifique, comme celle qui est suscitee par le BCG, tend A
d&croltre et peut alors etre stimulee A nouveau par une
epreuve tuberculinique; 2) la presence de sensibilite non
specifique n'a pas d'influence sur le degre de sensibilite
provoque par une infection ulterieure (ou precedente); et

3) le degre de sensibilite tuberculinique apres vaccination
par le BCG est presque independant de la sensibilite non
specifique, alors que chez les personnes infectees, la vacci-
nation par le BCG n'accroit pas l'intensite de la reaction
tuberculinique.

Ainsi, en appliquant deux epreuves tuberculiniques
successives, A un intervalle approprie, il est possible de
distinguer les cas d'infection des cas de sensibilite non
specifique ayant subi un abaissement notable. Ces derniers
presenteront une reaction plus marquee A la deuxieme
epreuve, alors que dans les cas d'infection la deuxieme
reaction sera de la meme taille que la premiere (sauf s'il y a
erreur experimentale). L'administration de la vaccination
BCG en meme temps que la premiere epreuve tuberculinique
permettra d'accroltre encore la sensibilite non specifique, et
particulierement elle entrainera une augmentation meme si
un declin ne s'est pas produit. En revanche, en cas
d'infection, on observera aucun accroissement.

482
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La methode proposee pour mesurer la prevalence de
l'infection dans une population consiste A pratiquer une
epreuve tuberculinique et une vaccination par le BCG (au
moment de la lecture des reactions A la premiere epreuve)
puis A pratiquer une nouvelle epreuve environ huit semaines
plus tard. Les resultats des epreuves sont notes dans une
table de correlation et l'on compte le nombre des cas 1) dans
lesquels les deux reactions sont identiques, et 2) dans
lesquels la deuxieme reaction est plus petite. Les cas oui la
deuxieme reaction est plus grande sont inclus jusqu'A
concurrence du nombre de cas trouves, dans chaque rangee,
dans lesquels la deuxieme reaction est plus petite. La somme
de ces numerations divisee par le total des sujets eprouves
donne la prevalence de l'infection dans la population
eudiee.
La methode suggeree a ete mise A l'epreuve au moyen de

donnees publiees A partir de trois etudes sur -la vaccination
BCG directe. Les estimations de la prevalence ainsi obtenues
ont e inferieures, de maniere frappante, A celles qui ont e
faites par une "methode" arbitraire frequemment utilisee,
qui consiste A considerer simplement toutes les reactions de
10 mm et plus comme indiquant une infection. Une analyse
plus approfondie d'une des eudes a confirme que la
methode arbitraire introduit de nombreux cas de sensibilite

non sp&cifique parmi ceux qui sont classes comme infectes.
I1 avait dejA e demontre auparavant que les prevalences de
l'infection ont e systematiquement et parfois grossiere-
ment surestimees.

Les enquetes tuberculiniques rencontrent une difficulte
particuliere lorsque la population a e anterieurement
vaccin&e au BCG. Dans la pratique, l'elimination des
vaccines (par observation de la cicatrice laissee) n'est pas
toujours facile et peut conduire A des erreurs importantes si
la couverture vaccinale est elevee. En outre, la population
ainsi selectionn&e peut ne pas etre representative. I1 est
possible egalement que la methode propos&e ici ne soit pas
tout A fait efficace dans des populations vaccinees. Une
exception possible, cependant, est represent&e par les pro-
grammes dans lesquels la vaccination est administr& au
nouveau-ne. Chez ce dernier, la dose de BCG est generale-
ment reduite et la reponse (sous I'angle de la sensibilite A la
tuberculine) est relativement faible, de toute facon. On peut
donc s'attendre A ce que la revaccination A l'age scolaire
produise une augmentation mesurable de la sensibilite
tuberculinique suscit&e par le BCG. La surveillance de la
tuberculose fond& sur la methode propos&e doit donc etre
facilement applicable dans les pays oii la vaccination BCG
est administr& systematiquement aux ecoliers.
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