
The Central African

Journal of Medicine
Volume 3 JULY, 1957 No. 7

The Significance of the Strongly 
Positive Tuberculin Reaction

BY

I). P. SMYLY, M.B., B.s. 
Bonda Mission, Inyanga

AND

I). H. SHENNAN, m.d., d.p.h.
Assistant Medical Officer of Health, Eastern Province, 

S. Rhodesia.
The Tuberculosis Research Committee of the 
South African Institute for Medical Research 
(1932) found that in Rand mine recruits the 
greater the degree of tuberculin-allergy, as shown 
by the reaction to the tuberculin test, the less 
was the resistance against infection. The re
actions were classed as “negative,” “positive” or 
“strongly positive.” In 3,879 returned as 
“strongly positive,” the incidence of tuberculosis 
later was 15.47 per thousand; in 57, 236 re
turned as “positive,” 6.83 per thousand developed 
tuberculosis.

Griffiths and Kreher (1953) in Johannesburg 
found a qualitative difference in the reaction 
between Bantu and European children. The 
Bantu showed vesiculation in 10 per cent, of 
296 positive reactors, and phlyctenular conjuncti
vitis occurred in one child. There was no 
vesiculation in any of the 35 European positive 
reactors, and their reactions were uniformly 
smaller than those of the Bantu. These results, 
particularly as they were found in nursery school 
children, suggest a genetic element in the ten
dency to give strong reactions. Griffiths and 
Kreher also found a high morbidity rate among 
the Bantu as compared with the Europeans, but 
made no effort to relate this to the high rate of 
severe reactions among the Bantu.

The subject has also been considered by 
Haynes (1951) and Davies (1952).

On the other hand, Thompson (1955), work
ing in Broadmoor Institution, in England, re
ported that those who reacted severely had neither 
clinical nor radiological evidence of tuberculosis.

There is thus evidence that in the African 
al least strongly positive reactions indicate a 

greater tendency to suffer later from tubercu
losis and that there is a racial difference in the 
tendency to give severe reactions.
W hat is the best criterion for a “strongly positive 
reaction” from the point of view of case-finding?

In an area where X-ray facilities are inade
quate, as well as inaccessible to most rural 
Africans, a method of reducing the number to 
be referred for X-ray wou'd be of great help. 
The following experiment was done with the 
object of finding what type of tuberculin reaction, 
if any, characterised those who were sufferers 
from active tuberculosis.
Method of Procedure

At Mutanda African School, Umtali, 593 
children were tested with 5 T.U. of old tuberculin 
intradermally and the diameter of the reaction 
measured three days later. There were 301 
positive reactors (6 mm. or more). Of these, 
270 had erythrocyte sedimentation rates esti
mated, teachers, absentees and those with diffi
cult veins being excluded. Of the 56 with 
E.S.R.s higher than 12 mm. in one hour, 46 
were X-rayed, the exclusions being two absentees 
and eight children in the 13-14 E.S.R. group, 
who had to be omitted because the availability 
of the X-ray machine was limited. The radio
logist reading the X-rays was not told of the 
reaction or E.S.R. until he had pronounced on 
the film. The E.S.R. estimations were completed 
within a month of the tests being carried out.

The value of 12 mm. as the top limit of a 
normal E.S.R. was chosen purely arbitrarily; in 
common with all Bantu, these children showed 
a great majority of their E.S.R.s to be above the 
textbook range.

Results.—These are shown in Table I.
E.S.R. Findings.—Of 10 children with a reaction 

diameter of 21 mm. or more, eight had an E.S.R. of 
more than 12 mm. in one hour. Of those with reactions 
20 mm. or less across, 48 out of 262 (18 per cent.) 
had high readings. Within this group there was no 
corellation to be seen between E.S.R. and reaction 
size. Other factors than tuberculous infection must 
have been operative in raising the E.S.R. in the child
ren, but it is fair to assume that they were fairly evenly 
distributed among them all.
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Table 1
Erythrocyte Sedimentation Rates and Reaction Sizes to Koch’s Old Tuberculin

(Key: V — one vesiculating reaction, e.g., “3V” — 3 ordinary and 1 vesiculating)

E.S.R. Reaction size (mm.)

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 Total

Over 1 1 1 V 4

36 4 5mm. 44m m. 7. 1mm. 40mm

36 1 1

34 1 2 3

32 1 1

30 1 I

28
26 1 1

24 1 1

22 1 2 3

20 2 2 1 5

18 1 1 1 1 1 I 1 1 V 9

16 1 2 2 2 1 1 1 10

14 1 1 1 1 3 2 4 1 1 V V 17

12 2 2 1 2 5 3 3 3 1 2 2 2 1 1 30

10 1 2 2 1 1 I 2 2 2 3 2 1 20

8 2 3 2 6 1 4 4 4 4 5 3V 5V 45

6 3 4 4 6 4 4 5 4 6 4 2 V 1 48

4 7 10 3 5 6 5 7 2 3 2 4 V 2 57

2
0

1 1 2 1 1 2 Q IV 1 1 1 16

Total 9 22 26 26 17 27 22 31 18 20 17 15 7 2 3 4 3 2 1 272

X-ray Findings—Ail the high-E.S.R. children, with 
the exceptions stated, were X-rayed. Calcification was 
present in five out of eight radiographs of those showing 
an E.S.R. above 20 mm., and one of these had a flare 
from the hilum regarded as probably active tubercu
losis. In addition, a sixth child had greatly enlarged 
and firm tonsillar glands associated with pitted tonsils, 
which on clinical grounds alone could fairly be diag
nosed as tuberculous. No other child with a high 
E.S.R. had unduly enlarged tonsillar glands.

In none of the 48 children in the under-20mm. 
reaction group who were X-rayed was tuberculosis 
diagnosed or suspected.

Thus, of those with a reaction of over 20 mm. 
combined with a raised E.S.R., six out of eight had 
definite evidence of tuberculosis, present or past, where
as none was seen in the 48 who had smaller reactions.

Conclusions.—Children giving tuberculin re
actions over 20 mm. in diameter have a high 
incidence (50 per cent, in this series) of tuber
culous lesions, old or recent, in the chest X-ray.

To some extent these lesions are active, as 
illustrated by the high proportion with a raised 
E.S.R. in this large-reaction group.

It is concluded that it is worth while X-raying 
all children giving reactions over 20 mm. in 
diameter.
The. Method in Practice

Since the Mutanda investigation, 43 over-20 
mm. reactors discovered in the course of routine 
tuberculin-testing with 5 T.U. prior to B.C.G. 
vaccination of school children have been X-rayed, 
with the following results:—

5 (12 per cent.) were considered active cases and 
another nine (21 per cent.) suspicious.

8 showed calcification (19 per cent.).
3 were apparently healed tuberculous lesions not 

associated with calcification (7 per cent.).
19 radiographs were normal (44 per cent.).
(The sum is 44, not 43, because one radiograph 

fell into both categories “active"’ and “calcified.”)
Altogether 24 out of 43 (56 per cent.) showed some 

abnormality.
In addition, 36 E.S.R. estimations have been done on 

over 20-mm. reactors, 18 (50 per cent.) falling into the 
over-12 mm. group.

Conclusions.—The results prove the value of 
the method for routine use. There are lower 
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figures for calcification and for E.S.R.s than in 
the Mutanda series, but the proportion of active 
and suspicious cases found makes the expendi
ture of this number of X-rays well worth while.

Limitations of the Method
This system may be used where there is only 

a limited amount of hospital accommodation for 
cases discovered by case-finding methods. It 
does not, however, reveal all cases, and once 
beds become unlimited the only way to be sure 
of discovering every active case is by mass 
radiography, when all positive reactors found by 
tuberculin testing should be X-rayed.

The Significance of Severe as Opposed to
Large Tuberculin Reactions

hi the Mutanda school experiment described 
above, large reactions (over 20 mm.) were 
shown to be associated with activity of tuber
culosis. There is, however, in both “small" and 
“large” reactions, a considerable variation in 
severity, from slight induration, through brawny, 
hot. red-tinted and tense induration to vesicula
tion. The last category is separated off for 
study as it is easy to distinguish, but it should 
be realised that it merely represents the extreme 
of a continuous grading of reaction-severity.

In the above experiment there were nine 
vesiculating reactors; four of these had high 
E.S.R. findings combined with large reactions, 
and five had low E.S.R. results combined with 
small reactions. Two of the former showed 
calcification in the chest, and two out of three 
of the latter who also were X-rayed showed 
calcification. These children with calcification 
must have had a well-marked infection in the 
past. This suggests strongly that a vesiculating 
reaction (i.e., a high degree of allergy) means 
that a heavy infection has been contracted al 
some time, but does not necessarily mean present 
activity of the lesion.

This finding was followed up by a study of 
the Mantoux reactions of 63 tuberculosis patients 
at Bonda Mission Hospital, Inyanga. This series 
was also intended to help to find in the Mantoux 

reaction a criterion for the presence of active 
tuberculosis; but in this it was of little help, 
probably due to the effect of drug treatment 
which all the patients were receiving. The tests 
were done with 5 T.U. of old tuberculin. All 
the patients gave positive reactions, but only two 
were over 20 mm. in diameter.

In this connection Hewell and Suyemoto 
(1954) found that there was a trend towards 
decreased tuberculin sensitivity after two weeks 
to two months in patients on anti-tuberculous 
drugs, and a return to greater sensitivity after 
three to six months. Robinson et al. (1955) 
describe the loss of tuberculin sensitivity in in
fant contacts due to treatment with isoniazid, 
though only in those showing no radiological 
evidence of tuberculosis; and Gaisford (1955) 
found a similar effect in guinea pigs vaccinated 
with B.C.G., in which isoniazid prevented the 
development of tuberculin-positivity.

In the study of the nature of the reaction, 
however, the Bonda experiment yielded more 
useful results. The presence or absence of vesi
culation was correlated with the following factors: 
age, sex, duration of disease, duration of disease 
before treatment, duration of treatment, present 
grading (good, fair or poor), E.S.R., tempera
ture and X-ray and clinical condition. The last 
category was divided into early, moderate or 
advanced, whether cavitation was present or not, 
and whether primary or secondary.

Results.—Apart from the following positive 
findings, all correlations were negative:

(1) (Table 2) “V” (vesiculating) reactions 
were larger than the others, as might be expected 
(17^ mm. against 14 mm.), but less than normal 
positive school V reactors as found in the nine 
occurring in Mutanda school. The numbers are 
too small for a significance test.

(2) (Table 3) The proportion of V reactors 
is higher (12.7 per cent.) than in “normal” 
positive children (3 per cent.) ; this is significant 
(twice standard error is 6.9 per cent.; observed 
difference 9.7 per cent.).

Sizes of Vesiculating Reactions

Table 2

Size 8 9 10 11 12 13 14 15 16 17 18 19 20 21 23 24 25 26 27 Total

Non-vesiculating ........... 2 1 1 7 7 9 5 1C 3 3 3 2 1 1 55

Vesiculating ................... 2 1 2 1 1 1 8

Totals ................... 2 1 1 7 7 9 5 12 4 5 4 3 1 1 1 63
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Table 3

Proportion of “V” Reactors in Patients and 
in Healthy Positive-Reacting Children

No.
■‘Normal”

No. 
“V”

% of “V” 
Reactors

Bonda patients ........... 55 8 12.7

Mutanda school........... 301 9 3.0

(3) All eight vesiculating reactors had normal 
temperatures (but it should be noted from Table 
4 that 47 out of 63 of the temperatures were 
normal).

Table 4
Comparison of “V” Reactions with 

Temperature

Table 6

Proportions of “Normal” and “V” Reactors
Classed as “Secondary”

Reaction 
“Normal”

Reaction
“V” Total

Primary ................... 30 2 32

Secondary ......... .......... 16 6 22

Not known ................... 9 9

Total ................... 55 8 63

Table 7

Proportion of “Normal” and “V” Reactors 
Classed as “Advanced”

Temperature Reaction 
■‘Normal”

Reaction 
“V” Total

Normal ................... 39 8 47

Irregular ................... 16 16

High

Reaction 
’‘Normal”

Reaction
“V” Total

Early ........................... 3 1 4

Moderate ................... 6 3 9

Advanced ................... 46 4 50

(4) (Table 5) No vesiculating reactor had an 
E.S.R. less than 10, whereas 21 out of 55 others 
did (38 per cent.). This may have some signi
ficance, but probably has none. The average 
E.S.R. level of the V reactors is no higher than 
that of the others.

Table 5

Comparison of “V” Reactions with E.S.R.s

E.S.R. Reaction 
"Normal”

Reaction 
“V” Total

0 — 10 ................... 21 21

- 20 ................... 5 2 7

- 30 ................... 8 3 11

- 40 ................... 2 2

— 50 ................... 2 2

— 60 ................... 5 1 6

— 70 ................... 2 1 3

— 80 ................... 2 2

- 90 ................... 2 2

—100 ................... 3 3

—no .............. 3 3

Not known ................... — 1 1

Total ................... 55 8 63

Table 8

Ages of “Normal” and “V” Reactors

Age Reaction 
"Normal”

Reaction 
“V” Total

0— 2 ........................... 1 1 2

3— 7 ........................ 1 1 2

8—12 ........................... 1 1 2

13—17 ........................... 3 3

18—22 .. 6 1 7

23—27 ........................... 6 6

28—32 ........................... 7 1 8

33—37 ........................... 6 1 7

38—42 ........................... 3 1 4

43—47 ........................... 6 6

48—52 ........................... 6 1 7

53—57 ........................... 5 5

58—62 ........................... 3 3

63—68 ........................... 1 1

TOTAL................... 55 8 63
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(5) (Table 6) Of the V reactors a signifi
cantly higher proportion had been classed as 
“secondary than of the others (75 per cent., as 
against 35 per cent.; 2 X S.E. 38 per cent.; 
0.1). 40 per cent.). Also Table 7 shows that 
significantly more were “moderate” or “early" 
cases as opposed to “advanced” (2 X S.E. 30.3 
per cent.; O.l). 33.3 per cent.).

(6) (Table 8) V reactors are younger to an 
extent which is not quite significant.

Discussion

The Mutanda results indicate that vesiculating 
reactions show a severe infection at some time 
past or present, which leaves a corresponding 
severe state of allergy, bindings (2), (3) and 
(5) above support this. The V reactors were 
four times commoner in patients than in healthy 
children. Six out of eight of these were re
garded as secondary cases, against 35 per cent, 
of the others. One might roughly look on the 
two V reactors who were regarded as primary 
cases as the normal crop of V reactors occurring 
with the original tuberculous infection; the other 
six are those whose original infection left them 
with a high degree of allergy, and who, as a 
result of this, have broken down with secondary 
tuberculosis. All eight V reactors had normal 
temperatures; this certainly suggests that activity 
is not necessarily a prerequisite for the presence 
of a V reaction. On the other hand, there was 
no E.S.R. among the V reactors less than 10 mm. 
in one hour, which might tend to point the 
other way; but the impression gained from a 
study of Table 5 is not one associating V re
actions with high E.S.R.s.

Conclusions
Vesiculating reactions are associated with a 

high degree of allergy, which indicates a heavy 
past or present primary infection and probably 
an increased liability to break down with second
ary disease. Because this allergy has no direct 
relationship to active tuberculous disease, vesicu- 
laling reactions are often found in normal healthy 
persons, but a high proportion of these will have 
calcified glands in the chest.

Large reactions, on the other hand, bear a 
relationship to the activity of a tuberculous 
focus, and X-ray of those over 20 mm. will 
produce about 12 per cent, of active cases.

Though vesiculation is not a sign of activity, 
those showing it should be watched because of 
their predisposition to succumb Io secondary 
disease.

Possible Pathological Mechanism of the 
Tuberculin Reaction

Having reached these conclusions by purely 
extensive means, one may hazard a guess at the 
intrinsic biological factors determining the size 
and nature of the tuberculin reaction.

In spite of the many studies which have been 
made on tuberculin allergy, its nature and its 
relation to immunity remain remarkably obscure.

Holland (1953) and Metaxas and Metaxas- 
Buehler (1955) have shown that tuberculin
sensitivity is carried from one individual to 
another in washed cells and that the effect is 
immediate, showing that the cells themselves 
carry the property of manifesting a reaction to 
tuberculin. The cells involved are human leuco
cytes, particularly lymphocytes and monocytes, 
and packed cells from the peritoneum of a guinea 
Pig-

Paterson and Leech (1954) found that giving 
multiple tuberculin tests at different sites on a 
guinea pig simultaneously led to a reduction in 
the size of each reaction; this supports the view 
that all or some of the cells involved in the 
reaction are mobile and that the number of these 
cells available in the body is limited. Metaxas 
and Metaxas-Buehler (1955) had the same result 
with the guinea pigs to whom they had trans
ferred sensitivity in packed peritoneal cells from 
a sensitive animal.

Waksman (1953), Dittmar and Sixel (1954) 
and O’Neill and Eavour (1955) have studied 
the effect of tuberculin on various tissues and 
have noted that it causes inhibition and destruc
tion of tissue cultures of spleen, bone marrow 
and leucocytes in sensitive subjects. This process 
occurs in the absence of complement. Waksman 
demonstrated that this inhibition is correlated 
with skin reactivity. Macrophages are among 
the cells affected, and O’Neill and Favour con
cluded from their work that tuberculin sensi
tivity, both in vitro and in vivo, is mediated by 
cells derived from the reticulum system.

When lymphocytes from sensitive subjects are 
exposed to tuberculin they become damaged. 
This phenomenon of “lympholysis” has been 
differentiated from ordinary tuberculin sensi
tivity by Favour (quoted by Dittmar and Sixel, 
1954) and by Waksman (1953), because it is 
associated with the release of antibody which 
can react with tuberculin, it is demonstrable 
oidy for a short while after infection, it requires 
the presence of complement and it is not corre
lated with the inhibition of macrophages and 
fibroblasts in tissue culture or with the tuberculin 
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skin reaction in sensitised guinea pigs or rabbits. 
The conclusion drawn by these various authors 
is that lympholysis is an antibody-antigen re
action. It may have some bearing on the state 
of immunity of the subject as opposed to the 
state of allergy, but if so the exact mechanism 
is still far from clear.

The histology of the tuberculin reaction con
sists at first of a moderate granular cell response, 
followed by a mononuclear cell proliferation 
(Topley and Wilson’s textbook, 1955). The part 
played by lymphocytes is obscure; Pepys (1955) 
reviews work showing that in guinea pigs factors 
which cause lymphopenia, such as exposure to 
X-rays and intravenous injection of P.P.D., also 
produce a marked reduction in size of subsequent 
tuberculin tests.

To summarise, it seems that certain cells, 
probably macrophages and monocytes, accumu
late at the site of a tuberculin test, possibly in 
response to tissue damage caused there by the 
tuberculin (these cells of reticulo-endothelial 
origin are known to be scavengers of cell debris 
throughout the body). They do not appear to 
have any power against the tuberculin, and are 
in fact damaged by it along with the other cells. 
In this connection it is worth recalling the 
strange shapes adopted by the macrophage cells 
in a classical tubercle, where distorted forms 
such as “epithelioid cells and “giant cells” are 
common. The part played by the bodies of the 
lymphocytes is uncertain, but there is some 
evidence that they elaborate an antibody which 
has a protective effect against the tubercle 
bacillus and against tuberculin. It is generally 
accepted that the lymphocytes are the source of 
the gamma-globulin fraction of the blood protein, 
which includes all the immune bodies.

The finding described earlier as emerging 
from the Mutanda school experiment, that large 
reactions (over 20 mm.) are associated with a 
high incidence of active tuberculosis, may now 
be considered in the light of these previous 
studies. It is logical to suppose that the size of 
the reaction depends upon the degree of spread 
of the tuberculin in the skin (though very in
tense reactions may also cause some increase in 
size due to the excessive accumulation of cells 
and oedema fluid). This spread will he limited 
by the specific defence mechanisms of the indi
vidual, whether these be found in the lympho
cytes, immune protein bodies or anywhere else. 
If these specific agents are occupied primarily 
in another part of the body, as in active tuber
culosis, the tuberculin will be able to spread more 
widely.

Finally, the factors responsible for the intensity 
of the reaction need to be considered. The ex
periments described earlier indicate that a severe 
reaction is to be found in a person with a high 
degree of allergy. In the Bonda patients’ 
experiment, however, there were certain features 
linking “V” reactors also with strength and re
sistance. All eight patients showing them had 
normal temperatures; significantly more were 
“moderate” and “early” radiological and clinical 
cases than of the others, and there was a tendency 
for them to occur more in younger persons. To 
these findings may be added the common field 
observation that it is the strapping male ado
lescent who typically has the tight, shored-up, 
brawny reaction to a tuberculin test. From the 
literature we may gather that a developed tuber
culin reaction consists of macrophages, possibly 
some lymphocytes, and certainly a large propor
tion of brawny oedema. Whether the general 
resistance determines the number of reticulo
endothelial cells that can be mustered at the 
spot, or their ability to trigger into effect the 
non-specific oedematous reaction, remains a 
matter of conjecture. It does seem clear, how
ever, that a certain amount of general natural 
resistance is needed to manifest a strong tuber
culin reaction, as well as the requisite state of 
marked allergy.

Summary
A group of African school children were 

tuberculin-tested, the E.S.R. of positive reactors 
estimated, and selected subjects were X-rayed. 
A group of tuberculosis patients were tuberculin- 
tested and analysed. The object was to find a 
system of case-finding and so avoid resorting 
loo often to X-rays.

An X-ray is advisable for all children giving 
reactions of over 20 mm. in diameter.

Severe as opposed to large reactions denote 
the presence of allergy to rather than activity of 
the tubercle bacillus, and are associated with a 
heavy primary infection in the past and the 
danger of a breakdown in the future.

The literature dealing with the mechanism of 
the tuberculin reaction and its relation to the 
immune reaction of the body to tuberculosis is 
reviewed in an effort to relate to it the findings 
described.
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Finally, the factors responsible for the intensity 
of the reaction need to be considered. The ex
periments described earlier indicate that a severe 
reaction is to be found in a person with a high 
degree of allergy. In the Bonda patients’ 
experiment, however, there were certain features 
linking “V” reactors also with strength and re
sistance. All eight patients showing them had 
normal temperatures; significantly more were 
“moderate” and “early” radiological and clinical 
cases than of the others, and there was a tendency 
for them to occur more in younger persons. To 
these findings may be added the common field 
observation that it is the strapping male ado
lescent who typically has the tight, shored-up, 
brawny reaction to a tuberculin test. From the 
literature we may gather that a developed tuber
culin reaction consists of macrophages, possibly 
some lymphocytes, and certainly a large propor
tion of brawny oedema. Whether the general 
resistance determines the number of reticulo
endothelial cells that can be mustered at the 
spot, or their ability to trigger into effect the 
non-specific oedematous reaction, remains a 
matter of conjecture. It does seem clear, how
ever, that a certain amount of general natural 
resistance is needed to manifest a strong tuber
culin reaction, as well as the requisite state of 
marked allergy.
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Topli

Summary
African school children were 
the E.S.R. of positive reactors 

were X-rayed.

A group of 
tuberculin-tested, 
estimated, and selected subjects 
A group of tuberculosis patients were tuberculin- 
tested and analysed. The object was to find a 
system of case-finding and so avoid resorting 
too often to X-rays.

An X-ray is advisable for all children giving 
reactions of

Severe as 
the presence 
the tubercle 
heavy primary 
danger of a breakdown in the future.

The literature dealing with the mechanism of 
the tuberculin reaction and its relation to the 
immune reaction of the body to tuberculosis is 
reviewed in an effort to relate to it the findings 
described.
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over 20 mm. in diameter.
opposed to large reactions denote 
of allergy to rather than activity of 
bacillus, and are associated with a 

infection in the past and the
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