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Symposium on Recent Advances in Tuberculin and BCG, held at the Institute of Diseases of
the Chest, London, S.W.3, on January 7, 1963.

CELLULAR ASPECTS OF THE
TUBERCULIN REACTION

J. L. TURK, M.D.
Department of Immutnology, Institute of Dermatology, St. John's Hospital for Diseases of the Skin,

Homerton Grove, London, E.9

THE inflammatory cell population in the tuber-
culin reaction is mainly of the mononuclear cell
type. The number of these cells reaches a peak
at about the same time, 24 to 48 hours, as the
erythema component of the reaction. The de-
layed hypersensitivity reaction has been thought
to be related to the interaction of the antigen with
these mononuclear cells.

Since the demonstration by Landsteiner and
Chase (I942) and Chase (I94S) that both contact
sensitivity to simple haptens and tuberculin
hypersensitivity could be transferred passively by
predominantly mononuclear cell suspensions,
from guinea-pig to guinea-pig, there has been
considerable speculation as to the mechanism of
this interaction. Cell suspensions that will
passively transfer tuberculin sensitivity in the
guinea-pig are derived from lymph nodes, the
spleen, peripheral blood and peritoneal exudates
induced by the intraperitoneal injection of oil,
which produces a pre'dominantly mononuclear cell
exudate. These cells may produce generalized
sensitivity if given by intravenous or intraperi-
toneal routes. The intradermal route in the
guinea-pig gives local sensitization only (Metaxas
and Metaxas Biihler, 1948).

Investigation of the passive transfer of tuber-
culin sensitivity with cells labelled with radioactive
isotopes offers the possibility of determining the
fate of such passively transferred mononuclear
cells. In the first place experiments of this type
can demonstrate if the arrival of donor cells in the
passively transferred tuberculin reaction is
specific to the reaction, and in this case it is
important to see whether such cells can also take
part in a delayed hypersensitivity reaction to an
antigen different from that with which the donor
had been specifically sensitized.

Specificity in the delayed type hypersensitivity
lesion can be of two kinds. The arrival of donor
mononuclear cells may be specific but only in the
sense that they arrive as part of a specific response

on the part of the recipient to the introduction of
any antigen to which it has become sensitive. In
this sense the donor cells will be reacting in a
similar manner to the recipient's own cells.
However, the arrival of donor mononuclear cells
may be specific in a particular way. Many more
cells may arrive at the site of introduction of an
antigen, to which the donor is sensitive, than of one
to which the recipient is sensitive but the donor is
not. It is important that comparison be made
between two reactions of a similar physio-patho-
logical nature such as two delayed type hyper-
sensitivity reactions. Comparison of two reac-
tions with the same gross histological appearance
but with different dynamic features can give a
confusing result.

During the past three years a number of labora-
tories have reported the presence of donor mono-
nuclear cells labelled with 3H-thymidine in
passively transferred tuberculin reactions at their
peak of development (Najarian and Feldman,
I96I; Hamilton and Chase, I962; Turk, 'I962;
Kay and Rieke, I963; McCluskey, Benacerraf,
and McCluskey, I963). Najarian and Feldman
(I96i) at the same time found that non-sensitized
labelled cells did not accumulate in sites of in-
flammation induced by tuberculin nor did
sensitized labelled cells appear in infiltrates in-
duced by the injection of coccidioidin in non-
sensitive animals. Hamilton and Chase (I962)
found no notable increase in the number of
labelled cells at the skin test site over the distribu-
tion in other organs. The initial finding of
Najarian and Feldman (I96I) that there was a
relative failure of labelled cells to accumulate in a
non-specific inflammatory reaction was confirmed
by Kay and Rieke (I963) comparing the arrival
of cells from a tuberculin-sensitive donor at the
passive tuberculin lesion, 24 hours after skin
testing, with the arrival of cells at a non-specific
inflammatory lesion to histoplasmin, an antigen
to which the recipient had not been previously
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Fig. i.-Autoradiograpb of an imprint of the spleen of a donor guinea p:g
(tuberculin sensitive). 40% of small lyrnphocytes labelled with 3H-
thymidine.
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FIG. 2.-3H-labelled lymphocytes in passively transferred tuberculin lesion.

sensitized. However, they emphasize that such a
specific accumulation is only apparent if the
animal is tested within one hour after passive
sensitization when the proportion of circulation
labelled cells is high, and that if the animal is
tested 24 hours after passive transfer no specific
accumulation can be demonstrated despite the
fact that the reactions are of the same intensity.
They concluded that the number of isotopically

labelled cells that appear in a transferred tuber-
culin reaction depends upon the number available
to be attracted to the site of the skin test. Trans-
fused donor cells were not always attracted speci-
fically to the site of the tuberculin test, nor were
they required in large nurmbers at the site for a
positive skin reftction.

In our experiments (Turk, I962; Turk and
Oort, I963) we examined the arrival of labelled
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TABLE I
ARRIVAL OF 3H-THYMIDINE-LABELLED DONOR CELLS AT SITF OF PASsIVELY TRANSFERRED TUBERCULIN

LESION, 24 HouRs AFTER SKIN TEST

% Labelling of
Mononuclear Cells % Labelling of

No. of Cells % of Injected Diameters of in Peripheral Lymphoid Cells
Donor Cells Injected Cells Labelled Lesion (mm.) Blood of Recipient in Lesion

24 hours after 24 hours after
Transfusion Transfusion

Donor I I X I09| 33 20 X 20 2.75 2.3
Spleen

J Donor 2 6.6 X108 29 15 X 15 1.0 I

Peripheral } Donor I 2.5 X 108 30 14 X 14 1.4 0.78
Blood D

Leucocytes JDonor 2 2.2 X 108 I1 12 X 12 0.5 0.4

donor cells in the passively transferred tuberculin
lesion both in the tuberculin lesion at the height of
the reaction (24 hours) and during the early stages
of the development of the lesion-between four
and six hours, and 12 hours after skin testing.

24-Hour Lesion
Spleen cells and peripheral blood leucocytes,

labelled with 3H-thymidine, from tuberculin-
sensitized donors were transfused to normal
recipients, which were skin tested with 40 .tg. PPD
immediately after transfusion. Twenty-four hours
later the lesion was removed for histological
examination and smears were made from prepara-
tions of peripheral blood leucocytes. Autoradio-
graphs were then prepared from each. Labelled
cells were found throughout the sections not only
in the exudate round the blood vessels between the
musculus carnosus and the dermis, but also
throughout the dermis. An estimate was made
of the proportion of labelled cells to other mono-
nuclear cells in the skin, and this was found to be
similar to that of labelled mononuclear cells in the
peripheral blood (Table i). Moreover the pro-
portion of labelled cells in the skin appeared to be
related more to the total number of labelled cells
injected than to the size of the lesion that de-
veloped. In the largest lesion seen there was an
apparent grouping of labelled cells, giving oc-
casional fields where the proportion of labelled
cells might be four times that in the peripheral
blood, but the overall proportion of labelled cells
throughout the sections was not greatly different
from that in the peripheral blood.
To ascertain whether the total number of

labelled cells arriving in a passively induced
tuberculin lesion would be greater than those
arriving in a delayed-type lesion of different
specificity, cells labelled with 51Cr and 32p were
used. In these experiments it was not known what
percentage of cells in a labelled cell population

actually carried the label. For the purpose of
comparison it was presumed that ioo% of the
cells were labelled, though there was no evidence
for this. The term ' cell equivalent' was there-
fore introduced and the following expression used
to indicate the number of ' cell equivalents'
present in a particular tissue:

Number of cell equivalents -
number of counts/i,ooo seconds in lesion x number of cells injected

Number of counts/I,ooo seconds injected

The arrival of 51Cr and 32p labelled cells from
tuberculin-sensitive donors at the tuberculin skin-
test site, defined as the area of erythema, were
compared with their arrival at the sites of delayed-
type lesions due to human y-globulin (HGG) in
animals actively sensitized with antigen-antibody
precipitates in water-in-oil emulsion. In all the
lesions the radioactivity was equivalent to between
o.6 x 105 and 8 x 05 cells' (TLrk, I 962), the
amount of radioactivity in both cases being pro-
portional to the degree of erythema. The number
of cell equivalents in tuberculin lesions was two to
three-fold greater than that in HGG lesions with
the same areas of erythema. This difference was
thought to be due to the HGG lesions being more
diffuse and less cellular than the tuberculin lesion.
The amount of radioactivity present in the lesions
was equivalent to between 0.05 and 0.7% of the
cells injected.

Similar conclusions to these have been recently
presented by McCluskey, Benacerraf and
McCluskey (I963) who transferred delayed sensi-
tivity with 3H labelled lymph node cells in two
non-cross reacting sensitivity systems. The sys-
tems used were delayed sensitivity to picryl
chloride, p.chlor. benzoyl chloride and diphtheria
toxoid. Donors sensitized to one of the antigens
received 3H-thymidine, whereas donors sensitized
to one of the other systems supplied unlabelled
cells. Delayed sensitivity reactions elicited by
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TABLE 2
ARRIVAL OF 3H-THYMIDINE LABELLED DONOR
CELLS AT SITE OF PASSIVELY TRANSFERRED
TUBERCULIN LESION, 4, 6 AND 12 HOURS

AFTER SKIN TEST

Mononuclears
%0 Donor

Time Cells Peripheral Tuberculin HGG Con-
Labelled Blood Lesion trol Lesion

4 hrs. 24 8 0.1 - 3.0 0.7- 1.4
6 hrs. 20 10 1.2 - 1.5 0 - 1.2

12 hrs. 25 10 4.0 - 8.1 8.4- 14.8

each of the antigens at separate sites in these
recipients were found to contain comparable
numbers of labelled cells.

Early Stages of Development of the Lesion
The findings in the passive tuberculin lesion 24

hours after skin testing suggested that there is no
specific localization of the transfused cells in the
fully developed lesion. We still thought it
possible that we might detect some specific
localization at an earlier stage, using cells labelled
with 3H-thymidine.
No significant difference could be found be-

tween the arrival of labelled cells from a tuber-
culin-sensitive donor in the passively transferred
specific tuberculin lesion and the actively induced
delayed-type lesion to HGG four and six hours
after skin test. In the lesions examined I2 hours
after skin test there was actually a greater number
of labelled cells in the HGG control lesion than in
the specific PPD lesion (Table 2).

In the interpretation of the difference in delayed
reactions to different antigens one must take
account of the relative part played by proliferation
of local mononuclear cells in the development of
the reaction (Kosunen, Tihen and Waksman,
I962). A greater local proliferation of mononuclear
cells in the tuberculin than in the HGG lesion
could give an explanation for any difference be-
tween the proportion of labelled mononuclear cells
in these two lesions. It is also probable that the
accumulation of local mononuclear cells (e.g.
tissue histiocytes) occurs as one of the earliest
stages in the reaction. This could account for the
very low proportion of mononuclear cells which are
labelled at four and six hours compared with the
proportion labelled at I2 and 24 hours.
When the histological reactions in the skin of

normal and sensitized guinea pigs to the intrader-
mal injection of PPD and HGG were compared,
up to I2 hours they showed no specific features
that could be associated with the delayed hyper-
sensitive state. After I2 hours there was a small
but definite increase in mononuclear cells and
granulocytes, in sensitive as compared with
normal animals.

It would therefore appear that the arrival of
donor cells in the area of antigen injection four to
six hours after skin test was a non-specific pheno-
menon in response to the intradermal injection of
any antigen; the reason for this is not known.
However, once the cells are able to react with
antigen a ' chain reaction ' is started with the
typical tuberculin reaction as the end product.
Though our data have failed to demonstrate any
specific attraction of donor cells to the site of
antigen injection, this does not mean that the
tuberculin reaction is not due to the reaction of the
sensitized cell with the antigen at the injection
site, though it is probable that they are not required
in large numbers for a positive reaction to develop.
There are a number of possible hypotheses

about the way in which a delayed-type lesion
could develop. In one category are those which
postulate that the 'active cell' arrives in the lesion.
This is currently the most widely held hypothesis.
The ' active cell' may carry an antibody-like
activity, which it has acquired passively, on its
surface and thereby be able to react with locally
injected antigen, or an 'active cell' may arrive
in the lesion and there produce an antibody-like
activity locally.- T'Eh4s may remain attached to the
cell or be released from it. The reaction with
antigen may occur at the surface of the cell or at a
distance.
The second category of hypotheses presumes

that the ' active cell' tends to settle in recipient
lymphoid tissue. The cell may then pass on in-
formation to the recipient's own lymphoid cells-
a modified form of active sensitization. Karush
and Eisen (I962) have, however, put forward the
hypothesis that the phenomena associated with
delayed hypersensitivity can be explained by the
continuous secretion of small amounts of high -
affinity humoral antibody. If this hypothesis is
correct passive transfer would be by means of
antibody-secreting cells settling in the recipient's
lymphoid tissue and secreting small amounts of
the high-affinity antibody, postulated by Karush
and Eisen (I962), into the circulation.
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the largest zones (and one other patient who failed
to develop induration) were suffering from active
tuberculosis. Hence only two non-tuberculous
patients amongst 136 negative reactors developed
erythema more than io mm. in diameter in the
absence of induration. This hardly supports the
view that the development of erythema in re-
sponse to tuberculin is entirely non-specific.
In some ways more interesting is the development
of lone erythema in patients with active tuber-
culosis. A number of workers have now described
the failure ofsome tuberculous patients to develop
conventional positive reactions on testing with

large doses of tuberculin, even though no recog-
nized cause of reduced sensitivity could be
demonstrated. Amongst those encountered in
this series, although induration did not develop,
erythema always occurred. I suggest that this
reaction represents an extreme form of the tuber-
culous response in which, while erythema is
preserved, induration has become so attenuated
as to be unrecognized.

Fig. i and Table i are taken from Brit. Y. Dis. Chest
(I959), 53, i8i, and Fig. 2 from Brit. J. Dis. Chest (I956),
50, I59, with permission of the Editor.

REFERENCES
O'GRADY, F. (1956): Mantoux Reaction Patterns in Active and Arrested Tuberculosis, Brit. J. Tuberc., 50, 159.
WOLFF-EISNER, A., and TEICHMANN, F. (I908): Die Prognostische Bedeutung der Conjunctivalen und Cutanen

Tuberculinreaktion, Berl.klin. Wschr, 45, 65.

Continued from page 69.

REFERENCES

KARUSH, F., and EISEN, H. N. (I962): A Theory of Delayed Hypersensitivity, Science, 136, 1032.
KAY, J., and RIEKE, W. 0. (I963): Tuberculin Hypersensitivity: Studies with Radioactive Antigen and Mononuclear

Cells, Science, 139, 487.
KOSUNEN, T. U., TIHEN, W. S., and WAKSMAN, B. H. (I962): Use of Radioautography to Show Cell Proliferation in

Delayed Hypersensitivity Reactions, Fed. Proc., 21, 274.
LANDSTEINER, K., and CHASE, M. W. (1942): Experimental Transfer of Cutaneous Sensitivity to Simple Compounds,

Proc. Soc. exp. Biol. (N. Y.), 49, 688.
MCCLUSKEY, R. T., BENACERRAF, B., and MCCLUSKEY, J. W. (1963): Studies on the Specificity of the Cellular Infiltrate

in Delayed Hypersensitivity Reactions, J. Immunol., 90, 466.
METAXAS, M. N., and METAXAS BUHLER, M. (1948): Passive Transfer of Local Cutaneous Hypersensitivity to Tuber-

culin, Proc. Soc. exp. Biol. (N. Y.), 69, I63.
NAJARIAN, J. S., and FELDMAN, J. D. (I96I): Passive Transfer of Tuberculin Sensitivity by Tritiated Thymidine

Labeled Cells, J. exp. Med., 114, 779.
TuRK, J. L. (I962): The Passive Transfer of Delayed Hypersensitivity in Guinea-pigs by the Transfusion of Isotopically-

labelled Lymphoid Cells, Immunology, 5, 478.
, and OORT, J. (1963): A Histological Study of the Early Stages of the Development of the Tuberculin Reaction
After the Passive Transfer of Cells Labelled with (3H)-thymidine, Ibid., 6, 140.

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.40.460.66 on 1 F

ebruary 1964. D
ow

nloaded from
 

http://pmj.bmj.com/

