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Abstract
The density and microanatomical loca-
tion of CD4 and CD8 lymphocytes and of
monocytes/macrophages at the site of a

tuberculin test were measured in 13
patients with sarcoidosis, and the results
were compared with those seen in a

group of healthy controls. The cellular
infiltrate was significantly reduced in
the sarcoid subjects compared with the
controls for all cell phenotypes studied;
the ratio of CD4 positive:CD8 positive
lymphocytes was significantly increased
in the sarcoid group. Clinically negative
reactions showed substantial numbers of
infiltrating mononuclear cells, although
not as great as in clinically apparent
reactions.
A clinically negative tuberculin reac-

tion does not necessarily imply anergy to
the test substance and should not be ter-
med "negative".
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It is widely accepted that patients with sar-

coidosis have a generally lower ability to
acquire and express delayed hypersensitivity.'
This has been a subject of much investigation
over the past 40 years, but the published
evidence of this immunological impairment
has not been overwhelming, and has indeed
been partly conflicting. For example, it is still
quoted that the tuberculin test is negative in
sarcoidosis,2 although reports have, in fact,
shown a wide variation in tuberculin sen-
sitivity, probably due to many factors, includ-
ing differences in testing techniques, doses
used, antigen potency, and populations tes-
ted.3 A reduced level of tuberculin sensitivity
has been found when patients have been com-
pared directly with healthy controls in some
studies,3 but this has by no means been a

universal finding,4 and the lowered sensitivity
can be restored in many subjects by using a
"depot" preparation of tuberculin56 or by the
addition of cortisone,7 both of which are
thought to prolong the retention of tuberculin
at the site of injection, and the latter to sup-
press the effects of suppressor cells.

It has also been reported that sarcoid
patients are unable to develop or maintain
skin sensitivity to tuberculin after BCG vac-

cination8 whereas others have stated that BCG
vaccination in sarcoid patients with primary
tuberculin anergy may be as effective as in
normal persons.9 The incidence of contact
allergy to some sensitisers is also reduced,
although stronger agents cause similar sensit-
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isation in control and sarcoid subjects.'0 Test-
ing to other common skin antigens has shown
significantly fewer reactions to some of these,
but not to all." Furthermore, in vitro lym-
phocyte reactivity to mitogenic stimuli is not
consistently and characteristically diminished
in sarcoid subjects.2
Thus the overall impression is not one of

total anergy, but rather of a modest lessening
of the ability to mount a clinically apparent
reaction to an antigenic challenge, although
the intrinsic ability to react is maintained. The
nature' of this impairment has yet to be
elucidated. Suggestions have been made that
the inability to react to dinitrochlorobenzene
(DNCB) in active sarcoidosis" and normal
intradermal response to phytohaemagglutinin
(PHA)'4 point to an afferent limb defect,
whereas failure to respond to intradermal
injection of supernatants of mitogen
stimulated lymphocyte cultures (containing a
cocktail of lymphokines)'5 has suggested a

"block" in the expression of delayed hyper-
sensitivity distal to lymphocyte function-that
is, in the efferent limb of the reaction.
Gibbs et al have devised a simple histo-

metric method for quantitative analysis of the
histological localisation of immunocompetent
cells within the tuberculin reaction'6 which
allows a more comprehensive study to be
made of immunological effector mechanisms
than is possible by both macroscopic and
routine microscopic techniques. We used this
method to compare the nature of the cellular
infiltrate within tuberculin reactions in a group
of sarcoid patients with that of a control group
of healthy subjects, with the aim of gaining
insight into the kinetics of the presumed
impaired hypersensitivity response of the for-
mer. Skin tests were also performed with four
other mycobacterial antigens in the sarcoid
subjects as profound hyporeactivity has been
found to similiar mycobacterial antigens in the
past. '

Methods
Thirteen subjects with sarcoidosis (age 35-64,
mean 46-8) were recruited into the study.
Approval was gained from the local ethical
committee, and the participants all gave infor-
med consent to the study. Sarcoidosis was

diagnosed in seven subjects on the basis of
positive histology and radiological evidence of
pulmonary disease, in three by radiological
evidence and positive Kveim test, in two by the
combination of erythema nodosum and hilar
adenopathy, and in one by radiological
evidence alone. Five subjects showed objective
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Table I Clinical and laboratory data of sarcoidosis subjects

No Sex Age Duration Positive Kveim Chest Otherfindings Activity at ESR SACE
(y) (y) histology test x ray study (mm/h) (Is/ml)

1 M 44 5 Lymph node - I - Lymph nodes 51 56-9
2 M 38 4 Lymph node - I Parotid glands Lymph nodes 40 93
3 M 64 19 - Pos II Uveitus CXR I 42 24-7
4 M 58 9 Skin - III - CXR III 5 59-8

Bronchus
5 F 42 9 - Neg III - CXR III 12 -

6 M 35 10 Lung Neg III - Nil 8 26
7 F 45 4 Lung - II Uveitis Nil 3 -

8 F 41 1 - - I Erythemanodosum Nil 6 24-1
9 F 48 2 Bronchus Pos II Lymph nodes Nil 20 37-3

Episcleritis
10 F 48 10 Lymph node Pos I - Nil 5 -

11 F 62 3 - Pos I Erythemanodosum Nil 11 37-4
12 F 48 2 - Pos I - Nil 15 -
13 F 35 5 - - I Erythemanodosum Nil 10 25-7

CXR = chest x ray picture

evidence of disease activity and eight did not at
the time of study. One patient gave a history
of treated pulmonary tuberculosis 18 years
previously and one had radiological evidence of
calcified scarring on chest x-ray picture. Eight
had been treated with systemic corticosteroids
in the past, but none for at least four months
before the study. Table 1 outlines the clinical
details of the sarcoid subjects.

Skin tests were performed on the volar aspect
of the forearm by intradermal injection of
0-1 ml tuberculin purified protein derivative
(PPD, Evans Medical Ltd, Middlesex,
England) 1/1000 and four "new tuberculins"
prepared from ultrasonically disrupted
Mycobacterium tuberculosis (Tuberculin),
M leprae (Leprosin A), M vaccae (Vaccin) and
M scrofulaceum (Scrofulin).'8 The reactions
were inspected after 48 hours and the extent
of erythema and induration measured in two
perpendicular diameters.
A biopsy specimen was then taken from the

centre of each New Tuberculin injection site
under local anaesthesia with 2% plain Lig-
nocaine using a 4 mm skin punch (Stiefel
Laboratories Ltd, Slough, England). The core
of tissue was bisected perpendicular to the
epidermal surface, with one half being fixed in
4% neutral buffered formaldehyde for resin
embedded histopathological study, and the
other halfsnap frozen for immunocytochemical
localisation of lymphocyte subsets and acces-
sory cells. Cryostat sections (5 pm) were treated
with commercial monoclonal antibodies (Bec-
ton Dickinson, Sunnyvale, California, USA) to
localise CD4+ and CD8 + lymphocytes and
monocytes/macrophages, followed succes-
sively with the Vectastain kit containing biotin-
ylated antimouse immunoglobulin, the third
stage reagent avidin-biotinylated peroxidase
(Sera Lab Ltd, Crawley Down, Sussex,
England); and finally the markers were labelled
with a brown reaction product by a histo-
chemical method using diaminobenzene.

Table 2 Clinical reactions to mycobacterial antigens

PPD New Tuberculin Leprosin A Scrofulin Vaccin

Negative 5 6 10 10 6
> 5 mm erythema 8 (31) 5 (21) 3 (10) 3 (9) 6 (12)
>5 mm induration 5 (20) 3 (15) 0 1 (12) 2 (15)
Number of patients showing negative, erythematous, or indurated reactions to each antigen
(figures in parentheses are mean dismeter of the reactions in mm).

Monochrome photographic prints were then
taken of each section to permit quantitative
assessment of the cellular infiltrate. The mar-
gins of the perivascular foci were delineated
with a felt pen, and the cells were counted by
direct inspection in the foci and intervening
tissue. The areas of the foci and intervening
tissue were then measured by cursor plan-
imetry in a semiautomatic apparatus (Imagan
Graphics Information Systems, Blairgowrie,
Scotland), allowing the densities to be cal-
culated, expressed as number/mm2. The details
of these methods have been reported
previously.'6
A group of 13 healthy control subjects (age

16-53, mean 38 2) were similarly skin tested
with New Tuberculin antigen, informed con-
sent having been given. Biopsies at 48 hours
and subsequent analysis were performed as for
the sarcoid group.

Statistical analysis was performed using
Student's t-test.

Results
Table 2 summarises the macroscopic appear-
ance of reactions to the various mycobacterial
antigens in the sarcoid subjects. As in a
previous report of a comparable study in
patients with chronic obstructive airways dis-
ease,'9 few indurated reactions were seen with
either Leprosin A or Scrofulin in our northern
European subjects, and the PPD reactions
tended to be larger than those due to New
Tuberculin. The overall responses of the sar-
coid group were not appreciably different from
the subjects with chronic obstructive airways
disease (COAD), and notably only three of the
13 sarcoid subjects showed no visible reaction
to all five antigens, whereas this was the case
with eight of the 15 COAD group.
Table 3 compares the responses to New

Tuberculin in the sarcoid patients with that
seen in the controls. Although more than halfof
the sarcoid subjects were able to mount clini-
cally apparent reactions to this antigen, overall,
the reactions were considerably stronger in the
control group. Nevertheless, three of the sar-
coid subjects did have strongly positive reac-
tions; two of these were considered to have
inactive disease, but the other had active dis-
ease in lymph nodes, toe, and turbinate.
The proportion of the skin biopsy specimen
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Table 3 Clinical reactions to New Tuberculin

Control Sarcoidosis

Negative 1 6
>5mmerythema 1(9) 5(21)
>5 mm induration 11(15) 3 (15)

Numbers of patients showing negative, erythematous, or
indurated reactions to New Tuberculin (figures in parentheses
are mean diameter of the reactions in mm).

occupied by the focal perivascular in
and the overall density of the CD
CD8 + lymphocyte subsets and mi
macrophages throughout the section ai
in fig 1. It is apparent that, as might be (

from the clinical reactions, the sarcoid
had a significantly smaller area occupic
focal perivascular infiltrates and les
infiltrates ofall three cell types; the redi
each type ofcell was significant in both I
diffuse compartments except for the d
monocytes/macrophages in the focal iI

Figure 2 shows the CD4 +:CD8-
throughout the section as a whole as
within the focal and diffuse compartme
ratio has significantly increased throug
section (p = 0-005), principally due
diffusely infiltrating cells in the sarcoil
The cellular content of clinically

and positive reactions (erythematous a
indurated) ofthe sarcoid subjects are c(
in fig 3. There is an increase in both ti
focal inflammatory infiltrate as wel
cellular densities of all three cell typi
positive reactions, although the negat
tions also showed substantial areas
inflammation and cellular infiltrates,

Figure I Proportion of
skin biopsy specimen (A)
occupied by focal infiltrate
(p = 0 005) and density
of (B) CD4 positive
(p = 00002) and (C)
CD8 positive
(p = 0 0002)
lymphocytes and (D)
monocytes/macrophages
(p = 0-002) throughout
the section in control and
sarcoid subjects.
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Figure 2 CD4 positive: CD8 positive lymphocyte ratios
in control and sarcoid subjects: total (throughout the
section, p = 0 005),focal perivascular (NS) and diffuse
(p = 0-02) compartments.

cases greater than in the clinically apparent
reactions. Comparison of the active and inac-
tive disease subjects in terms of focal infiltrate,
overall monocyte/macrophage and lymphocyte
density, and CD4 + :CD8 + T lymphocyte
ratios shows no appreciable difference between
the two groups.

1S well as Discussion
ompared There is a high ratio of helper to suppressor
ie size of phenotypes of the T lymphocytes in sarcoid
1 as the granulomas20 and there seems to be a redis-
es in the tribution of predominantly helper related
ive reac- phenotype T lymphocytes to the sites ofdisease
of focal activity with consequent depletion of these
in some cells in the blood.2' A previous study has shown

that PPD injection sites of sarcoid patients
contain fewer T cells than control infiltrates of'
PPD positive healthy subjects with a relatively
low proportion of T4+ cells, suggesting a
relative deficiency of the inducer type
immunoregulatory influences. It was therefore
thought that the PPD anergy may be due to the
sluggish traffic of T4 + cells due to their
sequestration in sites of ongoing inflamma-
tion.22 We have confirmed that the tuberculin
test sites in our sarcoid patients contain a lesser
cellular infiltrate compared with controls, but
we have not found evidence of relative

* deficiency of the CD4 + lymphocyte subset.
Indeed, our sarcoid subjects showed a sig-
nificantly higher proportion of this phenotype
compared to the control group. This ratio of 5:1
in the sarcoid group is similar to that found in
lesions of cutaneous sarcoidosis,20 suggesting
that the lymphocytes react in a similar manner
to the tuberculin antigen as they do to the
activating factor of the disease process.
There is a difference of 8-6 years between the

mean ages of the sarcoid and control subjects,
but we do not feel that this can explain the
differences in results between the two groups.
The presence or absence of objective evidence
of disease activity had no appreciable effect on
the histometric analysis in our sarcoid subjects.
This finding is in keeping with the studies of

C'° U Chusid and Israel,23 24 who found little influence
2 by the course of the sarcoidosis on tuberculin

u I
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Figure 3 Proportion of
skin biopsy specimen
occupied by (A) focal
infiltrates and density of
(B) CD4 positive and
(C) CD8 positive
lymphocytes and (D)
monocytes/macrophages
throughout the section in
negative, erythematous
and indurated reactions of
sarcoid subjects.
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sensitivity. This may mean that pa
apparently free of disease have in fact on
undetected activity, or perhaps that the
immunological defect persists without
manifest as clinical disease.
As long ago as 1948, Schaumann

Seeberg2" noted that clinically negative
toux skin test sites showed considerabl
topathological changes four to eight week
injection. Perivascular infiltrates of up t
cells per high power field were also se
hours after injection at PPD skin test si
the absence of erythema or indurati(
Mishra et al in 1983.22 These cells were r
lymphocytes interspersed with small nu:
of macrophage-like cells. Our study has c
med that substantial numbers of inflamn
cells can be present at the site of clir
negative tuberculin reactions of sarcc
subjects, and this has also been observed
in patients with chronic obstructive ai
disease treated with prednisolone,19 my(
terial disease26 and haemophilia.2" It is no
how this subclinical inflammation (or "ps
anergy") should be interpreted, but
indicate that these subjects are basically
culin-sensitive in that antigen depositi
tissue is able to evoke lymphocyte and
ocyte emigration from the microcircul
but that the emigration does not liberal
ficient mediators to cause clinically api
vasodilatation and oedema. This is supj
by the finding that depot preparations of i
culin are able to convert negative to p(
reactions in patients with sa
osis, perhaps due to the persistent a
being able to attract greater numbers of ii
matory cells to the reaction site
consequent increased mediator release.
suggests that the defect lies not in the al

limb of the reaction, but rather in the sluggish
emigration of cells in the efferent arm.
Thus in patients with sarcoidosis intra-

* dermal injection of New Tuberculin is able to
---- provoke a delayed hypersensitivity reaction

which is visible microscopically if not clinic-
ally, and the pattern of lymphocyte recruitment
is similar to sites of disease activity with

* preponderance of the CD4 + subset. Our find-
ings of only three sarcoid subjects clinically
unreactive to all five antigens along with a
significant reduction in numbers of infiltrating
cells, which can nevertheless be present in
substantial numbers, are consistent with the
report of Hoyle,3 who noted that, "depression

* of (tuberculin) sensitivity is not an all-or-none
reaction but an alteration in the level of sen-
sitivity, which is lowered in most cases of
sarcoidosis".

It is known that the Kveim test, which is so
often used to substantiate a diagnosis of sar-
coidosis, can show granulomatous features in
the absence of any clinically observable eryth-
ema or induration, and thus a biopsy specimen
is considered essential to establish the diag-
nosis;28 even on histopathological examination
however, discordant readings occur, and Scad-
ding has suggested that the "positive-negative"
terminology should be avoided, and that des-
criptive terms should be used instead.29 There

itients is a parallel situation with tuberculin tests, and
igoing although we would not suggest routine biopsy
basic as for Kveim tests, perhaps we should also
being avoid the "positive-negative" terminology and

instead use descriptive terms. "No clinical
and reaction" appears to us a more appropriate

Man- term than "negative", since in many cases the
le his- underlying tissue may be the seat of considera-
;s after ble cellular activity.
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