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SUMMARY The number and microanatomical location of CD4 and CD8 lymphocytes, of cells
bearing receptors for I12 and transferrin, and ofmonocyte/macrophages in the dermis at the site of a
tuberculin test were measured in 13 patients with haemophilia (10 seronegative and three seropositive
for human immunodeficiency virus (HIV)). The overall density of lymphocytes in the perivascular
and diffuse parts of the infiltrate was similar to that reported in other groups of subjects without
evidence ofimmunosuppression. The CD4:CD8 ratio of the infiltrating lymphocytes throughout the
section showed an inverse relation with clotting factor consumption. There was no significant change
in the CD4:CD8 ratio in the diffuse infiltrate at various levels into the dermis in tuberculin reactions in
patients with haemophilia, unlike healthy controls and other groups with no evidence of
immunosuppression, who have previously been shown to have increasing CD4:CD8 ratio with
increasing depth into the dermis. The number of cells bearing receptors for 112 and transferrin and of
monocyte/macrophages was related to total lymphocyte density in the infiltrate. There was no
evidence of serious impairment of the cell mediated response to a long term recall antigen, but the
relatively low preponderance of CD4 lymphocytes in the diffuse infiltrate, particularly in the deeper
dermis, may be the earliest indicator of impending immunosuppression.

Patients with haemophilia treated with injections of
factor VIII concentrate are at risk ofinfection with the
human immunodeficiency virus (HIV) through con-
tamination ofthe donor plasma pool. The extent ofthe
risk is related to the amount, type, and source offactor
VIII concentrate used.'2 Infected patients pass
through a latent period and the development ofAIDS
is usually heralded by a progressive CD4 (T4)
lymphopenia with reversed CD4:CD8 ratio in the
peripheral blood lymphocytes. Patients with AIDS are
vulnerable to opportunistic infection and often
cutaneous anergy.

Skin test reactivity to DNCB is similar in HIV
seropositive and seronegative haemophiliacs3; both
groups show an inverse relation between the amount
of clotting factor consumed by the patient and the
intensity of the DNCB skin test response, suggesting
that repeated parenteral administration of factor VIII
concentrate is immunosuppressive (in the sense of
reducing the response to DNCB immunisation), even
in patients apparently free from HIV infection.
Furthermore, it has been shown that the proliferative
response of lymphocytes to phytohaemagglutination
(PHA) in vitro is reduced by added factor VIII
concentrate.4
Accepted for publication 18 August 1988

Gibbs et al have devised a simple histometric
method for measurement of subsets of immuno-
logically competent cells in tuberculin skin test reac-
tions5; this method can detect differences not readily
distinguishable on direct microscopy.67 This technique
was used to analyse skin test responses in haemo-
philiacs without AIDS with and without anti-HIV to
determine whether the effector mechanisms of cell
mediated immunity to a recall antigen are defective in
these high risk patients.

Material and methods

Thirteen patients with clinically severe haemophilia
were studied: three had serum antibody to HIV and
the remaining 10 patients remained seronegative for a
follow up of eight months. All had participated in a
previously reported study on responses to experi-
mental immunisation with DNCB.3 The mean annual
consumption of clotting factor concentrate for the
four years before the investigation was calculated. All
subjects had volunteered to participate in the present
study, which had been approved by the local ethics
committee.
The subjects were skin tested by intradermal injec-
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tion of 0 1 ml of "New Tuberculin", an ultrasonicate
skin test antigen prepared from Mycobacterium
tuberculosis.' The injection site was examined 48 hours
later and the response was recorded as "negative" ifno
change was observed, "+" if there was localised
erythema, " + + " ifthe erythema was accompanied by
induration and " + + + " ifthe epidermis was blistered
over the indurated area. The absolute counts of CD4
and CD8 lymphocytes were measured on venous
samples treated with heparin,3 before biopsy of the
skin test site (1% plain lignocaine local anaesthetic)
with a 4 mm skin punch under full aseptic
precautions6: the biopsy procedure was covered by
additional clotting factors and local pressure was
maintained until a stable haematoma was formed. All
biopsy sites healed normally and none was
complicated by infection.

Cryostat sections were stained immunocyto-
chemically for localisation of the major T lymphocyte
subsets (with anti-CD4 and anti-CD8), monocyte/
macrophages (Leu-M3) and "activated" lymphocytes
(bearing 112 and transferrin receptors) with murine
monoclonal antibodies (Becton Dickinson,
Sunnyvale, California, USA). The slides were stained
with the peroxidase avidin-biotin complex (ABC kit,
Vectastain, Sera-Lab Ltd, Crawley Down, Sussex)
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using diaminobenzidene as substrate.5 The micro-
anatomical distribution of cellular infiltrate in the
dermis at the site of the tuberculin test in the
haemophiliacs was similar to that seen previously in
normal subjects.6 The density (number/mm2) of each
cell type in the two compartments (the perivascular
foci and the intervening dermis) was counted in the
whole of the section and in three successive 250 pm
layers into the dermis.9 The results of histometric
studies were compared with those obtained previously
in normal subjects with the same methods.69

Results

The intensity of the changes seen on clinical examina-
tion ofthe tuberculin tests (a long term recall response)
was clearly correlated with that observed with DNCB
(a short term recall response) in the previous
investigation3 (fig la), but it was not correlated with
the clotting factor consumption or the HIV antibody
state. Two of the three seropositive patients were
negative to both tests, but the other patient gave a
relatively strong reaction in both tests.
The extent of focal infiltrate ranged from 2-14% to

26-96% of the dermis (similar to that measured
previously in other subject groups9) and this was not

Tuberculin reaction
Fig 1 Comparison between clinical appearance oftuberculin skin tests in haemophiliacs and (a)
DNCB response; (b) percentage ofdermis occupied byfocal infiltrate; (c) total density of
lymphocytes (CD4 + CD8) in diffuse infiltrate; (d) overall macrophage density in dermis.
* = seronegativefor HIV; 0 = seropositivefor HIV.
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Fig 2 CD4:CD8 ratios in diffuse infiltrate in three
successive 250 jim layers into dermis (level I is most
superficial) of tuberculin skin test ofhaemophiliacs. Findings
from a previous study on normal subjects9 are shown with
mean (SD) plots.

related closely to the clinical appearance (fig Ib),
clotting factor consumption, or HIV antibody state.
The density of lymphocytes (CD4 + CD8) in the

diffuse infiltrate ranged from 20-2 to 137-6 cells/mm2,
except for one outlier with 674-6 cell/mm2: thus 12 of
the 13 patients had diffusely infiltrating lymphocyte
densities similar to that seen previously in other
patient groups.9 These measurements were unrelated
to clinical appearances (fig lc), clotting factor
consumption, or HIV antibody state. There was a
lesser preponderance of CD4 lymphocytes than was
seen previously in other subject groups.9
The CD4:CD8 ratio of peripheral blood lym-

phocytes of the patients was within the normal range,
but it was generally at the lower end in the HIV
seropositive subjects. The CD4:CD8 ratio in the
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dermal focal inflammatory infiltrate was not sig-
nificantly different from that of cells in the blood. The
CD4:CD8 ratio in the diffusely infiltrating lym-
phocytes in tuberculin tests was greater than that in
either the blood or focal lymphocytes, but this ratio
did not show any significant change with increasing
depth into the dermis (fig 2). In this respect the
haemophiliacs differed considerably from normal
volunteers or patients with leprosy, pulmonary tuber-
culosis, or chronic obstructive airways disease receiv-
ing prednisolone (analysis of variance, variance ratio
7-92, p < 0005); the Newman-Kreuls analysis'0
showed that the fitted slope for healthy controls was
2-23 and that for haemophiliacs was 0 025 (p = 005).9
The CD4:CD8 ratio of lymphocytes throughout the
section showed an inverse relation with clotting factor
consumption.
The number of "activated" lymphocytes was

positively correlated with lymphocyte density
throughout the section. It was noticeable that some of
the clinically "negative" reactions had substantial
numbers of "activated" cells in their infiltrate (fig 3a).
The density of monocyte/macrophages throughout

the section was 42-2 to 167 9 cells/mm2 (similar to that
found in normal subjects9) and was not correlated with
the clinical appearance (fig Id) nor with clotting factor
consumption or HIV antibody state. The overall
density of macrophages was clearly related to that of
the lymphocytes (fig 3b).

Discussion

The microanatomical distribution oflymphocytes and
macrophages and their density in the dermal compart-
ments was generally similar in the tuberculin reactions
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Fig 3 Comparison between density oflymphocytes over the whole section and (a) number ofactivated cells
and (b) density ofmacrophages.
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of haemophiliacs to that seen in healthy controls and
patients where there has been active antigenic stimula-
tion with mycobacterial antigens.6 Moreover, the
number of "activated" lymphocytes in the reactions
was clearly related to the total density of lymphocytes
in the infiltrate. These histometric measurements
provide strong evidence that there is no major
disturbance in the basic effector arm of CMI in the
haemophiliacs studied in this investigation.

Fig lb shows that three haemophiliacs, one of
whom was seropositive for HIV, had substantial
cellular infiltrate at the site of antigen injection despite
the absence oferythema or induration ofthe skin. This
disparity between the external and histological
appearances cannot necessarily be taken as evidence of
defective immunity, as a similar "pseudo-anergy" has
been seen in normal subjects and in patients with
sarcoidosis," mycobacterial disease,6 and chronic
obstructive airways disease receiving prednisolone.'2
The diffuse infiltrate in healthy subjects has a

relative preponderance ofCD4 cells (three to five times
that seen in the blood69): the haemophiliacs (none had
clinical evidence of immunosuppression) showed a
lesser preponderance of CD4 cells in the diffuse
infiltrate. Moreover, their tuberculin tests did not
show a gradient of increasing CD4:CD8 ratio of
diffusely infiltrating lymphocytes with depth into the
dermis: this contrasts with the strong gradient seen
previously in healthy controls and patient groups
without evidence ofimmunosuppression.69 This subtle
disorder in T cell subset migration through tissues may
be the earliest indication of impending immunosup-
pression: as it is seen in seronegative subjects it may
help to explain the anecdotal evidence ofimmunosup-
pression reported in haemophiliacs apparently with-
out HIV.'1'6
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Research Trust for financial support. Dr J L Stanford
of the Middlesex Hospital Medical School generously
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Mr R S Fawkes and Mrs Sheila Gibbs prepared the
diagrams and Mrs Rosalind Mitchell gave valuable
secretarial assistance.
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