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SUMMARY

The pathogenesis of drug hypersensitivity in patients with HIV infection is unknown. To study
further the nature of hypersensitivity, the histopathological features of morbilliform drug
hypersensitivity reactions were examined in a group of HIV-infected patients. Skin sections
from 23 HIV-infected subjects with morbilliform drug hypersensitivity reactions were examined
by light microscopy, direct immunofluorescence and immunohistochemistry, to determine the
nature of the inflammatory infiltrate and the role of immunoglobulin, complement and cytokines.
The principal light microscopic findings were spongiosis, hydropic generation of the basal layer,
civatte bodies, an epidermal lymphocytic infiltrate (48%), and a perivascular dermal infiltrate of
lymphocytes (87%) and macrophages (52%). Two patients had findings consistent with toxic
epidermal necrolysis. Immunohistochemistry demonstrated that the lymphocytic infiltrate con-
sisted of CD8+, HLA-DR+ T lymphocytes (some of which also stained for CD38), a marked
depletion of epidermal Langerhans cells (90%), and strong cytoplasmic staining of keratinocytes
for IL-6 (60%), IL-1f (50%), tumour necrosis factor-alpha (TNF-a) (45%) and to a lesser degree,
interferon-gamma (IFN--y) (35%). Immunofluorescence did not demonstrate any significant
deposition of immunoglobulin or complement. The histological findings were independent of
the responsible drug, the duration of either therapy or the rash, and of peripheral blood CD4+ and
CD8+ cell counts. These findings suggest that activated CD8+ lymphocytes and perhaps epidermal
production of cytokines are involved in the pathogenesis of cutaneous drug hypersensitivity in
HIV-infected patients. The common histological features, regardless of the causative drug, suggest
a common pathogenesis.
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INTRODUCTION

Drug hypersensitivity reactions occur commonly in patients
with HIV disease. Hypersensitivity manifests as a morbilliform,
cutaneous eruption, often preceded by fever, after 8-14 days
therapy [1,2]. Features of IgE-mediated hypersensitivity have
not been observed. Hypersensitivity is significantly more
common in patients with HIV infection than in those with
other immunodeficiency disorders or in the general population
[3-7]. The causes and mechanisms of this hypersensitivity are
not known, but are likely to include a high dose or prolonged
duration of therapy, the degree of immunodeficiency, a slow
acetylation phenotype, glutathione deficiency, and perhaps
coexisting viral infection or immune complex deposition
[8-10]. Hypersensitivity to trimethoprim-sulphamethoxazole
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(TMP-SMX) in HIV-infected and HIV-uninfected patients
has been attributed to toxic hydroxylamine drug metabolites
that are inactivated by glutathione [11,12]. The association of
fever with cutaneous hypersensitivity suggests that inflamma-
tory cytokines, such as IL- 1, IL-6, tumour necrosis factor-alpha
(TNF-a) or interferon-gamma (IFN--y), may be involved in its
pathogenesis.

In a previous study, light microscopic assessment of mor-
billiform cutaneous drug hypersensitivity reactions in a group
of HIV-infected subjects found most to have a lymphocytic
infiltrate [13]. However, no immunofluorescence or immuno-
histochemistry was performed. In the present study, immuno-
fluorescence and immunohistochemistry were performed to
help elucidate the pathogenesis of drug hypersensitivity, and
in particular to examine the nature of any inflammatory
infiltrate, as well as the roles of immunoglobulin, complement
and cytokines.
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SUBJECTS AND METHODS

Subjects
Samples were obtained from 23 HIV-infected subjects who had
developed typical morbilliform reactions following institution
of amoxicillin (n = 4), sulphadiazine (n = 4), dapsone (n = 4),
nevirapine (n = 4), TMP-SMX (n = 2), and one each of car-
bamazepine, clindamycin, cephalothin, pentamidine and rifam-
picin. Control samples were obtained from three HIV-infected
subjects who were receiving TMP-SMX with no manifestations
of hypersensitivity and who had macroscopically normal skin.

Clinical data
The following data were collected at the time of biopsy:
causative drug; indication for therapy; dose and duration of
therapy at the time of biopsy; duration and features of
hypersensitivity; T lymphocyte subset values before commence-
ment of therapy. Each hypersensitivity reaction was defined as
previously [14]. Briefly, hypersensitivity was defined by the
development of a characteristic, morbilliform, cutaneous erup-
tion that occurred after institution of therapy and resolved
upon drug discontinuation. Causality was only attributed
either where no other drug commonly associated with hyper-
sensitivity (e.g. other antibiotics, anticonvulsants, opiates) had
been commenced concurrently, or if the hypersensitivity
resolved despite continuation of these other drugs.

Collection ofspecimens
Specimens were collected from patients after obtaining written,
informed consent. Skin biopsies were performed following local
anaesthesia with lignocaine 1% (without adrenaline), and were
obtained from either the torso, .upper arm or anterior thigh.
Samples consisted of 2 x 4mm punch biopsies, which were
either fixed in formalin and embedded in paraffin for light
microscopy or frozen in OCT compound (Miles Diagnostics,
Elkhart, IN) and stored at -70'C for subsequent direct
immunofluorescence or immunohistochemistry.

Light microscopy
Paraffin-embedded tissue was cut at 6 gm thickness, and
sections were stained with haematoxylin and eosin.

Immunofluorescence
FITC-conjugated polyclonal rabbit antibodies to the following
were used for direct immunofluorescence: IgG, IgM, IgA, C3,
Clq and fibrinogen (all from Dako, Carpenteria, CA). Follow-
ing sectioning and acetone fixation, slides were washed in buffer
(0- 1 M Tris phosphate pH 7 6), incubated for 30 min with FITC-
conjugated antibody, rewashed with buffer and then mounted
after application of buffered glycerol.

Immunohistochemistry
Antibodies to the following cell surface proteins or cytokines
were used: CD3 (UCHTl; Dako), CD45 (LC; Dako), CD4
(OKT4; Orthodiagnostics, Raritan, NJ), CD8 (OKT8; Ortho-
diagnostics), CD20 (L26; Dako), CDl (T6; Coulter Immunol-
ogy, Hialeah, FL), CD14 (Leu-M3; Becton Dickinson,
Mountain View, CA), CD25 (Becton Dickinson), CD38 (Leu-
17; Becton Dickinson), HLA-DR (Becton Dickinson), TNF-a
(Genzyme, Boston, MA), IL-1Q (Genzyme), IL-6 (Genzyme),
and IFN-7 (Endogen, MA). Following sectioning, mounting

and acetone fixation, slides were washed in buffer (0-1 M Tris
phosphate pH 7-6), blocked with normal goat serum (5 min)
and incubated with primary antibody at appropriate dilutions
for 30 min at room temperature, except for cytokine antibodies,
which were incubated overnight at 4°C. After further washing,
endogenous peroxidase was blocked with 3% hydrogen per-
oxide (5 min). Slides were rewashed with buffer between sub-
sequent incubations with biotinylated goat anti-mouse IgG/
goat anti-rabbit IgG (Omin), streptavidin/horseradish peroxi-
dase (Omin), and diaminobenzidene (1 mg/ml)/0-02% hydro-
gen peroxide (4 min) (Dako LSAB Kit, Dako). Slides were then
counterstained with methylene blue and haematoxylin before
dehydration, clearing and mounting.

RESULTS

Clinicalfeatures
All 23 subjects were homosexual men with symptomatic HIV
disease. Their median CD4+ cell count at the time of hyper-
sensitivity was 44 (range 0-390) x 106/4, the median CD8+ cell
count was 460 (range 141-1804) x 106/1, and the median
CD4:CD8 ratio was 0-09 (range 0-0-41). Their median age
was 35 years. The cardinal feature in each subject was a
widespread morbilliform rash; two patients had exfoliation or
mucosal involvement. One subject receiving TMP-SMX had
concurrent transient hypoplastic bone marrow (confirmed
histologically) and renal failure. One patient receiving dapsone
also had severe haemolytic anaemia. No patient had eosino-
philia. Of the 23 subjects, 19 ceased therapy as a result of
hypersensitivity. Two subjects were receiving corticosteroids at
the time of biopsy (prednisolone 50mg daily, as adjunctive
therapy to TMP-SMX for Pneumocystis carinii pneumonia
(PCP) in one subject, and as therapy for the rash in the other
subject). The median duration of therapy at commencement of
the reactions was 10 (range 1-32) days, and at the time of
biopsy was 12 (range 2-42) days. Of the 23 rashes, nine were
biopsied within 24 h of onset, nine within 3 days, three at days 4
or 5, and two were biopsied at day 10. The control subjects all
had advanced, symptomatic HIV disease.

Light microscopy
Typical light microscopic findings are seen in Fig. 1. Sections
showed spongiosis, hydropic degeneration of the basal layer,
civatte bodies, and occasional hyperkeratosis and parakerato-
sis. In 20 (87%) of 23 biopsies, there was a predominantly
perivascular dermal infiltrate of lymphocytes, described as mild
in 12 subjects and moderate in eight subjects. In addition, small
numbers of dermal macrophages were seen in 12 biopsies, all of
which had a dermal lymphocytic infiltrate. Three biopsies
showed a mild eosinophilic infiltrate. There was a mild to
moderate epidermal lymphocytic infiltrate in nine (39%) biop-
sies. Two patients had more extensive findings consistent with
toxic epidermal necrolysis, with widespread keratinocyte necro-
sis and a more intense epidermal and dermal infiltrate, includ-
ing epidermal macrophages. Three biopsies showed no cellular
infiltrate.

Immunofluorescence
Only three of 20 biopsies from the HIV-infected subjects
demonstrated any positive fluorescence. One biopsy showed
sparse granular IgG at the dermo-epidermal junction, another
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Fig. 1. Light microscopy of a typical hypersensitivity reaction in an HIV-infected subject. There is a lymphocytic infiltrate in the dermis
and epidermis, with scattered dermal macrophages, and epidermal spongiosis, civatte bodies and hydropic degeneration of the basal
layer (x 100).

showed similar staining for IgA, and the third showed granular
C3 deposits in relation to the endothelium of a few mid-dermal
vessels.

Immunohistochemistry
Immunohistochemistry was performed on biopsies from 20
HIV-infected subjects (Fig. 2). The lymphocytic infiltrate was
composed of CD8' T lymphocytes (CD45+, CD3+, CD8+,
CD4-, CD20-). CD8' cells from each biopsy were HLA-DR+
and occasionally CD38+ (25%), but only one biopsy showed
any lymphocytic staining for IL-2R. Keratinocytes were also
positive for HLA-DR in 75%. No B lymphocytes (CD45+,
CD3, CD20+) were seen. The presence of dermal and epider-
mal monocytic cells (CD45-, CD14+, CD4+, CDP, CD8-)
was confirmed.

There was a marked depletion of epidermal Langerhans
cells. Only two (10%) of 20 biopsies showed epidermal cellular
staining for CD1. A further five biopsies showed focal weak
intercellular CDl epidermal staining.

There was a moderate to strong cytoplasmic staining of
keratinocytes for IL-6 (60%), IL-13 (50%), TNF-a (45%) and
IFN--y (35%). There was focal, upper dermal interstitial stain-
ing for several cytokines, consistent with diffusion of these
cytokines into the dermis from the epidermis. There was
positive staining of the cytoplasm of some dermal lympho-

cytes, macrophages or epithelia of sebaceous glands, sweat
glands and/or hair follicles and occasional endothelial cells
for IL-6 (33%), IL-1,3 (25%), TNF-a (25%) and IFN-,y (20%).

Control skin from the HIV-infected subjects showed sub-
jective reduction in the numbers of Langerhans cells, and no
cytokine staining of keratinocytes.

Relationship of histological findings to clinical and laboratory
variables
No correlation was found between the light microscopic
findings and peripheral blood T cell subsets, the causative
drug, the duration of rash, the duration of drug therapy, or
the degree of positive cytokine staining. In particular, there was
no correlation found between the presence or degree of CD8+
lymphocytes infiltrating the skin and the peripheral blood
CD8+ lymphocyte count or the duration of the rash. Simi-
larly, there was no correlation found between the immunohis-
tochemical findings and any other variable.

DISCUSSION

Several features ofcutaneous hypersensitivity reactions in HIV-
infected patients are apparent from the above data. First, the
light microscopic features are similar, if not identical, to
clinically identical reactions in HIV-uninfected patients [15],
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Fig. 2. Immunohistochemical staining of a typical hypersensitivity
reaction in an HIV-infected subject. (a) CD3; a mononuclear cell
infiltrate in perivascular dermis and epidermis. (b) CD8; a mono-
nuclear cell infiltrate in perivascular dermis and epidermis. (c) CDI4;
a mild mononuclear cell infiltrate in perivascular dermis and epidermis.
(d) HLA-DR; a mild mononuclear cell infiltrate in the dermis and
epidermis; arrow shows a positive staining macrophage. (e) IL-1,3;
moderate staining of epidermal keratinocytes and some epidermal
and dermal mononuclear cells. (f) IL-6; moderate staining of epi-
dermal keratinocytes and occasional epidermal mononuclear cells.
(g) Tumour necrosis factor-alpha (TNF-a); moderate staining of
epidermal keratinocytes and some epidermal mononuclear cells (all
x 200).
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as well as those reported in a series of HIV-infected subjects [13]
(although in this latter study, no immunofluorescence or
immunohistochemistry was performed; in the present study,
no HIV-uninfected patients with similar reactions were able to
be biopsied). Second, the histological features appeared to be
the same, regardless of the responsible drug, suggesting a
common pathogenesis.

The most common histological feature was a largely peri-
vascular CD8' lymphocytic infiltrate of the superficial dermis
with involvement of the epidermis, in about half the cases,
including the two cases of toxic epidermal necrolysis. These
CD8+ cells had features consistent with activation, in that they
stained for HLA-DR and in some cases for CD38 also. The
reason for the largely negative staining for IL-2R is not clear.
However, T cells may have adequate numbers ofIL-2R on their
surface (detected by other techniques) to have a functionally
active phenotype but still not stain for IL-2R using immuno-
histochemical methods [16,17], suggesting a lack of sensitivity
for this technique. Another possible cause is the general
reduction in IL-2R expression seen in various T cell popu-
lations in patients with relatively advanced HIV disease [18]. If
the CD8+ cells infiltrating the skin are in fact activated, it is not
known whether this activation is drug-specific.

Three of the biopsies showed no cellular infiltrate in the
presence of other typical histological features such as spongio-
sis, hydropic degeneration and civatte bodies. One possible
cause for this finding is that sampling error resulted in false
negative results. Certainly, in the above-mentioned study [13],
two biopsies from one area of skin taken at the same time
showed erythema multiforme and toxic epidermal necrolysis,
respectively, and a small percentage of biopsies showed no
infiltrate. An alternative possibility is that the infiltrating T
lymphocytes may not be responsible for the reactions, but may
only infiltrate the skin once the reaction is established. This
would imply an ancillary role for T cells, which may serve only
to augment or even suppress these reactions. However, there
was no link between the timing of the biopsy or the duration of
the reaction and the histological features detected (including
the presence of a T cell infiltrate).

There were three other findings of note. First, there was
evidence of widespread loss of epidermal Langerhans cells in
most specimens. However, this depletion was also found in the
HIV-infected control sections, suggesting that the depletion
was due to HIV disease. Indeed, progressive loss of Langerhans
cell numbers with progressive HIV disease has been docu-
mented [19]. Nevertheless, the possibility that Langerhans
cells are depleted by the reactions cannot be excluded abso-
lutely without appropriate internal control biopsies of the same
patients immediately before their reactions. It is possible that
epidermal Langerhans cells, by presenting drug on their surface
(presumably in some altered form), are damaged by drug-
specific T lymphocytes. Alternatively, Langerhans cells could
conceivably be non-specifically damaged by hydroxylamine or
other reactive metabolites of these drugs.

Another finding, seen in about half the biopsies, was
staining of the cytoplasm of epidermal keratinocytes with
antibodies for proinflammatory cytokines, in particular
TNF-a, IL-1p3, IL-6 and, to a lesser extent, IFN-y. This
staining pattern occurred occasionally even in the absence of
a cellular infiltrate, suggesting that this production of cytokines
may be the primary phenomenon, and that local inflammation

induced by these cytokines may result in both the cellular
infiltrate and the clinical features (e.g. fever) typically seen. It
is possible that the keratinocytes are stimulated directly by drug
(or drug metabolite) to secrete cytokines, or that they are
stimulated by activated, drug-specific T lymphocytes. Whether
these findings are also seen in comparable cutaneous drug
reactions in HIV-uninfected subjects is not known. One study
found positive keratinocyte staining for IL-1: in seemingly
healthy skin from HIV-infected subjects, suggesting that the
staining observed in this study may be non-specific [20].
However, in that study, positive staining was seen only in
skin from those with asymptomatic disease, whereas our
subjects all had symptomatic disease. Furthermore, other
cytokines were not evaluated in the above study.

Lastly, there was no evidence found to support the possi-
bility of an antibody- or complement-mediated pathogenesis,
given the minimal immunofluorescence seen. The patchy stain-
ing seen in only three of 20 samples was most likely a non-
specific phenomenon, although only direct staining for drug-
specific antibody could definitively confirm this.

In conclusion, HIV-associated cutaneous drug reactions
show common histological features of a CD8' lymphocytic
infiltrate and mostly epidermal keratinocyte staining for pro-
inflammatory cytokines. These features appear no different
from those seen in HIV-uninfected patients. The function of
the CD8+ lymphocytes is unclear, although they had some
features consistent with activation.
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