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Antibody- and cell-mediated responses to sulfamethoxazole (SMX) were analyzed in AIDS patients with or
without a history of hypersensitivity and in negative controls. In 20 of 20 (P < 0.01) human immunodeficiency
virus (HIV)-seropositive patients with skin reactions to cotrimoxazole, we found SMX-specific antibodies, while
only 9 of 20 and 17 of 20 HIV-seropositive patients without a history of hypersensitivity to cotrimoxazole had
SMX-specific immunoglobulin M (IgM) and IgG, respectively. The levels of specific IgM and IgG were higher
in patients with skin reactions than in patients without reactions (IgM, 1.0 6 0.19 versus 0.47 6 0.23 [P <
0.001]; IgG, 0.68 6 0.15 versus 0.47 6 0.14 [P < 0.001] [mean optical density values 6 standard deviations]).
Seronegative controls with no history of exposure to sulfa compounds did not have SMX-specific IgG or IgM
antibodies, and controls with a history of intake of SMX with or without reactions had low levels of IgG and
IgM. The SMX-specific IgG subclasses were exclusively IgG1 and IgG3. None of the patients had detectable
SMX-specific IgE or IgA antibodies nor did they exhibit a cell-mediated response as measured by a lymphocyte
proliferation assay. Antibodies to SMX recognized N-acetyl-sulfonamide, N-(2-thiazolyl)-sulfanilamide, sulfa-
diazine, and sulfisoxazole but did not recognize sulfanilamide or 3-amino-5-methyl isoxazole in an inhibition
assay. It is not known whether the SMX-specific antibodies associated with hypersensitivity reactions to SMX
in HIV-seropositive patients have a pathogenic role in these reactions. Sulfanilamide or 3-amino-5-methyl
isoxazole, on the other hand, could be potential alternative therapies in HIV-seropositive patients with a
history of skin reactions to SMX.

Opportunistic infections are common in the late stages of
human immunodeficiency virus (HIV) infection. The therapy
for some of these infections is hampered by the high frequency
of adverse reactions to sulfa compounds (4, 5, 10). Cotrimox-
azole, a combination of trimethoprim (TMP) and sulfamethox-
azole (SMX), is widely used for the treatment of a variety of
bacterial and parasitic infections, including Pneumocystis cari-
nii pneumonia, which is the most frequent opportunistic infec-
tion in AIDS patients (4, 25). In the general population, only
1 to 3% of patients show adverse drug reactions to cotrimox-
azole, but in HIV-seropositive patients, 40 to 80%may develop
such reactions, which are usually characterized by a morbilli-
form skin rash and high fever (4, 25).
SMX is the cause of most of the idiosyncratic reactions to

cotrimoxazole (4–6, 10, 11, 25). The high frequency of adverse
reactions to SMX in HIV-seropositive patients may be due to
several factors. The treatment of P. carinii pneumonia requires
the administration of high doses of cotrimoxazole, and the high
serum SMX levels may contribute to increased toxicity. In
addition to that, a defect in the metabolism of SMX (21, 24,
25), causing accumulation of toxic SMX metabolites such as
hydroxylamine derivatives, has been found in seronegative pa-
tients (25). These toxic metabolites could also accumulate in
HIV-seropositive patients and contribute to an increase in the
frequency of toxic reactions. Carr et al. (3) evaluated the in
vitro cytotoxicity of SMX and derivatives for peripheral blood
mononuclear cells from HIV-seropositive hypersensitive pa-
tients and found that the SMX-hydroxylamine derivative but
not SMX had a significantly greater cytotoxicity in vitro and
that it can be reduced by the addition of glutathione, a hydrox-
ylamine scavenger. Alternatively, some adverse reactions could

result from the immune dysfunction seen in HIV-seropositive
patients (10, 25); the polyclonal B-cell activation, polyclonal
gammopathy, and decreased T-suppressor cell functions (4)
seen in these individuals could lead to an exaggerated humoral
immune response to SMX or its metabolites.
This study was undertaken to analyze the immune response

to SMX in HIV-seropositive patients with or without reactions
of hypersensitivity to the drug. We were unable to detect a
cell-mediated response to SMX. Nevertheless, AIDS patients
showed an excessive humoral response characterized by in-
creased levels of SMX-specific immunoglobulin M (IgM),
IgG1, and IgG3 antibodies. Sulfa compounds such as sulfadi-
azine, sulfisoxazole, and N-acetyl-sulfanilamide are readily rec-
ognized by SMX-specific antibodies. Related compounds such
as sulfanilamide or 3-amino-5-methyl isoxazole, on the other
hand, are not recognized by SMX-specific antibodies; there-
fore they are potential alternative therapies for the subset of
patients with high SMX-specific antibody levels.
(This work was presented in part at the Annual Meeting of

Medical Laboratory Immunologists, Chicago, Ill., August 1991.)

MATERIALS AND METHODS

Patient population. This study was approved by the Human Experimentation
Committee at the Ottawa General Hospital, University of Ottawa. Single serum
samples were obtained from 40 HIV-seropositive individuals who had P. carinii
pneumonia, 20 who had a history of skin reactions (morbilliform rash and fever)
following 5 to 10 days of therapy with cotrimoxazole, and 20 individuals who had
taken cotrimoxazole in the past without adverse reactions. Serum samples from
HIV-seropositive patients were collected within 2 weeks of therapy with cotri-
moxazole. The control population consisted of 20 infants (age, 12 6 3 months)
and 10 healthy adults with no history of ever having taken cotrimoxazole. The
infants were chosen from patients admitted to the hospital because of bronchi-
olitis, bronchitis, or fever and rash. The healthy adults were laboratory workers.
Another control group consisted of eight healthy adults who had taken cotri-
moxazole in the past without adverse reaction, and a third group of controls was
formed by six healthy adults who had a history of adverse reactions to SMX.
Serum samples were collected between 2 and 24 months after therapy with
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cotrimoxazole. All 20 HIV-infected individuals with a history of adverse reac-
tions to cotrimoxazole had previous AIDS-defining illnesses; the mean CD41

count at the time of serum collection was 135. The mean CD41 count of the 20
HIV-seropositive patients without reactions to cotrimoxazole was 120. Serial
samples from three additional patients (two HIV seropositive and one HIV
seronegative) were analyzed; the samples were taken prior to the initiation of
cotrimoxazole therapy and repeated 2 weeks and 5 weeks later. These patients
had multiple blood samples collected as part of their clinical follow-up. The two
HIV-seropositive patients received intravenous cotrimoxazole for the treatment
of P. carinii pneumonia at doses of 100 and 20 mg of SMX and TMP per kg of
body weight per day, respectively, divided into four daily doses. Cotrimoxazole
had to be discontinued in both patients on days 8 and 10 of therapy because of
the development of a generalized morbilliform rash and high fever. The HIV-
seronegative patient was treated with oral cotrimoxazole (1,600 mg of SMX and
320 mg of TMP per day) for 10 days as therapy for a respiratory infection.
Enzyme-linked immunosorbent assay (ELISA) design. SMX was conjugated

to poly-L-lysine (PLL). The free amine group of SMX was N-acryloylated with
acryloyl chloride in methanol with triethyl amine as described previously for
carbohydrate haptens (18, 19). The pure acryloylated SMX was isolated in 76%
yield. The N-acrylamido SMX derivative was covalently coupled to PLL (Sigma
Chemical Co., St. Louis, Mo.) by a Micheal (nucleophilic) addition of the free
ε-amine function of the lysine residues. The conjugation was performed in
carbonate buffer (0.2 M, pH 10) containing dimethyl sulfoxide (9:1) at room
temperature for 4 days. Dialysis (1 mM HCl) and lyophilization provided the
SMX–PLL conjugate as a white, spongy solid. 1H nuclear magnetic resonance
analysis indicated that 33% of the lysine residues in the new conjugate had been
modified with the N-acryloylated SMX.
Polystyrene flat-bottom 96-well microtiter plates (NUNC; Gibco, Montreal,

Canada) were coated with the conjugate as described by Saunders (20). Briefly,
1 mg of SMX-PLL in 0.1 ml of distilled water was added to each well and allowed
to dry at 378C. The plates were incubated for 30 min at 378C and washed five
times with distilled water. This was followed by the addition of 200 ml of 1 M
glycine buffer (Sigma) in phosphate-buffered saline (PBS; pH 7.2) to each well
and a further 1-h incubation at 378C. Finally, the plates were washed five times
with PBS plus 0.5% Tween 20 (PBS-T) and blocked with 1% gelatin (Bio-Rad,
Mississauga, Ontario, Canada) in PBS (pH 7.2) for 2 h at room temperature. The
plates were stored at 48C for future use.
Evaluation of study samples. A dilution of sera of 1/200 was found to be

optimal for the conditions of this experiment (not shown), and 100 ml of this
dilution, made in PBS (pH 7.2), was added to each well for the IgG and IgM
assays, while neat serum was used for IgE and IgA determinations. After 1 h of
incubation at 378C, the plates were washed three times with PBS-T. One-hun-
dred-microliter amounts of appropriate dilutions of peroxidase-conjugated
monoclonal antibodies, including anti-IgM, (1/4,000), anti-IgG (1/2,000), anti-
IgE (1/45,000), anti-IgG1 (1/160), anti-IgG2 (1/160), anti-IgG3 (1/160), and anti-
IgG4 (1/160), were added. Peroxidase-conjugated monoclonal antibodies (anti-
IgM and anti-IgG) were purchased from TAGO, Inc. (Burlingame, Calif.).
Monoclonal antibodies against IgE and subclasses of IgG were obtained from
Active Site (Birmingham, England). After a 1-h incubation at 378C, the plates
were washed three times in PBS-T and the o-phenylenediamine dihydrochloride
substrate (Sigma) was added to each well. After a 40-min incubation at room
temperature, color development was measured at 450 nm with an automated
MR600 microplate reader (Dynatech, Inc., Torrance, Calif.).
Negative controls and criteria for interpretation of positivity and validity of

the ELISAs. The ELISA optical density (OD) values 2 standard deviations above
the mean OD measurement of the sera from infants and adult volunteers were
used as arbitrary criteria to define the presence of antibodies to SMX in patient
sera. We chose sera from infants as negative controls because the infants were
less likely to have received cotrimoxazole. All children were between 6 and 12
months of age and were unlikely to have detectable levels of maternal antibodies.
Hapten inhibition assay. To determine the specificity of the ELISA to mea-

sure anti-SMX antibodies, compounds with various degrees of structural simi-
larity to SMX were studied (see Fig. 2): 3-amino-5-methyl isoxazole, N-acetyl-
sulfanilamide, N-(2-thiazolyl) sulfanilamide, sulfadiazine, and sulfisoxazole
(Aldrich, St. Louis, Mo.). For this analysis, 50 ml of serum from four subjects with
high anti-SMX IgM levels was diluted 1:40 in PBS (pH 7.2) and preincubated
with 50 ml of 1 nM or 1 mM drug solution for 1 h at 378C. In parallel, sera were
also preincubated with solutions of TMP, SMX, and SMX-PLL. All of the
samples were processed for ELISAs as described above. The reduction in mea-
sured antibody levels was taken as an indication of adsorption of antibodies
during the preincubation step.
Evaluation of cell-mediated immunity to SMX. Peripheral blood lymphocytes

were isolated by gradient centrifugation (Ficoll-Paque) from 12 HIV-seroposi-
tive patients, six with and six without a history of hypersensitivity reactions to
sulfamethoxazole, and from 6 healthy blood donors. The peripheral blood lym-
phocytes were washed twice in Hanks medium and resuspended at a concentra-
tion of 2.5 3 106 cells per ml containing 10% fetal calf serum, gentamicin, and
penicillin. Cells were incubated in 96-well plates with different concentrations
(1021 to 103 nM) of SMX, SMX-PLL, PLL alone, sulfanilamide, trimethoprim,
pokeweed mitogen, galactose-PLL, and RPMI medium alone. This was followed
by 7 days of incubation at 378C with 5% CO2. Cell proliferation was determined
by the Celltiter assay (Promega) as described in the manufacturer’s instructions.

After the addition of the tetrazolium dye and the solubilization solution, the A570
was determined in a plate reader.
Interleukin-2 (IL-2) stimulation experiments. Peripheral mononuclear cells

from four HIV-seropositive patients (two with and two without skin reactions)
were also isolated by Ficoll-Hypaque gradients. Cells (105 per well) in 96-well
plates were incubated in the presence of IL-2 (100 U/ml), 1 mg of SMX-PLL,
phytohemagglutinin, or a combination of IL-2 and SMX-PLL. The plates were
incubated as described for 6 days, after which 1 mCi of [3H]thymidine was added
to each well. After a further 24-h incubation, thymidine incorporation was de-
termined.
Statistical analysis. Individual OD values represent the average obtained in an

ELISA done in triplicate. Comparisons between groups were performed by a
two-tailed Fisher exact test. Mean OD values were compared by a two-tailed
Student t test. The intra-assay coefficients of variation of assays done in four
different experiments on different days were 7.2, 5.4, 5.4, and 7.8% for IgG, IgM,
IgG1, and IgG3, respectively, and the intra-assay coefficients of variation were
6.9, 5.1, 5.7, and 7.1% for IgG, IgM, IgG1, and IgG3, respectively.

RESULTS

Humoral response to SMX in AIDS patients. The levels of
IgG and IgM anti-SMX were higher (Fig. 1) in HIV-seropos-
itive patients who received sulfa drugs than in HIV-seronega-
tive patients (P , 0.01). Furthermore, although 90% of all
HIV-seropositive patients studied had detectable anti-SMX
IgG antibodies (Table 1), the levels were higher in those pa-
tients who had a history of adverse drug reactions to SMX (Fig.
1). Further analysis of antibody subclasses demonstrated that
the anti-SMX IgG antibodies were exclusively of the IgG1 and
IgG3 subclasses (Fig. 1B; Table 1). Anti-SMX IgE antibodies
and IgA antibodies were not detected in any patient (data not
shown). The levels of antibodies to SMX in HIV-seronegative
individuals, with and without hypersensitivity reactions, were
lower than in HIV-seropositive patients (Fig. 1). However,
there was no difference in the levels of anti-SMX antibodies
among HIV-seronegative individuals with or without reactions.
Serial serum samples from three patients receiving cotri-

moxazole, one seronegative and two seropositive, were ana-
lyzed in an attempt to find a temporal association in the ap-
pearance of IgM (Table 2). The serum samples were taken
prior to, during, and following cotrimoxazole therapy. No de-
tectable anti-SMX antibodies were present in any of the sam-
ples from the seronegative patient (Table 2). In contrast, anti-
SMX IgM antibodies were present in the two HIV-seropositive
subjects following therapy and remained elevated after 5
weeks, even when the treatment was discontinued (see Mate-
rials and Methods).
Hapten inhibition assay. To assess the specificity of the

anti-SMX antibodies, we used the sera from four hypersensi-
tive patients with high anti-SMX IgM levels, the SMX-PLL
conjugate, and several SMX-related compounds in an inhibi-
tion assay (see Materials and Methods) (Table 3). Preadsorp-
tion with SMX led to '85% reduction in detectable IgM
antibody levels (Fig. 2). Similarly, preadsorption with SMX-
PLL, N-(2-thiazolyl) sulfanilamide, N-acetyl-sulfanilamide,
and the closely related sulfisoxazole led to comparable reduc-
tions (Fig. 2). In contrast, only 11 to 23% inhibition was ob-
served following preincubation with TMP or with two less-
related sulfa compounds, namely, sulfanilamide and 3-amino-
5-methyl isoxazole (Fig. 2).
Cell-mediated response to SMX. The lymphocytes from

HIV-seropositive patients had a good proliferative response to
pokeweed mitogen (Fig. 3), phytohemagglutinin, and IL-2 (Ta-
ble 4). Nevertheless, lymphocytes from HIV-seropositive pa-
tients with or without a history of adverse reactions to SMX
and lymphocytes from healthy adults not previously exposed to
sulfa drugs did not demonstrate proliferation when incubated
with SMX-PLL conjugate or with sulfanilamide. In compari-
son, the lymphocytes of one patient who had erythema multi-

200 DAFTARIAN ET AL. CLIN. DIAGN. LAB. IMMUNOL.



forme after the administration of cotrimoxazole demonstrated
intense proliferation after incubation with SMX-PLL when
used as a positive control (Fig. 3). The supernatants of prolif-
eration assays were negative for antibodies against SMX and
for total immunoglobulins. Furthermore, the addition of IL-2
did not enhance the proliferation of peripheral blood lympho-
cytes from HIV-seropositive patients when tested against SMX
or SMX-PLL. There was inhibition of the proliferative re-
sponse to IL-2 in the presence of SMX (Table 4).

DISCUSSION

Adverse reactions to cotrimoxazole include rash, fever, gas-
trointestinal symptoms, and hematological abnormalities,
which may hamper the treatment of pneumocystosis or other
infections in patients with AIDS. The majority of adverse re-
actions to cotrimoxazole are secondary to those to SMX but
not to those to TMP (1, 4, 6, 11, 21, 24, 25). It is not yet clear
whether the increased frequency of side effects in seropositive
patients is due solely to drug toxicity or a combination of
toxicity and an abnormal immunological reaction to SMX. The
prevalence of reactions in AIDS patients may be related to the
dose of cotrimoxazole (4, 11), since patients with pneumocys-
tosis are treated with high-dose cotrimoxazole. Nevertheless,
immunosuppressed HIV-seronegative patients on high-dose
cotrimoxazole have a lower frequency of reactions (15%) (5,
10). Recently, Van Der Ven et al. (25) suggested that HIV-
seropositive individuals can have alterations in the metabolism

FIG. 1. (A) Distribution of the mean ODs and standard deviations repre-
senting anti-SMX IgM ( ) and IgG (o) in HIV-seropositive patients and
controls. Anti-SMX IgM and IgG levels were higher in HIV-seropositive patients
who experienced adverse reactions to SMX (HIV1 R1) than in HIV-seroposi-
tive patients who did not experience such reactions (HIV1 R2) (IgG OD 5 0.68
6 0.14 versus 0.46 6 0.14, P , 0.001; IgM OD 5 1.0 6 0.19 versus 0.47 6 0.23,
P , 0.001). The control group included 30 healthy individuals (20 children and
10 adults) with no previous intake of SMX. OD values for IgG and IgM were
similar to the background ODs of the immunoassay (IgG OD5 0.056 0.02; IgM
OD 5 0.10 6 0.02). The HIV2 R2 group included eight healthy adults exposed
to SMX and with no reaction. The HIV2 R1 group included six healthy adults
who experienced adverse reactions to SMX within the last 2 years. There was no
difference in IgG or IgM levels between HIV2 R2 and HIV2 R1 groups. (B)
Distribution of the ODs for the IgG subclasses IgG1 ( ) and IgG3 (o)
specific for SMX. The anti-SMX IgG1 and the IgG3 levels were higher in HIV1

patients who experienced adverse reactions to SMX (HIV1 R1) than in HIV1

patients who did not experience such reactions (HIV1 R2) (IgG1 OD 5 0.51 6
0.1 versus 0.35 6 0.1, P , 0.001; IgG3 OD 5 0.38 6 0.05 versus 0.21 6 0.07, P
, 0.001). The control and HIV2R1 groups were the same as those described for
panel A. OD values for IgG3 and IgG1 were within the background ODs of the
ELISA (IgG1 OD 5 0.04 6 0.04; IgG3 OD 5 0.01 6 0.01). Anti-SMX IgG1 and
IgG3 levels were higher in the HIV2 R1 group than in the HIV1 R1 group
(IgG1 OD5 0.186 0.04 versus 0.516 0.1, P, 0.001; IgG35 0.086 0.07 versus
0.38 6 0.05, P , 0.001).

TABLE 1. Frequency of anti-SMX antibodies in HIV-seropositive
patients with and without adverse reactions to cotrimoxazolea

Subject
group

Total
no. of
subjects

No. of subjects (%) positive for:

IgG1 IgG2 IgG3 IgG4 IgG IgM

Controlsb 30 0 0 0 0 0 0
HIV2 Rx2c 8 NDd ND ND ND 8 (100) 4 (50)
HIV2 Rx1c 6 6 (100) 0 5 (83) 0 6 (100) 6 (100)
HIV1 Rx2c 20 17 (85) 0 17 (85) 0 17 (85) 9 (45)
HIV1 Rx1c 20 19 (95) 0 19 (95) 0 19 (95) 20 (100)

a Diluted sera from 20 healthy infants and 10 adult volunteers with no previous
exposure to SMX were used as controls. Diluted sera from eight seronegative
controls who took cotrimoxazole and did not have reactions (HIV2 Rx2), from
6 seronegative controls who had adverse reactions to SMX within the last 2 years
(HIV2 Rx1), and from 20 HIV-seropositive patients with (HIV1 Rx1) and 20
HIV-seropositive patients without (HIV1 Rx2) hypersensitivity reactions to
cotrimoxazole were used to determine the presence of anti-SMX IgM and IgG.
b No previous intake of SMX (see Materials and Methods).
cWith previous intake of SMX (see Materials and Methods).
d ND, cases in which antibodies were not determined.

TABLE 2. Anti-SMX antibodies in patients after
treatment with cotrimoxazolea

Time (wk)
OD valuea

Patient A Patient B Patient C

0 0.31 0.43 0.54
2 0.36 1.05 1.29
5 0.36 0.93 1.03

a OD values of the ELISAs were used to measure anti-SMX IgM. These
antibodies were measured in the serum of an HIV-seronegative patient (A)
without adverse reaction and in the sera of two HIV-seropositive patients (B and
C) who developed rash and fever after cotrimoxazole therapy. Specimens for
IgM testing were collected before (time 0) and at 2 and 5 weeks after starting
cotrimoxazole therapy. The treatment of patients B and C was interrupted on
days 8 and 10 (see Materials and Methods).
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of sulfonamides and that an excess of hydroxylamine deriva-
tives may induce toxicity to sulfa compounds in these patients.
Carr et al. (3) found that SMX-hydroxylamine and not SMX
was responsible for the in vitro cytotoxicity seen with periph-
eral blood mononuclear cells from HIV-seropositive hypersen-
sitive patients. The addition of glutathione, a scavenger that
can bind to hydroxylamine groups, reduced this cytotoxicity,
which led the authors to the conclusion that glutathione may
be involved in the detoxification of hydroxylamines and that a
relative glutathione deficiency could be a factor for the hyper-
sensitivity observed in HIV-seropositive patients. On the other
hand, antibodies against SMX have been described in patients
with adverse reactions to this drug, in both HIV-seropositive
and -seronegative populations (15, 16, 23). We detected anti-
bodies that recognize SMX in the majority of HIV-seropositive
and -seronegative patients who had previously taken SMX,
whether they had experienced adverse reactions to the drug or
not, but significantly higher antibody levels were observed in
HIV-seropositive patients who did not tolerate therapy and
developed fever and rash. The humoral immune response to
SMX in AIDS patients was characterized by increased levels of

specific IgM, IgG1, and IgG3. In a prospective study of three
patients, we found elevated anti-SMX IgM levels in two pa-
tients with allergic reactions when these reactions appeared. A
prospective study to assess whether the presence of IgM anti-
bodies to SMX could have a pathogenic role in the develop-
ment of adverse drug reactions is in progress.
The antibody determinations in the HIV-seronegative pa-

tients with adverse reactions were done 2 to 24 months after
the administration of SMX, while those in the HIV-seroposi-
tive patients with adverse reactions were done within 2 weeks
after a drug reaction; therefore, it is difficult to compare the
IgM and IgG levels in these groups.
The studies of Carr et al. (2) suggested that a critical number

of CD41 cells are necessary in patients developing hypersen-
sitivity reactions to SMX. Our finding of anti-SMX-specific
IgG1 and IgG3 subclasses in patient sera suggests immuno-
globulin class switching and involvement of T-cell help. How-
ever, no evidence of a cellular response to SMX was found,
even after stimulation with IL-2 (Table 4). In fact, SMX dem-

FIG. 2. Anti-SMX IgM inhibition assay using the SMX-PLL conjugate. The
ODs obtained before and after incubation with inhibitors were used to calculate
the percentages of inhibition. Inhibitors included SMX (E), SMX-PLL (h),
sulfanilamide (SNM) (■), 3-amino-5-methyl isoxazole (3A5M) (Ç), sulfisoxazole
(SFZ) (å), N-(2-thiazolyl) sulfanilamide (NTS) (ç), N-acetyl-sulfanilamide
(NACSN) (F), TMP ({), and sulfadiazine (SDZ) (É).

FIG. 3. OD values of the lymphocyte proliferation assay using tetrazolium
incorporation. The antigen-induced stimulation of peripheral blood lymphocytes
in six HIV-seropositive patients with a history of adverse reactions to SMX
( ), six HIV-seropositive patients without such reactions (o), six normal
adults (controls) ( ), and one HIV-seronegative individual who developed
erythema multiforme after the administration of SMX (u) is shown. The ODs
shown are the means of triplicate assays obtained after incubation for 7 days with
medium only, pokeweed mitogen (PWM), SMX, SMX-PLL, or galactose-PLL
(G-PLL) at a concentration of 102 nM.

TABLE 3. ODs obtained in inhibition assay to demonstrate specificity of IgM antibodies to SMXa

Patient no.

Anti-SMX IgM after incubation with:
OD of anti-SMX IgM with

no preincubationSMX TMP Glycine

OD % Inhibition OD % Inhibition OD % Inhibition

1 0.327 74 1.00 18 1.11 10 1.23
2 0.47 66 1.25 11 1.30 8 1.41
3 0.39 74 1.29 13 1.35 9 1.49
4 0.53 68 1.40 15 1.42 14 1.65

a ELISAs to detect anti-SMX IgM were performed before and after preincubation with related (SMX) and unrelated (TMP and glycine) compounds. The sera of
four patients with high anti-SMX IgM levels, in whom a rash reaction developed after cotrimoxazole therapy, were used in this assay.
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onstrated an antiproliferative effect in peripheral blood lym-
phocytes after stimulation with IL-2. This phenomenon was
described previously by Rieder and coworkers (17). IgG3 is the
most efficient immunoglobulin subclass to initiate complement
activation (13). It is not clear whether the presence of high
levels of this IgG subclass specific to SMX may have a role in
adverse reactions to SMX among AIDS patients. Although the
role of humoral immunity in reactions to cotrimoxazole is not
known, IgG1 and IgG3 bind to neutrophils and monocytes via
Fc receptors (12), and it is possible that bound immune com-
plexes containing these IgGs could result in the release of
mediators of inflammation. HIV-seropositive patients have
polyclonal B-cell activation, a preponderance of humoral re-
sponses, and decreased delayed-type hypersensitivity (14). The
polyclonal B-cell activation may be due to several factors, in-
cluding decreased T-suppressor cells and stimulation by HIV,
Epstein-Barr virus, human herpesvirus 6, cytomegalovirus, and
other infections that suppress cell-mediated responses. The
increased levels of polyclonal IgG, IgA, and immune com-
plexes in these patients may contribute to their susceptibility to
type II and type III hypersensitivity reactions (8). Increased
levels of IgG1 and IgG3 have been described previously in
HIV-seropositive patients (7, 9, 22), which supports the hy-
potheses of a predominance of Th2-like responses in HIV
infection.
The mechanism of the development of side effects to SMX

is most likely complex and may involve both toxic and immu-
nologic components. It may be that severe reactions are an
effect of high drug levels and of accumulation of toxic metab-
olites. On the other hand, this may lead to a symptomatic
humoral immune response when antibody-antigen complexes
have exceeded a certain threshold, which may vary from one
individual to another. The susceptibility to these complexes or
to the toxic metabolites may be increased in patients with
AIDS.
In the design of conjugates, we selected a carrier molecule

which is not usually recognized by the immune system. PLL is
a weak immunogen, does not usually elicit a T-cell response,
and has been used previously as an inert carrier (23). A long
spacer between the SMX molecule and the PLL was necessary
to decrease the background OD of the ELISA. A short spacer
gave a high background OD (data not shown).
The inhibition experiments confirmed that the antibodies

that recognize the SMX conjugates were specific for SMX. In
addition, they suggest that the immunogenic determinant of
SMX requires the presence of both sulfanilamide and 3-amino-
5-methyl-isoxazole moieties in the same molecule (i.e., SMX
and sulfadiazine). Further work is under way to better charac-
terize these determinants. These results also suggest that sulfur
compounds not reacting with anti-SMX antibodies could be
alternative drugs for therapy for opportunistic infections re-

quiring the administration of sulfonamides. The inhibition as-
say needs to be expanded to facilitate the development of
drugs with less adverse reactions.
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