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Our recent studies have demonstrated that in early HIV-1 infection,
elevation of plasma immunoglobulin E (IgE) levels precedes the decline of
CD4 cell count and is influenced by vitamin E status. In order to further
investigate the role of IgE elevation in HIV- I infection, we determined
IgE levels in HIV-1-seroposit ive and -seronegative intravenous drug users
(IDUs) (n :  38), in relat ionship to cel lular and humoral immune function,l iver
enzymes, and vitamin E status. To examine the possible impact of the
route of HIV-1 infect ion on IgE levels, comparisons between the cohorts
of the HIV-1-seroposit ive and -seronegative IDUs and homosexual men
(n:45) were also conducted. Al l  HIV-1-seroposit ive part icipants had
signif icantly higher (P:0.003) IgE levels than the HIV-l-seronegative
subjects. The HIV-1-seroposit ive IDUs, moreover, demonstrated
signif icantly higher (P: 0.01) IgE levels than HIV-1-seroposit ive homosexual
men, despite similar CD4 cel l  counts. Stepwise regression analysis was
used to evaluate the possible variables contributing to the IgE variation.
HIV- I  status (P : 0.0009), intravenous drug use (P : 0.014), CD8 cel l  counts
(P:0.0001) ,  p lasma leve l  o f  v i tamin E (P:0.006) ,  and a lcohol  in take
(P:0.041) were signif icant, accounting for 7I\  of the IgE elevation. These
findings suggest that IgE may serve as a sensitive marker to reflect the
evolution of HIV-1 disease in individuals from different risk groups.

Frequent elevation of immunoglobulin E (fgE) in
patients with AIDS has been recognized since the
beginning of the epidemic (l) and confirmed in later
studies (10,20). HIV-1-infected individuals exhibit  a
prominent increase of IgE, approximately twice the
level of other immunoglobulin classes, IgG,, IgA, and
IgM (10). Furthermore, this elevation in serum IgE,
which is not significantly correlated with the other
immunoglobulins (15,20), appears to increase with
severity of infection, suggesting that disturbance in
IgE regulation may serve as a sensitive marker to
monitor the course and evolution of HIV-1 disease.

Our recent studies conducted in asymptomatic,
HIV-l- infected homosexual men (15, 18) indicate
that IgE elevation occurs even during the early stages
of the HIV disease, prior to the decline in CD4 cell
count, and is influenced by plasma vitamin E status
(18). These findings could be particularly important
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in HIV-l-infected intravenous drug users (IDUs),
who appear to experience rapid disease progression
(6, 9) and have recently been documented to have
altered nutritional status (3). Although IDUs have
been included in immunoglobulin studies (10,20),
factors specific to this group have not been ade-
quately investigated. To further characterrze the
intravenous-drug-using population, the present study
was designed to determine IgE levels in relationship
to immune function and nutritional status in HIV-
1-seropositive and -seronegative drug users. Com-
parisons between this IDU cohort and HIV-I-
seropositive and -seronegative homosexual men were
also conducted to examine the possible impact of
HIV-1 infection route on IgE levels. Our findings
demonstrate that IgE level is profoundly affected by
HIV-1 infection, route of transmission, and vitamin
E status.
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Material and methods

Subiects

Eighty-three subjects (38 IDUs and 45 homosexual
men) were selected for this study from larger cohorts
of 230 IDUs and 180 homosexual men, being fol-
lowed longitudinally for HIV-1 infection and cofac-
tors of HIV disease progression. The IDU cohorts
were recruited from an IDU street using population
in Miami/Dade County, FL, USA, by means of net-
works of informal social contacts among IDUs.
These cohorts, described in detail elsewhere (16),
had not taken part in programs for treatment of drug
abuse for at least 6 months prior to recruitment.
Participants in the homosexual male cohort were
recruited lrom community physician referrals, local
AIDS-related centers, and the University of Miami
HIV-1 research screening clinics.

In the present investigation, 21 of the IDUs (16
males and five females) were HIV- I seropositive
(ELISA, confirmed by Western blot), and Ll of the
IDU participants were HIV-1 seronegative (14 males
and three females). The major drugs abused included
cocaine and/or heroin, and marijuana. The IDU
participants ranged in age from 23 to 60 years; ap-
proximately 50 \ of the subjects had completed high
school.

Of the 45 homosexual men, 25 were HIV-I in-
fected and 20 were HIV-1-seronegative homosexual
controls, ranging in age from 20 to 55 years with a
minimum education level of 12th grade. Neither the
HIV-1-infected IDUs nor the homosexual men were
involved in antiviral chemotherapy regimens at the
baseline evaluation. The HIV-1-seropositive homo-
sexual men and all but one of the IDUs were
asymptomatic, other than gener alized lymphadeno-
pathy.

Clínical procedures

All subjects were given a general physical examina-
tion and were questioned regarding their medical
history, alcohol intake, demographic information,
and sexual behavior. Fasting venous blood samples
were obtained at 0800 hours from all subjects to
minimize diurnal variation. Blood was collected and
centrifuged immediately. All samples were aliquoted
and stored at -J0" C until ready for analysis.

Immunology

The immunoglobulin E levels were assessed with the
Microplate Total IgE, a two-site immunoradiomet-
ric technique, supplied by Kallestad. Lymphocyte
surface markers (CD4 and CD8) were performed by
flow cytometry, using two-color direct immunofluo-
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rescence with monoclonal antibodies (Coulter Im-
munology,  Miami .  FL,  USA).

Betar-microglobulin was assessed with a Cellfree
Beta2 microglobulin test kit for quantitative deter-
mination (T Cell Diagnostic, Inc).

Itiutrítional status

Overall nutritional status was determined using lev-
els of serum albumin, determined by standard
nephelometric technique, with the normal range con-
sidered to be 3.5-5.5 g/dl. Plasma vitamin E status
was determined by high-performance liquid
chromatography (a). The normal range used for vi-
tamin E was 5- 15 lrg/ml, with levels < 5 pg consid-
ered biochemically deficient.

Dietary history

All study subjects were questioned with respect to
their dietary consumption and alcohol intake using
a semiquantitative food frequency questionn arre' an
instrument standardized for nutritional epidemio-
logic studies (19).
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Table 1 lmmune function

and nutrition in HIV disease

Serum markers of liver function

Measurements included serum liver enzyme func-
tion (serum glutamic oxaloacetic transaminase
(SGOT), and glutamyl transpeptidase (GGTP).
Normal levels for the reference laboratory were
0-65 U/l for GGTP, and 0-50 U/l for SGOT.

Statistical analysís

Analyses of the data were performed using SAS
statistical packages, following examination of distri-
bution, skewness, and presence of outliers. Trans-
formations were used, when necessary, to correct
nonnormal distribution. One-way comparisons were
evaluated using Wilcoxon rank sum tests, or Stu-
dent's /-test for independent samples. Correlations
of continuous measurements were performed using
Spearman procedures, with P< 0.05 considered sta-
tistically significant for all values.

Multivariate analyses employed ANOVA and
ANCOVA. Predictive measurements of HIV status,
route of infection, plasma vitamin E, alcohol intake,
immunologic variables, and liver enzymes were in-
cluded in the analysis. Distribution of residuals was
examined and outliers were identified. In the final
regression model, the outliers were given less weight
00%) than other observations.

Results
Immune function

As indicated in Table 1, the mean CD4 cell count
(523.9 t283.68) of the HIV-1-seroposit ive IDUs
was similar to that of the seropositive homosexual
men (603.5 t309.2). There was also no significant

Fig. 2. IgE levels are dramatically elevated in seropositive IDUs
as compared to al l  other groups (*x*": 0.0002). Direct compari-
son of seropositive groups revealed significantly higher levels rn
IDUs. relat ive to homosexual men. at *xP: 0.01 and at P :0.02.

Homosexual

Htv-1 (+) Hrv-1 (-) Hrv-l (+ ) Hrv-1 (- )

IVDU

CD4
cD8
B,M

865 .41268 .9 '
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u'u1 Significant difference between seropositive HIV-1-infected homosexual men and

lVDUs, and respect ive contro ls at  (P<0.0001).
b 

Significant difference between seropositive IVDUs and homosexual men at

P<0.0001
' Significant difference between seronegative IVDUs and seronegative homosexual

men at  P<0 012,

difference in CD8 counts between the two groups.
Both HIV-1-infected groups, however, had signifi-
cantly lower CD4 cell counts than their respective
seronegative control groups: (864.8 t 319.0;
P<0.0001)  in  seronegat ive IDUs,  and (865.5t
268.9; P<0.0001) in the seronegative homosexual
men.

Significant differences between the groups were
noted for immune activation, as determined by level
of betar-microglobulin. As shown in Table 1, sero-
positive IDUs exhibited significantly higher levels of
betar-microglobul in (4.03 !2.1) relat ive to the HIV-
l - in fected homosexual  men (1.95 t  0 .8 l ;  P <0.000 1) .
Significantly elevated levels of betar-microglobulin
were also observed in the seronegative IDUs
(2.35 t0.81), as compared to seronegative homo-
sexual  contro ls  0.26 + 0.42.  P< 0.012) .

Immunoglobulin E levels

A stepwise regression analysis revealed that the level
of IgE was significantly associated with HIV-1 sta-
tus (P:0.0009) ,  CD8 cel l  counts (P:0.0001) ,  in-
travenous drug use (P:0.014), plasma level of vi-
tamin E (P:0.006), and alcohol intake (P:0.041).
These factors accounted for 1I% of the IgE varia-
tion. The goodness of the fit is also demonstrated by
Fig. 1, which shows the regression line in compari-
son with the scatterplot of observed IgE levels. No
association between SGOT levels and IgE was re-
vealed. A correlation between GGTP and IgE, was
observed (P: 0.036); this factor, however, failed to
significantly contribute to the multivariate analysis.

As illustrated in Fig. 2, a pronounced elevation in
IgE was noted in the seropositive IDUs, whose IgE
levels (444.3 !352.4) were significantly higher than
the mean IgE level in all other groups (P: 0.0002).
A direct comparison of the two HIV-1-seropositive
groups revealed a significantly higher IgE level in
HIV-l-seroposit ive IDUs (444.3 +352.4), as com-
pared to the HIV-1-infected homosexual men
(186.4 t251.3;  P:  0.01) .  The HIV- l -seroposi t ive
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IDUs also showed significantly higher IgE levels
than the seronegative IDUs (P <0.02). Both groups
of seronegative controls exhibited similar IgE levels.

It{utritional status

General nutritional status, as determined by mean
albumin levels, was within the normal range in all
groups, although significantly lower levels were ob-
served in IDUs relative to the homosexual men
(3 .61  t0 .52  vs  4 .14  t0 .26 ;  P :  0 .01) .

The plasma level of vitamin E was significantly
lower in the seroposit ive IDU cohort (5.1t l . l  pel
ml), relative to the HIV-1-infected homosexual
men, whose mean plasma level of vitamin E was
9.06 t 6.0 pglml (P: 0.0001). The plasma vitamin E,
level in the IDU seronegative controls (5.42t1.89
pgiml) was similar to that of the seropositive IDUs
and significantly lower (P:0.001) than that ob-
served in the HIV-1-seronegative homosexual men
( r 0 . 2 4  t  5 . 1 1 ) .

Significant differences in dietary vitamin E intake
between the groups were observed. Mean vitamin E
intake in the HIV-1-infected homosexual group was
306.28 t 390.5 g, with 84% of the men consuming
supplements of vitamin E. The seropositive IDUs,
however, consumed 12.5 t 7.8 g/d of vitamin E, and
only 16"7" of this group consumed supplements. Vi-
tamin E intake in the seronegative homosexual men
was 90.58 1205.3 gld, as compared to only
12.2 t 8.9 g/d in the seronegative IDUs. The pro-
portion of IDUs eating less than the recommended
dietary allowance (RDA) of vitamin E was 56%,
considerably more than the 16/. noted in the homo-
sexual group.

Whereas the mean intake of alcohol and propor-
tion of drinkers (33-36/") was not statistically dif-
ferent among the intravenous drug user and homo-
sexual groups, the amount of alcohol ingested
was twofold greater in the seropositive IDUs
(26.99130.85 gld), as compared to the infected
homosexual men (13.2 t23.4).

Evidence of hepatic dysfunction, as demonstrated
by elevated levels of GGTP (outside the normal
range) was shown in both the seropositive IDUs
(129.9 y 112.7 lJ l\ and the seronegative IDUs
(12.0 t61 .3 U/l). These measurements were signifi-
cantly higher than those observed in the HIV-I-
infected homosexual men (36.44 t 42.9 tJ ll
P: 0.01) and seronegative controls (18.5 t 6.9 tJ l l ;
P:0.01) .  Whereas 73\  of  the seroposi t ive IDUs
exhibited elevated GGTP levels, 33/" of the sero-
negative IDUs, and only 12% of the HIV- 1-
seropositive homosexual men had altered levels of
this liver enzyme. The GGTP levels were within the
range considered to be normal in the homosexual
seronegative men. The mean levels of SGOT were
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also significantly higher in the seropositive and se-
ronegat ive IDUs (44.4122.8 and 33.1 t  15.3 IJ ID,
as compared to the seropositive and seronegative
homosexual men (29 .2 + 9.0 and 23 . l  + 8.2 U/l)
(P  :  0 .0  1 ) .

Discussion

The results of this study indicate that plasma IgE
level is significantly associated not only with HIV
status, but with intravenous drug use, immune func-
tion, and alcohol intake, as well as with plasma vi-
tamin E level. Whereas IgE levels have been shown
to be increased in HIV-l- infected patients (10, 15,
18, 20), our investigation indicates that seropositive
drug users exhibit a dramatic and significantly higher
IgE level than HIV-1-infected homosexual men, with
similar CD4 cell counts. These data indicate that
combining various high-risk groups in single cohort
studies may not be appropriate.

The prominent IgE elevation demonstrated in
HIV-1-infected IDUs was also observed in the HIV-
l-seronegative drug users, whose IgE levels were
comparable to HIV- 1-seropositive homosexual men
and significantly higher than the seronegative homo-
sexual men. Both the seropositive and the seroneg-
ative IDUs showed increased immune activation, as
measured by elevated betar-microglobulin levels,
providing support for the hypothesis that repetitive
antigen challenge of drug abusers may have a pro-
found effect on IgE, antibody formation. IgE levels
in IDUs may also be increased by hypersensitivity
reactions produced by the drugs themselves, or the
substances mixed with cocaine and heroin (talcum
powder, lidocaine, quinine, sucrose, lactose, etc.),
andf or even the bleach used to clean the needles (2,
5, 7, 12, 17). Other factors, including exposure to
bacteria and blood-borne viruses other than HIV
through needle sharing (6), alcoholism, and liver dis-
ease (11), may also influence IgE levels in drug users.

Consistent with previous evidence demonstrating
suppressor T-cell regulation of ongoing IgE antibody
formation (8), the present investigation revealed a
significant relationship between IgE level and CD8
cell counts. This finding supports an earlier sugges-
tion that IgE elevation could be due to a selective
defect of suppressive CD8 cells (10). Our data are
also in agreement with earlier findings of higher IgE
response in HIV-1-seropositive hemophiliacs than
in HIV-1-infected homosexual men, supporting the
hypothesis that repeated antigenic stimulation may
affect the IgE response, depending upon the route of
infect ion (13).

In accord with our previous findings (18), low
plasma vitamin E was associated with altered IgE
levels. Plasma levels of vitamin E, which were sig-
nificantly diminished in IDUs as compared to homo-



sexual men, may reflect an increase in oxidative
stress due to constant antigenic challenge in IDUs.
As a large number (47 .3%) of the IDUs consumed
vitamin E at levels below the recommended dietary
allowance, inadequate plasma vitamin E status may
also have resulted from poor dietary intake. In ad-
dition, the presence of hepatic disease andlor the
additive effects of multidrug abuse and alcohol in-
take may have contributed both to the low plasma
vitamin E and the elevated IgE levels (14).

HIV- 1-infected individuals have been documented
to exhibit a preferential increase of IgE over other
immunoglobulin classes, IgG, IgM, and IgA (1, 10).
The increase in serum IgE, which is not significantly
correlated with other immunoglobulins (10, 20), oc-
curs even during the early stages of HIV- I infection
(15), and appears to increase with severity of dis-
ease. Moreover, this elevation occurs prior to the
decline of CD4 cell count (15, 18), suggesting that
disturbance in IgE regulation may serve as a sensi-
tive marker to monitor the evolution of HIV-1 dis-
ease in individuals from different risk groups. Fur-
ther investigations will be required to determine the
specific mechanisms by which IgE is altered and
whether correction can be of therapeutic value in
slowing disease progression.
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