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Reactivation of Epstein-Barr virus (EBV) in early human immunodeficiency virus (HIV) infection was

investigated in 49 homosexual men who seroconverted to HIV (cases) as compared with 49 matched controls
who remained seronegative to HIV during a longitudinal study. EBV infection was reactivated in cases 6
months, but not 12 months, prior to HIV seroconversion as compared with controls and remained reactivated
during 18 months of follow-up after HIV seroconversion, as shown by increases in immunoglobulin (Ig) G
antibody titers to EBV early antigen. Antibody titers to EBV viral capsid antigen did not differ between cases

and controls prior to the time of seroconversion to HIV but were significantly increased among cases by the first
seropositive study visit and remained elevated during the 18 months after HIV seroconversion. Total serum IgG
levels were increased in cases at the visit of seroconversion, and during 18 months of follow-up, but did not
correlate with enhanced IgG production specific for EBV antigens. Significant decreases in numbers of CD4+
cells and increases in numbers of CD8+ cells during this early phase of HIV infection were not associated with
changes in patterns of EBV antibody responses. Reactivation of EBV beginning 6 months before HIV
seroconversion may have implications regarding the role of this herpesvirus in the pathogenesis of HIV.

Epstein-Barr virus (EBV) is a ubiquitous human herpes-
virus known to be the causative agent of acute infectious
mononucleosis (15). EBV has also been linked with lympho-
proliferative disorders such as Burkitt's lymphoma, na-
sopharyngeal carcinoma, and X-linked lymphoproliferative
syndrome (16, 23). EBV is widespread among different
populations, and infection occurs during early childhood in
most parts of the world. After primary infection, EBV
remains latent for life.

Evidence suggests that EBV is expressed in unusual
patterns among individuals with AIDS or who are at risk for
developing AIDS. These patterns include elevated titers of
antibodies directed against EBV antigens (27, 29, 31), in-
creased oropharyngeal excretion of EBV (2, 10a, 25, 31),
increased numbers of circulating EBV-infected B cells (4,
26), and isolation of EBV from the plasma of AIDS patients
(1). It appears that EBV, which exists in a latent state in
immunocompetent hosts, is reactivated by human immuno-
deficiency virus (HIV)-induced immunosuppression. Such
EBV infections may be related to the development of oral
"hairy" leukoplakia (11) and lymphoproliferative disorders
(3, 9, 12) described in AIDS patients.
There is little known concerning the role of EBV in the

longitudinal progression of initial HIV infection to the de-
velopment of AIDS. We have therefore examined the rela-
tionship between HIV and EBV during early HIV infection.
Homosexual men with documented seroconversion to HIV
were compared with nonseroconverters in a nested case-
control design. The main objectives of this study were to
determine when reactivation of EBV occurred with respect
to HIV infection and the possible role for EBV in the
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immunological alterations and clinical disorders observed
during early HIV infection.

(This investigation was part of a thesis submitted by M. A.
Rahman in partial fulfillment of the requirements for a Ph.D.
degree from the University of Pittsburgh, Pittsburgh, Pa.)

MATERIALS AND METHODS

Study design. This was a nested case-control study (21),
utilizing a specific subgroup of homosexual and bisexual men
from the Pitt Men's Study, the Pittsburgh portion of the
Multicenter AIDS Cohort Study (18). Informed consent was
obtained from all participants in accordance with the guide-
lines of the Institutional Review Boards of the University of
Pittsburgh and the National Institutes of Health. Each study
participant completed an interviewer-administered clinical-
epidemiologic questionnaire and a physical examination and
donated blood for laboratory testing at biyearly visits.
At the end of a 2.5-year follow-up, 49 HIV seroconverters

were matched with 49 men who remained seronegative to
HIV for the same study period. A matched study design was
used to maximize efficiency and to minimize potential bias
(8). The matching criteria used to pair HIV seroconverters
(termed cases) with nonseroconverters (termed controls)
included (i) the visit at which seroconversion of the case was
documented, (ii) the number of partners with whom recep-
tive anal intercourse was reported during the preceding 6
months, and (iii) the number of study visits, so that the
control had at least as many study visits as the matched case.
The time points were designated as 6-month intervals

relative to the time of seroconversion to HIV, where T-3 is

approximately 1.5 years prior to HIV seroconversion, T-2 is

1 year prior to HIV seroconversion, T_1 is 6 months prior to
HIV seroconversion, To is the visit at which HIV serocon-
version was documented, T, is 6 months post-HIV serocon-
version, T2 is 1 year post-HIV seroconversion, and T3 is 1.5
years of follow-up after seroconversion. Fewer than the
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TABLE 1. EBV antibody titers and levels of serum IgG and rubella virus antibody pre- and postseroconversion to HIV

GMT

Serologic assay HIV seroconverters (cases) HIV seronegatives (controls)

T_1a
(49)b To (49) T, (41) T2 (34) T3 (27) T 1 (49) To (49) T, (41) T2 (34) T3 (27)

EBV antibody
EBV-VCA IgG 94 106c 155c 224c 311c 83 66 52 66 55
EBV-EA IgG 35c 33C 37c 53c 72C 7 7 5 6 5
EBNA IgG 12 11 13 13 12 10 8 9 9 9

Total serum IgG 1,333 1,324d 1,524e 1,746e 1,854e 1,416 1,156 1,037 962 1,049
Rubella virus IgG 50 47 64 60d 68 51 77 87 93 100

a Time of study designated as 6-month intervals relative to the time of seroconversion to HIV.
b Number of matched case-control pairs.
c p < 0.05 as compared with matched controls.
d p < 0.01 as compared with matched controls.
Pp < 0.005 as compared with matched controls.

seven study visits were available for certain case-control
pairs because of attrition, as is noted in the text.

Determination of HIV serostatus. Serum samples were
tested for antibodies to HIV by enzyme-linked immunosor-
bent assay (ELISA) (LAV-EIA; Genetic Systems, Seattle,
Wash.). ELISA-positive specimens were confirmed by a
Western blot assay (Novapath Immunoblot; Bio-Rad Labo-
ratories, Hercules, Calif.). A positive Western blot reaction
was defined as the presence of a band representing products
from at least two of the three major HIV open-reading
frames: gag (p15, p24, p55), pol (p32, p65), and env (gp4l,
gpl20, gpl60). Antibody to recombinant HIV envelope
protein (ENV9 ELISA; DuPont Co., Wilmington, Del.) and
serum HIV p24 gag protein (DuPont) were assayed as
previously described (30).

Quantitative determination of antibodies to EBV antigens.
Indirect immunofluorescence tests were used to detect im-
munoglobulin (Ig) G antibodies to EBV viral capsid antigen
(EBV-VCA) and EBV early antigen (EBV-EA) as previously
described (13, 14). Briefly, titers of IgG antibodies to EBV-
VCA were determined on acetone-fixed HR1-K cells by
using fluorescein isothiocyanate-labeled goat antibody to
human IgG. Antibody titers to EBV-EA were determined by
using Raji cells treated with 5'-2-iododeoxyuridine as a
source of cells containing early antigen. Anticomplement
immunofluorescence methods were used to determine the
titers of antibodies to EBV nuclear antigen (EBNA). Human
C3 was used as a source of the complement, and fluorescein
isothiocyanate-labeled antibody to human C3 was used to
bind with the complex (28). Raji cells expressing EBNA
were used as a source of antigen.

Serial twofold dilutions of blind-coded test sera were made
beginning at a dilution of 1:5. Titers of antibodies to EBV
antigens were reported as the reciprocals of the end-point
dilution of serum samples showing positive fluorescence.
Each assay included known positive and negative control
sera.

Subjects with EBV-VCA IgG titers of -5 were considered
seropositive to EBV. Reactivation of EBV was defined as a
fourfold or greater rise in antibody titers to EBV-VCA in
sequential specimens. The presence of antibody to EBV-EA
(titer, .5) was also used as evidence of reactivation of EBV
infection.

Quantitative determination of IgG and rubella virus anti-
bodies. Total serum IgG levels were measured quantitatively
by indirect immunofluorescence in milligrams per deciliter

(FIAX; M. A. Bioproducts, Walkersville, Md.). IgG anti-
body to rubella virus was measured by indirect immunoflu-
orescence using automated fluorometry (FIAX).

T-cell subsets. The percentages and absolute numbers of
lymphocyte subsets were determined by monoclonal anti-
bodies (Becton-Dickinson, Mountainview, Calif.) with stan-
dard methods (30).
Data analysis. Group geometric mean titers (GMT) were

calculated for antibody to EBV-specific antigens by taking
the antilog of the mean of the log1O-transformed values of the
individual titers. Statistical procedures for this matched-
paired study included odds ratios and McNemar's matched-
pair test to identify odds ratios significantly greater than
unity, paired Student's t test, and Wilcoxon's matched-pair
procedure. Spearman rank order correlation was used to
estimate the associations between total serum IgG levels and
the numbers of T-cell subsets and to estimate antibody titers
to EBV.

RESULTS

Reactivation of EBV associated with HIV seroconversion.
All (49 of 49) seroconverters (cases) and 96% (47 of 49) of
HIV nonseroconverters (controls) were seropositive for
EBV at the time of entry into the study on the basis of an
EBV-VCA IgG titer of .5. The subjects were grouped by
EBV-VCA IgG titers of -160 or <160 at T_1, 6 months prior
to HIV seroconversion. No significant differences between
cases and controls were observed for elevated titers of
EBV-VCA IgG 6 months prior to HIV seroconversion
(chi-square = 0.64; odds ratio = 1.5; P = 0.42). A similar
analysis of EBV-EA IgG, however, showed that anti-
EBV-EA titers were significantly elevated in cases as com-
pared with controls, in that 38 of 49 (78%) of the cases had
EBV-EA IgG titers of -20, whereas 11 of 49 (23%) of the
controls had elevated anti-EA titers. Matched-pair analysis
showed that 31 of the cases had elevated titers such as these,
while only 4 of the matched controls had EBV-EA IgG titers
of .20 (odds ratio = 7.75; chi-square = 19.3; P < 0.0001).
Table 1 compares the GMT of antibodies to EBV of cases

with those of controls before and after seroconversion to
HIV. EBV-VCA IgG titers were not found to be significantly
different between cases and controls at T-1 (6 months prior
to HIV seroconversion). There were, however, significantly
elevated titers of anti-EBV-EA in the cases as compared
with the matched controls 6 months before HIV seroconver-
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sion, with further rises occurring during the 18-month fol-
low-up period.
At the visit of documented HIV seroconversion (TO), the

GMT of antibodies to EBV-VCA and EBV-EA IgG were

found to be significantly higher in cases than in controls
(Table 1). The GMT of EBV-VCA IgG in the cases were

found to be consistently elevated compared with those of
controls from T1 through T3, with the highest titers occurring
at T3. EBV-EA IgG titers in cases remained at the pre-To
elevated levels from T1 through T2, with a rise occurring at

T3. Antibody titers to EBV-VCA and EBV-EA did not show
significant changes for controls from T1 through T3. EBNA
IgG titers did not show significant differences between cases

and controls at any time before or after HIV seroconversion.
Levels of serum IgG were determined quantitatively to

investigate whether there was an association between IgG
directed against EBV antigens and total serum IgG. Table 1
indicates that levels of total serum IgG were significantly
elevated in the cases at To and remained elevated from T1
through T3 as compared with matched controls. Further
analysis showed, however, that there was no significant
correlation between EBV-VCA or EBV-EA IgG titers and
total serum IgG levels in cases or controls (P > 0.05;
Spearman rank correlation). Moreover, anti-rubella virus
IgG levels in the cases were comparable to, or significantly
lower than, the levels the in controls (Table 1). There was

also no association between anti-rubella virus IgG levels and
quantitative levels of serum IgG in the cases or controls (P>
0.05; Spearman rank correlation).
A fourfold or greater rise in antibody titers to EBV-VCA

was used to provide further evidence of a role for EBV
reactivation in HIV infection. On the basis of this parameter,
reactivation of EBV was strongly associated with HIV
seroconversion (odds ratio = 3.0; confidence limits = 1.1 to
8.8; McNemar's chi-square = 6.0; P < 0.05). The data were

also analyzed separately for the 27 matched pairs for the
entire 1.5 years of follow-up after seroconversion, i.e.,
through T3. Results were consistent with those reported for
the 49 case-control pairs, with evidence that EBV reactiva-
tion evident 6 months prior to seroconversion remained
through T3 (data not shown).
We further studied the 16 cases that had serum samples

available prior to T-1. GMT for antibodies to EBV-VCA and
EBV-EA did not differ significantly between cases and their
matched controls at T-3 or T-2 (Fig. 1). Furthermore, both
EBV-VCA and EBV-EA titers for this subgroup of 16
case-control pairs were comparable to those of the larger
study group (Table 1), with complete data from T-3 through
T-l 3.

We considered that inapparent HIV infection might exist
in a portion of the seroconverters prior to the first Western
blot-confirmed, ELISA-positive visit. Of 38 seroconverters
with EBV-EA IgG titers of -20, 36 were tested for the
presence of an early indicator of HIV infection at visits T-3
through T-1 (Table 2). Fifteen (42%) of these 36 cases with
elevated EBV-EA IgG titers were positive for at least one of
the following HIV serologic markers at a visit prior to To:
HIV p24 antigen, antibody to ENV9, and at least one HIV
antigen-reactive band in the Western blot. This was in
contrast to cases with low EBV-EA IgG titers (<20), where
only 1 of 11 (9%) had evidence of HIV infection by these
tests prior to To (P < 0.05; Fisher's exact probability test).

Relationship of number of T lymphocytes to EBV reactiva-
tion. An evaluation of T-lymphocyte subsets demonstrated
differences between cases and controls. The cases had
significantly lower numbers of CD4+ cells than did controls
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FIG. 1. EBV antibody titers in 16 cases and 16 matched controls
tested 18 months prior to and after seroconversion to HIV. (A) HIV
seroconverters; (B) HIV seronegatives. Symbols: 0 and 0, EBV-
VCA IgG; A and A, EBV-EA IgG; * and O, EBNA IgG; *, P <
0.05 as compared to matched HIV seronegative controls.

by 6 months postseroconversion (Table 3). The mean num-
ber of CD8+ cells was found to be significantly increased in
HIV seroconverters. This elevation was noted at the visit of
documented seroconversion (To) and at visits T1 through T3.
Nonetheless, EBV-VCA and EBV-EA IgG titers were not
found to be significantly associated with CD4+ or CD8+
T-lymphocyte counts for either cases or their matched
controls (P > 0.05; Spearman rank correlation). There were
also no significant relationships found between mean CD4+
or CD8+ cell numbers and EBV activation, as defined as a
fourfold or greater increase in anti-VCA IgG titers occurring
at consecutive study visits (P > 0.05; paired t test).

Association of clinical symptoms with EBV reactivation.
The role of EBV in symptoms associated with lymphade-
nopathy (LAD) was evaluated. Diagnosis of LAD was
defined as the presence of lymph nodes more than 1 cm in
diameter in two or more noncontiguous, extrainguinal sites,
with any number and site of cervical nodes counted only
once. Increased rates of LAD were observed in HIV sero-
converters, in that 70% (34 of 49) of HIV seroconverters had

TABLE 2. Association between elevated EBV-EA IgG titer
(-20) and evidence of HIV infection in seroconverters prior to To

No. of serum samples positive
(% of total tested) for:

HIV serologic assay EBV-EA IgG EBV-EA IgG
titer 2 20 titer < 20
(n = 36) (n = 11)

ENV9 alone 2 (6) 1 (9)
Western blot alonea 6 (17) 0 (0)
p24 antigen alone 3 (8) 0 (0)
ENV9 and Western blota 2 (6) 0 (0)
ENV9 and p24 antigen 1 (3) 0 (0)
Western blota and p24 antigen 1 (3) 0 (0)
ENV9 and Western blota and 0 (0) 0 (0)
p24 antigen
a Positive bands in Western blot at one or two of the three major HIV gene

regions.
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TABLE 3. Numbers of T lymphocytes found pre- and postseroconversion to HIV

No. of T lymphocytes (SE)' in:
Type of T HIV seroconverters (cases) HIV seronegative (controls)lymphocyte

T_Ib (49)C To (49) T, (41) T2 (34) T3 (27) T_1 (49) To (49) T, (41) 1, (34) T3 (27)

CD4' cells 1,033 (71) 937 (78) 726 (45)d 706 (56)d 694 (53)d 942 (62) 978 (45) 1,072 (66) 1,080 (72) 1,075 (58)
CD8' cells 688 (59) 715 (42)" 728 (49)d 790 (61)d 772 (57)d 547 (38) 538 (42) 543 (39) 590 (57) 483 (35)
CD4-/CD8+ 1.9 (0.18) 1.6 (0.18)e 1.2 (0.10)d 1.1 (0.11)d 1.0 (0.09)d 2.1 (0.16) 2.2 (0.16) 2.4 (0.24) 2.2 (0.18) 2.4 (0.13)

ratio

a Arithmetic mean.
b Time of study designated as 6-month intervals relative to the time of seroconversion to HIV.
' Number of matched case-control pairs.
d p < 0.005 as compared with matched controls.
Pp < 0.05 as compared with matched controls.

LAD at least once during T-1 through T3 as compared with
only 27% (13 of 49) of nonseroconverters. Furthermore,
matched-pair analysis demonstrated a significant association
between diagnosis of LAD and HIV seroconversion (odds
ratio = 11.5; McNemar's chi-square = 16.0; P < 0.0001).
The majority of the HIV seroconverters with LAD had
evidence of reactivation of EBV infection (68% [23 of 34]).
Among these 23 cases, reactivation of EBV infection as
shown by a fourfold or greater rise in EBV-VCA IgG titer
occurred more often at a study visit after a diagnosis of
LAD. Seven of the 13 HIV seronegative controls with LAD
also had elevated antibody titers to EBV. Six of these seven
HIV-seronegative men with LAD exhibited enhanced EBV-
VCA IgG titers subsequent to LAD. There was a significant
association observed between the probability of EBV reac-
tivation and evidence of LAD in the HIV seroconverters.
Binomial distribution using normal approximation for LAD
in this group did not indicate random occurrence of these
data (95% confidence intervals, 0.68 to 0.98).
Seven of the 49 HIV seroconverters developed AIDS

during 3 to 4 years of follow-up examination. Reactivation of
EBV infection was noted in four of these seven HIV
seroconverters prior to a diagnosis of AIDS as evidenced by
elevated titers of anti-EBV-VCA (.160) or anti-EBV-EA
(.20) at To.

DISCUSSION

Homosexual men had evidence of reactivated EBV infec-
tion as shown by elevated mean titers of EBV-EA IgG
antibodies 6 months prior to the study visit at which HIV
seroconversion was first confirmed (TO). Titers of both
EBV-EA and EBV-VCA IgG were significantly elevated by
study visit To and progressively increased during the 18
months of follow-up after seroconversion. Such serologic
data are classic evidence for reactivation of EBV infection
(7, 13). These results are corroborated by our findings of an
increased rate of oropharyngeal excretion of EBV 6 months
prior to HIV seroconversion in a subgroup of these homo-
sexual men (lOa). The chronic nature of this reactivation is
supported by cross-sectional studies showing increased
EBV-EA and EBV-VCA IgG titers (27, 29, 31) and oropha-
ryngeal excretion of EBV (2, 25, 31) in HIV-seropositive
subjects. These data are also supported by a recent study
showing elevated anti-EBV IgA titers in homosexual men
with relatively early HIV infection (20).

Increased IgG antibody titers to EBV-EA and EBV-VCA
observed in this investigation are likely due to activation of
EBV during very early HIV infection. Indeed, it is probable

that some of the HIV seroconverters were infected with HIV
prior to the detection of HIV antibodies by conventional
ELISA and Western blot assay. There are increasing reports
of such silent HIV infections as indicated by partial antibody
reactivity, p24 antigenemia, virus isolation, and viral DNA
amplification (polymerase chain reaction) (17, 30, 33). In the
present study, we were able to assess all of these parameters
except HIV DNA by the polymerase chain reaction. The
data show that there was a strong association between
elevated antibody titers to EBV-EA and the presence of one
or more of these markers of HIV infection at a study visit
prior to To. Such an association was not noted at visits prior
to To in HIV seroconverters who did not have evidence of
EBV reactivation.
HIV seroconverters had increased levels of total serum

IgG very early during HIV infection. Matched controls did
not show such increases in IgG levels during the course of
follow-up. These findings confirm and extend reports of
hypergammaglobulinemia among HIV-infected men, espe-
cially in those with clinical symptoms associated with AIDS
(22, 34). In the present study, however, we did not find
significant, direct correlations between increases in serum
IgG levels and increases in EBV antibody titers in the same
individuals. There was also no increase in anti-rubella virus
IgG levels after seroconversion to HIV. These findings imply
that enhanced antibody production against EBV antigens is
not due to nonspecific B lymphoproliferation but is a specific
phenomenon, as shown in our previous cross-sectional stud-
ies (27, 29).
A clinical entity much like LAD has been described in

infectious mononucleosis patients during primary infection
with EBV (15). Most of the individuals in the present study
were found to be seropositive to EBV at entry and thus were
not candidates for a primary infection with EBV. LAD was
noted in a majority (70%) of the men who seroconverted to
HIV and in a smaller proportion of the HIV-seronegative
homosexual men (27%). Elevated titers of EBV antibodies,
however, were not associated with a concurrent diagnosis of
LAD. Of interest is that serologic evidence of reactivation of
EBV was noted significantly more often in both HIV-
seropositive and -seronegative men at a study visit subse-
quent to a diagnosis of LAD. Nonetheless, it should be
emphasized that numerous confounders unrelated to EBV
could be associated with development of LAD in homosex-
ual men. In fact, examination of lymphoid tissue from
HIV-seropositive patients has not shown an association
between EBV cellular expression and persistent LAD (32).
We were also unable to clearly assess the potential role of
EBV infection with respect to the development of clinical
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criteria of AIDS because only seven of the HIV seroconvert-
ers developed AIDS during this early postinfection period.
HIV seroconverters had elevated levels of CD8+ cells 6

months prior to seroconversion and throughout the remain-
der of the study period as compared with controls. Active
EBV infection is normally controlled by complex immuno-
regulatory responses that include elaboration of activated
EBV-specific cytotoxic-suppressor T cells (CD8+ cells) (5,
6). Therefore, the elevated numbers of CD8+ cells in HIV
seroconverters could partially be explained by increased
EBV activity. We found no evidence, however, that EBV
contributed to the overall increase in CD8+ cells in HIV
seroconverters on the basis of antibody titers to EBV-VCA,
EBV-EA, or both.
CD4+ cell deficits were noted in cases by 6 months after

seroconversion. These deficits may lead to further reactiva-
tion of EBV as evidenced by the increased levels of circu-
lating antibodies to this herpesvirus. There was no direct,
causal relationship discernible, however, between EBV ac-
tivity as detected by these serologic methods and loss of
CD4+ cells in HIV seroconverters.
Our study suggests that the significant decline in the levels

of CD4+ cells in HIV seroconverters may have a profound
impact on the control of EBV beginning very early in HIV
infection. These data extend other studies that show disreg-
ulation in the control of EBV latency in late-term patients
with AIDS and AIDS-related complex (1, 2, 4, 25-27, 31,
34). For example, elevated levels of cell-associated EBV
DNA and increased titers of transforming virus have been
reported in patients with AIDS and, to a lesser extent, in
persons with AIDS-related complex and in asymptomatic
subjects with indeterminant duration of HIV infection. Thus,
it appears that reactivation of EBV is an early, possibly
indirect, result of the HIV-induced immunodeficient state.
This also could be related to direct reactivation of EBV in B
cells by infection with HIV (19). The herpesvirus in turn may
enhance HIV infection by transactivating HIV DNA repli-
cation (24). Of interest is a recent study that has noted that
there are elevated levels of EBV DNA excreted in the
oropharynges of HIV-seropositive homosexual men who
progressed to AIDS as compared with those who were HIV
seronegative (10).
The present study provides strong support for persistent

reactivation of EBV in a majority of homosexual men
beginning very early during HIV infection. Our findings
suggest that HIV-infected individuals should be observed
longitudinally for changes in EBV status and for the role of
EBV in the pathogenesis of HIV infection. Further follow-up
is required to investigate the role of the EBV in the patho-
genesis of longer-duration HIV infection.
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