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An altered anti–Epstein-Barr virus (EBV)
serologic profile preceding diagnosis is
associated with an increased risk of Hodg-
kin lymphoma. It is unknown whether this
atypical pattern predicts Hodgkin lym-
phoma risk further subdivided by determi-
nation of EBV in tumor cells. A nested
case-control study of 128 incident Hodg-
kin lymphoma cases and 368 matched
controls from active-duty military person-
nel with archived serum in the US Depart-
ment of Defense Serum Repository was

conducted to determine whether a panel
of anti-EBV antibody titers differed in
EBV� and EBV� Hodgkin lymphoma.
Among 40 EBV� Hodgkin lymphoma
cases and matched controls, statistically
significant increased risks were associ-
ated with elevated anti-EBV VCA IgG anti-
body titers (relative risk � 3.1; 95%
confidence interval [CI], 1.1-8.7), and an
anti–EBNA-1/anti–EBNA-2 antibody ratio
< 1.0 versus > 1.0 (relative risk � 4.7;
95% CI, 1.6-13.8). In contrast, no signifi-

cant associations were found among
88 EBV� Hodgkin lymphoma cases rela-
tive to their matched controls. In case-
case analysis, EBV� disease was signifi-
cantly associated with a low anti–EBNA-1/
anti–EBNA-2 antibody ratio. This distinc-
tive serologic response to EBV latent
antigens, indicative of immune dysfunc-
tion in other clinical settings, is associ-
ated with an increased risk of developing
EBV� but not EBV� Hodgkin lymphoma.
(Blood. 2012;120(18):3750-3755)

Introduction

Early clues that the Epstein-Barr virus (EBV) may play a role in the
etiology of Hodgkin lymphoma came from seroepidemiologic
case-control studies showing that Hodgkin lymphoma cases had
altered antibody titers against the EBV viral capsid antigen (VCA)
and early antigen (EA) complex, relative to population controls.1 In
1989, we reported that this altered serologic profile of EBV
preceded the development of Hodgkin lymphoma by several
years.2 Further, we found that this pattern involved not only
elevated antibodies to VCA and the EA complex, antigens ex-
pressed in the lytic cycle, but also elevated antibodies to the EBV
nuclear antigen (EBNA) complex expressed in latency. These
findings were subsequently confirmed in a report by Lehtinen et al.3

Since that time, reliable assays have been developed to detect
antibodies against subcomponents of the EBNA complex,4 which
have helped to further characterize the host response to EBV.
Typically, patients with primary EBV infection that results in
infectious mononucleosis first develop antibodies against VCA,
EA, and the latent protein EBNA-2. This pattern is followed by the
appearance of antibodies to EBNA-1. Antibodies against EBNA-2
subsequently diminish, resulting in an anti–EBNA-1/anti–EBNA-2
antibody ratio of � 1.0 in healthy carriers.5 Persistent anti–EBNA-
1/anti–EBNA-2 antibody ratios of � 1.0 have been described in
patients with inherited immunologic disorders, severe infectious
mononucleosis, chronic EBV infection, rheumatoid arthritis, chronic
renal failure, and AIDS.4-9 Recently, it has been shown that an
anti–EBNA-1/EBNA-2 ratio � 1.0 is associated with Hodgkin

lymphoma risk, independent of a history of infectious mononucleo-
sis.10 Henle et al have suggested that this atypical pattern is
indicative of inadequate host regulation of latent EBV infection.5

In 20%-50% of Hodgkin lymphoma cases overall, EBV nucleic
acids and proteins are detected in the diagnostic Hodgkin and
Reed-Sternberg cells.11,12 These cells express several viral proteins
that have been implicated in transformation in various model
systems.13-15 The detection of EBV in a variable proportion of cases
worldwide raises several alternative models for Hodgkin lym-
phoma pathogenesis. These include a model in which EBV plays a
pathogenic, early role in almost all of Hodgkin lymphoma, and the
genome is somehow lost from some patients’ lesions in concert
with a more favorable immune response to the virus, leaving no
viral “footprint” behind. Alternatively, there may be 2 independent
causal pathways in the etiology of Hodgkin lymphoma, with EBV
involved only in the pathogenesis of EBV� Hodgkin lymphoma
cases and other factors involved in EBV� cases.16,17

Our strategy to clarify the relative likelihood of these hypoth-
eses was to compare the prediagnosis EBV serologic response in
EBV� and EBV� Hodgkin lymphoma cases to determine whether
antibody profiles against viral antigens differ based on EBV
presence in tumor cells. We therefore conducted a nested-case
control study within a cohort of active-duty military personnel with
archived serum samples collected several years before Hodgkin
lymphoma diagnosis. In addition to case-control comparisons, the
EBV antibody profile of EBV� Hodgkin lymphoma cases was
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compared with that of EBV� cases to determine whether there was
heterogeneity in the serologic response between the 2 groups.

Methods

Study population

All patients with a new diagnosis of Hodgkin lymphoma (ICD-9 201)
identified from January 1, 1990, through December 31, 1999, among
active-duty military personnel with an archived serum specimen in the DoD
Serum Repository drawn before the diagnosis date were eligible for
inclusion in the study. Two military data sources, the Automated Central-
ized Tumor Registry and the Defense Medical Surveillance System, were
queried to identify incident cases. Defense Medical Surveillance System
capabilities include linking persons identified from various demographic
and medical databases to serum specimens archived in the DoD Serum
Repository.18

We identified 473 potential cases with confirmed pathology reports and
serum specimens archived in the DoD Serum Repository. Of these, we were
able to retrieve tissue blocks for 308 cases (65%) from anatomic pathology
departments in 62 military hospitals worldwide and from the National
Pathology Repository at the Armed Forces Institute of Pathology. Prediag-
nosis serum samples from 160 cases with tissue blocks were retrieved from
the repository for this analysis. Of these cases, pathology review could not
confirm the diagnosis of 4 cases, detection of the tumor EBV was
indeterminate for 16 cases, and restriction to classic Hodgkin lymphoma
eliminated 11 cases of nodular lymphocyte predominance subtype. In
addition, 1 case was excluded because of inconclusive serologic results.
Complete data including EBV tumor status were thus available for
128 cases.

We attempted to match each case with 3 controls by age (� 1 year), sex,
race, and ethnic group (white non-Hispanic, black non-Hispanic, Hispanic,
Asian, or other), and date of serum collection (� 30 days). To achieve risk
set sampling, whereby controls were selected at random from the group at
risk to become a case in a given time period,19 controls were required to be
on active duty on the matched case’s diagnosis date.

Serologic specimens and assays

The DoD Serum Repository is currently the world’s largest serum
repository, with � 40 million specimens collected from � 9 million people
since 1985.18 The repository was originally established for the purpose of
storing excess sera from the Armed Forces HIV testing program. Since that
time, the repository has expanded to include specimens from service
members deployed overseas.18 Specimens are stored at �30°C in walk-in
freezers. All samples that are available for study in the DoD Serum
Repository are HIV-antibody negative.

Study serum specimens were shipped frozen to Virolab Inc. All
serologic tests were performed in a blinded fashion. Case and control
specimens were randomly mixed within each batch of serum samples sent
for testing. In addition, matched case-control sets were analyzed together in
the same run of any given assay. Immunoglobulin G (IgG) antibodies to
EBV VCA and EA complex (diffuse [EA-D] and restricted [EA-R]) were
measured using immunofluorescence.5 If a person had detectable titers to
both EA-D and EA-R, the higher value was classified as the titer against the
EA complex. IgG antibodies against the EBNA complex and 2 of its
subcomponents, EBNA-1 and EBNA-2, were determined using anticomple-
ment immunofluorescence.4 The EBV� BJAB cell line was used as a
control.4,5

The value for a titer was considered as the highest of serial 2-fold
dilutions to register a positive reaction. Cases and controls were considered
as EBV-seropositive if the IgG antibody titer to VCA was � 1:20 or if the
IgG antibody titer to EBNA-1 was � 1:5 and antibodies to BJAB were not
detected. An elevated titer was defined a priori as the upper 15% (or nearest
cut-off) of the distribution of each antibody among controls. The minimal
values of elevated titers were as follows: anti-VCA: � 1:2560, anti-EA
complex: � 1:40, anti-EBNA complex � 1:1280, anti–EBNA-1: � 1:1280,

and anti–EBNA-2: � 1:80. The anti–EBNA-1/anti–EBNA-2 ratio also was
examined, with a ratio of � 1.0 considered as serologic evidence of a
deregulated immune response in other clinical settings.4-9

Masked repeat samples (5% of specimens) were included to enable
monitoring of within-batch reproducibility of antibody titers. The within-
batch coefficients of variation from the blind quality control samples were
9.9% for anti-VCA, 38.9% for anti-EA complex, 12.4% for anti-EBNA
complex, 16.8% for anti–EBNA-1, and 37.5% for anti–EBNA-2.

Histopathologic classification and detection of EBV in tumor
tissue

The 2001 World Health Organization Classification of Hematopoietic and
Lymphoid Tumors was used to classify the following subtypes of classic
Hodgkin lymphoma: nodular sclerosis, mixed cellularity, lymphocyte
depletion, and classic Hodgkin lymphoma, not further classified.20 Tumors
were evaluated for EBV using in situ hybridization to detect viral transcripts
(EBERs)21,22 and immunohistochemistry to detect latent membrane protein-1
in Hodgkin and Reed-Sternberg cells and their variants.15 Cases scored
positive for either EBERs or latent membrane protein-1 were considered as
EBV� Hodgkin lymphoma. Cases were defined as EBV� Hodgkin
lymphoma if both assays were negative or if information from only 1 assay
was available and the result was negative.23

Statistical analysis

Statistical analysis was performed using SAS Version 8.01 (SAS Institute).
P values were 2-tailed, and tests of statistical significance were based on an
� level of .05. Among EBV seropositives, median antibody titers were
compared using the Wilcoxon rank-sum test. Conditional logistic regres-
sion for matched data was used to compute the relative risk (RR), estimated
by the odds ratio (OR), of Hodgkin lymphoma associated with the
prevalence of detectable antibody or an elevated EBV antibody level, the
95% confidence interval (CI) around the relative risk, and the correspond-
ing P value estimated using the Wald �2 test. For case-case comparisons to
examine the heterogeneity of the serologic response to EBV between the
2 case groups, unconditional logistic regression was performed controlling
for age (18-22 years, 23-26 years, � 26 years); sex; race (white, nonwhite);
and year of serum collection (1988-1991, 1992-1994, 1995-1998).24 We
controlled for potential confounding by histology (nodular sclerosis, mixed
cellularity, other histology) in multivariate models.

The research protocol was approved by the institutional review boards
of the Walter Reed Army Institute of Research, the Harvard School of
Public Health, and the Johns Hopkins School of Medicine. The study was
conducted in accordance with the Declaration of Helsinki.

Results

Of the 128 cases of Hodgkin lymphoma in this analysis, 40 (31.3%)
had EBV detected in tumor cells and 88 (68.7%) did not. The
median age at diagnosis was 24 years (range, 18-49 years); � 90%
of the study subjects were male and 78% were white (Table 1). In
general, EBV� Hodgkin lymphoma cases were more likely than
EBV� Hodgkin lymphoma cases to be younger and white and less
likely to be of nodular sclerosis subtype.

Based on either the earliest serum specimen or the specimen
drawn at least 2 years after the first serum sample for persons who
were initially seronegative, 100% of the EBV� Hodgkin lym-
phoma cases, 89.8% of the EBV� cases, and 92.4% of the controls
were EBV-seropositive before diagnosis. As shown in Table 2, all
EBV� Hodgkin lymphoma cases, but not all EBV� cases or
controls, had detectable IgG antibody titers to VCA or EBNA
complex, indicating an established EBV infection. The prevalence
of detectable antibody titers was significantly higher in EBV�

Hodgkin lymphoma cases compared with their matched controls
for anti-EA complex (RR � 2.5; 95% CI, 1.1-5.8) and anti–
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EBNA-2 (RR � 2.5; 95% CI, 1.1-5.8), and the anti–EBNA-1/anti–
EBNA-2 antibody ratio was significantly more likely to be � 1.0
(RR � 4.7; 95% CI, 1.6-13.8). No significant differences, however,
were noted in the prevalence of any of the antibody titers
comparing EBV� Hodgkin lymphoma cases with their matched
controls. The prevalence of an anti–EBNA-1/anti–EBNA-2 anti-
body ratio of � 1.0 was 28.2% in EBV� Hodgkin lymphoma cases

and markedly lower in both EBV� Hodgkin lymphoma cases
(3.8%) and controls (9.2%).

We also examined median antibody titers in the 2 case groups
and in controls (Table 2). Median titers were significantly higher
among EBV� Hodgkin lymphoma cases than among their matched
controls for IgG against VCA (P � .01) and EA complex (P � .03).
The EBV� cases also had a significantly lower median anti–EBNA-

Table 1. Selected characteristics of EBV� Hodgkin lymphoma cases, EBV� Hodgkin lymphoma cases and all controls

Characteristic
EBV� HL cases
(N � 40), N (%)

EBV� HL cases
(N � 88), N (%)

Controls
(N � 368), N (%)

Age at diagnosis, y

18-21 15 (37.5) 18 (20.5) 97 (26.4)

22-25 10 (25.0) 42 (47.6) 144 (39.1)

26-29 5 (12.5) 10 (11.4) 49 (13.3)

� 30 10 (25.0) 18 (20.5) 78 (21.2)

Median 24.1 24.7 24.3

Interquartile range 20.9-29.7 22.5-27.3 21.9-27.9

Sex

Male 37 (92.5) 75 (85.2) 327 (88.9)

Female 3 (7.5) 13 (14.8) 41 (11.1)

Race

White 32 (80.0) 65 (73.9) 286 (77.7)

Black 6 (15.0) 7 (7.9) 37 (10.1)

Other 2 (5.0) 16 (18.2) 45 (12.2)

Military rank at entry

Enlisted 33 (82.5) 75 (85.2) 332 (90.2)

Officer 4 (10.0) 8 (9.1) 36 (9.8)

Missing 3 (7.5) 5 (5.7) 0 (0.0)

Year of first serum collection

1988-1991 23 (57.5) 52 (59.1) 225 (61.2)

1992-1994 12 (30.0) 29 (33.0) 112 (30.4)

1995-1998 5 (12.5) 7 (7.9) 31 (8.4)

Interval between first serum collection and diagnosis date, mo

Median 22.3 33.8 32.3

Interquartile range 11.0-37.4 15.0-49.9 14.1-51.4

Histologic subtype

Nodular sclerosis 19 (47.5) 77 (87.5) NA

Mixed cellularity 16 (40.0) 5 (5.7) NA

Lymphocyte depletion 1 (2.5) 0 (0.0) NA

Classic HL, not further classified 4 (10.0) 6 (6.8) NA

HL indicates Hodgkin lymphoma; and NA, not applicable.

Table 2. Association of prevalence of EBV antibody titer and median antibody titer with risk of EBV� and EBV� Hodgkin lymphoma

Characteristic
EBV� HL cases

(N � 40)

EBV� HL cases vs
matched controls RR

(95% CI) or P*
EBV� HL cases

(N � 88)

EBV� HL cases vs
matched controls RR

(95% CI) or P*

EBV� HL cases vs
EBV� HL cases RR

(95% CI)† or P*
All controls
(N � 368)

Detectable antibody titer,‡ %

VCA IgG 100.0 0.06 89.8 0.63 (0.3-1.5) 0.09 92.4

EA complex 40.0 2.5 (1.1-5.8) 30.1 1.2 (0.7-2.1) 1.2 (0.5-3.1) 25.8

EBNA complex 100.0 0.06 89.8 0.60 (0.3-1.4) 0.09 92.7

EBNA-1 90.0 1.1 (0.3-3.6) 87.5 0.66 (0.3-1.5) 1.8 (0.5-7.2) 90.0

EBNA-2 80.0 2.5 (1.1-5.8) 60.2 0.69 (0.4-1.2) 2.6 (0.9-7.6) 66.0

EBNA-1/EBNA-2 ratio � 1.0 28.2 4.7 (1.6-13.8) 3.8 0.35 (0.1-1.3) 14.0 (2.7-72.5) 9.2

Median antibody titer

VCA IgG 1:1280 0.01 1:640 0.48 0.03 1:640

EA complex 	 1:5 0.03 	 1:5 0.47 0.16 	 1:5

EBNA complex 1:160 0.89 1:320 0.80 0.27 1:320

EBNA-1 1:80 0.20 1:320 0.17 0.02 1:160

EBNA-2 1:20 0.11 1:10 0.58 0.10 1:10

EBNA-1/EBNA-2 ratio 8 0.03 32 0.15 0.004 16

HL indicates Hodgkin lymphoma; RR, relative risk; and CI, confidence interval.
*Fisher exact test.
†Unconditional logistic regression adjusted for age, sex, race, year of serum collection, and histology.
‡Based on either the first serum specimen or the specimen 2 years after the first, if the first was EBV-seronegative.
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1/anti–EBNA-2 antibody ratio (P � .03). No significant differ-
ences in any of the median antibody titer levels were found for
EBV� Hodgkin lymphoma cases compared with their matched
controls. Overall, median titers were strikingly similar in EBV�

Hodgkin lymphoma cases compared with all controls, and both
groups had lower median levels than EBV� cases. The notable
exception was for anti–EBNA-1, for which EBV� cases had the
highest median titer of the 3 groups. In case-case comparisons,
EBV� cases also had a significantly lower median anti–EBNA-1/
anti–EBNA-2 antibody ratio compared with EBV� cases (P � .004).

In analyses of the 40 EBV� Hodgkin lymphoma cases and
matched controls, a statistically significant increased risk was
associated with elevated anti-VCA IgG (RR � 3.1; 95% CI,
1.1-8.7) and the low anti–EBNA-1/anti–EBNA-2 ratio (RR, 4.7;
95% CI, 1.6-13.8). Analyses of 88 EBV� Hodgkin lymphoma
cases relative to their matched controls revealed a different pattern,
as null associations were found with all antibody titers and with a
low antibody ratio (Table 3).

Case-case comparisons were performed in addition to EBV-
stratified case-control comparisons to determine whether the risk
associated with an altered EBV antibody profile differed between
EBV� and EBV� Hodgkin lymphoma cases, controlling for age,
sex, race, year of serum collection, and histology. The only
antibody titer with a case-case RR that differed statistically from
the null was a low anti–EBNA-1/anti–EBNA-2 antibody ratio
(RR � 14.0; 95% CI, 2.7-72.5 for EBV positivity; Table 3). This
association remained the same with additional mutual control of
antibodies to the other antigens (RR � 14.2; 95% CI, 2.7-74.2 for
EBV positivity; Table 4).

We performed exploratory analyses using serial samples
(N � 11 EBV� cases with � 2 serum samples) and stratified by
time between serum collection and diagnosis, but results were
statistically unstable (data not shown).

Discussion

Our findings, the first to be based on prediagnosis serology, indicate
that the EBV antibody profile differs by the detection of EBV in
tumor cells of Hodgkin lymphoma cases, with EBV� cases
displaying a distinctly atypical pattern compared with either EBV�

cases or controls. Among the EBV� Hodgkin lymphoma cases
compared with matched controls, we found evidence of elevated
IgG antibody titers against VCA and EA complex and a higher
prevalence of a low anti–EBNA-1/anti–EBNA-2 antibody ratio.
The low antibody ratio was the indicator most strongly associated
with EBV positivity, controlling for the other EBV antibody titer
levels. EBV� cases, however, had a serologic pattern that closely
resembled that of controls without Hodgkin lymphoma.

The determinants of humoral immunity to viral antigens remain
incompletely understood. EBV infection, however, is lifelong, and
patterns of viral gene expression differ among cell and tissue types,
as well as among EBV-associated tumors. VCA and EA are
antigens that are expressed in lytic but not in latent EBV infection.
Thus, one possible interpretation of higher IgG titers to these
antigens in patients with EBV-associated Hodgkin lymphoma is
that these patients have increased exposure to lytic antigens,
perhaps as a result of increased viral lytic replication (in normal or
neoplastic tissues). Similarly, low anti–EBNA-1/anti–EBNA-2
antibody ratios may reflect the presence of a cell population in vivo
expressing EBNA-1 and EBNA-2. EBV-immortalized lympho-
cytes in vitro express both of these antigens; however, in vivo
EBNA-2 expression in peripheral blood lymphocytes has not been
documented except in the setting of recent primary infection or in
immunocompromised patients. EBV-associated Hodgkin lym-
phoma expresses EBNA-1 but not EBNA-2, so it seems unlikely

Table 3. Association of elevated EBV antibody titer and low antibody ratio of EBNA-1/EBNA-2 with Hodgkin lymphoma risk overall and
EBV� and EBV� Hodgkin lymphoma

Antibody Referent

All cases vs
matched controls

(N � 128 sets)

EBV� HL cases vs
matched controls

(N � 40 sets)

EBV� HL cases vs
matched controls

(N � 88 sets)

EBV� HL cases vs
EBV� HL cases
(N � 40 vs 88)*

VCA (IgG � 1:2560)† 	 1:2560 2.1 (1.2-3.7) 3.1 (1.1-8.7) 1.7 (0.9-3.5) 1.4 (0.5-3.8)

EA complex (� 1: 40)† 	 1:40 1.7 (1.0-2.9) 2.4 (0.9-6.3) 1.4 (0.7-2.8) 1.5 (0.5-4.2)

EBNA complex (> 1:1280)† 	 1:1280 1.2 (0.7-2.1) 1.7 (0.6-4.7) 1.0 (0.5-2.0) 1.7 (0.5-6.3)

EBNA-1 (� 1:1280)† 	 1:1280 1.2 (0.6-2.3) 1.4 (0.4-4.6) 1.1 (0.5-2.5) 0.93 (0.2-4.8)

EBNA-2 (� 1: 80)† 	 1:80 1.6 (0.9-2.8) 1.3 (0.5-3.3) 1.8 (0.9-3.5) 0.81 (0.3-2.5)

EBNA-1/EBNA-2 ratio (� 1.0) � 1.0 1.4 (0.7-2.7) 4.7 (1.6-13.8) 0.4 (0.1-1.3) 14.0 (2.7-72.5)

Data are RR (95% CI).
*Unconditional logistic regression adjusted for age, sex, race, year of serum collection, and histology.
†Elevated titer levels.

Table 4. Multivariate analyses of elevated EBV antibody titer and low antibody ratio of EBNA-1/EBNA-2 and risk of EBV� vs EBV� Hodgkin
lymphoma

Antibody Referent
EBV� HL cases vs
EBV� HL cases*

EBV� HL cases vs
EBV� HL cases†

VCA (IgG � 1:2560)‡ 	 1:2560 1.3 (0.4-4.2) 0.95 (0.3-3.3)

EA complex (� 1: 40)‡ 	 1:40 1.6 (0.5-5.1) 1.2 (0.4-4.2)

EBNA-1 (� 1:1280)‡ 	 1:1280 1.1 (0.2-6.5) NA

EBNA-2 (� 1: 80)‡ 	 1:80 0.61 (0.2-2.4) NA

EBNA-1/EBNA-2 ratio (� 1.0) � 1.0 NA 14.2 (2.7-74.2)

Data are RR (95% CI).
NA indicates not applicable.
*Unconditional logistic regression with mutual control for antibodies to VCA, EA complex, EBNA-1, EBNA-2, and adjusted for age, sex, race, year of serum collection, and

histology.
†Unconditional logistic regression with mutual control for antibodies to VCA, EA complex, EBNA-1/EBNA-2 ratio � 1.0, and adjusted for age, sex, race, year of serum

collection, and histology.
‡Elevated titer levels.
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that Hodgkin tumor cells per se account for this humoral response.
Given that these tumors do express EBNA-1, however, it is notable
that EBV� Hodgkin lymphoma cases were more likely than EBV�

cases to have detectable and elevated EBV antibody titers, except
against the latent nuclear antigen EBNA-1.

In a population-based case-control study of Hodgkin lymphoma
with blood specimens obtained after diagnosis, a marginally
statistically significant OR of 1.9 (95% CI, 0.9-4.0) was found with
a low anti–EBNA-1/anti–EBNA-2 antibody ratio, comparing EBV�

with EBV� cases.25 In another case-case comparison of 27 EBV�

Hodgkin lymphoma cases relative to 80 EBV� cases, Enblad et al
found that the prevalence of detectable titers and elevated titers for
anti-VCA IgG and anti–EBNA-2 were associated with EBV
positivity,26 although none of the associations were statistically
significant.

The strengths of our study stem from our ability to assess
subcomponents of the EBNA complex in prediagnosis serology in
EBV� and EBV� Hodgkin lymphoma cases. A limitation is the
relatively small sample size, which precluded a statistically robust
analysis stratified by time to diagnosis or based on serial samples.
Analyses stratified by histologic subtypes of classic Hodgkin
lymphoma rather than tumor EBV status also were not robust as
there were only 21 cases of mixed cellularity subtype. Moreover,
because our study population was composed mainly of young men,
these results may not be generalizable to other age groups or to
women. Of note, 31% of our Hodgkin lymphoma cases were
EBV�, a prevalence similar to that found in other comparable
populations.12

The hypothesis that EBV may be involved in all of Hodgkin
lymphoma and is somehow lost in a subset of cases was suggested
by reports of the loss of EBV in Burkitt lymphoma cell cultures.27,28

Sixbey has proposed that immune selection may lead to the loss of
the EBV episome in Burkitt lymphoma that is seen in economically
developed populations, implicating a hit-and-run role for the
virus.29 It also has been speculated that the hit-and-run model may
explain the pathogenesis of EBV� Hodgkin lymphoma.30,31 Our
findings show that people who will develop EBV� Hodgkin
lymphoma do not differ from control populations in their EBV
serology. Although this does not exclude the possibility that the
virus might be lost from tumor cells, our results do not provide any
support for this hypothesis.

Our findings, however, do suggest a distinctive immune re-
sponse to EBV infection in patients destined to develop EBV�

Hodgkin lymphoma. There are a number of other reports in the
literature that may bear on the immune response to EBV in patients
with EBV� Hodgkin lymphoma. It has been established that the
increased risk associated with symptomatic primary EBV infection
(manifested as infectious mononucleosis) is found only in EBV�,
but not EBV� Hodgkin lymphoma.32 Genetic variations in the
HLA class I region appear to be specifically associated with EBV�

Hodgkin lymphoma.33-35 Increased copy number of EBV-DNA in
blood of patients with EBV� Hodgkin lymphoma has been
documented.36 And, provocatively, a decreased frequency of T cells
expressing IL-15 receptor � after symptomatic infectious mono-
nucleosis has been reported,37 although a subsequent investigation
called the observation into question.38 Our novel finding that a
prediagnosis abnormal serologic response to EBV latent antigens is
restricted to EBV� Hodgkin lymphoma may provide further clues
to the character of the immune dysregulation associated with the
pathogenesis of this disease.
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