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Markers of Epstein-Barr virus (EBV) infection include measures of specific serological titers and of viral
load (VLo) in peripheral blood mononuclear cells. Few studies have investigated the correlation between these
two phenotypes. Here, we found that there was no correlation between VLo and either anti-EBV nuclear antigen
type 1 or anti-early antigen immunoglobulin G (IgG) titer but that anti-viral capsid antigen (VCA) IgG titer
increased with VLo in peripheral blood mononuclear cells in patients with Hodgkin’s lymphoma (P � 3.10�3).
A similar pattern was observed in healthy first-degree relatives (parents and siblings) of patients (P � 6.10�4).
Our results indicate that anti-VCA IgG titers and EBV VLo are specifically correlated EBV phenotypes.

More than 95% of the human population is infected with
Epstein-Barr virus (EBV) (18). Primary infection is usually
asymptomatic in childhood but may present as infectious
mononucleosis when it occurs later in life (18). The virus in-
fects the oropharynx and then spreads throughout the lym-
phoid tissues. It persists in the host, remaining latent in mem-
ory B cells (18). Although latent EBV infection usually
remains asymptomatic, EBV may be associated with malignant
lymphoid proliferations such as Burkitt lymphoma (BL) and
Hodgkin’s lymphoma (HL) (3, 13, 17). In addition, severe
immunodeficiency increases the risk of EBV-associated lym-
phoid malignancies such as AIDS-related lymphomas and
posttransplant lymphoproliferative disorders (PTLD).

The EBV antigens classically used for serological testing
include EBV nuclear antigen type 1 (EBNA-1), viral capsid
antigen (VCA), and early antigen (EA). After primary infec-
tion, anti-VCA and anti-EBNA-1 antibodies persist for life.
EBNA-1 is expressed during latent infection, whereas VCA
and EA, like the recently described EBV transactivator protein
(ZEBRA) (4), are expressed during lytic infection. High anti-
VCA, anti-EA, and anti-ZEBRA immunoglobulin G (IgG)
titers are therefore considered to be markers of EBV reacti-
vation (8). Remarkably, anti-VCA titers are high at the time of
diagnosis of HL and BL and also years before and after diag-
nosis in both diseases (3, 13). A role of EBV reactivation in HL
is also suggested by the detection of anti-ZEBRA antibodies in
patients at diagnosis of EBV-positive HL (4).

In addition to serological testing, the EBV viral loads (VLo)
can be measured in peripheral blood mononuclear cells

(PBMCs), serum, or whole blood. In healthy subjects, VLo is
frequently detected at low levels in PBMCs, and it remains
steady over time in each individual (10). This makes it possible
to evaluate the number of circulating EBV-infected memory B
cells. As EBV does not replicate in these cells in nonpatho-
logical conditions (1), it is not excreted into the serum of
healthy subjects. In contrast, high VLos in the PBMCs and/or
serum are observed in patients at diagnosis of EBV-related
lymphoid malignancies (HL, BL, PTLD) (5, 6, 9, 14). The
physiological significance of positive VLo in healthy subjects
remains unclear, but high VLo in individuals who have under-
gone transplants has been shown to be predictive of PTLD
(14).

The relationships between anti-EBV serological titers and
VLo have rarely been studied. Only one small longitudinal
study of healthy subjects has reported that an increase in VLo
is frequently followed by an increase in anti-EBV titers (12). In
human immunodeficiency virus (HIV)-infected patients with-
out lymphoma, high VLo in whole blood has been found to be
associated with high plasma anti-VCA titers (16). In children
receiving solid-organ transplants, VLo in blood has also been
found to be correlated with anti-EA and anti-VCA IgG titers
(15). We recruited HL patients in remission and their families
for a genetic study. We report here the significant correlations
observed between plasma anti-VCA antibody titers and VLo in
the PBMCs of HL patients and their relatives.

MATERIALS AND METHODS

Study population. HL patients in complete remission were recruited from
hematology units at least 1 year after diagnosis. Inclusion criteria were age
between 15 and 35 years and HIV-negative serology at diagnosis. First-degree
relatives (parents and siblings) of the patients were asked to participate in the
study. All participating subjects were interviewed to determine their medical
history and gave a blood sample. This study was approved by the appropriate
French Consultative Committee Protecting Persons in Biomedical Research.
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Human experimentation guidelines were followed in the conduct of the research.
Informed consent was obtained from adults or from the parents of minors.

EBV measures. Anti-EBNA-1 IgG, anti-VCA IgM, anti-EA IgG, and anti-
VCA IgG titers were determined with enzyme-linked immunosorbent assay kits
(DiaSorin, Stillwater, OK) (ImmunoWELL bmd s.a for IgG anti-VCA) and are
expressed in units per milliliter. A positive serology for EBV was defined as a
positive result for anti-VCA antibody.

PBMCs were isolated from blood samples on Ficoll-Paque (Pharmacia Bio-
tech), and pellets of 106 cells were frozen at �80°C. DNA was extracted from cell
pellets by use of a QIAmp blood kit (QIAGEN Inc., Courtaboeuf, France). VLo
in PBMCs was determined by real-time quantitative PCR with a fluorogenic
probe (2). The PCR primers were selected to amplify the thymidine kinase gene.
The forward and reverse primers were 5�-GACAACTCGGCCGTGATGGA-3�
and 5�-TGAAGTTGGAGGCGGACGA-3�, respectively. The fluorogenic Taq-
Man probe was 5�–6-carboxyfluorescein–TGACCTTTGGCGCGGCCTCCTGC
–6-carboxytetramethylrhodamine–3�. For preparation of the standard curve, the
121-bp PCR product was directly inserted into a pcDNA 3.1 vector (Invitrogen,
Groningen, The Netherlands) containing one copy of the EBV PCR target
region. Tenfold serial dilutions in water (106 to 10 copies) were prepared. The
same preparations were used in each test. Real-time quantitative PCR for EBV
and albumin DNA quantification were carried out simultaneously to determine
the amount of cellular DNA in each sample (2).

Statistical analysis. We analyzed the data for patients and their relatives
separately. Antibody titers were analyzed as a quantitative variable. VLo was
considered as a binary variable (virus detectable or undetectable) and as an
ordinal variable (undetectable, 10 to 99, 100 to 299, or �300 copies/106 PBMCs).
Age was considered as a four-class variable (15 to 29, 30 to 44, 45 to 59, or �60
years). Statistical analyses were conducted with SAS software (version 8.2; SAS
Institute, Cary, NC). Categorical variables (e.g., VLo according to patient status)
were compared using chi-square tests (Proc Freq). Antibody titers were com-
pared according to binary and categorical variables by distribution-free analysis
of variance (ANOVA) based on ranks (Proc Rank and Proc Anova). We also
tested the effect of VLo as an ordinal variable on antibody titers with the
nonparametric Jonckheere-Terpstra test for trend (Proc Freq) (7).

RESULTS

HL patients. We enrolled 75 HL patients. Three patients
were excluded, two because serological tests for EBV were
negative and one for technical reasons. The mean age (stan-
dard error of mean [SEM]) of the remaining 72 patients was 32
(0.9) years. The male-to-female ratio was 1.1. EBV was de-
tected in PBMCs for 29 of 72 (40%) subjects. Mean VLo was
240 (101) copies/106 PBMCs for subjects in whom the virus was
detectable. Neither age nor sex had a significant effect on VLo
(data not shown).

Anti-EBNA-1 and anti-EA IgG titers did not differ between
subjects with detectable and undetectable virus (Table 1). In
contrast, subjects with detectable virus had significantly higher

anti-VCA IgG titers than those in whom the virus was unde-
tectable (P � 0.02). In analysis of VLo as a four-class variable,
significant differences in anti-VCA IgG titers were observed
between classes (P � 6.10�3). The test for trend confirmed that
there was a significant positive correlation between anti-VCA
IgG titers and VLo (P � 3.10�3). Mean (SEM) anti-VCA
titers increased from 4,278 (344) U/ml for subjects with unde-
tectable virus to 6,520 (752) U/ml for subjects with a VLo of
300 or more copies/106 PBMCs (Fig. 1).

HL relatives. There were 160 first-degree relatives of pa-
tients (53 mothers, 46 fathers, 19 brothers, and 42 sisters). We
excluded 19 of these relatives: 10 because they were seroneg-
ative for EBV (three parents and seven siblings) and 9 for
technical reasons. The mean (SEM) ages of parents and sib-
lings were 58 (0.8) and 31 (1.1) years, respectively. Relatives
had lower anti-VCA IgG titers than HL patients: 4,218 (197)
U/ml versus 4,734 (261) U/ml (P � 0.03, after adjustment for
age). The proportion of relatives with detectable virus, 45 of
141 (32%), was lower than for patients although not significant
(P � 0.23). The proportions of subjects in which virus was
detected, in both HL patients and relatives, were similar to that
previously reported for healthy subjects (37.5%) (1). Mean
(SEM) VLo was 226 (66) copies/106 PBMCs for subjects in
whom virus was detected. Neither sex nor age had a significant
effect on VLo (data not shown).

There was no significant difference between subjects with
and without detectable virus in anti-EBNA-1 or anti-EA IgG
titers (Table 1). As seen with HL patients, subjects with de-
tectable virus had significantly higher anti-VCA IgG titers than
those in whom the virus was not detected (P � 3.10�3). As
anti-VCA IgG titers increased slightly with age in relatives (P
� 0.03), we redid the analysis, adjusting for age; similar results
were obtained (P � 2.10�3). When VLo was considered as a
four-class variable, significant differences in anti-VCA IgG ti-
ters between classes were found after adjustment for age (P �
6.10�3). Similar results were obtained when family was in-
cluded as a covariate in the ANOVA, indicating that the fa-
milial relationships did not affect our findings (data not
shown). The test for trend, which is not adjusted for age,
confirmed that there was a significant positive correlation be-
tween VLo and anti-VCA IgG titers (P � 6.10�4) (Fig. 1).
Anti-VCA IgG titers increased from 3,870 (234) U/ml for

TABLE 1. Distribution of EBV antibody titersa according to VLo as a binary variable (undetectable versus detectable)

Subject group and parameter Total
Viral load

Pb

Undetectable Detectable

Patients
n (%) 72 (100) 43 (60) 29 (40)
IgG anti-EBNA-1 titer (SEM) 405 (47) 373 (59) 452 (78) 0.49
IgG anti-EA titer (SEM) 27 (3) 24 (4) 31 (6) 0.36
IgG anti-VCA titer (SEM) 4,734 (261) 4,278 (344) 5,410 (374) 0.02

Relatives
n (%) 141 (100) 96 (68) 45 (32)
IgG anti-EBNA-1 titer (SEM) 376 (32) 350 (34) 433 (70) 0.51
IgG anti-EA titer (SEM) 21 (2) 21 (2) 22 (3) 0.99
IgG anti-VCA titer (SEM) 4,218 (197) 3,870 (234) 4,962 (344) 3.10�3

a Titers are means (in units per milliliter).
b P values were calculated by distribution-free ANOVA based on ranks.

48 BESSON ET AL. J. CLIN. MICROBIOL.



subjects in whom the virus was undetectable to 6,400 (754) for
subjects with VLo of 300 or more copies/106 PBMCs.

DISCUSSION

This is the first report combining the analysis of EBV-spe-
cific plasma antibody titers and VLo in PBMCs for a large
group of immunocompetent subjects. VLo was not correlated
with anti-EBNA-1 or anti-EA antibody titers. However, VLo
and anti-VCA IgG titers were found to be correlated in both
HL patients and their relatives. Anti-VCA IgG titers were
significantly higher for subjects with detectable virus than for
those in whom the virus was undetectable. When VLo was
analyzed as a four-class variable, we observed a significant
positive trend, with anti-VCA IgG titers increasing with VLo.
This relationship held even for low VLo values (10 to 100
copies/106 PBMCs), although these low VLo are not known to
be of clinical relevance (1). Our results indicate that anti-VCA
IgG titers and EBV VLo are specifically correlated phenotypes
of EBV infection.

The lack of association between VLo in blood and anti-
EBNA-1 titers is consistent with previous studies of HIV-
infected and posttransplant patients (16). In contrast, anti-EA
antibody titers and VLo have been found to be correlated in
children followed up after receiving solid-organ transplants
(15). This finding contrasts with our results for an adult pop-
ulation of HL patients in remission and healthy subjects. How-
ever, in the study of children (15), an increase in anti-EA titers
occurred in the context of primary EBV infection, as most
children were EBV negative at the time of transplantation. The
apparent lack of consistency between the results obtained in
these two studies may be accounted for by the known transient
nature of anti-EA antibody production in primary infection (3,
13).

A positive correlation between anti-VCA titers and VLo has
been reported for HIV-infected subjects. Plasma anti-VCA
titers were found to be significantly higher in subjects with a
high VLo in blood than in those with a low VLo in blood in a
population of 99 HIV-infected subjects (16). Drouet et al.

studied patients with EBV-associated HL and also reported
that the detection of virus in the serum was correlated with
high anti-VCA titers and positive anti-ZEBRA IgG in 30 pa-
tients at the time of diagnosis (4). VLo in PBMCs was not
determined in this last study. The only study to investigate this
relationship in healthy subjects reported the kinetics of serum
anti-EBV titers (determined with a mixture of lytic and latent
EBV proteins) and VLo in PBMCs for 22 subjects (12). An
increase in VLo or the persistence of virus detection was fol-
lowed by an increase in anti-EBV titers in some subjects (12).
Our results showing that there is a strong correlation between
anti-VCA IgG titers and VLo in PBMCs are consistent with
these previous reports of studies performed in different con-
texts. Further studies of infectious mononucleosis patients are
needed to investigate whether or not the same pattern of
correlations is observed in the context of primary EBV infec-
tion.

The long-term EBV reservoir consists of EBV-infected
memory B cells, which account for a substantial proportion of
PBMCs. EBV does not replicate in these cells. Instead, EBV
reactivation has been shown to be initiated following the dif-
ferentiation of EBV-infected memory B cells into plasma cells
(11) in the germinal center of lymph nodes or tonsils. The
signals driving this differentiation remain to be determined.
Virions produced following differentiation may initiate the in-
fection of new memory B cells, replenish the B-cell reservoir,
and increase VLo in PBMCs (18). As VCA antigens are ex-
pressed during viral replication, virion production is likely to
lead to an increase in anti-VCA IgG titers. An increase in viral
replication could then lead to increases in both EBV VLo in
PBMCs and plasma anti-VCA titers. Our results suggest that
anti-VCA IgG titers and VLo may be considered as markers of
EBV reactivation.
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