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Abstract

Infection with human immunodeficiency virus (HIV) is associated with substantially increased incidence of
non-Hodgkin lymphoma (NHL). This risk may be driven, in part, by reduced immune control over viral
infections in the setting of acquired immunodeficiency syndrome (AIDS), although the lymphomagenic
mechanisms are not yet established. We used bead-based multiplex assays to measure antibody seroreactivity to
32 viral antigens representing 22 different viral infections (human herpesviruses 1–8, hepatitis B and C virus,
human T-lymphotropic virus type-1, and human polyomaviruses) in two prospective HIV cohorts. Incident
(n = 28) and prevalent (n = 38) AIDS-related NHL cases were matched by age, sex, race, and CD4 count to 67
HIV-positive control individuals without AIDS-NHL. Logistic regression was used to estimate odds ratios
(ORs) and 95% confidence intervals (CIs) for associations of AIDS-NHL with the number of different viruses to
which an individual was seropositive and seroreactivity to individual antigens. Seropositivity to an increasing
number of viruses was inversely associated with AIDS-NHL (OR per virus = 0.84, 95% CI = 0.72–0.98). Ser-
oreactivity to herpes simplex virus 2 2mgG unique antigen (OR = 0.47; 95% CI = 0.23–0.97) and to WU
polyomavirus viral capsid protein (OR = 0.26, 95% CI = 0.10–0.65) was significantly lower in AIDS-NHL cases
compared to controls. In this evaluation of antibodies to multiple viruses, we observed an inverse association
between seropositivity to a larger number of viruses and AIDS-NHL. While in need of further evaluation, our
data raise the novel hypothesis that insufficient exposures or impaired humoral immune responses to viral
infections may be associated with AIDS-related lymphomagenesis.
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Introduction

Infection with the human immunodeficiency virus
(HIV) is a strong risk factor for non-Hodgkin lymphoma

(NHL) and development of this malignancy is considered an
AIDS-defining condition.1 In the era of modern antiretroviral
therapy (ART), HIV-infected individuals have an *12-fold
increased risk of developing NHL overall compared to the
general population.2 This risk varies by NHL histology and is
highest for subtypes that are considered AIDS-defining [i.e.,
diffuse large B cell lymphoma (DLBCL), Burkitt lymphoma
(BL), and primary central nervous system (CNS) lymphoma],
but is also apparent for several subtypes that occur in im-

munocompetent individuals and that are not specifically
AIDS-defining.3 NHL is currently the most common malig-
nancy in the HIV-infected population, although the burden
and incidence rates are likely to decrease with continued
improvement in efficacy and uptake of ART.4

AIDS-related NHL is thought to arise from contributions
of several processes, including systemic immunosuppression
and chronic immune dysregulation, that increase levels of
proinflammatory cytokines and B cell activation.5 Reduced
immune control over some viral infections due to HIV-
associated immunodeficiency is also considered a factor, al-
though precise mechanisms are not fully elucidated. Infection
with the Epstein-Barr virus (EBV) and diminished control of
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EBV-positive B cells has been implicated in the pathogenesis
of several AIDS-NHL subtypes, particularly CNS lympho-
mas for which nearly all tumors are EBV positive in the
setting of HIV infection.5 Around 30%–50% of AIDS-related
BL and DLBCL also show EBV positivity, although the as-
sociation of immunosuppression with these histologies is less
marked.5,6 In addition to its role in the AIDS-defining con-
dition Kaposi’s sarcoma, infection with human herpesvirus 8
[HHV8, Kaposi sarcoma-associated herpesvirus (KSHV)] is
also found in primary effusion B cell lymphomas, which
predominantly occur in HIV-infected populations.7

Aside from EBV and HHV8, the pathogenic role of other
viral infections in AIDS-related lymphomas is not estab-
lished. Theoretically, HIV-infected individuals may be more
susceptible to lymphomagenic effects of common viral in-
fections because of impaired immunity. For example, HIV
has been demonstrated to increase hepatitis C virus (HCV)
replication in tissue cultures, and coinfection with HCV an-
d/or hepatitis B virus (HBV) has been observed to increase
the risk of developing AIDS-NHL in some,8–10 but not in all
cohorts.11–14 A recent study that used multiplex technology
to measure antibodies to 18 viral, bacterial, and parasitic
infections in 199 AIDS-NHL cases and matched HIV-
infected controls found seropositivity for the trichodysplasia
spinulosa-associated polyomavirus (TSV) to be associated
with increased risk of AIDS-NHL, whereas higher antibody
levels to some EBV antigens (anti-EBNA1 and anti-ZEBRA)
were associated with a reduced risk of AIDS-NHL.15 No-
tably, the total number of pathogens to which an individual
had antibodies was not associated with AIDS-NHL risk [odds
ratio (OR) per pathogen = 1.01; 95% confidence interval (CI)
0.91–1.12], but associations for the number of viruses were
not reported separately.

Multiplex technologies for measuring antiviral antibodies
have also been applied in studies within general population-
based cohorts of immunocompetent individuals to provide
new hypotheses regarding the viral etiology of NHL. Several
of these studies have observed that higher prediagnostic an-
tibody levels to certain EBV antigens (e.g., EA-D, ZEBRA,
VCA p18) are associated with increased NHL risk,16,17 and
novel but inconsistent associations with NHL for serological
markers of some polyomavirus infections have also been
reported [e.g., John Cunningham virus (JCV), Merkel cell
polyomavirus (MCV), and TSV].17–21 A study that pooled
three East Asian cohorts also reported an elevated risk of
NHL in those with higher prediagnostic serum/plasma anti-
body levels to human herpesvirus-6 (HHV6) IE1A antigen,
although this association was slightly attenuated after further
adjusting for EBV serologic markers.17

Multiplex serological assays provide an opportunity to
evaluate multiple individual viral agents that may contribute to
lymphomagenesis in the HIV/AIDS population. Furthermore,
the number of viruses for which an individual is seropositive,
which may reflect humoral immune status as well as differ-
ences in cumulative exposure to viral infections in individu-
als infected with HIV, may conceivably be associated with
AIDS-NHL, given the effects of HIV on humoral immunity.22

To evaluate these hypotheses, we conducted a nested case–
control study utilizing stored plasma/serum samples from two
prospective HIV-infected cohorts in the United States, and
measured seroreactivity to an extensive set of viral antigens in
AIDS-NHL cases and HIV-positive controls.

Materials and Methods

Study population

This case–control study was nested within two prospective
cohort studies of HIV-positive men that have been previously
described, the District of Columbia/New York Gay Men’s
Cohort (DCG)23 and the AIDS Cancer Cohort Study
(ACC).24 The DCG includes homosexual men who were
enrolled in 1982 as patients of three primary care physicians
located in Washington, DC and Manhattan, NY. The ACC
includes 2,803 persons with an AIDS diagnosis that were
enrolled from 24 HIV/AIDS treatment centers throughout the
United States. Data on demographics and other lifestyle
factors were collected by trained interviewers, and plasma
samples were collected from all subjects.

Participants with either incident or prevalent AIDS-NHL
were matched to HIV-positive controls who did not have
AIDS-NHL by age, sex, race, study cohort, and CD4 count
as previously described.25 Two cases and one control did not
have sufficient volume of serum/plasma available, leaving a
total of 28 incident and 38 prevalent AIDS-NHL cases and
67 HIV-positive controls for the current nested case–control
analysis. The 28 prediagnostic blood samples were col-
lected a median of 1.2 (interquartile range, 0.6–1.6) years
before NHL diagnosis and from equivalent time points
among controls.

Laboratory analyses

Stored plasma or serum samples were tested for antibodies
against 32 antigens, representing 22 different viruses, by
fluorescent bead-based multiplex assays at the German
Cancer Research Center in Heidelberg, Germany (Deutsches
Krebsforschungszentrum, DKFZ). This assay platform has
been applied to samples from multiple epidemiologic studies,
as previously described.16,17,26 In brief, antibodies to multiple
viral antigens were simultaneously measured using multi-
plexed sets of glutathione displaying polystyrene beads
(SeroMAP; Luminex) internally labeled with different com-
binations of fluorescent dyes. Distinct sets of beads carrying
affinity-purified glutathione S-transferase fusion protein an-
tigens were mixed with the plasma or serum samples (sample
dilution 1:1,000). Antibodies bound to these beads were de-
tected with biotinylated goat–anti human IgG (H+L) sec-
ondary antibody and streptavidin-R-phycoerythrin, and the
beads were examined in a Luminex 200 analyzer (xMAP;
Luminex Corp). The bead sets were identified by their in-
ternal fluorescence and the amounts of antibodies that were
bound to each viral antigen were quantified based on the
median R-phycoerythrin fluorescence intensity (MFI) of at
least 100 beads per set.

The antigens on the multiplex panel in this study included
the following: herpes simplex virus-1 (HSV1 1gG), HSV2
(2mgG unique), varicella-zoster virus [VZV gE (ORF68) and
gI (ORF67)], EBV (EBNA1 peptide, VCA p18, ZEBRA, and
EA-D), human cytomegalovirus (CMV pp150 Nter, pp 28,
and pp 52), HHV6 (IE1A truncated and IE1B truncated),
HHV7 (U14), HHV8/KSHV (LANA 3 long and K8.1), HBV
subtype A (HBc and HBe), HCV (1aCore and 1aNS3),
human T cell leukemia-lymphoma virus (HTLV1 gag and
env), and the viral capsid proteins (VP1) from 10 human
polyomaviruses (HPyV; BKV, JCV, KIV, WUV, MCV, HPyV6,

382 SONG ET AL.



HPyV7, TSV, HPyV9, and HPyV10), and lymphotropic
polyoma virus (LPV). Seropositivity to specific viruses was
defined a priori based on combinations of seropositivity to
virus-specific antigens as detailed in Supplementary Table S1.

In addition to the primary study samples, 15 masked du-
plicate samples were interspersed in the assay batches to
evaluate quality control. The coefficients of variation and
intraclass correlation coefficients (ICCs) of the quantitative
antibody measurements are presented in Supplementary
Table S2. Agreement of qualitative seroreactivity was greater
than 90% for all 32 antigens.

Statistical analysis

Reactivity to each antigen was categorized as seropositive
or seronegative based on established MFI cutpoints for each
antigen that were defined a priori for this assay (Supple-
mentary Table S1). Correlations among antiviral antibodies
in controls were calculated by Spearman statistics (Supple-
mentary Fig. S1). Unconditional logistic regression models
were used to estimate the ORs and 95% CIs associating
AIDS-NHL with the total number of viruses (up to 22) to
which an individual was seropositive and by viral categories
of herpesviruses (up to 8), hepatitis viruses (up to 2), human T
lymphotropic virus 1 (up to 1), and polyomaviruses (up to
11). These ‘‘viral antibody index’’ measures were analyzed
as ordinal variables and using successive dichotomous cut-
points. ORs and 95% CIs were also estimated for AIDS-NHL
in relationship to antibody positivity for each individual an-
tigen. Models were adjusted for age (continuous), sex,
race/ethnicity (Caucasian, black, and Hispanic), study cohort
(DCG, ACC), and CD4 count (<200, ‡200 cells/lL). As a
sensitivity analysis, we considered associations with incident
and prevalent AIDS-NHL separately. Two-sided p-values
<.05 were considered statistically significant. Given the ex-
ploratory nature of this study, significance values were not
adjusted for multiple comparisons. All analyses were con-
ducted using SAS version 9.4 (SAS, Inc., Cary, NC).

Results

Baseline characteristics of the AIDS-NHL cases and HIV-
infected controls without AIDS-NHL are shown in Table 1.
The mean [–standard deviation (SD)] age of both the AIDS-
NHL cases and the control patients was 41 (–7) years old.
Most of the cases and controls were male (89%), Caucasian
(67% in cases and 64% in controls), and had CD4 counts
below 200 cells/lL (65% in cases and 67% in controls). The
distributions of these characteristics did not notably differ
between the incident and prevalent AIDS-NHL cases.

Associations of viral antibody indices and AIDS-NHL

Considering all 22 viruses combined, AIDS-NHL cases
were seropositive to fewer viruses (mean – SD: 9.9 – 2.5)
compared with controls (mean – SD: 10.9 – 2.4; Table 2).
Overall seropositivity to an increasing number of viral in-
fections was inversely associated with AIDS-NHL (adjusted
OR per virus = 0.84, 95% CI = 0.72–0.98). Seropositivity
to an increasing number of the 8 herpesviruses (OR = 0.81,
95% CI = 0.61–1.08), the 2 hepatitis viruses (OR = 0.73, 95%
CI = 0.40–1.35), and the 11 polyomaviruses (OR = 0.81,
95% CI = 0.65–1.01) were each inversely associated with
AIDS-NHL. In analyses that categorized viral antibody
index using successive dichotomous cutpoints, a consistent
inverse association with AIDS-NHL was observed for
overall seropositivity to a larger number of viral infections,
regardless of the cutpoint used (Table 3). These inverse
associations were comparable for incident and prevalent
AIDS-NHL cases, with ORs for overall number of viral
infections 0.82 (95% CI = 0.66–1.03) and 0.85 (95%
CI = 0.71–1.01), respectively.

Seroreactivity to individual viral antigens
and AIDS-NHL

The seroprevalence of individual viral antibodies in cases
and controls combined ranged from 2% (HTLV1 gag) to

Table 1. Baseline Characteristics of AIDS-Non-Hodgkin Lymphoma Cases

and Controls in Two HIV Cohorts

Controls (n = 67)

AIDS-NHL cases

All cases (n = 66) Incident (n = 28) Prevalent (n = 38)

Age in years, mean (SD) 40.9 (7.4) 40.5 (7.2) 41.8 (7.8) 39.6 (6.7)
CD4 cells/lL, mean (SD) 155 (132.3) 164.3 (146.1) 148.3 (162) 176 (134.2)
Study, n (%)

AIDS cancer cohort 59 (88.1) 57 (86.4) 19 (67.9) 38 (100)
DC gay male cohort 8 (11.9) 9 (13.6) 9 (32.1) 0 (0)

Sex, n (%)
Male 60 (89.6) 59 (89.4) 25 (89.3) 34 (89.5)
Female 7 (10.4) 7 (10.6) 3 (10.7) 4 (10.5)

Ethnicity, n (%)
Caucasian 43 (64.2) 44 (66.7) 19 (67.9) 25 (65.8)
Black 22 (32.8) 20 (30.3) 8 (28.6) 12 (31.6)
Hispanic 2 (3) 2 (3) 1 (3.6) 1 (2.6)

CD4 count, n (%)
<200 cells/lL 45 (67.2) 43 (65.2) 18 (64.3) 25 (65.8)
‡200 cells/lL 22 (32.8) 23 (34.9) 10 (35.7) 13 (34.2)

NHL, non-Hodgkin lymphoma; SD, standard deviation.
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100% (VCA p18; Supplementary Table S3). Pairwise cor-
relations (rho) among the antibodies in controls ranged
from -0.42 to 0.40, with the exception of the two antibodies
to HBV antigens (rho = 0.76; Supplementary Fig. S1). The
individual associations with AIDS-NHL are shown in
Figure 1.

Among the herpesviruses, the seroprevalence of anti-
bodies against the HSV2 2mgG unique antigen was sig-
nificantly lower in the AIDS-NHL cases (44%) compared to
the controls (61%) (OR = 0.47; 95% CI = 0.23–0.97; p = .04;
Fig. 1). Antibody positivity to EBV VCA p18 was 100% in
both cases and controls. AIDS-NHL cases had lower se-
ropositivity against EBV ZEBRA (79%) and EA-D (76%)
relative to controls (88% and 81%, respectively) and higher
seroreactivity to EBNA1 (83% vs. 81%), but none of these
differences was statistically significant (Fig. 1). Although
not statistically significant, noteworthy associations with
AIDS-NHL were also observed for seropositivity to the
HHV6 antibodies. A positive association with AIDS-NHL

was observed for seropositivity to HHV6 IE1A (OR = 1.97;
95% CI = 0.71–5.42), whereas an inverse association was
observed for seropositivity to HHV6 1E1B (OR = 0.42;
95% CI = 0.15–1.20) as well as to CMV pp 150 (OR = 0.42,
95% CI = 0.15–1.16).

AIDS-NHL cases had a lower seroprevalence of all mea-
sured anti-HBV antibodies (HBc: 58% vs. 69%; HBe: 55%
vs. 60%) and anti-HCV antibodies (HCV-1a NS3: 8% vs.
15%). The adjusted ORs for these associations were not
statistically significant, but ranged from 0.46 to 0.80 (Fig. 1).

Among the 11 evaluated antibodies to polyomaviruses, the
seroprevalence of anti-WUV VP1 was significantly lower in
AIDS-NHL cases overall (64%) compared to controls (85%)
(OR = 0.26, 95% CI = 0.10–0.65; p = .004). Furthermore, the
seroprevalence of antibodies against BKV, JCV, KIV, MCV,
HPyV6, and TSV antigens were all nonsignificantly lower in
overall AIDS-NHL cases compared to controls, whereas the
seroprevalence of HPyV7, HPyV9, HPyV10, and LPV was
nonsignificantly higher in the AIDS-NHL cases (Supple-
mentary Table S3 and Fig. 1). In the adjusted models, a
suggestive inverse association with AIDS-NHL was ob-
served for JCV (OR = 0.42; 95% CI = 0.17–1.06) and TSV
(OR = 0.52; 95% CI = 0.25–1.10) antibodies (Fig. 1).

There were no individuals classified as seropositive for
HTLV1 infection based on our a priori definition of seror-
eactivity to both antigens, although two controls and no cases
had antibodies to gag, while two controls and three cases had
antibodies to env.

Incident and prevalent AIDS-NHL cases had generally
similar antibody prevalence, with significant differences for
only 3 of the 32 antibodies: EBV EBNA1, BKV, and WUV
(Supplementary Table S3).

Discussion

To provide additional insight into the pathogenesis of
AIDS-related NHL, we conducted a nested case–control
study utilizing stored blood samples from two prospective
HIV cohorts. Antibodies to 32 viral antigens reflecting 22
distinct viral infections were measured using a multiplex
serological assay in cases of AIDS-NHL and HIV-infected
control individuals without AIDS-NHL. We observed that
overall seropositivity to a larger number of viral infections
was inversely associated with AIDS-NHL. For individual
antigens, we observed significant inverse associations of
AIDS-NHL with seropositivity against HSV2 2mgG unique

Table 2. Viral Antibody Index in AIDS-Non-Hodgkin Lymphoma Cases and Controls

Controls (n = 67) AIDS-NHL cases (n = 66)

Mean (SD) Mean (SD) OR (95% CI) p-Value

All viruses 10.9 (2.4) 9.9 (2.5) 0.84 (0.72–0.98) .02
By virus category

Human herpesviruses 4.3 (1.2) 4.0 (1.3) 0.81 (0.61–1.08) .14
Hepatitis viruses 0.7 (0.6) 0.6 (0.6) 0.73 (0.40–1.35) .30
Human T Lymphotropic virus 0 (0.0) 0 (0.0)
Human polyomaviruses 5.9 (1.7) 5.4 (1.6) 0.81 (0.65–1.01) .06

Viral antibody index = number of viruses for which an individual is seropositive.
OR and 95% CI adjusted for age, sex, race/ethnicity, cohort, and CD4 count.
CI, confidence interval; OR, odds ratio.

Table 3. Odds Ratios and 95% Confidence

Intervals for Associations Between

AIDS-Non-Hodgkin Lymphoma and Viral Antibody

Index at Various Cutpoints, Adjusted for Age,

Sex, Race/Ethnicity, Cohort, and CD4 Count

Viral antibody
index

Controls
(n = 67)

AIDS-NHL cases (n = 66)

n (%) n (%) OR (95% CI)

‡4 vs. <4 67 (100.0) 66 (100.0) —
‡5 vs. <5 67 (100.0) 64 (97.0) —
‡6 vs. <6 66 (98.5) 63 (95.5) 0.31 (0.03–3.20)
‡7 vs. <7 64 (95.5) 58 (87.9) 0.33 (0.08–1.35)
‡8 vs. <8 62 (92.5) 54 (81.8) 0.33 (0.10–1.07)
‡9 vs. <9 61 (91.0) 48 (72.7) 0.24 (0.08–0.69)
‡10 vs. <10 48 (71.6) 44 (66.7) 0.80 (0.37–1.72)
‡11 vs. <11 39 (58.2) 33 (50.0) 0.73 (0.36–1.47)
‡12 vs. <12 28 (41.8) 24 (36.4) 0.74 (0.36–1.54)
‡13 vs. <13 14 (20.9) 6 (9.1) 0.38 (0.14–1.07)
‡14 vs. <14 7 (10.5) 3 (4.6) 0.41 (0.10–1.71)
‡15 vs. <15 4 (6.0) 1 (1.5) 0.23 (0.02–2.33)
‡16 vs. <16 3 (4.5) 0 (0.0) —
‡17 vs. <17 2 (3.0) 0 (0.0) —
‡18 vs. <18 1 (1.5) 0 (0.0) —

Viral antibody index = number of viruses for which an individual
is seropositive.
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and WUV VP1 antigens. While our findings need to be rep-
licated in other cohorts, our data raise the novel hypothesis
that insufficient exposure or impaired humoral responses to
viral infections may be associated with AIDS-related NHL.

Typically, antibody seropositivity is considered to reflect
exposure to a given virus and, thus, the viral antibody index
would be a measure of cumulative viral exposure. Our data
could be interpreted as indicating that insufficient exposure to
other viruses increases risk of HIV-related NHL. Alter-
natively, among individuals with HIV infection, the viral
antibody index may reflect the general integrity of humoral
immune responses to these other viral infections. Experi-
mental evidence has suggested that antibody production
and intact humoral responses contribute to long-term control
of some persistent viral infections.27 Importantly, HIV in-
fection has been shown to reduce humoral immune re-
sponses to HCV, potentially contributing to accelerated liver
disease and risk of hepatocellular carcinoma in coinfected
patients.28 By extension, the association of reduced viral
antibody index with risk of AIDS-NHL may reflect an im-

paired immune response that contributes to lymphomagen-
esis, perhaps through loss of viral control.

A previous study utilizing bead-based multiplex technol-
ogy did not find an association between AIDS-NHL and the
number of pathogens to which an individual was reactive, but
differences in the antigen panel used in that study and in our
study may partially explain the conflicting findings.15 No-
tably, while our panel of antigens focused exclusively on
viruses, the previous study included antibodies associated
with bacterial (Helicobacter pylori, Chlamydia trachomatis,
and Mycoplasma genitalium) and parasitic infections (Tox-
oplasma gondii) as well. The viruses considered in the two
studies also differed, as we evaluated antibodies associated
with nine additional viruses that were not included in the
previous study.

In analyses of individual antigens, we found significantly
lower antibody prevalence to the polyomavirus WUV VP1
antigen in the AIDS-NHL cases compared to controls.
Polyomaviruses are a family of nonenveloped DNA viruses
with prevalence that ranges from 35% to 90% in the general

FIG. 1. Associations between antibody
seroreactivity and risk of AIDS-related
non-Hodgkin lymphoma. OR and 95% CI
adjusted for age, sex, ethnicity, study, and
CD4 count. *p-value <.05. CI, confidence
interval; OR, odds ratios.
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population.29 WUV was first identified in 2007 from re-
spiratory tract specimens using shotgun sequencing.30

WUV antibodies have been detected at a higher frequency in
HIV-positive individuals and the frequency of WUV re-
activation may be similar to that of other polyomaviruses in
immunodeficient states.31–33

While the differences were borderline statistically signifi-
cant, AIDS-NHL cases had lower prevalence of antibodies to
the polyomaviruses JCV and TSV. JCV has previously been
detected at a significantly higher frequency in DLBCL tumor
samples compared to control lymph tissues.34 In studies of NHL
in the general population, antibodies to JCV were inversely
associated with the disease in a case–control study,18 and
nonsignificantly lower in cases nested within a prospective
cohort.19 On the contrary, antibodies to TSV were nonsignifi-
cantly higher in nested NHL cases in a U.S. prospective cohort20

and in a pooled analysis of three Asian cohorts.17 In a previous
study of AIDS-NHL, seropositivity for TSV was significantly
associated with increased AIDS-NHL risk whereas seroposi-
tivity to JCV was nonsignificantly lower in AIDS-NHL cases
relative to controls.15 The correlations between the poly-
omaviruses in our study were low, suggesting that our observed
associations in the context of AIDS-NHL are independent.

The strongest finding in our study was that AIDS-NHL
cases had significantly lower prevalence of antibodies to
HSV2 2mgG unique antigen, compared to control individu-
als. HSV2 is a sexually transmitted herpesvirus that infects
the genital mucosa and persists in the body for life following
primary infection. Compared to the 16% seroprevalence in
the general U.S. population,35 our data are consistent with
other reports showing that HSV2 is a relatively common
coinfection with HIV.36 A higher prevalence of anti-HSV2
antibodies has been reported in pediatric patients with acute
lymphoblastic leukemia,37 but higher HSV2 antibody prev-
alence was not observed among NHL patients in a case–
control study conducted in South Africa.38

The 2mgG antigen is 1 of 11 glycoproteins expressed by
HSV2 and is the only known protein that provides a high
degree of HSV2 specificity.39 HSV2 2mgG has been shown
to elicit a type-specific CD4+ T cell response, and in vitro
studies have implicated 2mgG involvement in the extracel-
lular release of infectious particles.40 Mice immunized with
2mgG and CpG have been demonstrated to have reduced
infectious HSV2 particles and 2mgG has been proposed as a
promising HSV2 vaccine antigen.41 Our findings showing
lower prevalence of antibodies against this antigen in AIDS-
NHL cases may reflect a reduced capacity for a T cell-
mediated immune response against HSV2 in these patients.
Although we cannot rule out the possibility that the HSV2
association may be confounded by another coinfection, the
correlations between antibodies against the 2mgG antigen
and other herpesviruses antibodies were not high in our study.

We did not observe significant differences between AIDS-
NHL cases and control individuals in our study for antibodies
to other herpesviruses. In a previous study, EBV ZEBRA
antibodies were inversely associated with risk of AIDS-NHL
diagnosed ‡4 years after blood collection.15 Two general
population-based cohort studies found that EBV seroposi-
tivity16 or prediagnostic serum levels of anti-EBV ZEBRA
and EA-D antibodies17 were inversely associated with NHL
in the initial period following blood collection, but positively
associated at longer intervals. However, these associations in

both studies were based on small number of seronegative
cases and were not statistically significant. Whether or not
these EBV antibody patterns are distinctly different in AIDS-
NHL compared to the pathogenesis of NHL in the general
population, or if the associations reflect study-specific dif-
ferences in time between blood collection and diagnosis, will
need further evaluation in other prospective studies.

Our study had several strengths and limitations. A notable
strength of this study was the use of a multiplex panel that
enabled the measurement of a relatively large number of
antibodies associated with 22 different viral infections. All
samples were measured concurrently in the same laboratory,
in which personnel were blinded to the case–control status of
the samples. The antibody measurements were further ob-
served to be highly reproducible based on the calculated as-
say CVs and ICCs of the masked quality control replicates.
The primary limitation of our study was the small sample size
and, consequently, the possibility of missing a true associa-
tion. Some of our samples were from prevalent cases with
possible reverse causality, but we note that the associations of
the antiviral antibody index with incident and prevalent
AIDS-NHL were similar in magnitude. Also, the samples
from incident cases were collected relatively close to NHL
diagnosis, which may limit interpretations as it relates to
deciphering etiologic versus disease-induced patterns. Fi-
nally, we were unable to evaluate associations with specific
AIDS-NHL subtypes given the size of our study. Risk factors
may differ by NHL subtype, and differences in subtype dis-
tributions between studies could underlie observed differ-
ences in antibody associations. Larger studies would be
needed to evaluate potential subtype-specific associations.

In conclusion, this study represents an evaluation of the
most viral antibody associations with AIDS-NHL reported to
date. We found an inverse association with the number of
viral infections to which an individual was seropositive, po-
tentially implicating insufficient exposure or impaired hu-
moral response to viral infections in AIDS lymphomagenesis.
While our findings need to be replicated and extended in
other studies, these data provide new hypotheses regarding
the pathogenesis of NHL in the setting of HIV infection.
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