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Direct Epstein-Barr Virus (EBV) Typing on Peripheral Blood Mononuclear Cells:
No Association Between EBV Type 2 Infection or Superinfection and the
Development of Acquired Immunodeficiency Syndrome—Related
Non-Hodgkin’s Lymphoma

By Debbie van Baarle, Egbert Hovenkamp, Marie José Kersten, Michel R. Klein,
Frank Miedema, and Marinus H.J. van Oers

In the literature, a correlation has been suggested between
the occurrence of acquired immunodeficiency syndrome
(AIDS)-related non-Hodgkin’s lymphomas (NHL) and Epstein-
Barr virus (EBV) type 2 infection. To further investigate a
possible role for EBV type 2 infection in the development of
AIDS-NHL, we developed a sensitive and type-specific nested
polymerase chain reaction (PCR) assay and analyzed EBV
types directly on peripheral blood mononuclear cells (PBMC)
in three subgroups of human immunodeficiency virus (HIV)-1
infected individuals: 30 AIDS-NHL patients, 42 individuals
progressing to AIDS without lymphoma (PROG), either devel-
oping opportunistic infections (AIDS-OI) or Kaposi’s sarcoma
(AIDS-KS), and 18 long-term asymptomatic individuals (LTA).

samples obtained from AIDS-NHL patients in the course of
HIV-1 infection. The results showed that: (1) direct analysis
of PBMC is superior to analysis of B-lymphoblastoid cell lines
(B-LCL) grown from the same PBMC samples; (2) in HIV-1
infected individuals, there is a high prevalence of EBV type 2
infection (50% in LTA, 62% in progressors, and 53% in
AIDS-NHL) and superinfection with both type 1 and 2 (24% in
LTA, 40% in progressors, and 47% in AIDS-NHL); (3) EBV type
2 (super)infection is not associated with an increased risk for
development of AIDS-NHL; (4) type 2 infection can be found
early in HIV-1 infection, and neither type 2 infection nor
superinfection correlates with a failing immune system.
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Furthermore, EBV type analysis was performed on PBMC

PSTEIN-BARR VIRUS (EBV) is a widespread human promised individuals, biological assays have been used that are
gamma herpes virus, which selectively infects two typesbased on the spontaneous outgrowth of EBV-transformed B
of target cells, ie, squamous epithelial cells in the oropharyndymphocytes®2! These EBV-transformed B-lymphoblastoid
and B lymphocytes.After primary infection, which usually cell lines (B-LCL) can be EBV-typed by polymerase chain
occurs asymptomatically, the virus persists for life in a latentreaction (PCR) amplification across the polymorphic region of
form in the B lymphocyted. Reactivation of these latently EBNA-2 or EBNA-3A!°Because type 2 strains have a reduced
infected B lymphocytes is controlled by specific cytotoxic transforming capacity, these biological assays most likely
T-lymphocyte responsésDuring immunodeficiency, reactiva- underestimate type 2 prevaleriéén addition, these assays are
tion of EBV-infection can lead to uncontrolled lymphoprolifera- time-consuming and vary widely in sensitivity. Therefore, we
tion4 In human immunodeficiency virus (HIV)-1-infected developed a sensitive and EBV type-specific PCR assay that can
individuals, the majority of acquired immunodeficiency syn- P& used directly on peripheral blood mononuclear cell (PBMC)
drome (AIDS)-related diffuse large cell non-Hodgkin's lympho- samples without the need of prior culture. Using this assay, we

mas (NHL) is EBV-positive and is thought to arise because ofhave determined EBV types in HIV-1 seropositive individuals
loss of EBV-specific T-cell immunit§? directly on PBMC and compared the results with conventional

Two different EBV types are distinguished based on ponmor-EBV'typ'ng on spontaneously established B-LCL.
phisms in the genes encoding the nuclear antigens EBRA-2,
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Table 1. Characteristics of HIV-1 Seropositive Individuals per well (6 replicate cultures per dilution) in a 96-well microtiter plate.
LTA* PROG* AIDS-NHL* Cells were fed weekly with RPMI/10% FCS supplemented in the first
n=18 n=42 n=30 weeks with CsA. Wells that showed outgrowth of EBV-transformed B
lymphocytes, as monitored microscopically, were expanded.
Aget 41 (30-51) 38 (24-55) 36 (24-57) The B95.8 cell line and the Ag876 cell line were used as EBV type 1
Follow-upt 148 (102-164) 54 (26-109) 49 (12-144) " . . ;
and 2 positive controls, respectively. The EBV-negative B-cell line
Seroconverted§ 5 16 1 .
BJAB was used as a negative control.
Seroprevalent| 13 26 29 Anti-CD3 proliferation assay. T-lymphocyte reactivity to CD3
N _ ! i .
DA™ T cellsy 560(250-970) 400 (30-1260) 470 (10-960) monoclonal antibody (CLB-T3/4E, CLB, Amsterdam, The Nether-
*LTA, long-term asymptomatic individuals; PROG, progressors to lands) was determined in a whole-blood lymphocyte culture assay and
AIDS-OI or AIDS-KS and AIDS-NHL, progressors developing NHL. expressed as cpm perllOD3* T lymphocytes®
tAge, median (range) in years at time of EBV-type analysis. DNA extraction. Cells were collected, washed with phosphate-
tFollow-up, median (range) seropositive time (months) in study buffered saline (PBS), and lysed by addition of L6-lysis buffekfter
until the ninth year for LTA or AIDS-diagnosis for progressors. incubation for 30 minutes at room temperature, DNA was precipitated
§Seroconverted, number of individuals that seroconverted during by addition of isopropanol, washed twice with 70% ethanol, and
follow-up. dissolved in dHO. DNA concentration was measured by optical
|[Seroprevalent, number of individuals that were already HIV-1 densimetry at 260 nm.
seropositive when they entered the study. PCR for EBV typing on B-LCL and PBMCGenomic DNA

1CD4* T cells, median (range) CD4* T-cell numbers at EBV-type extracted from B-LCL and PBMC (100 ng in case of DNA from B-LCL
analysis (for progressors in the last year before AIDS diagnosis, for and control cell lines, 1 or 2 pg in case of DNA from PBMC) was
LTA in the ninth year of follow-up). amplified in 50-pL reactions containing 5.0 uL 10X PCR buffer (100
mmol/L Tris-HCI pH 8.3, 500 mmol/L KCI, and 0.01% wt/vol gelatin),
1.5 mmol/L MgC}, 10 mmol/L deoxy nucleoside triphosphate (ANTPs;
We have used the sensitive and type-specific PCR assay teromega, Madison, WI; 2.5 mmol/L each), 1 U DNA Taq polymerase
investigate the role of type 2 EBV and superinfection in the (Promega), and 100 ng of the EBNA-2 primers. For the amplification of
development of AIDS-NHL. First, in a cross-sectional analysis, EBNA-2—specific DNA extracted directly from PBMC, a nested PCR
we investigated EBV-type prevalence in three groups of HIv-1-Was performed using primers EBNA-2I and EBNA-2F in the first
infected individuals: AIDS-NHL patients, progressors to AIDS reaction. The region W|th|n_the EBNA-Z gene d|s<_:r|m|nat|ng between
without lymphoma, and long-term asymptomatic individuals. EBV type 1 and 2 was amplified with the nested primers EBNA-ZC and
g - .- EBNA-2G for type 1 and EBNA-2C and EBNA-2B (kindly provided by
Second, in the longitudinal part of the St“ij' EBV type anaIySISA.B. Rickinson, CRC Institute for Cancer Studies, University of
Wa? performed on PB_MC samples Obta'“eo! from_ AIDS-NHL Birmingham, Birmingham) for type 2. For the amplification of EBNA-
patients early and late in the course of HIV-1 infection. 2-specific DNA from B-LCL, a single PCR was performed using the
nested primers only. For primer sequences, see Table 2.
MATERIALS AND METHODS For the first reaction of this nested PCR, denaturation was performed
Study population. This study was performed on participants of the at 94°C for 1 minute, the primers annealed at 52°C for 90 seconds, and
Amsterdam Cohort studies on AIDS and HIV-1 infection and HIV-1— €xtension was performed at 72°C for 4 minutes. For the second reaction
infected individuals visiting the Academical Medical Center (AMC). Of the nested PCR, denaturation was performed at 94°C for 30 seconds,
Blood samples from these (homosexual) individuals at risk for HIV-1 Primer annealing at 52°C for 1 minute, and extension at 72°C for 2
infection were collected every 3 months for HIV-1 serology and Minutes. The cycles were repeated 35 times followed by a final
immunologic studies. In addition, at all time points PBMC were extension time of 10 minutes. The whole procedure was automated
cryopreserved. Individuals who were HIV-seronegative at entry of theusing a thermal cycler (Amersham [Roosendaal, The Netherlands] and
cohort study and seroconverted during follow-up, were classified ag>erkin Elmer [Foster City, CA]). After PCR, the identity of the
seroconverters. Patients from the AMC and individuals who wereamplified EBV fragment, 250 bp for EBV type 1 and 300 bp for EBV
already HIV-seropositive at entry in the cohort were classified astyPe 2, was confirmed by Southern blot analysis.
seroprevalent individuals. Southern blot analysis. PCR products were separated on 2%
We analyzed 30 patients with AIDS-related diffuse large cell NHL agarose gels and transferred to Genescreen plus (NEN Life Science
(median follow-up, 49 months). In comparison, 42 cohort participantsProducts, Boston, MA) membranes. Membranes were hybridized with
who progressed to AIDS (classification of the Centers for Diseaseeither an EBNA-2 type 1-specific probe, EBNA-2.1, or an EBNA-2
Control 1993) without a lymphoma (progressors, [PROG]) within 7 type 2-specific probe, EBNA-2.2, labeled witf#?P-deoxyadenosine
years after seroconversion (median seropositive follow-up, 54 monthsffiphosphate (dATP). Sequences of both oligonucleotide probes (kindly
were studied. Of these progressors, 29 developed an opportunistierovided by A.B. Rickinson) are depicted in Table 2.
infection (AIDS-OI), and 13 developed Kaposi's sarcoma (AIDS-KS).
Furthermore, 18 HIV-1 seropositive long-term asymptomatic individu- Table 2. Oligonucleotides Used for PCR and Hybridization
als (LTA) with CD4" T-cell counts above 500/uL during more than 8 oligo Sequence: 5 to 3' B95.8 Coordinates
years of seropositive follow-up (median follow-up, 148 months) were

studied. Characteristics of the HIV-1-infected individuals are in part E:Eﬁ'zr Iifxégigsggﬁggilie 2225'222:8
described elsewhefeand are summarized in Table 1. EBNA'ZC ACOCATOCCTGOACACAAGA 48810'48829

B-cell lines. Spontaneous EBV-transformed B-LCL were estab- ) :
EBNA-2G GCCTCGGTTGTGACAGAG 49065-49048

lished as previously describéd*?> Briefly, PBMC were thawed,
resuspended in RPMI 1640 (GIBCO-BRL, Gaithersburg, MD) supple-
mented with L-glutamine, antibiotics, 10% fetal calf serum (FCS,
Hyclone, UT) and cyclosporin A (CsA, final concentration 0.1 pg/mL;
Sandoz, Basel, Switzerland) and cultured in limiting dilution at 6 serial Sequences are depicted from 5’ to 3'. From primers and probes
dilutions with concentrations ranging from 0:510° to 1.5 10* cells situated in the B95.8 strain, B95.8 coordinates are depicted.

EBNA-2B TTGAAGAGTATGTCCTAAGG
EBNA-2.1 TCCAGCCACATGTCCCCCCTGTACGCCCGAEN7-49028
EBNA-2.2 AACGTCAACCTGTCCACAACCCTCGCCAGGAG
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Fig1l. Sensitivity of the nested PCR for EBV-typing
on PBMC. PCR analysis was performed on sequential
dilutions of the EBV-positive cell lines, B95.8 and
Ag876. (A) Dilution of Ag876 (number of cells) in a 8958 . -
total of 2 x 105 EBV-negative background cells and (B)
dilution of B95.8 (number of cells) in a total of 2 x 10°
EBV-negative background cells.

Statistical analysis. For statistical analysig? tests and the Kruskal-  infected individuals harbored only type 1 EBV; 1 patient
Wallis test were performed using the software program SPSS versiomarbored only EBV type 2 and 1 showed dual infection with
7.5 for Windows (SPSS Inc, Chicago, IL). both types (Table 3). In contrast, EBV type analysis performed
RESULTS on PBMC showed that only 4 of these HIV-1-infected subjects

harbored only EBV type 1. The other 5 individuals harbored

Sensitivity and type-specificity of the nested PCR0 ana-  poth type 1 and type 2.
lyze the EBV type directly on PBMC, a nested PCR assay was Analysis of B-LCL would have suggested that only 2 of 9
developed. Using the EBV type 1 and 2 positive cell lines, individuals had a type 2 infection, whereas direct EBV-typing of
B95.8 and Ag876, the optimal conditions for the PCR assaypBMC showed that 5 of 9 individuals were infected with EBV
were determined. Dilution of both cell lines in an EBV-negative type 2. Interestingly, in the dually infected AIDS-NHL patient
background gave an estimation of the sensitivity. Type 2 DNAN319, the type 1 strain detected in PBMC could not be shown
from the Ag876 cell line could still be detected at a dilution of by analyzing EBV types in B-LCL. Thus, using B-LCL not only

10 cells in a background of X 1C° EBV-negative cells (Fig the EBV type 2 prevalence would have been underestimated,
1A) Type 1 DNAfrom the B95.8 cell |ine, which contains more but also the preva|ence of Superinfection_

EBV copies per cell than the Ag876 cell line, could still be
detected at a dilution of 1 cell in a background ofx21(° Table 3. Comparative EBV Typing on B-LCL Versus PBMC
EBV-negative cells (Fig 1B). Similar data were obtained when

diluting the B95.8 cell line in a type 2 background or diluting Fatient BLet pame
the Ag876 cell line in a type 1 background (data not shown). On N219 1 1
all occasions, EBV type 1 DNA was not detected in the type 2 N308 1+2 142
PCR and type 2 DNA was not detected in the type 1 PCR. N319 2 Lr2
Negative controls (EBV-negative B-cell lines, PBMC from an Eggge 1 ! I 2
EBV-negative individual) were indeed always negative. P186 1 1
Comparative analysis of EBV types in B-LCL and PBMC. p224 1 142
A total of 76 B-LCL were grown from PBMC of nine P450 1 142
HIV-1-infected individuals and typed by PCR amplification L1120 1 1
across the polymorphic locus of EBNA-2 using a single PCR Total type 2 2/9 5/9

as;ay. In parallel, P.BMC. samples obtained at the same time Results from EBV type-specific PCR-analysis of 76 PBMC-derived
point from the same individuals were analyzed for the presenc@_| ci and noncultured PBMC from the same Hiv-infected individuals.

of EBV type 1 and 2 using the nested PCR assay. Five AIDS-NHL patients (N), 3 progressors to AIDS (P), and 1 LTA (L)
EBV type analysis of B-LCL showed that 7 of 9 HIV-1- were studied.
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EBV type 2 infection and superinfection in different groups of A
HIV-infected individuals. Using the sensitive and type-

specific nested PCR, EBV-typing was performed on PBMC 100 n=18 n=42 n=30
from different groups of HIV-1-infected individuals: patients
with AIDS-NHL (n = 30), progressors to AIDS (OIKS, #5907
42), and LTA (n= 18). From the LTA, the PBMC samples <
analyzed had been obtained in the ninth year of follow-up Wherﬁ 90
CD4+ T-cell counts of 10 individuals were still above 500/uL. 3 20 4
In case of progressors and AIDS-NHL patients, PBMC samplef.%
were analyzed either at AIDS-OI/KS diagnosis or AIDS-NHL & 60
diagnosis, respectively, or in the year preceding diagnosis. T

Atotal of 90 HIV-1—-infected individuals was studied. Patient E 50 -
characteristics of all groups are summarized in Table 1. In 6% 0‘f§
the individuals, no EBV could be detected. As shown in Fig 2A, = 4p 4
only EBV type 1 was found in 44% of the LTA, 33% of the 2
progressors, and 40% of the AIDS-NHL patients. Only EBV = 30 4
type 2 infection was found in 28% of the LTA, 21% of the 2
progressors, and in 7% of AIDS-NHL patients. The total é 20
percentage of type 2 infected individuals, which includes &
superinfected individuals, was comparable between the thre; 10
groups (50% in LTA, 62% in progressors, and 53% in AIDS- =
NHL). However, the percentage of superinfected individuals 0+
was significantly higher both in AIDS-NHL (47%) and progres- LTA PROG NHL

sors (40%) when compared with LTA (24%, < .005, x?).
There was no difference in superinfection between the totaB

group of progressors and AIDS-NHL patients. Interestingly, = 110-
when the progressors to AIDS were subdivided into separate n=29 n=13
groups: AIDS-OI (n= 29) and AIDS-KS (n= 13), the 2 1007
percentage of superinfected individuals was significantly higher 2 gp |
in AIDS-KS, as compared with AIDS-OPF(= .017,x2, see Fig =
2B). The percentage of superinfected individuals was similar in g BHS
AIDS-OI and LTA, whereas in both AIDS-KS and AIDS-NHL, = 70-
the percentage of superinfected individuals was significantly *E 60
higher than in LTA P < .001). < 7
To analyze whether the occurrence of type 2 infection or = 504
superinfection is related to the degree of immunodeficiency of ZI 40
the HIV-1-infected individuals, we studied both CDZ-cell ==
counts and T-cell functio?2®° CD4+ T-cell counts for LTA ¢ 304
were higher than for progressors to AIDS (OI/KS and NHL, :‘; 20
P = .015, Kruskal-Wallis test). When CD4I-cell counts at the =
time point of EBV typing were plotted against the EBV strain(s) g 1y
that was (were) detected, there was no statistically significan E 04

difference between CD4T-cell counts of type 1 (mean, 0.44
0.21), type 2 (mean, 0.45 0.24), and superinfected individuals
(mean, 0.41= 0.16), as shown in Fig 3A. Fig 2. EBV types in subgroups of HIV-1-infected individuals. (A)

Because the T-cell response to mitogens may be a mor€ontribution of EBV type 1 (M), EBV type 2 (II), and dual infection (C)
sensitive marker for HIV-1-induced immune dysfunction than in the totgl percentagg of EBV-positive individuals in different groups
CDA" T-cell counts22he anti-CD3 response was stuied n o1 eced subiects LT P0G, end L) 0 e s
vitro from 47 of the 90 individuals at the time point of EBV s gescribed in Materials and Methods. (B) Contribution of EBV type 1
typing. In Fig 3B, the anti-CD3 responses (expressed as cpm pem), EBV type 2 (), and dual infection (OJ) in the total percentage of
1,000 T lymphocytes) at the time point of EBV-typing were EBV-positive individuals in two groups of progressors to AIDS
plotted against the EBV strain(s) that was (were) detected. N\'PS©! and AIDSKS). EBV-type assessment was performed by

. . ype-specific PCR analysis directly on PBMC as described in Materials
difference was found between the anti-CD3 response of type 1.4 methods.
(mean, 49+ 33), type 2 (mean, 66 49), and superinfected
individuals (mean, 3% 24).

EBV superinfection in the course of HIV-1 infectiorfrom  the seroconverter, PBMC samples were studied at HIV serocon-
19 individuals who developed AIDS-NHL, PBMC samples version (early) and at AIDS-NHL diagnosis (late). In case of
obtained from early and late time points in the course of HIV-1seroprevalent individuals, PBMC samples obtained either at
infection were studied to investigate a possible role of type 2entry in the Amsterdam Cohort Studies or at the first hospital
(super)infection in the development of AIDS-NHL. In case of visit (early) and at AIDS-NHL diagnosis (late) were studied.

AIDS-0I AIDS-KS
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Fig 3. EBV type infection in relation to immune status. (A) CD4
counts are depicted for every HIV-1-infected individual harboring
EBV type 1 (type 1), EBV type 2 (type 2), or harboring both type 1 and
2 (type 14+2). Mean CD4 count per group is depicted by the long thin
lines, standard deviation by the short thin lines. No statistically
significant difference was found between the groups (Kruskal-Wallis).
(B) Anti-CD3 responses expressed as cpm/1,000 T cells are depicted
for 48 HIV-1-infected individuals harboring EBV type 1 (type 1), EBV
type 2 (type 2), or harboring both type 1 and 2 (type 1+2). Mean
anti-CD3 response per group is depicted by the long thin lines,
standard deviation by the short thin lines. No statistically significant
difference was found between the groups (Kruskal-Wallis). (O), LTA;
(@), progressors; (A), NHL.
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superinfection already early. The percentage of AIDS-NHL
patients that were superinfected early was comparable to the
percentage of superinfected LTA individuals. In the course of
time, there was a statistically significant increase in superinfec-
tion (P = .009), with either type 1 or type 2, depending on the
strain present initially: 3 patients harbored a type 2 strain early
in HIV-1 infection and were superinfected with a type 1 strain
late in HIV-1 infection; 2 patients harbored a type 1 strain at an
early time point and were superinfected with a type 2 strain at a
late time point in HIV-1 infection. No loss of EBV strains was
observed. Thus, superinfection in the course of HIV-1 infection
does occur, but can involve both type 1 and type 2.

DISCUSSION

In the present study, we have used a sensitive and type-
specific nested PCR to analyze EBV types in subgroups of
HIV-1-infected individuals. We have reached the following
conclusions: (1) direct analysis of PBMC may be superior to
analysis of B-LCL grown from the same PBMC samples; (2) in
HIV-1-infected individuals, there is a high prevalence of EBV
type 2 infection and superinfection with both type 1 and 2; (3)
there is no evidence for an association between EBV type 2
infection or superinfection and an increased risk for develop-
ment of AIDS-NHL; and (4) EBV type 2 infection or acquisi-
tion of superinfection is not merely a reflection of a failing
immune system in HIV-1-infected individuals.

The EBV type 2 and superinfection prevalence found in the
present study is higher than reported in studies analyzing
EBV-types on B-LCL718:30The underestimation of EBV type
2 found by analysis of B-LCL is probably due to culture bias
because the transforming capacity of type 2 strains is reduced.
This finding stresses the importance of using direct PCR assays
for EBV detection in clinical samples. This issue has also
recently been addressed by Haque et &urthermore, if we
would have studied B-LCL only, we would have found a

100 — n=19

n=19
80 |

70 4
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EBV-positive AIDS-NHL patients (%)
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Fig 4. Longitudinal analysis of EBV types in AIDS-NHL patients.

EBV typing using the nested PCR assay showed that &ontribution of EBV type 1 (M), EBV type 2 ([), and dual infection (CJ)

considerable proportion of the individuals studied (50%) were

in the total percentage of EBV-positive AIDS-NHL patients in early
and late PBMC samples in the course of HIV-1 infection. EBV type

infected with type 2 EBV already early in HIV-1 infection (Fig  giscrimination was performed by type-specific PCR analysis on PBMC
4). Moreover, half of the type 2 infected subjects had aasdescribed in Materials and Methods.
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possible correlation between EBV type 2 infection and AIDS- homosexual and heterosexual populations using direct PCR
NHL because the two type 2—infected individuals identified in analysis of PBMC.
that assay were both AIDS-NHL patients (see Table 3). This

would have been in agreement with the literattihe.contrast,

EBV-type analysis on PBMC of these same patients showed

that 3 of the 5 type 2—infected individuals were AIDS-NHL This study was part of the Amsterdam Cohort Studies on AIDS and
patients and 2 were AIDS-OI patients, a result not suggestive 0\riIV-l infection, g collaboration of the Municipal Health Service, the

a correlation between EBV type 2 infection and the develop-Academ'cal Med.|ca| CenterZ and the CLB. We thank Dr M. Roos and
ment of AIDS-NHL. Therefore, studies performed on B-LCL, collaborators for immunological data.

which suggest an association between EBV type 2 and the
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