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The Epstein-Barr virus 

The Esptein-Barr virus (EBV) is a very common γ-Herpes virus, which has evolved to persist 

for life in the immune system of its host 1. Overall, an estimated 90 to 95% of the adult 

population carries this virus 2. In developing countries, a near 100% prevalence is reached 

already during early childhood 2; 3. In contrast, due to changes in life style in the Western world, 

many individuals get infected at a later age. While primary infection is generally asymptomatic 

during childhood, delayed infection appears to be associated with an increased incidence of 

infectious mononucleosis 1; 2. The factors that lead to infectious mononucleosis instead of 

silent primary infection remain unclear 1. It does not appear to be related to the level of EBV 

replication, but mostly to the excessive CD8 + T-cell response 1; 4; 5. This might be related to the 

increase of potentially cross-reactive heterologous T-cell responses at a later age 6, whereas 

polymorphisms in the IL-10 encoding gene may also play a role 7. 

 

EBV-related malignancies 
EBV was first described in a very common malignancy in African children, Burkitt’s lymphoma 
8, a B-cell tumor characterized by translocation of the c-myc proto-oncogene 9. Many other 

malignancies have since been associated with EBV infection, often in combination with 

immune activation and / or immune deficiency, and sometimes more as a bystander effect 

than as a cause of these malignancies. These include: Hodgkin’s disaease, non-Hodgkin 

Lymphoma, nasopharyngeal carcinoma, gastric carcinoma, an a number of NK- and T-cell 

lymphomas 1; 2; 10-13. 

 
The life cycle of EBV 
Primary infection with EBV takes place via the oropharynx, where the virus can infect both 

naive or memory B cells in the tonsils 14; 15, either directly or via infection of epithelial cells 16-18.   

Recent work elucidated that the virus makes use of the normal B-cell biology to achieve 

persistent infection of the host immune system, as depicted in figure 1. After infection, the virus 

drives naive B cells into proliferating lymphoblasts. The cells subsequently go through a 

germinal centre reaction, where viral proteins mimic signalling through the B-cell receptor 

(LMP2A) and CD40 (LMP1), providing the necessary survival and differentiation signals to the 

B cell. After EBV-infected B cells have differentiated into memory B cells and migrate to the 

peripheral blood, EBV gene expression is virtually shut down, which enables B cells carrying 

the episomal EBV genome cells to persist without being detected by the immune system. Like 

normal memory B cells, EBV-infected B cells can home back to tonsils and possibly also other 

lymph nodes for antigen encounter. There, they can either be driven into proliferating 

lymphoblasts as the so-called growth program is induced, or differentiate into plasma cells, 

which induces lytic replication of EBV and ultimately virus release by a fraction of these 

lytically reactivated cells 19. The exact signals that direct the cells into either of these directions 

are unknown, but signalling through the BCR and CD40 are likely to play an essential role. 
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This complex life cycle results in a very constant number of EBV-infected memory 

(IgDnegCD27pos) B cells over years in the peripheral blood of healthy individuals 20. This 

equilibrium is even more extraordinary in the light of recent studies that suggest a high rate of 

exchange of EBV strains between cells in peripheral blood and oropharyngeal compartments 
21-23. At all these stages, antibody responses are thought to control viral spread, while CD8+ T 

cells specific for latent and lytic EBV antigens act to control both spread of the virus as well as 

proliferation of infected B cells (both are discussed below) 1; 24-31. 

 

HIV infection & EBV-related lymphomas 
One of the main characteristics of HIV infection is a decline in CD4+ T-cell numbers 39; 40. It 

remains a matter of debate what the exact causes are for this CD4+ T-cell depletion, but it is 

likely related to the state of chronic immune activation induced by HIV 41. In addition to 

physical loss of CD4+ T cells, their responsiveness to polyclonal and specific stimuli in vitro is 

altered 42; 43. Similarly, the state of persistent immune activation is associated with an abnormal 

B-cell biology, including a decline in the fraction of memory B cells 44 and poor responsiveness 

to T-cell help and stimulation in vitro 42; 45-49. 

In untreated HIV-infected individuals, the incidence of non-Hodgkin Lymphomas (NHL) is 

considerably increased compared to healthy individuals. Most of these NHL are either Burkitt’s 

Lymphoma (around 30%, 50), or Diffuse large cell lymphoma (DLCL), which account for most 

of the remaining 70% 50; 51. These DLCL are mostly systemic or primary central nervous 

system lymphomas (PCNSL), and of monoclonal B-cell origin 50-52. They usually occur at a 

more advanced stage of immunodeficiency than Burkitt’s lymphoma, and are EBV positive in 

70 to 80% of cases 53-55. 

 
Figure 1 – Schematic representation of the EBV life cycle 

1) EBV generally enters the host via the epithelium of the oropharynx, where it infects naïve B cells either directly or possibly via 

infection of epithelial cells first 16; 17.  

2) During primary EBV-infection B-cells are driven into proliferative lymphoblasts with full expression of EBV latent genes (EBNA1, -2, -

3A, -3B, 3C, LP, LMP1, LMP2A and EBERS). This patten of gene expression is usually called “latency III” or “growth programme”.    

3) After down-regulation of most latent genes, EBV-infected B cells enter the germinal center (GC) reaction, where they differentiate 

into memory B cells, as would uninfected naïve B cells after antigenic stimulation. Two EBV proteins provide important survival signals 

to get the B cells through this stage. LMP1 mimick signalling through CD40, which in normal B cells is usually given after ligation by 

CD40L on a helper T cell. LMP2A mimics signalling by the B-cell receptor (BCR), a process which normally results in selection of B 

cells with high affinity for the antigen. 

4) As the infected memory B cells enter the peripheral circulation through the efferent lymphatics, EBV gene expression is virtually shut 

down, and B cells carry only one or two epirsomal EBV genomes and EBERs, small EBV RNAs with unknown function. The cells are 

then undetectable by the immune system and can persist in a quiescent state in the periphery. EBNA1 is transiently expressed when 

homeostatic division of memory B cells occurs, in order to duplicate the episomal genome. 

5) Cell can subsequently migrate out of the peripheral blood trough the high endothelial venules (HEV), to (tonsillar or other) lymph 

nodes, where they can either a) switch to the growth programme and go through a GC reaction again, or b) differentiate into plasma 

cells, which induces lytic replication of EBV. In the latter case new viruses are produced which can either infect new B cells or epithelial 

cells, or be shed into the saliva. The signals that lead to either of these pathways are not exactly understood, although BCR signalling 

and interactions of CD40 and CD40L most likely play a role in regulating this process. 

During clearance of acute infection and later during latency, CD8+ T cells eliminate EBV-infected B cells with excessive gene 

expression, indicated by strike-troughs in the picture. 

(adapted from Thorley –Lawson & al 19; 20; 32-38, and Rickinson & Kieff 1; 24) 



 13 
 

Resting memory B-cell, no expression, 
episomal genome, +EBERs

Germinal center

EBNA1, 
2, 3A, 
3B, 3C, 
LP, 
LMP1, 
LMP2

Primary Infection Maintenance

Efferent 
Lymphatics

H
EV

EBNA1 Qp

LMP1 ‘CD40-CD40L’

LMP2a ‘BCR’

Early lytic genes

Lytic genes and 
structural proteins

Latently infected B cell in periphery

(LMP2A), EBERs

Lytic replication

Uninfected, 
naïve B cell

Growth programme (=latency III) 

EBNA1, 2, 3A-C, LP, LMP1, LMP2A&B, EBERs

Default programme

EBNA1, LMP1 and 2A, EBERs

Activation of resting B cells to a proliferating 
lymphoblast

Survival signals for:

-Differentiation of infected lymphoblast to 
memory B cell; LMP1 acts as a homologue of 
CD40, LMP2A replaces BCR signalling

-Maintenance of persistent infection in memory B 
cells (EBNA1) 

Persistence in resting memory B cell

Replication of virus, infection of new B and 
epithelial cells. Sequential expression of early lytic
switch (a.o.BZLF1 and BRLF1), then early lytic
(a.o. BMLF1, BMRF1, BALF1) and finally 
structural viral proteins.

Efferent 
Lymphatics

Oropharynx

Tonsils Tonsils or 
peripheral 
(?) lymph 
nodes

EBV virus particle Control by CTL

(1)

(2)

(3)

(4)

(5) a)

b)

 
EBV load in relation to EBV-related malignancies 
As EBV is frequently associated with malignancies in both the post-transplant setting and in 

HIV-infected subjects, numerous studies have investigated the relationship between the 

number of infected cells or of EBV genome copies in the peripheral blood and the occurrence 

of lymphoproliferative disease. In the transplantation field, recent studies have demonstrated 

that both in solid organ 56-59, as well as in bone-marrow transplanted subjects 60; 61, the number 
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of EBV-infected cells and/or EBV copies in a particular volume of whole blood, are very useful 

for the discrimination of patients at risk of developing an EBV-related malignancy. 

In contrast, in HIV-infected individuals, the EBV viral load is often elevated, and absolute 

height of EBV load does not discriminate patients at risk from those that will not develop an 

EBV-related malignancy 62-65. The reasons for this difference with bone-marrow and solid-

organ transplanted subjects remain unclear. 

 
EBV-specific immune responses 

At onset of acute EBV infection, αVCA (viral charge antigen) IgM antibodies are first to appear, 

followed within a few days by αVCA IgG. The next antibodies are usually IgG specific for EA 

(early antigen), together with IgM to gp350 (a viral envelope protein, expressed at high levels 

on viral particles and on lytically infected cells), and later αgp350 IgG. Antibodies to EBNA (a 

mixture of latent proteins) appear later during the convalescent or even latent phase of 

infection 1; 24. While the function of EBNA- and VCA-specific antibodies - which target 

intracellular proteins – is unclear, gp350-specifc antibodies are able to recognize both lytically 

infected cells and cell-free virus particles, and are likely to play a role in containing viral spread 
1; 66; 67.  

Acute EBV infection is characterised by the presence of large mononuclear cells – which gave 

the name to acute mononucleosis. Most of these activated cells are CD8+ T cells, although 

also CD4+ T cells and NK cells are observed. The nature of the NK cell response is poorly 

known. Both ex vivo cytoxic assays and in vitro outgrowth inhibition assays suggest that they 

might play a role as a primary line of defence against EBV infection 68-70. Both during clearance 

of primary EBV-infection, and after convalescence during latent infection, containment of EBV-

infected cell proliferation and lytic reactivation is thought to be achieved mainly by CD8+ T cells 
1; 25-31. 

The CD8+ T-cell response to EBV has been well characterised. First, using in vitro transformed 

B-lymphoblastoid cell lines as targets, an important response to EBV latent antigens was 

revealed, mainly specific for EBNA3A, B and C 25; 71. Later, it appeared that a considerable or 

even major part of the CD8+ T-cell response was directed towards immediate early (such as 

BZLF1, BRLF1) and early (such as BMLF1, BMRF1) lytic switch proteins 25; 72; 73. The 

development of HLA-class I-peptide tetramer technology 74, enabling the quantification of 

epitope-specific CD8+ T cells at the individual cell level, confirmed that most of the enormous 

CD8+ T-cell expansion during acute EBV infection is caused by CD8+ T cells specific for a 

relatively low number of – mainly – early lytic switch proteins, which can make up to 50% of 

total CD8+ T-cell numbers 5; 75; 76. 

After resolution of acute infection, many individuals still harbour an important number of CD8+ 

T cells specific for EBV lytic switch antigens, but these cell populations decrease more than 

those directed towards latent proteins 76. There is also a number of latent epitopes that are 

only targeted during latent infection 71; 76. This might be related to replicative senescence of 

lytic antigen-specific CD8+ T cells, as these cells have expanded to a much larger extent than 
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latent antigen-specifc cells during acute infection 77; 78. Although an upregulation of telomerase 

activity in EBV-specific CD8+ T cells during acute infection suggests this might not play a role 
79. The pattern of immunodominance during latent infection may be a reflection of the relative 

abundance of target cells expressing lytic vs. latent EBV proteins. Furthermore, most latent 

antigen-specific CD8+ T cells express the lymph node homing marker CCR7, whereas an 

important proportion of lytic antigen-specific CD8+ T cells have down-regulated this receptor 76; 

80. This suggests they might be primed, and act, in different compartments. Interestingly, in 

parallel to the very constant number of EBV-infected B cells over time 20, the number of EBV-

specific latent and lytic antigen-specific CD8+ T cells is very stable in healthy individuals 76, 

reflecting a very tightly regulated individual setpoint. 

EBV-specific CD8+ T cell numbers are easily detected in asymptomatic HIV carriers 81; 82, 

although their function as measured by the ability to produce IFNγ is lower than in healthy EBV 

carriers 63. In HIV-infected subjects progressing to EBV positive NHL, a loss of EBV-specific 

CD8+ T-cell precursors was found 81. More recently, a loss of EBV-specific CD8+ T-cell function 

(using ex vivo IFNγ production upon stimulation with EBV peptides as a read-out 83) was 

observed, whereas EBV-specific CD8+ T-cell numbers (measured using HLA peptide teramers 
74) were preserved 63. Loss of functional EBV-specific CD8+ T-cell function correlated with total 

CD4+ T-cell numbers, suggesting that a loss of (specific) CD4+ T-cell help might play a role in 

progression towards EBV-related NHL. 

 

CD4+ T-cell help in viral infections 
Several studies in mice have shown the requirement of CD4+ T cells in priming antigen 

presenting cells for efficient induction of CD8+ T cells 84-86. More recently it has been confirmed 

that indeed, the presence of CD4+ T help during the priming phase is required for the 

generation of an effective CD8+ T cell memory response 87-89, in particular for the differentiation 

from effector to memory CD8+ T cells 90; 91. During chronic infections, earlier studies on LCMV 

infected mice have shown that CD4+ T cell help is especially needed for the maintenance of 

CD8+ T cells in situations of chronic high antigenic load 92; 93. CD8+ T cell-mediated control of 

latent murine herpesviruses is also progressively lost in the absence of CD4+ T cells 94, while 

CD4+ T cells specific for the murine herpesvirus 68 are present in both acute and latent 

phases of infection 95. In macaques CD4+ T-cell help is indispensable for the development of 

CD8+ T cells recognising mutated HCV epitopes 96. 

Also in the human setting, evidence for the importance of specific CD4+ T cell help to control 

viral infections is accumulating. In HIV infected individuals, the detection of IFNγ secreting 

and/or proliferating HIV-specific CD4+ T cells clearly is associated with control of the virus 97; 98. 

In agreement with this, HCV-infected individuals that clear the infection display a much 

stronger and broader HCV-specific CD4+ T cell response than chronic virus carriers 99. 

Recently, it was shown that asymptomatic seroconversion for CMV after kidney transplantation 

is associated with the presence of IFNγ-producing CMV-specific CD4+ T cells 100. Furthermore, 
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the persistence of adoptively transferred CMV-specific CD8+ T cells in bone marrow recipients 

was related to the detection of CD4+ T cell responses to CMV 101. 

At the time this study started, few data were available on EBV-specific CD4+ T cells. Lack of 

perturbation of the vβ usage in the CD4+ T-cell compartment during acute EBV infection 

suggested that these reponses are much lower than the CD8+ T-cell response 102. Stimulation 

of PBMC with autologous EBV-transformed B-lymphoblastoid cell lines led to the isolation of a 

few clones specific for latent EBV antigens 103; 104, of which some were able to recognise class 

I defective Burkitts’ lymphoma cell lines 105. Furthermore studies using either vaccinia 

construct-infected dendritic cells or EBV-derived peptides revealed that EBNA1 was frequently 

recognized by healthy donors, and to a lesser extent EBNA3C 106-109. It remains to be 

established which role EBV-specific CD4+ T cells play a role in vivo, either for direct 

recognition of EBV-infected B cells and / or by providing help to the CD8+ T cells, although 

many studies of other infections in either mouse or man suggest the latter may be important. 

  

Highly active antiretroviral therapy and EBV 
Since the late 1990’s, so called highly active antiretroviral therapies (HAART)(consisting of 

combinations of nucleoside analogue reverse transcriptase inhibitors (NRTI110) and /or non-

nucleoside reverse transcriptase inhibitors (NNRTI111) together with protease inhibitors (PI112; 

113)), are widely used for treatment of HIV in the Western world. Successful application of these 

pharmaceuticals leads to long-term suppression of HIV and a recovery of CD4+ T-cells. The 

introduction of these therapies has led to a significant decline in many HIV-related 

opportunistic infections and HIV-related mortality 114-117. 

The influence of HAART on the incidence of EBV-related lymphomas was not immediately 

clear, as these malignancies are thought to arise through the accumulation of a number of 

factors in HIV-infected subjects, and not only due to immune deficiency 118; 119. However, it has 

now become clear that the incidence of (EBV-related) NHL has declined 120-122 and the 

prognosis has considerably improved 123-126.  

Until now, the influence of HAART treatment on EBV viral DNA load in PBMC remains unclear. 

Both cross-sectional 64 and longitudinal studies 127; 128 in subjects treated by HAART for up to 1 

year do not show a consistent pattern of change after initiation of antiretroviral therapy. Two 

studies report an amelioration of the EBV-specific CD8+ T-cell response after initiation HAART, 

as measured by the ability to secrete IFNγ upon ex vivo stimulation with synthetic peptides 82. 

This correlated with total CD4+ T-cell numbers 127.  
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Scope of this thesis 
The aim of the studies described in this thesis was to gain more insight into the factors that 

determine the outcome of EBV infection in HIV-infected subjects. Earlier studies had left us 

with two main questions:  

1) How to explain that the EBV DNA load in PBMC from HIV-infected subjects is often 

elevated, but not predictive for the occurrence of EBV-positive lymphoma 

2) Whether a loss of EBV-specific CD8+ T-cell function, which was observed in individuals 

progressing towards EBV-positive lymphoma, was due to a lack of EBV-specific CD4+ T-cell 

help.  

 

Therefore, we set out to study two phenomena which are interrelated and characteristic for 

HIV infection – chronic immune activation and CD4+ T-cell loss - and are very likely to 

influence the nature of EBV infection and the immune control over EBV. In chapter 2 we 

studied how EBV load changes after HIV seroconversion, and whether this relates to loss of 

immune function. In chapter 3, we aimed to determine to what extent immune activation might 

be a factor explaining the findings in chapter 2 and earlier studies. Subsequently, we 

developed a protocol that would allow us to measure EBV-specific CD4+ T cells, which is 

described in chapter 4. Next, we studied the role of EBV-specific CD4+ T cells in maintenance 

of control over EBV infection (chapter 5). 

Since the mid 90’s, the wide spread use of highly active antiretroviral therapies in the Western 

world has led to a significant decrease in the incidence of AIDS-related lymphomas. In the last 

part of this thesis, we studied how the use of highly active antiretroviral therapies affects both 

immune activation and EBV load on the one hand and virus-specific T-cell responses on the 

other hand (chapters 6 and 7), and how this may relate to changes in lymphoma incidence.  

 

Chapter 8 provides a general discussion on the several aspects of EBV infection studied here, 

and the implications for understanding the specific nature of EBV infection in HIV-seropositive 

subjects. 
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Altered EBV viral load Setpoint after HIV Seroconversion is in 
accordance with lack of predictive value of EBV load for the 
occurrence of AIDS-related Non-Hodgkin Lymphoma 
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Abstract 
In contrast to the situation in the post-transplant setting, in HIV-infected individuals an 

elevated EBV load is not predictive of EBV-related malignancies. To study whether a 

high EBV load is a normal situation already early in HIV infection, and not related to a 

decrease in immune function over time, we investigated EBV load and EBV-specific 

CD8+ T cells ~ 1 year before and 1 year after HIV seroconversion. EBV load 

significantly increased after HIV seroconversion from 205 to 1002 copies/106 PBMC 

(p<0.001), whereas no further increase in EBV load was observed between 1 and 5 

years after HIV seroconversion (median 1827 to 2478 copies/106 PBMC; p=0.530). 

Interestingly, the absolute number of EBV lytic epitope RAK-specific CD8+ T cells 

increased over HIV seroconversion (4.78 to 9.54/μl, p=0.011). Furthermore, the fraction 

CD27-negative effector RAK-specific CD8+ T cells tended to increase (from 12.2 to 

17.31 %CD27-, p=0.051), in accordance with antigen-driven differentiation. In 

conclusion, both virological and immunological data support the idea that a new EBV 

viral setpoint is reached already early in HIV infection, probably by EBV reactivation, as 

suggested by the preferential increase in EBV lytic epitope-specific CD8+ T cells. These 

data may thus help to explain the lack of predictive value of EBV load for the 

occurrence of AIDS-related lymphoma. 
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Introduction 

The Epstein-Barr virus is a widespread human γ-herpesvirus. Primary infection with EBV is 

usually asymptomatic, but can cause infectious mononucleosis (IM) when occurring at 

adolescence 1. After primary infection the virus persists for life in a latent form in resting 

memory B-cells 18; 129. As in many viral infections, CD8+ T cells are thought to play a major role 

in the control of both primary infection as well as subsequent reactivations of the virus from the 

latently infected B-cell pool 25; 26. In immunosuppressed individuals, a combination of factors 

including inappropriate immune control of the virus may lead to lymphoproliferative disorders. 

In HIV-infected individuals, the incidence of non-Hodgkin Lymphomas (NHL) is considerably 

increased compared to healthy individuals, and around 75% of these lymphoma are EBV 

positive 130. Most EBV-positive AIDS-NHL are either systemic or primary central nervous 

system lymphoma (PCNSL) 2. During the acute phase of primary EBV infection - which is 

accompanied by an elevated EBV load in both infectious mononucleosis and asymptomatic 

EBV seroconversion 4; 131 - most of the CD8+ T cells are directed against EBV early lytic 

proteins, while during the transition to latent infection relatively more CD8+ T cells are directed 

towards latent antigens 76; 132. 

Latent EBV infection is characterised by a tightly regulated number of infected B cells in the 

peripheral blood, with less than 10% variation over a period of years in healthy individuals 20, 

and generally a viral load of <0.1-5 EBV copies per 106 PBMC 57. Cross-sectional studies have 

shown that in transplant recipients and AIDS patients with lymphoproliferative disorders, EBV 

load at diagnosis was much higher than in healthy individuals (4.104 to >1.5x106 and >2x105 

EBV copies/106 PBMC, respectively) 57; 133. In the post-transplantation setting, an increased 

EBV load is highly predictive for the occurrence of EBV-related malignancies 57; 60. In contrast, 

retrospective studies have shown that in HIV-infected individuals, EBV load is high and 

fluctuates, irrespective of the subsequent development of EBV-positive lymphoproliferative 

disorders 62; 64. Although the number of EBV copies increases over time in patients progressing 

to AIDS-related NHL, there is no correlation between absolute EBV load and the occurrence of 

NHL, in contrast to the situation in transplant patients. Even more, individuals progressing to 

EBV-positive NHL were not found amongst those with the highest EBV load. 62. 

In HIV-infected individuals who do not progress to EBV-related malignancies, EBV-specific 

CD8+ T cells are relatively well preserved 81; 82. CD8+ T cell function as measured by the ability 

to secrete IFNγ in short-term antigen-specific stimulation assays is lower compared to healthy 

individuals 63, and collapses completely in individuals that subsequently develop malignancies, 

suggesting that EBV is still under control during HIV infection in most individuals. Recent data 

suggest that also in the transplantation setting - both in solid organ as well as stem-cell 

transplantation - a high EBV load is not necessarily associated with progressive viral disease, 

as long as a sufficient EBV-specific CD8+ T cell response is present 134; 135. To explain why 

EBV load is increased in HIV-infected individuals, despite sufficient immune control to avoid 

malignancies, other factors could be involved. HIV infection is associated with a state of high 
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immune activation 40; 136, whereby both acute and chronic activation of B-cells 137 may lead to 

an increase in EBV replication and an elevated EBV load. 

We therefore hypothesized that after HIV seroconversion the EBV viral setpoint - defined as an 

equilibrium between virus and immune response - may be altered, resulting in an elevated 

EBV load in combination with an apparently adequate CD8+ T cell response. To investigate 

whether such a new balance is reached after HIV seroconversion, we studied both EBV load 

and EBV-specific CD8+ T cells before and after seroconversion for HIV.  

 

 

Materials and methods 
 

Study population 
This study was performed on participants of the Amsterdam Cohort studies on AIDS and HIV-1 

infection. Blood samples from these homosexual men at risk for HIV-1 infection were collected 

every three months for HIV-1 serology and immunological studies. In addition, at all time points 

PBMC were cryopreserved.  

In a cross-sectional analysis, we studied EBV load in 61 HIV-1 seropositive homosexual men 

and 26 homosexual men who remained HIV-1 seronegative over time. The HIV+ homosexual 

men consisted of 22 long-term non-progressors (LTNP), who remained free of clinical 

symptoms for at least 9 years and had a mean CD4+ T cell count of 400/µl in the eight and 

ninth year. In addition, 39 progressors to AIDS (within 2 to 7 years of HIV-positive follow-up) 

were studied. These individuals were part of a nested case control study, in which 1 LTNP was 

matched to two progressors based on 1) mean CD4 count at year two of HIV-seropositive 

follow-up, 2) HIV-serostatus at study entry (seroconverter or seropositive) and 3) age at 

seroconversion/first HIV positive visit 138.  

In a longitudinal analysis, we measured EBV load in 36 cohort participants who seroconverted 

for HIV during follow-up. Amongst the 36 seroconverters for HIV, 26 were progressors to 

AIDS, 5 were LTNP, and 5 had a too short follow-up time to enable classification in either of 

these 2 categories. In all 36 individuals, EBV load was measured 1 to 3 years before and 1 

year after seroconversion for HIV. In 13 of these individuals we could also measure EBV load 

at 5 years post HIV seroconversion. Based on HLA type and availability of PBMC, we were 

able to measure EBV-specific CD8+ T cells in 16 of these individuals.  

The characteristics of the individuals under (longitudinal) study are summarized in table I. 

None of the individuals studied received highly active antiretroviral therapy before or at the 

time points studied. 
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Table I - Characteristics of 36 individuals studied before and after HIV seroconversiona 

 Nb N 
t3b 

Age   t1c  t2c  t3c CD4t1d CD4t2d CD4t3d 

All 36 13 35       
(23-51) 

-30       
(4-130) 

14      
(5-30) 

64       
(53-111) 

900       
(310-1740) 

490       
(160-1690) 

410     
(190-990) 

LTNP 5 3 42        
(29-51) 

-34     
(10-44) 

15    
(14-15) 

64       
(64-111) 

810       
(760-1740) 

490       
(360-1690) 

800     
(600-990) 

PROG 26 10 35.5    
(23-50) 

-29       
(4-98) 

14      
(5-30) 

64       
(53-67) 

900       
(310-1700) 

510       
(160-1190) 

350     
(190-480) 

UND 5 0 37       
(29-43) 

-117    
(11-130) 

11      
(9-15) 

Nd 760       
(420-960) 

460       
(350-1350) 

Nd 

 

aData are expressed as median values (range). Age is given in years. bNumber of individuals studied at timepoint 1 and 2 (N) 

and timepoint 3 (Nt3), respectively cTime to seroconversion in months. dCD4 numbers per μl at different timepoints; t1 =before 

HIV seroconversion, t2=1 year after HIV seroconversion, t3=5 years after HIV seroconversion. 
 
Lymphocyte isolation and DNA extraction 
PBMC were isolated from heparinized blood by Ficoll-hypaque density centrifugation and 

1x106 cells were lysed by addition of L6-lysis buffer. Genomic DNA was extracted by 

precipitation with isopropanol, washed twice with 70% ethanol and dissolved in distilled H2O.  

 

Real-time quantitative PCR assay for measurement of EBV load in PBMC 
DNA from 2x105 cells was amplified in duplicate using PCR primers specific for the non-

glycosylated membrane protein BNRF1 p143 139. Real-time PCR amplification was performed 

as previously described 62; 140, using a fluorogenic probe (PE Biosystems, Nieuwekerk aan de 

IJssel, NL) to detect the 74 basepairs product. Amplification and detection were performed 

using an ABI Prism 7700 Sequence detector (PE Biosystems). Real-time measurements were 

taken and a threshold cycle (Ct) value was calculated for each sample by determining the 

point at which the fluorescence exceeded a threshold limit of 0.10. The detection limit of this 

assay was initially reported as 50 copies/106 PBMC, however values above 10 copies/106 

PBMC were included when less than 10% variation was observed between duplicates, and 

otherwise scored as 0. Values below detection limit were included in the statistics.  

As a control for the input DNA and to compensate for differences between samples, for each 

sample the amount of β-albumin DNA, a household gene present at 2 copies/cell, was also 

determined. The forward primer was F-ALB 5'-TGA.AAC.ATA.CGT.TCC.CAA.AGA.GTT.T-3' 

and the reverse primer R-ALB 5'-CTC.TCC.TTC.TCA.GAA.AGT.GTG.CAT.AT-3'. The 

fluorogenic probe was 5'-TGC.TGA.AAC.ATT.CAC.CTT.CCA.TGC.AGA-3', with a FAM 

reported molecule attached to the 5’ end and a TAMRA quencher linked at the 3’ end 141. 

 
Flow cytometry and Tetramer staining 
MHC class I tetramers complexed with EBV-peptides were produced as previously described 63; 

142. Two HLA B8-restricted immunodominant peptides were used, derived from the EBV lytic cycle 

protein BZLF1 (RAKFKQLL), and from the latent antigen EBNA-3A (FLRGRAYGL), respectively 
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25. Biotinylated class I peptide complexes were tetramerized by addition of allophycocyanin (APC) 

or phycoerythrin(PE) conjugated streptavidin.  

Four-color fluorescence analysis was performed. Briefly, PBMC were thawed and 1-1.5 x 106 cells 

were stained with PerCP conjugated Mab CD8, CD27 PE, CD45RO Fitc (BD Biosciences, San 

José, California, USA) and one of both HLA peptide tetramers, conjugated with APC, to study 

tetramer numbers and phenotype. To study the fraction of EBV-specific CD8+ T cells in cycle, 

cells were stained for CD8 and both tetramers, subsequently cells were permeabilized (FACS 

Permeabilizing Solution, BD) and stained intracellularly with a Fitc-conjugated Mab for Ki67 

(Novocastra, UK). At least 200,000 events were acquired using a FACSCalibur flow cytometer 

(Becton Dickinson). Lymphocytes were gated by forward and sideward scatter and data analysed 

using the software program CellQuest (Becton Dickinson).  

 

Detection of IFNγ-producing CD8+ T cells  

IFNγ producing cells after ex vivo stimulation with EBV peptides were enumerated by IFNγ-

specific ELISpot and/or intracellular cytokine staining (ICCS) assays as previously described 
63; 142.  

For the ELISPOT, we used 96 well nylon-backed plates (Nunc, Roskilde, Denmark) and 

monoclonal antibodies from MABTECH (Stockholm, Sweden). PBMC were added in triplicate 

wells at 1x105 cells per well, in the absence or presence of 10 μg/ml peptide, and incubated 

overnight at 37°C and 5%CO2. As a positive control to test the capacity of PBMC to produce 

IFNγ in general, Phytohemagglutinin (Murex Diagnostics, Dartford, UK) was added. Individual 

cytokine-producing cells were detected as dark purple spots which were counted using an 

automated spot reader (Automated ELISA-Spot Assay Video Analysis Systems, AEL.VIS., 

Software version 3.2, Hannover, Germany). The number of responsive EBV-specific CD8+ T 

cells was calculated by substracting negative control values, and compensated for the fraction 

of viable lymphocytes within the PBMC, as measured by FACS analysis in the same samples. 

For the measurement of EBV-specific IFNγ-producing CD8+ T cells by ICCS, 106 PBMC were 

stimulated in 500 μl medium containing 10% fetal Calf serum for 6 hours with 10 μg/ml of 

peptide, in the presence of 3 μM monensin for the last 5 hours to allow accumulation of 

cytokines. Unstimulated cells were used as a negative control, and as a positive control cells 

were stimulated with 10ng/ml PMA and 2μg/ml ionomycin. After stimulation the cells were 

stained for extracellular CD8 and intracellular IFNγ, as described previously 142.  

 

Statistical analysis 
To compare EBV DNA copy numbers, numbers of EBV-specific CD8+ T cells and numbers of 

IFNγ-producing cells in paired samples before and after seroconversion for HIV, the Wilcoxon 

Signed Rank test was used. For comparison of EBV load between different groups, Mann-

Whitney tests were used. Correlations between CD4+ T cell numbers and EBV load were 

calculated with the Spearman's correlation test, using the software program SPSS 10.0 for 

Windows (SPSS Inc., Chicago, IL). 
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Results  
 
High EBV load in HIV-infected individuals is not related to immunodeficiency.  
To investigate EBV load in HIV-infected compared to non-infected individuals, we studied EBV 

load in 25 HIV_ and 61 HIV+ homosexual men. As shown in figure 1A, EBV load in HIV+ 

(homosexual) men (median 565/106 PBMC, range 0–88.750) was much higher than in HIV_ 

(homosexual) men (median 12/106 PBMC, range 0–132) (p<0.001, by Mann-Whitney U test). 

 
Figure 1 - Cross-sectional analysis of 

EBV load in HIV- and HIV+ homosexual 
men. A) EBV load (copies per 106 PBMC) was 

measured by real-time TaqMan PCR in 26 HIV-

negative homosexual men (left) and 61 HIV-

positive homosexual men at 1 to 3 years after HIV 

seroconversion (right). EBV load was significantly 

higher in the HIV-positive (median 565 copies per 

106 PBMC) than in HIV-negative group (12 copies 

per 106 PBMC), p<0,001, by Mann Whithney U 

test. B) No correlation was found between EBV 

load (copies per 106 PBMC) and CD4+ T cell 

counts (cells per μl blood), R=0,027 and p=0,838 

(Spearman's correlation test).  
 

To study whether the degree of HIV-related immune deficiency is associated with the observed 

elevated EBV load, the 61 HIV+ homosexual men were subdivided into 22 long-term non- or 

slow- progressing individuals and 39 rapid progressors to AIDS. No difference in EBV load 

was found between these groups (median 388 and 597, respectively, p= 0.417; table II). In 

addition, no difference in EBV load was found between 28 HIV+ homosexual men with CD4+ T 

cell numbers below 400/μl and 33 with CD4+ T cell numbers above 400/μl (median 846 and 

425, respectively, p= 0.685; table II). Likewise, a similar EBV load was observed in HIV+ 

homosexual men with CD4+ T cell numbers below 200/μl (n=9) and above 200/μl (n=52) 

(median 198 and 583, respectively, p= 0.290; table II). Moreover, there was no correlation 

between EBV load and CD4+ T cell numbers in HIV+ homosexual men (r=0.027 and p=0.838, 

by Spearman's correlation test; figure 1B).  
 

Table II - Comparison of EBV load between different groups of HIV-infected individualsa 

HIV+ homo N EBV load/106 PBMC (median) Range p-value 
Non-progressors 22 388 0-88.750  
    0,417 
Progressors 39 597 0-35.313  

CD4≤400 28 846 0-27.460  
    0,685 
CD4>400 33 425 0-88.750  

CD4≤200 9 198 0-9.802  
    0,290 
CD4>200 52 583 0-88.750  
 

a n = number of individuals tested; non-progressors = HIV-1 infected individuals who were long-term non-progressors or slow 
progressors to AIDS; progressors = progressors to AIDS; CD4 = CD4+ T cell numbers/μl . EBV load was measured between 1 to 3 
years after study entry or seroconversion. 
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Increase in EBV load after HIV seroconversion. 
The higher EBV load observed in our cross-sectional analysis may be caused by different 

factors. One possibility is that there is a difference between the homosexual men who 

remained HIV-seronegative over time and those who seroconverted for HIV. The most obvious 

explanation however is that EBV load increases over HIV seroconversion. To confirm that the 

higher EBV load observed in HIV infected individuals compared to HIV-seronegative 

individuals is due to HIV-infection, we determined EBV load in 36 HIV-seroconverters before 

(median 30 months, range 4-130) and after HIV seroconversion (median 14 months, range 5-

30). As shown in figure 2A, a significant increase from 205 EBV copies per 106 PBMC (range 

0-4603) before HIV seroconversion to 1002 copies per 106 PBMC (0-50416) after HIV 

seroconversion was observed (p< 0.001, Wilcoxon Signed Rank test).  

 

 

Figure 2 - Longitudinal analysis of 

EBV load in PBMC before and after 
HIV seroconversion. A) EBV load was 

measured in 36 homosexual men at a 

median of 30 months before (Pre SC, left) 

and 14 months after (Post SC, right) HIV 

seroconversion. A significant increase from 

205 to 1002 copies per 106 PBMC was 

observed (p<0.001, by Wilcoxon Signed 

Rank test). B) In 13 homosexual men from 

the group above, EBV load (copies per 106 

PBMC) was measured 11 months before 

(Pre SC) and at 2 timepoints after HIV 

seroconversion (1 and 5 years, respectively). 

A significant increase (p=0.010) was found 

over HIV seroconversion, while EBV load did 

not increase anymore between 1 and 5 years 

after HIV seroconversion (p=0.530). 

To investigate whether EBV load further increased later on during chronic HIV-infection, we 

measured EBV load 5 years after seroconversion for HIV in 13 of the 36 individuals. Also 

within this smaller group we found an increase in EBV load early after HIV seroconversion 

(from 276 to 1827 copies, p=0.01). In contrast, the increase in EBV load from 1 to 5 years after 

HIV seroconversion was not significant (1827 and 2478 copies, respectively, p=0.530; figure 

2B). Thus, it seems that the high EBV load often observed in HIV-infected individuals is 

already reached early in HIV infection.  
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Increase in EBV load is paralleled by an increase of the number of EBV lytic antigen-
specific CD8+ T cells after HIV seroconversion.  
To study whether the increase in EBV load after HIV seroconversion was accompanied by 

changes in EBV-specific CD8+ T cells we used HLA-EBV peptide tetrameric complexes to 

measure the number of EBV-specific CD8+ T cells in 16 HLA-B8+ individuals before and after 

HIV seroconversion. CD8+ T cells recognizing immunodominant epitopes from latent EBV 

protein EBNA3A (FLRGRAYGL (FLR)) and early lytic EBV protein BZLF1 (RAKFKQLL (RAK)) 

were studied. Figure 3A shows staining representing the most frequent response, an increase 

in RAK-specific CD8+ T cells after HIV seroconversion and no change in FLR-specific CD8+ T 

cells. Overall, the percentage of CD8+ T cells recognizing RAK tended to increase after HIV 

seroconversion (median 0.67 to 1.06 % of CD8+ T cells, p= 0.163; data not shown). Since both 

the absolute number (median 570 to 840/μl blood, p=0.055) and the percentage (27.82 to 

40.85, p= 0.001) of CD8+ T cells had increased in a majority of individuals, we calculated the 

absolute numbers of EBV-specific CD8+ T cells in the peripheral blood for 13/16 individuals for 

which these data were available. As shown in figure 3B (left panel), the absolute number of 

RAK-specific CD8+ T cells increased significantly (median 4.78 to 9.54/μl, p=0.011). In 

contrast, the frequencies and numbers of CD8+ T cells specific for FLR did not change 

significantly (median 0.14 to 0.16% (p= 0.73) and 0.83 to 1.60 per μl (p=0.53), respectively; 

data not shown and figure 3B, right panel). 

Figure 3 - Increase in the number of 

lytic antigen-specific CD8+ T cells after 
HIV seroconversion. A) Representative 

tetramer staining of EBV-specific CD8+ T cells 

specific for a lytic (RAK, upper panels) and latent 

(FLR, lower panels) epitope, before (left, Pre SC) 

and after (right, Post SC) HIV seroconversion. An 

increase in the number of CD8+ T cells towards the 

lytic epitope is observed after HIV seroconversion. 

The values in the upper right quadrant indicate the 

percentage of tetramer-staining cells within the 

CD8+ T cell subset. B) Overview of the changes in 

lytic (RAK, upper panel) and latent (FLR, lower 

panel ) antigen-specific CD8+ T cells over HIV 

seroconversion. Values indicate the absolute 

numbers (cells per μl blood) of epitope-specific 

CD8+ T cells. A significant increase in the absolute 

number of RAK-specific CD8+ T cells was 

measured (13 individuals), from 4,78 per μl before 

to 9,54 per μl after HIV seroconversion (p=0.011, 

by Wilcoxon signed Rank test). 
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Evidence for antigen-driven differentiation of EBV lytic antigen-specific CD8+ T cells. 
The differentiation state of CD8+ T cells can be defined by several markers. Using CD27 and 

CD45RO, it has been shown that antigen-driven phenotypical changes occur when CD8+ T 

cells differentiate from naïve (CD27+CD45RO-) to memory (CD27+CD45RO+) and effector 

(CD27-CD45RO+/-) CD8+ T cells 143. We have recently shown that in asymptomatic HIV-

infected individuals the fraction of CD27-negative EBV-specific T cells increases over time, 

suggesting an adequate response to a high EBV burden 144. To obtain more insight in possible 

phenotypic changes of EBV-specific T cells over HIV seroconversion, we analysed CD27 and 

CD45RO expression on EBV-specific CD8+ T cells. Figure 4A shows an example of the 

(phenotypic) distribution of EBV-specific T cells over seroconversion. Interestingly, RAK-

specific T cells showed a trend to an increased percentage of CD27- T cells over HIV 

seroconversion. (from 12.2 to 17.3%, p=0.051; figure 4B, middle panel). In accordance with 

this, a correlation between the increase in the percentage of CD27-negative RAK-specific T 

cells and the increase in the number of RAK-specific cells was found (r=0.750, p= 0.020, by 

Spearman's correlation test; figure 4 C).  

 

Figure 4 - Changes in 

phenotype of EBV-specific CD8+ 
T cells over HIV seroconversion. 
In 9 individuals EBV-specific CD8+ T 

cells were stained for CD27 and CD45 

RO. A) Phenotypical analysis of PBMC 

from a representative individual by CD27 

and CD45RO staining before (pre SC, 

left) and after (post SC, right) HIV 

seroconversion. Cells were gated on 

total CD8+ T cell subset (above), RAK-

tetramer positive cells (middle) and FLR-

tetramer positive cells (lower). The 

values in the FACS plots indicate the 

percentage in each quadrant. B) 

Overview of the percentage of CD27 

negative cells before (Pre SC) and after 

(Post SC) HIV seroconversion, gated on 

total (above), RAK-specific (middle) and 

FLR-specific (lower) CD8+ T cells. The 

fraction of CD27 negative RAK-specific 

CD8+ T cells tended to increase over 

HIV seroconversion (p=0.051, by 

Wilcoxon Signed Rank test). C) 

Correlation between the changes in the 

absolute number of RAK-specific CD8+ T 

cells and the fraction of CD27 negative 

cells within this subset (r=0,750; 

p=0.020, by Spearman's correlation 

test). 
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We did not observe significant phenotypical changes for FLR-specific CD8+ T cells or the 

whole CD8+ T cell population (figure 4B, lower and upper panel, respectively). These data thus 

corroborate an antigen-induced expansion of RAK-specific CD8+ T cells. 

 

No increase in IFNγ production by EBV-specific CD8+ T cells after HIV seroconversion. 

We have shown previously that in HIV-infected individuals, CD8+ T cell function - defined as 

the fraction of IFNγ-producing cells within the tetramer positive cells - is diminished compared 

to healthy EBV carriers 63. In order to assess the functional capacity of the EBV-specific CD8+ 

T cells over HIV seroconversion, we stimulated PBMC from 16 donors with RAK and FLR 

peptides. IFNγ-production was measured by either ELISPOT (after 18 hours) or intracellular 

cytokine staining (after 6 hours). As these two techniques do not lead to different percentages 

of IFNγ-producing CD8+ T cells in our hands (data not shown)63, we used both, depending on 

the number of cells available. An example of intracellular cytokine staining is given in figure 

5A, showing an increased percentage of IFNγ-producing RAK-specific CD8+ T cells after HIV 

seroconversion. In general, however, both the frequency (data not shown) and absolute 

numbers (figure 5B) of cells specific for the lytic epitope RAK (median 0.27 to 0.21% of CD8+ T 

cells (p= 0.9l) and 1.5 to 2.01 cells/μl (p= 0.239)) and latent epitope FLR (0.07 to 0.06% of 

CD8+ T cells (p= 0.215) and 0.45 to 0.58 cells/μl (p= 0.65)) did not change significantly. 

 

Figure 5 - IFNγ production by EBV-

specific CD8+ T cells after ex vivo 
restimulation with RAK and FLR 
peptides. A) Representative intracellular 

cytokine staining of PBMC before (left, 
Pre SC) and after (right, Post SC) HIV 
seroconversion. Cells were stimulated for 
6 hours (of which 5 in the presence of 3 

μM monensin) with medium (above), 10 

μg/ml RAK (middle) or FLR (lower) 

peptide. The values in the upper right 

quadrant indicate the percentage of IFNγ-

producing cells within the CD8+ T cell 

fraction. B) Overview of the IFNγ-

production before (Pre SC) and after (Post 
SC) HIV seroconversion upon stimulation 
with lytic (RAK, upper figure) and latent 
(FLR, lower figure) EBV epitopes. Values 
indicate the absolute numbers (cells per 

μl blood) of IFNγ-producing CD8+ T cells 

after stimulation with peptide (13 
individuals). No differences were 

observed in IFNγ production between pre 

and post-seroconversion samples. 
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cells binding for HLA-peptide tetramers from the same EBV epitope. We did not find significant 

changes for neither RAK (median 0.29 to 0.25; p=0.639) nor FLR (0.63 to 0.44; p=0.177), 

indicating that 1 year after HIV infection the capacity of EBV-specific CD8+ T cells to produce 

IFNγ was not yet significantly reduced. 

 
 
Discussion 
EBV-related non-Hodgkin Lymphoma are a frequent event in immunocompromised patients. 

Unlike in the post-transplant setting, an elevated EBV load is not a useful marker for prediction 

of EBV-related malignancy in HIV-infected patients 57; 60; 62; 64. In healthy individuals, a very 

constant number of EBV copies is maintained over time. As for other chronic viral infections, 

the exact combination of factors determining a so-called viral setpoint – which can include viral 

strain(s), numbers and function of CD4+ and CD8+ T cells, HLA type, antibody response, co-

infection with other pathogens - is unknown. We hypothesized that after HIV infection, the 

tightly regulated equilibrium between EBV and host could be altered by a number of factors, 

including activation of B-cells and possibly declining CD8+ T-cell function, well before control 

over EBV is lost. Therefore, we studied both EBV load and EBV-specific CD8+ T cell 

responses in individuals seroconverting for HIV. EBV load was investigated in HIV infected 

and non-infected individuals, both in a cross section of HIV- and HIV+ homosexual men and 

longitudinally in individuals seroconverting for HIV. Our results show a higher EBV load in HIV 

infected individuals compared to HIV seronegative individuals. In longitudinal measurements of 

individuals seroconverting for HIV, the increase in EBV load occurs during HIV 

seroconversion, while EBV load does not further increase later in HIV infection. Furthermore, 

numbers of CD8+ T cells directed towards the early lytic protein BZLF1 increased after HIV 

seroconversion. These data suggest that the EBV viral setpoint is altered after seroconversion 

for HIV.  

The most obvious explanation for a higher EBV load in HIV-infected compared to non-infected 

homosexual men would be the HIV-related immunodeficiency. However, we found no 

difference in EBV load between non-progressors and progressors to AIDS, and no relation 

with CD4+ T cell counts, suggesting that the degree of immunodeficiency has no influence on 

EBV load. A higher EBV load in HIV+ individuals compared to HIV_ individuals has been 

reported before 62; 64. In addition, we observed a higher EBV load in HIV- homosexual men 

compared to healthy heterosexual individuals from earlier reports 57. This suggests that other 

factors than immune deficiency determine EBV load, and that a high EBV load is not 

necessarily a reflection of loss of EBV immune control. This is also in accordance with a 

previous study 62 where we observed that EBV load was not higher in patients progressing to 

EBV-related Non-Hodgkin Lymphoma compared to other HIV+ individuals. Longitudinal 

analysis of EBV load in individuals seroconverting for HIV confirms that indeed most of the 

increase occurs early in HIV infection, while the increase later during chronic HIV infection is 

more gradual. It might well be that substantial B-cell activation during acute HIV infection – 
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which is associated with lymphadenopathies, mainly due to germinal centre formation – 

causes the major increase in EBV load. After acute HIV-infection, chronic activation of B-cells 

might maintain a high EBV load. High levels of antibodies to the VCA-p18 in HIV carriers with 

elevated EBV loads suggest EBV reactivation indeed occurs frequently 64. 

With respect to EBV-specific CD8+ T cells, we observed an increase in the absolute numbers 

of EBV-lytic antigen-specific CD8+ T cells after HIV seroconversion, whereas the pattern for 

latent antigen-specific CD8+ T cells seems less consistent. This might indicate a response to 

EBV reactivation during HIV seroconversion, which would resemble the situation in primary 

EBV, where mostly lytic antigens are targeted 76; 145. Another drive for expansion of lytic 

antigen-specific CD8+ T cells could be EBV replication in epithelial tissue, which is frequently 

reported in HIV 146; 147. In support of an antigen-driven expansion and differentiation of lytic 

antigen-specific CD8+ T cells, we found an increase in the percentage of CD27-negative RAK-

specific cells after HIV seroconversion. This may be comparable to the expansion observed in 

post-transplant patients for CMV-specific CD8+ T cells 148. Furthermore there was a correlation 

between the increase in the number of RAK-specific CD8+ T cells and the increase in the 

fraction of CD27-negative cells within this subset. We could not find evidence for an increased 

proliferation of RAK-specific CD8+ T cells by Ki67 measurement (data not shown). However, it 

is likely that the peak of this expansion occurred at the time of HIV seroconversion.  

Regarding the capacity of EBV-specific CD8+ T cells to produce IFNγ, both the percentage & 

the total numbers of these cells were maintained after HIV seroconversion. In accordance with 

this, the ratio between IFNγ-producing CD8+ T cells and tetramer-positive CD8+ T cells did not 

significantly decrease. This seems in contrast to our previous study, where we found a 

(significantly) lower fraction of IFNγ-producing cells within the tetramer-positive cells in HIV-

infected homosexual men compared to healthy heterosexual individuals 63. An explanation 

could be that we now made observations earlier in HIV infection, and that the decline in CD8+ 

T cell function was not yet prominent. Functional defects may not occur immediately (1 year) 

after HIV seroconversion, but occur over time, possibly related to chronic high antigenic load 
149; 150. These data together suggest that, at least early in HIV infection, CD8+ T cell mediated 

control of EBV is sufficient. Furthermore, whereas in our earlier report we compared HIV-

infected men with healthy blood bank donors, we now studied HIV seroconverters 

longitudinally. As most of these individuals already seemed to have an elevated EBV load - 

compared to healthy blood bank donors (with an undetectable load) - before HIV 

seroconversion, it may be that their CD8+ T cells were already less functional. 

Our results suggest the following sequence of events: first, primary HIV infection leads to a 

high degree of B-cell stimulation and a cytokine environment favorable for proliferating B-cells 
39 and reactivation of EBV from these cells, leading to a higher EBV load. Consequently, in 

response to EBV reactivation, EBV-specific CD8+ T cells expand. It may seem contradictory 

that EBV load does not return to basal levels if the CD8+ T cell response reacts adequately. 

However, since chronic HIV infection is also associated with increased immune activation, it 
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might be that an altered equilibrium is reached with higher background replication of EBV and 

a sufficient CD8+ T cell response to avoid uncontrolled proliferation of infected B-cells.  

In support of an altered EBV setpoint after HIV seroconversion, recent reports on the effects of 

highly active antiretroviral therapy do not show spectacular changes in EBV load, thus 

demonstrating that a relatively stable new equilibrium is attained 127; 128.  

In conclusion, our study shows that the high EBV load observed in HIV-infected individuals can 

be assigned to an increase in EBV load during HIV seroconversion, and not to a gradual 

increase later during HIV infection due to immune deficiency. Furthermore, confirming earlier 

data 62, we found no link between the absolute EBV load and the degree of progression to 

AIDS or loss of CD4+ T cells. The fact that EBV load can be very high despite the presence of 

a functional CD8+ T cell response explains earlier studies, which showed that measurement of 

EBV load in itself is not enough to predict malignancy. Recent reports in both the solid-organ 

as well as the bone marrow transplantation field also demonstrate that a high EBV load is not 

necessarily associated with lymphoproliferative disease, as long as an adequate CD8+ T cell 

response is also present 134; 135. However, iatrogenic and HIV-induced immune suppression 

are very different settings, which probably explains why in the first case EBV load has a much 

better predictive value for EBV-related malignancies. In transplanted patients, a high EBV load 

results mainly from a lack of EBV-specific CD8+ T cell immunity. In contrast, chronic HIV leads 

to gradual degradation of the immune system. The combination of HIV-associated chronic 

immune activation, CD4+ T cell depletion, exhaustion of CD8+ T cells and diverse B-cell 

dysfunctions can ultimately lead to uncontrolled proliferation of EBV-infected B-cells and 

lymphoma. Our data show that in HIV-infection an elevated EBV load together with a sufficient 

CD8+ T cells response is a normal situation, and thus explain why absolute EBV load in itself is 

not a good predictive marker for EBV-related malignancies.  
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Abstract 
In HIV-infected individuals EBV load is elevated in the presence of a functional CD8+ T-cell 

response, and is not predictive of EBV-related malignancies. To investigate the influence of 

immune activation on EBV DNA load in peripheral blood, we studied EBV load and immune 

activation markers in individuals with a chronically activated immune system, amongst whom 

HIV seronegative and positive homosexual men and healthy and HIV positive Ethiopian 

subjects. The groups with a more activated immune system, as measured by expression of 

CD38 and HLA-DR on T cells, had a higher EBV load. Furthermore, in HIV-infected 

homosexual men, increases in EBV load over time correlated with increases in immune 

activation, but not changes in absolute CD4+ T-cell numbers.  

The results support the idea that chronic activation of the immune system can lead to an 

increase in the number of EBV-infected B cells, whereas transient immune activation after 

yellow fever vaccination did not affect EBV load in peripheral blood. Most importantly, EBV 

load before HIV seroconversion correlated strongly with EBV load after HIV infection. Thus, 

the level of EBV load in HIV-infected subjects is a reflection of the individual EBV setpoint, and 

not of a loss of immune control over EBV. 
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Introduction 

The Epstein-Barr virus (EBV) is a widespread γ-Herpes virus, which persists for life in the 

memory B-cell pool of healthy carriers, taking advantage of the normal B-cell biology 20; 151. 

Because of its oncogenic capacities, it is associated with a number of malignancies, especially 

in immunosuppressed subjects. In transplant recipients, an elevated EBV load has a strong 

predictive value for the occurrence of EBV-related lymphoproliferative disease 57; 59; 61. In 

contrast, EBV DNA load in peripheral blood of HIV-infected subjects is often elevated, 

irrespective of progression to AIDS 62; 64. We recently observed that after HIV seroconversion, 

a strong increase in EBV DNA load occurred, despite functional EBV-specific CD8+ T-cell 

responses 152. Furthermore, a number of findings suggest an increased reactivation rate of 

EBV during acute and chronic HIV infection. During acute HIV infection, increased frequencies 

of activated EBV-specific, but not Influenza-specific CD8+ T cells infection were found 153; 154. In 

addition, HIV-infected individuals were found to have elevated titers of antibodies to the EBV 

viral charge antigen 64; 155, and elevated numbers of EBV lytic antigen-specific CD8+ T cells 152.  

An elevated EBV load is observed in a number of clinical settings, without clear indications for 

loss of immune control over EBV, such as systemic lupus erythomastosus 156, environmentally-

induced immune activation 157, and primary CMV infection 158; 159. Also in vitro experiments 

show that activation of B cells can induce lytic replication of EBV 160; 161, whereas interaction 

between T and B cells via CD40L-CD40 is essential for the regulation of EBV latency and 

reactivation 38; 162. 

HIV infection is associated with an important perturbation of the normal B-cell biology 49, 

including hypergammaglobulinemia due to both HIV-specific and HIV non-specific stimulation 
163; 164, decreased memory B-cell numbers 44, and decreased responsiveness to specific and 

non-specific stimuli 42; 46; 48. Thus, it appears very likely that, even in the presence of an EBV-

specific T-cell response sufficient to avoid the outgrowth of EBV-driven malignancies, EBV-

infected B cells will be much more frequently reactivated, and that this could gradually lead to 

a larger pool of EBV-infected B cells in the periphery. 

The aim of this study was to compare groups with different degrees of immune activation for 

their EBV load, and test whether immune activation is a determinant of increased EBV load in 

HIV-infected subjects. To this end, we compared EBV DNA load in PBMC and expression of 

T-cell immune activation markers between HIV seronegative Dutch heterosexual, and groups 

of subjects with known increased immune activation: HIV-seronegative and -positive 

homosexual subjects 165 and HIV-seronegative and –positive Ethiopians 166; 167. In addition, we 

studied these parameters in 6 healthy subjects in relation to vaccination against yellow fever, 

and compared EBV load between 30 healthy Dutch heterosexual controls, , and 32 healthy 

anti-RhD donors, who where repeatedly immunized against the highly immunogenic blood 

group antigen RhD. 



 36  
 

Materials and methods 
Study population 
Immune activation groups 

A cross sectional study of EBV load and immune activation markers was performed on healthy 

Dutch heterosexual donors, HIV seronegative and seropositive Dutch homosexual men and 

HIV seronegative and seropositive Ethiopian subjects. Healthy Dutch heterosexual controls 

(n=12) were both lab donors and blood bank donors. PBMC from homosexual men were 

sampled and cryopreserved in the framework of the Amsterdam cohort studies on HIV and 

AIDS. We studied 35 subjects before HIV seroconversion, 45 at 1 year, and 26 at 5 years after 

HIV seroconversion (which were all included in earlier study on immune activation in HIV by 

Hazenberg & al 165). Furthermore, we studied EBV load in 36 HIV seroconverters 152, and 10 

HAART-treated individuals 168. Cryopreserved PBMC from 40 HIV seronegative and 49 of HIV 

seropositive Ethiopian subjects were obtained in the framework of the Ethio-Netherlands AIDS 

Research Project (ENARP). A brief description of all the groups is given in table I. 
 

Table I - Characteristics of study subjects 

Group age n M / F CD4% CD8% 
            
      
PreSC homo NL 34 (22-48) 35 all M 33 (21.1-54.4) 24.2 (11.7-45.7) 
1yr postSC homo NL 36 (25-57) 45 all M 23.2 (10.0-60.0) 37.2 (18.9-65.6) 
5yrs post SC homoNL 41 (28-61) 26 all M 18.6 (4.5-42.9) 45.5 (20.1-75.2) 
HIVnegEthiopians unknown 40 28  / 12  37 (12-50) 35 (14-73) 
HIVpos Ethiopians unknown 49 Unknown nd Nd 
HIVneg hetero NL unknown 12 Unknown 53.6 (25.6-62.1) 21.7 (15.4-36.9) 
 

Vaccination studies 

The effects of a single vaccination against yellow fever on EBV load were studied in 6 healthy 

homosexual men, aged 25 to 38 years (median 31), participating in the Amsterdam Cohort 

Studies. These men were sampled 1 to 2 weeks before, and 3, 7 and 14 days after vaccination 

with the standard yellow fever vaccine strain 17D. The effects of repeated vaccination against 

RhD antigen were studied in a cross-section of 32 anti-RhD donors, all female, in whom we 

measured only EBV load in PBMC. As a control, EBV load was measured in DNA samples 

from 30 healthy lab donors. 

 
Lymphocyte isolation and DNA extraction 
PBMC were isolated from heparinized blood by Ficoll-hypaque density centrifugation and 

1x106 cells were lysed by addition of L6-lysis buffer. Genomic DNA was extracted by 

precipitation with isopropanol, washed twice with 70% ethanol and dissolved in distilled H2O.  

 
Real-time quantitative PCR assay for measurement of EBV load in PBMC 
DNA from 2x105 cells was amplified in duplicate using PCR primers specific for the non-

glycosylated membrane protein BNRF1 p143 139. Real-time PCR amplification was performed 

as previously described 62; 140, using a fluorogenic probe (PE Biosystems, Nieuwekerk aan de 
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IJssel, NL) to detect the 74 basepairs product. Amplification and detection were performed 

using an ABI Prism 7700 Sequence detector (PE Biosystems). Real-time measurements were 

taken and a treshold cycle (Ct) value was calculated for each sample by determining the point 

at which the fluorescence exceeded a treshold limit of 0.10. 

As a control for the input DNA and to compensate for differences between samples, for each 

sample the amount of β-albumin DNA, a household gene present at 2 copies/cell, was also 

determined. The forward primer was F-ALB 5'-TGA.AAC.ATA.CGT.TCC.CAA.AGA.GTT.T-3' 

and the reverse primer R-ALB 5'-CTC.TCC.TTC.TCA.GAA.AGT.GTG.CAT.AT-3'. The 

fluorogenic probe was 5'-TGC.TGA.AAC.ATT.CAC.CTT.CCA.TGC.AGA-3', with a FAM 

reported molecule attached to the 5’ end and a TAMRA quencher linked at the 3’ end 141. 

 
Analysis of lymphocyte markers by flow cytometry 
Activation markers on PBMC were anlysed by four color fluorescence cytometry. Briefly, PBMC 

were thawed and approximately 0,5 x 106 cells were stained with different combinations of 

fluorochrome conjugated Mabs to CD4, CD8, HLA-DR (Becton Dickinson, San José, California, 

USA), CD38, (Sanquin Reagents, Amsterdam, The Netherlands), CD70 (a kind gift of Paul Baars, 

AMC, Amsterdam). To study the fraction of cells in cycle, cells were first stained for extracellular 

markers, and then permeabilized (FACS Permeabilizing Solution, BD) and stained intracellularly 

with a FITC-conjugated Mab for Ki67 (Novocastra, UK). At least 100.000 events were acquired 

using a FACSCalibur flow cytometer (Becton Dickinson). Lymphocytes were gated by forward and 

sideward scatter and data analysed using the software program CELL Quest (Becton Dickinson).  

 
Statistical analysis 
For the comparison of EBV load between different groups, Mann-Whitney tests were used. 

Correlations between percentages of cells expressing specific activation markers and EBV 

load were calculated with the Spearman's correlation test, using the software program SPSS 

11.5 for Windows (SPSS Inc., Chicago, Illinois). 
 
 
Results 
We compared both EBV DNA load and a number of T-cell immune activation markers in 12 

healthy Dutch heterosexual subjects, 35 healthy homosexual men, 45 homosexual men at 1 

year post HIV infection, 26 at 5 years post HIV infection, 40 HIV seronegative Ethiopian 

subjects and 49 HIV seropositive Ethiopian subjects.  

 
Different levels of T-cell immune activation markers in the different study populations 
In HIV seronegative Dutch homosexual men, no significant increase in CD38 and HLA-DR 

expression was observed compared to Dutch heterosexual controls (CD4+: 1.6% vs. 1.2%, 

p=0.104; CD8+: 0.9% vs. 1.0%, p=0.335; figure 1A and B). In contrast, the number of CD4+ 

and CD8+ T cells expressing CD38 and HLA DR were increased in HIV seronegative 
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Ethiopians compared to healthy heterosexual Dutch subjects, confirming earlier data 165; 166; 169 

(CD4+: 3.9% double positives vs. 1.2%, p<0.001; CD8+: 7.4% vs. 1.0%, p<0.001; Mann-

Whithney test, figure 1A and B). The expression of CD38 and HLA-DR was similar in healthy 

Ethiopians compared to HIV-infected homosexual men (figure 1A and B). (Immune activation 

markers were not determined in the HIV seropositive Ethiopians, while only CD38 and HLA-

DR expression were measured on T cells from the HIV seronegative Ethiopians) 

CD70 expression (figures 1C and D) was significantly increased in the group of HIV 

seronegative homosexual men compared to healthy heterosexual controls on CD4+ T cells 

(2.4% vs. 1.2%, p=0.009), but not CD8+ T cells (1.2% vs. 1.9%, p=0.133). Also the percentage 

of both CD4+ and CD8+ T cells expressing Ki67 (figure 1E and F) was increased in the HIV 

seronegative homosexual men compared to the controls (CD4+: 2.3% vs. 1.1%, p<0.001; 

CD8+: 1.6% vs. 0.68%, p<0.001). CD70 and Ki67 expression on both CD4+ and CD8+ T cells 

were significantly increased in HIV-infected homosexual men at both time points studied, 

compared to HIV seronegative homosexual men and heterosexual Dutch controls (figure 1C-

F).  

 

Figure 1 - T-cell 

activation in different 
groups. Expression of T-cell 

activation markers was 

measured on PBMC from: 

homosexual Dutch men before 

HIV seroconversion (preSC 

ACH, n=35), 1 year after (1yr 

p.SC ACH, n=45) and 5 years 

after HIV seroconversion 

(5yrsp.SC ACH, n=26); 40 HIV 

seronegative Ethiopians; and 

12 healthy Dutch heterosexual 

controls. The groups are 

indicated on the x-axis. A) and 

B) show coexpression of CD38 

and HLA-DR on CD4+ and 

CD8+ T cells, respectively. C) 

and D) show expression of 

CD70, E) and F) expression of 

Ki67. CD70 and Ki67 

expression were not 

determined for the healthy 

Ethiopians.  

Significant differences are 

indicated by an asterix (*), n.s. 

indicates non-significant 

differences. Numbers above 

the dots indicate medians. 
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In the HIV infected homosexual men, there was a significant increase at 5 years post 

seroconversion compared to 1 year, only for CD70 expression on CD8+ T cells (from 2.0 to 

3.1%, p=0.009) and Ki67 on CD4+ T cells (5.1 to 6.9%, p=0.02). 

Thus, overall immune activation was lowest in healthy Dutch heterosexuals, moderate in HIV 

negative homosexual men and highest in healthy Ethiopians and HIV-infected homosexual 

men. 

 

Increased EBV load in PBMC from groups with increased immune activation 
EBV DNA load was measured in all groups. As shown in figure 2, the overall picture of EBV 

load in the different groups was similar to the pattern of the immune activation markers in 

these groups. EBV DNA load was similar in HIV seronegative Ethiopians (n=40) and HIV 

seronegative homosexual men (n=35; median 63 vs. 78 copies /106 PBMC, p=0.53), and 

increased in both groups compared to heterosexual Dutch subjects (0 copies /106 PBMC, 

p<0.001 compared to both groups). Within the HIV seropositive groups, EBV load was similar 

between Ethiopians (n=49) and homosexual Dutch men (n=45) at 1 year post HIV 

seroconversion (227 vs. 331 copies / 106 PBMC, p=0.342). In contrast, the median load was 

more elevated in the HIV seropositive homosexual men at 5 years post HIV seroconversion 

(n=26; 1360 copies / 106 PBMC) compared to both HIV positive Ethiopians (p=0.002) and 

homosexual men at 1 year post seroconversion (p=0.014). Overall, the relative level of EBV 

load in the different groups followed the same order as expression of immune activation 

markers. 

 

 
 
 

Figure 2 - EBV DNA load in PBMC of 

different groups. The number of EBV DNA 

copies was measured in PBMC from: homosexual 

Dutch men before HIV seroconversion (preSC 

ACH, n=35), 1 year after (1yr p.SC ACH, n=45) 

and 5 years after HIV seroconversion (5yrsp.SC 

ACH, n=26); 40 HIV seronegative Ethiopians; 49 

HIV seropositive Ethiopians; and 12 healthy 

Dutch heterosexual controls. Significant 

differences are indicated by an asterix (*), n.s. 

indicates non-significant differences. Numbers 

above the dots indicate medians. 
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In order to test whether EBV DNA load was directly related to the degree of immune activation, 

we correlated EBV load and a number of immune activation markers, both in all the groups 

together, as well as within separate groups (in order to avoid confounding factors not directly 

related to immune activation). Except for Ki67 within both CD4+ and CD8+ T cells, combining 

all the groups together (CD4: 0.515, p<0.001; CD8: 0.426, p<0.001), we did not find 

correlations between immune activations markers and EBV DNA load in PBMC (table II). 

 
Table II – Correlations between EBV and T-cell immune activation markers 

 
Correlation EBV with:       
On CD4 CD38+DR+ p-value CD70+ p-value Ki67+ p-value 

All together 0.328 0.000 0.267 0.004 0.515 0.000 
PreSC homo NL 0.110 0.534 -0.087 0.618 -0.114 0.515 
1yr postSC homo NL 0.265 0.078 0.153 0.317 0.252 0.095 
5yr postSC homo NL 0.018 0.930 -0.079 0.701 0.125 0.542 
HIVneg hetero Eth -0.094 0.563 Nd  Nd  
HIV neg hetero NL na  Na  Na  

On CD8 CD38+DR+ p-value CD70+ p-value Ki67+ p-value 

All together 0.074 0.358 0.229 0.013 0.426 0.000 
PreSC homo NL 0.255 0.146 -0.009 0.957 -0.194 0.265 
1yr postSC homo NL -0.053 0.073 0.138 0.367 0.127 0.407 
5yr postSC homo NL 0.258 0.204 -0.064 0.755 -0.011 0.956 
HIVneg hetero Eth 0.007 0.964 Nd  Nd  
HIV neg hetero NL na  Na  Na  
 
 
Changes in EBV load during HIV infection correlate with changes in immune activation 
markers 
We were able to study 25 longitudinal samples of HIV-infected homosexual men 1 and 5 years 

after HIV seroconversion. In order to determine the effects of long-term increases in immune 

activation on EBV DNA load, we calculated the changes in EBV DNA load and T-cell immune 

activation markers (both indexed to the value at 1 year post HIV seroconversion). We then 

investigated whether changes in EBV load were associated with changes in immune activation 

markers or total CD4+ or CD8+ T-cell numbers. Interestingly, while changes in EBV load did not 

correlate with changes in CD4+ or CD8+ T-cell numbers (Corr.coef. of -0.244 and 0.223, 

respectively, Spearmans’ correlation test; figure 3 A and B), changes in EBV load correlated 

positively with a number of T-cell activation markers on both CD4+ (CD38+HLA-DR: 0.489, 

p=0.013; for Ki67: 0.527, p=0.007; CD70: 0.490, p=0.013; figure 3C, E, and G ) and CD8+ T 

cells (CD38+HLA-DR: 0.452, p=0.023; for Ki67: 0.548, p=0.005; CD70: 0.457, p=0.022; figure 

3D, F, and H). This indicates that long-term increases in EBV load are much stronger 

associated with changes in immune activation than with overall state of immune deficiency. 
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Figure 3 
Correlations between 
changes in EBV load 
and immune 
parameters during HIV 
infection. The change in 

EBV load (indexed to first 

time point, on the x-axis), 

was correlated to the change 

in total T-cell numbers (A 

and B), in CD38 and HLA-

DR coexpression (C and D), 

in Ki67 expression (E and F) 

and CD70 expression (G 

and H).  A), C), E) and G) 

show values for CD4+ T 

cells, B), D), F) and H) for 

CD8+ T cells. Correlation 

coefficient and significance 

are indicated in the figures 

(Spearmans’ correlation 

test). 
 
 

 
 
 
 
 
 

Strong correlation of EBV load before and after HIV seroconversion 
The number of EBV-infected B cells in the peripheral blood of healthy individuals was shown to 

be very constant over time, suggesting that an individual setpoint between EBV and the 

immune response is tightly regulated 20. If the inter-individual differences observed before HIV 

seroconversion would persist after HIV seroconversion, this could explain why a direct 

correlation between EBV and immune activation can not be found, whereas per individual an 

increase of immune activation over time leads to an elevation of EBV load. In order to test this, 

we correlated EBV load before and after HIV seroconversion (in 36 individuals at 1 year, and 

13 individuals at 5 years port HIV seroconversion). In these samples from an earlier study, 

EBV load increased significantly over HIV seroconversion 152. Interestingly, there was a 

significant correlation between EBV DNA load before HIV seroconversion and EBV load both 

at 1 year (n=36; corr. Coef.=0.555, p<0.001; figure 4A), and at 5 years post HIV 

seroconversion (n=13; corr.coef.=0.599, p=0.031; figure 4B). Similarly, in 10 individuals 

included in another study 168, EBV DNA load early in HIV infection (20 months) strongly 

correlated both with EBV load later in HIV infection (7 years; corr.coef. =0.782, p=0.008; figure 

4C) and after 5 years of effective antiretroviral treatment (corr.coef.=0.661, p=0.038; figure 
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4C). Thus, it appears that the relative differences in EBV setpoint observed in healthy 

individuals 20 are maintained during HIV infection. 

Figure 4 - Correlations 

between EBV load before and 
after HIV seroconversion, 
and before and after 
antiretroviral treatment of 
HIV. Correlations between EBV 

DNA load in PBMC at different time 

points before and after HIV 

seroconversion. A) shows the 

correlation between EBV load 

before HIV seroconversion 

(meadian of 30 months) and 1 year 

after HIV seroconversion, in 36 

individuals. B) shows the correlation 

between EBV load before and 5 

years after HIV seroconversion, for 

13 individuals. In C) and D), EBV 

load early in HIV (20 months) in 10 

individuals was correlated with EBV 

load after 7 years of HIV infection, 

before antiretroviral treatment (C), 

and after 12 years of HIV infection 

after 5 years of effective 

antiretroviral treatment (D).  

Correlation coefficient and 

significance are indicated in the 

figures (Spearmans’ correlation 

test). 

 
 
No effect of transient immune activation on EBV load 
In order to investigate whether a single episode of immune activation could lead to an 

increased EBV DNA load in PBMC, we measured EBV load and immune activation markers in 

6 healthy homosexual men before and after vaccination for Yellow fever. From before to 14 

days after vaccination, a marked increase in CD8+ T-cell activation markers was observed 

(Ki67+: from 1.16 to 4.45%, p=0.028; CD38+HLA-DR+: 1.29 to 4.45%, p=0.028), but not in the 

CD4+ T-cell subset (Ki67+: from 1.85 to 2.64%, p=0.249; CD38+HLA-DR+: 0.66 to 0.79%, 

p=0.753; data not shown). EBV load, which was measured in purified B cells in order to 

increase sensitivity, did not change either from pre-vaccination to 14 days after vaccination 

(from 395 (range 0-828) to 132 (range 0-2220) EBV DNA copies per 106 B cells, p=0.917; data 

not shown). 
In addition, we were able to obtain DNA samples from 32 donors who were hyperimmunized 

against the highly immunogenic blood group antigen RhD. RhD-negative individuals who were 

primarily immunized against RhD in the past, are hyperimmunized by administering boosters 

of RhD positive red blood cells in a monthly interval. After four boosters the hyperimmunization 

in these 32 donors resulted in very high titers of anti-RhD antibodies and additional boosters 

EBV pre HIV seroconversion

E
B

V 
1 

ye
ar

 p
os

t  
 

H
IV

 s
er

oc
on

ve
rs

io
n

0 101 102 103 104 105 106

0

101

102

103

104

105

Corr= 0.555 
p<0.000 E

B
V 

5 
yr

s 
po

st
  

H
IV

 s
er

oc
on

ve
rs

io
n

Corr= 0.599 
p=0.031

0 101 102 103 104

0

101

102

103

104

105

106

EBV 7 years post    
HIV seroconversion

E
B

V
 2

0 
m

on
th

s 
po

st
 H

IV
 

se
ro

co
nv

er
si

on

101 102 103 104 105101

102

103

104

105

Corr=0.782  
p=0.008

EBV 12 ys post HIV,     
after 5 yrs of HAART

Corr=0.661 
p=0.038

101 102 103 104 105101

102

103

104

105

E
B

V
 2

0 
m

on
th

s 
po

st
 H

IV
 

se
ro

co
nv

er
si

on

A B

C D

EBV pre HIV seroconversion



 43 
 

were given after a two-fold decrease of the anti-RhD titer. We compared the EBV load in these 

samples with the load measured in DNA samples from 30 healthy heterosexual lab donors. 

Very interestingly, whereas we could detect EBV load in only 3/30 lab donors (median 0, range 

0-311), we were able to detect EBV DNA in 18/32 hyperimmunized donors (median 13 copies 

per 106 PBMC, range 0-1088; data not shown). No information was available on the degree of 

immune activation in these individuals, but these results support the idea that repeated 

stimulation of the B-cell compartment might indeed result in an increase in EBV load, while a 

single episode of vaccination does not appear to result in a detectable change.  

 
 
Discussion 

We and others previously described that in HIV-infected individuals, an elevated EBV DNA 

load in PBMC is a frequent finding 62; 64, already early in HIV infection 152, in the presence of an 

intact EBV-specific CD8+ T-cell response 82; 152. Furthermore, the absolute level of EBV load 

does not predict which subjects will subsequently develop EBV-positive malignancies 62; 63, in 

contrast to the good predictive value of this factor in transplant recipients 57; 59; 61. As HIV 

infection is characterised by an elevated degree of immune activation in both T and B-cell 

subsets 49; 165, we aimed to test whether this could be an important determinant of EBV load. 

We analysed this by measuring immune activation and EBV load in a number of subjects 

known to have a chronically activated immune system.  

We observed that the level of EBV DNA load in PBMC was relative to the degree of immune 

activation in healthy Dutch heterosexual subjects, healthy Dutch homosexual men, healthy 

Ethiopians and HIV-infected homosexual men and Ethiopians. However, there was no direct 

correlation between immune activation and EBV load in this cross-sectional study. A number 

of factors might explain this lack of direct correlation. First, we did not measure T-cell 

responses in this study. However, in an earlier study we found an important increase in EBV 

load early in HIV, whereas the EBV-specific CD8+ T-cell response had not declined 152. 

Secondly, it could be that differences in EBV load and / or immune activation markers within 

separate groups were too small to find a correlation. This appears unlikely, as both these 

factors had a wide range even in HIV-uninfected individuals. Finally, the groups we compared 

in this study may differ in more aspects than immune activation only. Indeed, immune 

activation in Ehtiopians is known to be strongly related to parasitic infections. It is known that 

this can also lead to a decreased T-cell immune reactivity 170, and /or skewing of T helper 

responses to a more Th2 type 171. Another difference between Ethiopians and homosexual 

men is that, no matter what the primary causes of immune activation are in either group, the 

first are exposed to many more pathogens from birth onwards 167, whereas the latter most 

likely only have an increased rate of chronic immune activation later in life. 

Most importantly, a lack of direct correlations between EBV load and immune activation could 

be linked to differences in individual EBV setpoints, which are very constant over years in 

healthy subjects 20. To test this, we studied HIV-infected homosexual men longitudinally, and 
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found that indeed, EBV load before HIV infection correlates well with EBV load after HIV 

seroconversion, and that even the levels of EBV load before and after HAART were strongly 

correlated. Thus, it appears that inter-individual differences in EBV setpoint are conserved 

during HIV infection. In accordance, no direct association between EBV load and immune 

activation was found, but we did measure a good correlation between changes in EBV load 

and immune activation over time within individuals. These data suggest that chronic immune 

activation is a factor that influences EBV load. In contrast, a transient episode of immune 

activation, as mimicked by a single vaccination in healthy individuals does not lead to an 

increased EBV load. However, RhD hyperimmunised donors appeared to have a higher EBV 

load, which might be linked to repeated stimulation by a number of boosters. 

Thus, as inter-individual differences in EBV setpoint are conserved during HIV infection, the 

absolute level of EBV DNA in PBMC after HIV seroconversion is not a reflection of immune 

deficiency, but rather depends on the amount of EBV infected cells before HIV seroconversion. 

At an equal rate of immune activation (both during acute and chronic HIV infection), more 

EBV-infected B cells will be stimulated and EBV will reactivate in an individual with a higher 

number of EBV-carrying B cells before HIV seroconversion, compared to an individual with few 

EBV-infected B cells. This is consistent with observations by Araujo & al, who observed a 

higher frequency of EBV-infected B cells in germinal centers from children with a chronically 

activated immune system, compared to a group of children from a Western country 157. This is 

very different from the situation in transplant recipient, in whom iatrogenic immune suppression 

is applied. This allows for uncontrolled proliferation of B cells expressing many EBV genes, 

which can lead to a rapid increase in EBV load. However, this increase is rapidly reversed as 

soon as the immune suppressive regimen is lowered or EBV-specific lymphocytes are infused, 

and B cells with aberrant expression of EBV proteins and / or carrying multiple EBV genomes 

are rapidly eliminated from the circulation 30; 172.  

In conclusion, although it appears difficult to determine the relative contribution of immune 

activation to an elevation of EBV load, due to a number of other factors involved, our data 

show that chronic immune activation is likely to be an important factor that plays a role in 

increasing levels of EBV DNA in the peripheral blood. Moreover, it appears that inter-individual 

differences in EBV setpoint are conserved over HIV seroconversion and even after 

antiretroviral treatment, which explains why the absolute level of EBV load in HIV-infected 

individuals does not relate to the degree of immune deficiency or subsequent progression to 

EBV-related malignancy. 
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Summary 
A lower function of EBV-specific CD8+ T cells in HIV-infected subjects could be related to a 

lack of specific CD4+ T-cell help. Therefore, we studied EBV-specific CD4+ T cells in both 

healthy donors and untreated or HAART-treated HIV seropositive homosexual men. To this 

end, PBMC were stimulated with overlapping peptide pools from a latent (EBNA1) and a lytic 

(BZLF1) EBV protein. EBV-specific CD4+ T-cell frequencies measured directly ex vivo were 

low. To measure EBV-specific memory CD4+ T cells, capable of both expansion and IFNγ 

production upon antigenic challenge, we developed a specific and reproducible assay, 

combining ex vivo expansion of specific T cells with flow-cytometric analysis of IFNγ 

production. Untreated HIV-infected individuals had a lower CD4+ T cell response to both 

EBNA1 and BZLF1 as compared to healthy EBV carriers and HAART-treated HIV+ subjects. 

This suggests loss of EBV-specific CD4+ T cells due to HIV infection, while HAART might 

restore this response. In addition, we found an increase in the EBNA1-specific CD8+ T-cell 

response in HAART-treated subjects. Interestingly, numbers of EBV-specific CD4+ and CD8+ T 

cells were inversely correlated with EBV viral load, suggesting an important role also for EBV-

specific CD4+ T cells in the control of EBV infection. 
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1. Introduction 

The Epstein-Barr virus (EBV) is a widespread human γ-Herpesvirus. Primary infection with 

EBV is usually asymptomatic, but can cause infectious mononucleosis when occurring at 

adolescence 173. After primary infection the virus persists for life in a latent form in resting 

memory B-cells 18; 129. Both primary infection and latent infection are thought to be controlled 

by CD8+ T cells 25; 26. It has been shown both in animals and in humans, that antigen-specific 

CD4+ T-cell help is necessary both for generation and maintenance of effective specific CD8+ 

T-cells 88; 89, directed against Lymphocytic choriomeningitis virus 92; 93, murine Herpesviruses 94; 

95, Hepatitis C Virus 96; 99, HIV 97; 98 and CMV 100; 101. While during acute EBV infection, EBV-

specific CD4+ T cells can be detected ex vivo after short term stimulation with EBV antigens, 

their frequencies during latency are below detection limit in most donors 107; 131. EBNA1 and 

EBNA3C appear to be immunodominant targets amongst the latent proteins 106; 107. 

Furthermore, lytic antigens BZLF1 and BMLF1 are recognised 131, and BMRF1 might also be 

an important CD4+ T cell target. Due to the difficulty to detect EBV-specific CD4+ T cells 

directly ex vivo - despite the use of very sensitive modern techniques - it remains unclear 

whether they play a role in vivo in the maintenance of control over EBV-infected cells.  

 

In HIV-infected individuals, numbers of EBV-specific CD8+ T cells are generally well preserved 
81; 82, although their ability to secrete IFNγ in short-term antigen-specific stimulation assays is 

decreased 63. Numbers of EBV-specific IFNγ-producing CD8+ T cells correlated with absolute 

CD4+ T-cell numbers, suggesting a role for CD4+ T cells in the maintenance of functional EBV-

specific CD8+ T-cells. To determine whether decreased EBV-specific CD8+ T-cell function 

could be related to inadequate antigen-specific CD4+ T help, we developed an assay which 

allows the detection of central memory EBV-specific CD4+ T cells – able to expand and 

subsequently produce IFNγ in response to an antigen - to both a latent and a lytic EBV protein, 

in a specific, reproducible way. This enabled us to study EBV-specific CD4+ T-cell responses 

in both healthy and treated or untreated HIV-infected subjects.  

 

 

2. Results 
 

2.1 Low numbers of IFNγ-producing EBV-specific CD4+ T cells after short-term 

stimulation with EBV peptide pools 

To investigate whether we could detect IFNγ-producing EBV-specific CD4+ T cells ex vivo, 

PBMC were stimulated overnight using overlapping EBV peptide pools as a stimulus. In 

accordance with earlier data 107; 131, we found low numbers of EBNA1-specific CD4+ T cells 

after overnight stimulation and measurement of IFNγ-producing CD4+ T cells by either 

intracellular cytokine staining or ELISPOT (figure 1 A and 1 B, left panels and data not shown). 

IFNγ-producing CD4+ T cells after stimulation with EBNA1 peptide pools were detected only in 

4/11 healthy donors (range 0.03 to 0.13 % of CD3+CD4+ T cells), and 6/12 of HAART-treated 
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HIV-infected EBV carriers (0.03 - 0.36 %), using a cut-off value of 2 times above medium 

control. CD4+ T-cell responses to BZLF1 were detected in 5/11 healthy (0.06 - 0.23 %) and 

2/12 HIV-infected individuals (0.15 - 0.29 %). There was no significant difference in either 

fraction of responders or height of the response between healthy donors and HAART-treated 

HIV carriers (data not shown). 

 

2.2 Antigen-specific expansion in vitro to study antigen-specific CD4+ T cell responses 
As CD4+ T-cell responses to EBNA1 and BZLF1 were hardly detectable directly ex vivo, an 

assay was developed in which specific T cells were expanded for 6 to 12 days by stimulation 

with EBV peptide pools. IL-2 was added only from day 3 onwards to give EBV-specific T cells 

a growth advantage. After expansion, cells were rested overnight in fresh medium, and 

restimulated for 6 hours with EBNA1 or BZLF1 peptide pools, and positive and negative 

controls were included. Figure 1 A (culture with EBNA1 pool, restimulation with medium) and 1 

B (culture and restimulation with EBNA1 pool) show the results for a donor in whom EBNA1-

specific IFNγ-producing CD4+ T cells were detected already on day 6. However, in most 

healthy donors no response was detectable yet on day 6. On day 12, EBNA1-specific CD4+ T 

cells were detected in all healthy EBV seropositives (example figure 1 B). As a control, 

restimulation with overlapping peptide pools of HIV Env and Gag did not induce any responses 

in PBMC cultured with EBNA1 or BZLF1 peptide pools (data not shown). Furthermore, even at 

day 12, no EBNA1 or BZLF1-specific CD4+ T cells were recovered from 3 EBV seronegative 

donors and 3 cord blood samples (figure 1 C and 1D).  

 

Figure 1 - Responses to EBV peptide 

pools directly ex vivo or after 6/12 days 
of expansion. Representative response of an 

EBV seropositive donor ex vivo, after 6 and after 

12 days. Cells were stimulated for 6 hours with 

either medium (A) or EBNA1 peptide pool (B) 

directly ex vivo or after 6 or 12 day culture with 

EBNA1 peptide pool and IL2. The cells in the 

FACS plot were gated on CD3+ cells. Values in 

the upper right corner of FACS plots indicate 

percentages of CD4+ T cells producing IFNγ upon 

6 hour restimulation with medium or peptide pool. 

C) and D): representative response of an EBV 

seronegative donor after 12 day culture with 

EBNA1.  

 

 
2.3 Recognition of autologous EBV-transformed B-Lymphoblastoid Cell Lines (B-LCL) 
by EBNA1-specific CD4+ T cells 
In order to confirm the EBV specificity of the polyclonal CD4+ T cell populations, recognition of 

autologous EBV-transformed B-LCL was tested. Cells from 12-day cultures were expanded for 

another week with PHA and IL-2. After overnight rest in fresh medium, cells were stimulated in 
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a 1:1 ratio with autologous B-LCL for 6 hours. As control, uncultured PBMC were used as 

‘effectors’. Cells cultured with the EBNA1 peptide pool were able to recognize autologous B-

LCL (figure 2 A), as evidenced by IFNγ-production within the CD4+ T cells, while fresh PBMC 

were not (figure 2 B). The B95-8 cell line, which does not express human MHC molecules, was 

not recognized. Moreover, the response could be inhibited by monoclonal antibodies against 

MHC class II (from 1.55 to 0.40% of IFNγ-producing CD4+ T cells), but not by blocking of class 

I (1.58% of IFNγ-producing CD4+ T cells). These experiments further confirmed the EBV 

specificity and dependence on the class II presentation pathway of CD4+ T cells expanded 

using peptide pools. 

Figure 2 - Recognition of 

autologous B-LCL by EBNA1-
specific CD4+ T cells via MHC class 
II. Cells cultured for 12 days in the presence 

of EBNA1 peptide pool and IL2 and 

subsequently expanded for 1 week with PHA 

and IL2 (A) and uncultured PBMC (B) were 

stimulated with autologous EBV-transformed 

B-LCL (left 3 panels) or B95-8 standard EBV 

B-LCL (right panel) for 6 hours, in the 

presence or absence of antibodies to block 

class I (W6/32) or class II (L243). FACS plots 

show the percentage of IFNγ-producing CD4+ 

T cells, indicated in the upper right quadrant. 

 
 
2.4 Interpretation of assay result 
As the ratio’s of cellular subsets can vary a lot between individuals – especially when HIV 

seropositive - it was verified whether the depletion of CD4+, CD8+ T or B cells influenced the 

outcome of the assay. As shown in figure 3A and 3B for EBNA1 (donor 1) and figure 3B 

BLZF1 (donor 2), the absence of CD8 and CD19 positive cells did not influence the fraction of 

EBV-specific cells measured within the CD4+ T cell subset, which remained around 20% in 

donor 1 and around 2% in donor 2. In donor 2, the depletion of CD4+ T cells was complete, so 

that no EBV-specific CD4+ T cells grew out, as expected. Interestingly, in donor 1, where after 

depletion 0.5% of CD4+ T cells remained and were put into culture, the outgrowth of specific 

cells within the CD4+ T cells after 12 days was similar to the percentage within the CD4+ T-cell 

fraction of the total PBMC and CD8+- or CD19+-depleted cultures (figure 3A and 3B). This 

indicates that the fraction of EBV-specific CD4+ T cells that grows out is independent of the 

total amount of CD4+ T cells in the culture. 

The percentage of IFNγ-producing cells within the CD3+CD4+ fraction is a commonly used 

value for describing the CD4+ T-cell response to specific antigens. We wanted to determine a 

more absolute number of EBV-specific CD4+ T cells, enabling comparison of donors and 

patients with very different CD4+ T cell numbers. For this purpose, we calculated numbers of 

EBNA1- or BZLF1-specific IFNγ-producing CD4+ T cells recovered out of 106 PBMC put into 

culture on day 0. To illustrate the significance of these 2 values, donor PBMC were diluted in 
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CD4-depleted PBMC, thereby diluting both specific and total CD4+ T cells, and then cultured 

for 12 days. As shown in figure 3C and 3D for 2 donors, the percentage of specific cells within 

the CD4+ T cells after 12 days remains constant in serial dilutions (left panels), whereas the 

absolute number of specific CD4+ T cells recovered did depend on the dilution of CD4+ T cells 

(right panels). Thus, expressing the results as a number of specific cells recovered after 12 

days of culture gives a much better indication of the importance of the immune response, than 

using the fraction of specific cells within the CD4+ T-cell subset. We therefore choose to use 

this value for comparison of individuals or groups of individuals with each other. In addition, the 

assay was very reproducible, as shown in figure 3E for 6 donors in whom we were able to 

perform between 2 and 5 separate experiments. 

 

 
Figure 3 - Expression of results as a 

percentage of the CD3+CD4+ T-cell 
subset or as the number of EBV-specific 

IFNγ-producing CD4+ T cells per 106 

PBMC put into culture. A) FACS plots 

showing the effects of depletion of CD4+, CD8+ or 

CD19+ upon the response after 12 day culture 

with EBNA1. Values indicate the percentage of 

IFNγ-producing CD4+ T cells. B) Overview of the 

effects of CD4/CD8/CD19 depletion on the 

expansion of EBNA1- (donor1) andBZLF1- (donor 

2) specific CD4+ T cells. C) and D) PBMC from 2 

donors were mixed with CD4-depleted PBMC 

before 12-day culture to dilute EBNA1-specific 

CD4+ T cells. Left figures show the percentage of 

IFNγ-producing cells within the CD3+CD4+ T cell 

subset, which remains constant. Right figures 

show numbers of IFNγ-producing CD3+CD4+ T 

cells recovered out of 106 PBMC put into culture 

at day 0, which is dependent on the number of 

CD4+ T cells put in. E) The reproducibility of the 

assay was tested in 6 donors for EBNA1, with 2 to 

5 separate experiments (indicated by the 

numbers on the x-axis, whereas the y-axis 

indicates the number of EBNA1-specific CD4+ T 

cells recovered out of 106 PBMC put into culture 

at day 0). 
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2.5 CD4+ T-cells specific for EBNA1 and BZLF1 in healthy and HIV-infected EBV carriers 
To determine whether EBV-specific CD4+ T cells could be found in HIV-infected subjects, 

PBMC from 10 HAART-treated and 13 untreated HIV carriers were cultured. For comparison, 

PBMC from 14 healthy EBV carriers were used. EBNA1-specific CD4+ T cells were found in all 

(14) healthy donors (median 3400 out of 106 input PBMC), all (10) HAART-treated HIV+ (3700 

out of 106 input PBMC), and 9/13 untreated HIV-infected donors (500 out of 106 input 

PBMC)(figure 4 A and 4 C). Numbers of EBNA1-specific CD4+ T cells recovered out of 106 

input PBMC were significantly lower in untreated HIV+ compared to healthy donors (p=0.043, 

Mann-Whitney test). BZLF1-specific CD4+ T cells were measured in 9/13 healthy (300 out of 

106 input PBMC), 9/10 HAART-treated (900 out of 106 input PBMC) and 4/8 untreated HIV+ 

(100 out of 106 input PBMC) (figure 4 B and 4D). The recovery of BZLF1-specific CD4+ T cells 

was lower in untreated HIV+ compared to HAART-treated individuals (p=0.012), but not 

significantly lower than in healthy donors (p=0.14).  

 

Figure 4 - Lower EBV-specific 

CD4+ T cell responses after 12 days 
of expansion in untreated HIV+ 
individuals compared to healthy 
donors and HAART-treated HIV+ 
individuals. A) and B): Representative 

FACS plots after 12 day expansion in healthy 

EBV carrier (HIV-), HAART-treated (HAART) 

and untreated HIV+ individual (untreated), for 

culture and restimulation with EBNA1 (A) and 

BZLF1 (B). Indicated is the percentage of 

CD3+CD4+ T cells producing IFNγ upon 6-

hour restimulation with peptide pool after 12 

days of expansion. C) and D): Responses to 

EBNA1 (C) and BZLF1 (D) in healthy donors 

(HIV-: n=14 for EBNA1 and n=13 for BZLF1), 

HAART-treated (HAART: n=10 for EBNA1 

and BZLF1) and untreated HIV+ individuals 

(untreated; n=13 for EBNA1 and n=8 for 

BZLF1). The values on the y-axis indicate the 

number of IFNγ-producing CD3+CD4+ T cells 

recovered out of 106 PBMC put into the 

assay at day 0. Median values in the different 

groups are indicated above the dots. 

 

 

 

 

To verify that the results were not biased by differential survival of the PBMC under culture 

conditions, we calculated the ratio between the PBMC output and input. This did not differ 

between healthy donors (1.30 for EBNA1, 1.00 for BZLF1), HAART-treated (1.57 and 1.12) 

and untreated HIV carriers (0.95 and 0.90) (p-values between 0.122 and 0.981). In addition, 

PHA induced proliferation (for 13 untreated HIV carriers) and αCD2/αCD28 or αCD3 induced 
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proliferation (for 2 HAART-treated and 9 untreated HIV carriers) did not correlate with the 

outcome of the 12 day assay for either EBNA1 or BZLF1 (data not shown), suggesting that a 

general defect in T-cell proliferative capacity is not an explanation for these results. 

 
2.6 Increased numbers of EBNA1 -specific CD8+ T cells in HAART-treated HIV carriers 
Together with specific CD4+ T cells, both EBNA1 and BZLF1-specific CD8+ T cells were 

expanded by culture with the corresponding peptide pools (figures 5A and 5B). Interestingly, 

higher numbers of EBNA1-specific CD8+ T cells were recovered from HAART-treated HIV+ 

individuals (8/10 responders) compared to healthy donors (8/14 responders; 7800 vs. 800 out 

of 106 PBMC input, p=0.031; figure 5A and 5C) and untreated HIV carriers (8/13 responders; 

7800 vs. 800 out of 106 PBMC input, p=0.036; figure 5C). In contrast, the median recovery of 

BZLF1-specific CD8+ T cells was identical in healthy subjects (13/13 responders) and HAART-

treated (10/10 responders) HIV carriers (7800 vs. 9400 out of 106 PBMC input, p=0.563), and 

not significantly lower in untreated (8/8 responders; 3200 out of 106 PBMC input) compared to 

HAART-treated (p=0.088) and healthy donors (p=0.311) (figures 5B and 5D). Since that an 

elevated EBNA1-specific CD8+ T-cell response was observed earlier in EBV carriers with 

certain HLA class I alleles 174, we compared responses in HLA B7, B35 or B53-positive 

subjects with those carrying other HLA alleles, but found no difference (data not shown). It 

thus appears unlikely that a bias in the distribution of HLA types could explain differences in 

EBNA1-specific CD8+ T-cell responses.  

 

Figure 5 - Increased expansion 

of EBNA-specific CD8+ T cells in 
HAART-treated individuals. 
Examples of CD8+ T cell responses to 

EBNA1 (A) and BZLF1 (B) after 12 day 

expansion in a HAART-treated HIV+ 

individual. Responses to EBNA1 (C) and 

BZLF1 (D) in healthy donors (HIV-: n=14 

for EBNA1 and n=13 for BZLF1), 

HAART-treated (HAART: n=10 for 

EBNA1 and BZLF1) and untreated HIV+ 

individuals (untreated; n=13 for EBNA1 

and n=8 for BZLF1). The values on the 

y-axis indicate the number of IFNγ-

producing CD3+CD8+ T cells recovered 

out of 106 PBMC put into the assay at 

day 0. 
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2.7 Both CD4+ and CD8+ EBV-specific T cells correlate inversely with EBV viral load 
Next, we investigated whether EBV-specific CD4+ and CD8+ T-cell responses were related to 

EBV viral load. Only HIV seropositive subjects were included in this analysis, as the healthy 

controls had no measurable EBV viral load. Interestingly, EBV load tended to be inversely 

correlated with EBNA1-specific CD4+ T-cell responses (0.381, p=0.089; Spearman’s 

correlation coefficient), and was inversely correlated with EBNA1-specific CD8+ (-0.496, 

p=0.022), and both BZLF1-specific CD4+ (-0.664, p=0.005) and CD8+ T cells (-0.500, p=0.048) 

(table I). Furthermore, a role for CD4+ T help in the CD8+ T-cell response was suggested by a 

weak correlation between CD4+ and CD8+ T-cell responses to EBNA1 (0.442, p=0.035), while 

a lack of correlation between BZLF1-specific CD4+ and CD8+ T-cell responses did not support 

this (0.273, p=0.272) (table I). 

In addition, we investigated whether the EBV-specific T-cell response was influenced by 

factors associated with HIV infection. Only BZLF1-specific CD4+ T cells were inversely 

correlated with HIV viral RNA (-0.624 p=0.006), while EBNA1-specific CD4+ and CD8+ and 

BZLF1-specific CD8+ T cells were not (table I). HIV and EBV viral load also tended to correlate 

(0.423, p=0.056). Interestingly, numbers of EBNA1- or BZLF1-specific cells were not 

correlated with absolute CD4+ T cell numbers (0.139, p=0.547 for EBNA1, and 0.090, p=0.740 

for BZLF1). 
 

Table I - Correlations 

 

factor 1 factor 2 Correlation coefficienta) p-value 

EBV DNAb) EBNA1-CD4 -0.381 0.089 
 EBNA1-CD8 -0.496 0.022 
 BZLF1-CD4 -0.664 0.005 
 BZLF1-CD8 -0.5 0.048 

HIV RNAc) EBNA1-CD4 -0.259 0.232 
 EBNA1-CD8 -0.161 0.463 
 BZLF1-CD4 -0.624 0.006 
 BZLF1-CD8 -0.293 0.239 

EBV DNA HIV RNA 0.423 0.056 

Total CD4+ T cells EBNA1-CD4 0.139 0.547 
 BZLF1-CD4 0.09 0.74 

EBNA1-CD4 EBNA1-CD8 0.442 0.035 
BZLF1-CD4 BZLF1-CD8 0.273 0.272 
    
a) Spearman's correlation coefficient   
b) EBV DNA per 106 PBMC; c) HIV RNA copies per ml plasma  
Values in bold indicate significant correlations between factor 1 and 2  
EBNA-CD4=EBNA1-specific CD4+T cells, etc.  
 
 

3. Discussion 
 

In this study, we investigated whether a lack of specific CD4+ T-cell help may explain a lower 

function of EBV-specific CD8+ T cells in HIV-infected subjects. To this end we set up a specific, 

highly reproducible assay, combining ex vivo expansion of EBV-specific cells with flow-
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cytometric analysis of IFNγ production. This enabled us to measure EBV-specific CD4+ T cells 

in all healthy EBV carriers. We found: 1) comparable numbers of EBNA1 and BZLF1-specific 

CD4+ T cells in healthy EBV carriers and HAART-treated HIV+ individuals, while these 

responses were lower untreated HIV+ subjects; 2) a higher frequency of EBNA1-specific CD8+ 

T cells in HAART-treated subjects, compared to both untreated HIV+ and healthy subjects; 3) 

that numbers of both CD4+ and CD8+ EBV-specific T cells were inversely correlated with EBV 

load. Therefore, measuring specific CD4+ T cells that are able to proliferate, and subsequently 

respond by IFNγ production, most likely gives a good reflection of the EBV-specific 

immunological status of the patient. 

 

As of this writing, few studies have reported ex vivo detection of EBV-specific CD4+ T cells 107; 

131. In a recent article Amyes et al report ex vivo detection of EBV-specific CD4+ T cells by 

stimulation with a lysate of TPA (12-O-tetradecanoylphorbol 13-acetate)-reactivated EBV B-

LCL in 23/28 healthy donors 175. Here, we used overlapping peptide pools of EBNA1 and 

BZLF1 to enable measurement of responses independent of the donors’ HLA type, (not yet 

well-defined) HLA-restriction and immunodominance patterns of EBV epitopes and 

independent of processing by APC in vitro. We observed detectable ex vivo CD4+ T-cell 

responses to EBNA1 and BZLF1 only in a minority of healthy donors and HAART-treated HIV+ 

subjects. Therefore, an assay was developed combining an antigen-specific expansion step 

using overlapping peptide pools with specific restimulation after 12 days. This assay presents 

several advantages, as it enables detection of EBV-specific CD4+ T cells in all healthy EBV 

carriers, allowing determination of specificity at the protein level. Furthermore, this assay 

detects so-called “central memory T cells” i.e. antigen-primed T cells that can proliferate and 

exert their function by cytokine production upon re-encounter with this antigen. The outcome of 

such an assay depends on both precursor frequency, as well as functional capacity of these T 

cells. It was shown in both Hepatitis C virus 176 and Plasmodium falciparum-infected individuals 
177, that protection against infection and / or clearance of the pathogen correlated with IFNγ-

producing CD4+ T cells measured after ex vivo expansion, and not with the response 

measured directly ex vivo. Accordingly, ex vivo IFNγ-producing HIV-specific CD4+ T cells were 

detected in subjects with both high and low HIV load, whereas CD4+ (andCD8+) T cells 

capable of proliferation were detected only in low load carriers 98; 178. Therefore, we believe the 

results presented here are a good reflection of the EBV-specific immunological status of the 

patient.  

Using this assay to measure EBV-specific CD4+ T cells, we observed no difference between 

healthy EBV positive donors and HAART-treated HIV+ persons, but a lower CD4+ T-cell 

response to both EBNA1 and BZLF1 in untreated HIV-infected individuals. Interestingly, these 

responses (and the CD8+ T-cell response measured in the same assays) tended to correlate 

inversely with EBV load, while HIV load correlate inversely only with BZLF1-specific CD4+ T 

cells, and no correlation was found with total CD4+ T-cell numbers. This could reflect an 

impaired proliferation or exhausted EBV-specific memory T-cell compartment due to chronic 
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antigen exposure 98; 178. As the HAART-treated subjects have both a lower EBV load and 

higher EBV-specific T-cell response in our assay, having antiretroviral treatment in it self 

seems to be the most important factor influencing EBV-specific memory responses. 

Data from γ-Herpesvirus infection in mice 94; 95 and many viral infection models in both mouse 

and man 88; 89; 96-101, suggest that CD4+ T cells most probably also play a role in the 

development and maintenance of an effective EBV-specific CD8+ T cell response. In addition, 

several studies investigated the recognition of EBV-infected cells by CD4+ T cells via 

recognition of latent 105; 179-181 or lytic antigens 182, and showed that EBV-specific CD4+ T cells 

could directly control outgrowth of EBV-infected B cells in vitro. Similarly, EBNA1-specific CD4+ 

T cells were capable of recognizing autologous EBV-infected B-cells in this study. 

Interestingly, a higher EBNA1-specific CD8+ T-cell response was measured in HAART-treated 

individuals compared to both untreated HIV carriers and healthy donors. In contrast to earlier 

reports that EBNA1 could not be directly presented via the class I pathway 183, several recent 

studies show that EBNA1-specific CD8+ T cells are capable of directly recognizing EBV-

infected B cells 184-188. Increase numbers of EBNA1-specific CD8+ T cells after HAART – 

whether related to improved CD4+ T-cell help or the antiretroviral therapy-induced changes in 

proteasomal degradation pathways - might thus improve the immune control of EBV infection. 

 

In conclusion, using a 12-day expansion protocol we were able to investigate EBV-specific 

CD4+ T cells in healthy and HIV-infected subjects. Lower numbers of EBV-specific CD4+ T 

cells were found in untreated HIV-infected individuals, suggesting loss of EBV-specific CD4+ T 

cells due to HIV infection, while HAART might preserve EBV-specific CD4+ T cell immunity. 

Furthermore, we found indications for an inverse correlation between the recovery of EBV-

specific CD4+ T cells after 12 days and EBV viral load, which is in accordance with recent data 

on HIV-specific CD4+ T cells 98; 178. Therefore, we believe our assay gives a good indication of 

an individual’s ability to exert an EBV-specific CD4+ memory T-cell response, and will be a 

useful tool for studying the role of EBV-specific CD4+ T cells in various clinical settings.  

 

 
4. Material & Methods 

 
4.1 Study population 
This study was performed on cryopreserved PBMC from 17 healthy blood bank donors. EBV 

seropositivity was tested by measurement of anti Viral Charge antigen IgG. 14 EBV-

seropositive (median age 47) and 3 EBV-seronegative (median age 40) individuals were 

included. Furthermore, 3 cord blood samples were studied. EBV viral load was below detection 

limits in all healthy EBV seropositive donors. 

Samples from HIV-infected individuals were collected in the framework of the Amsterdam 

Cohort studies on AIDS and HIV-1 infection. Homosexual men at risk for HIV-1 infection were 

sampled every three months for HIV-1 serology and immunological studies. In addition, at all 
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time points PBMC were cryopreserved. We selected 10 HAART treated individuals and 13 

untreated cohort participants based on comparable CD4+ T cell numbers and availability of 

material. HAART was defined as a triple drug regimen consisting of 2 nucleoside analogues 

and 1 protease inhibitor.  

All individuals under study gave their informed consent according to the declaration of Helsinki. 

The characteristics of the HIV-infected individuals are shown in table II.  

 

Table II - Characteristics of the individuals studied 

 

  HIV+ HAART (n=10) HIV+ untreated (n=13) p-valuee) 

t on HAARTa) 43 (3-52)  na 
t from HIV SC a)  16.5 (2-53) n=12 na 
t from entry a) 46 (3-88) 18 n=1 na 
Age 40 (33-62) 37 (24-61) ns 
CD4 per microl 540 (240-1340) 680 (80-950) ns 
HIV RNAb) 400 (50-1,1.106) 28000 (1000-5,3.105) 0.001 
HIV RNA preHAARTc) 35000 (400-1,7.105) na ns 
EBV DNAd) 68 (0-451) 500 (10-3784) 0.020 
    

a) time in monhts; from SC=from HIV seroconversion; from entry indicates time under study, when SC 
date is unknown 

b) HIV RNA copies per ml plasma;    
c) HIV RNA load at start of HAART or 1 year before HAART, p-value in comparison to untreated group; 
d) EBV DNA per 106 PBMC 
e) Mann-Whithney test  
 

 

4.2 T cell stimulation 
EBV-specific CD4+ T-cells were stimulated using overlapping peptide pools. 15-mer peptides 

with 11 amino acid overlap spanning the immunogenic C-terminal region of EBNA1 (57 

peptides) and the entire BZLF1 protein (59 peptides) were synthesized by JPT Peptide 

Technologies GmbH (Berlin, Germany). Purity and sequences were verified by HPLC and 

mass spectrometry. Peptides were dissolved in DMSO and pooled at a final concentration of 1 

mg/ml of each peptide. 

 

4.3 Detection of IFNγ-producing EBV-specific T cells  

IFNγ producing cells after stimulation with overlapping peptide pools were enumerated by 

intracellular cytokine staining (ICCS) 63; 189. Briefly, 106 PBMC were stimulated in 500 μl 

medium containing 10% fetal calf serum for 18 hours ex vivo (or 6 hours after expansion in 

culture) with EBNA1 or BZLF1 peptide pools (at 2 μg/ml of each peptide) and both αCD28 (2 

μg/ml) and αCD49d (1 μg/ml) as costimuli, in the presence of 1:1000 Brefeldin A (Golgiplug, 

BD Biosciences (BD), San José, California, USA) after 1 hour. As a negative control, PBMC 

were either stimulated with medium and costimulation alone, or with irrelevant peptide pools 

(HIV Env and Gag, NIH, Rockville, USA) in the HIV negative individuals. As a positive control 

PBMC were stimulated with 10ng/ml PMA and 2μg/ml ionomycin. After stimulation, cells were 

washed in PBS, permeabilized (FACS Permeabilizing Solution, BD), washed again and stained 

with antibodies specific for CD3, CD4, CD8 and IFNγ (BD). Cells were washed again, fixed 
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(Cellfix, BD) and 200.000 events were acquired on a FACSCalibur flow cytometer (BD). 

Lymphocytes were gated by forward and sideward scatter and data analysed using the software 

program CELL Quest (BD). Reponses were scored as positive when 2x above the medium 

control value.  

In pilot experiments, IFNγ-producing T-cells were also measured by ELISPOT, as previously 

described 63, either in whole PBMC or after depletion of CD8+ T cells using Dynabeads (Dynal 

GmbH, Hamburg, Germany), according to the protocol provided by the manufacturer. 

 
4.4 Expansion of EBV-specific T cells 
To expand EBV-specific T cells, PBMC were cultured for 12 days in the presence of EBNA1 or 

BZLF1 peptide pool. Culture medium consisted of RPMI 1640 (Gibco, Life Technologies, 

Breda, The Netherlands) supplemented with Penicillin/Streptomycin and 10% human pool 

serum. Cells were cultured at 2.105 PBMC/well in 100 μl medium in 96 round-bottom plates, at 

37°C and 5%CO2. Peptide pool (at 2 μg/ml of each peptide) was added on day 0 and 6. IL-2 

was added at 10 U/ml on days 3, 6, and 9. On day 12 cells were pooled, washed in RPMI, and 

rested overnight in medium supplemented with 10% human pool serum, without peptides or 

IL2. On day 13 cells were restimulated for 6 hours using the protocol indicated in paragraph 

4.3, using human pool serum instead of fetal calf serum. 

When indicated, CD4, CD8, CD19 positive cells were depleted from the PBMC using 

Dynabeads (Dynal GmbH, Hamburg, Germany), according to the protocol provided by the 

manufacturer. The efficacy of depletion usually reached less than 0.5% of target cells 

remaining, as verified by FACS analysis. 

 
4.5 Recognition of autologous EBV-transformed B-LCL 
To test recognition of autologous EBV-transformed B-Lymphoblastoid Cell Lines (B-LCL) by 

EBNA1-specific CD4+ T cells, cells cultured for 12 days with EBV antigens were further 

expanded for 1 week with PHA (1 μg/ml on the first day) and IL-2 (10 U/ml on day 3). 5.105 of 

these cultured PBMC were then stimulated for 6 hours with 5.105 autologous B-LCL, and the 

assay was further performed as described above for peptide stimulations. MHC class I and II 

pathways were blocked using 10 μg/ml of monoclonal antibodies W6/32 (anti-pan HLA class I, 

ATCC) and L243 (anti-HLA-DR, ATCC), respectively. The B95-8 cell line was used as a control 

for dependency on human class II presentation, and uncultured donor PBMC were used to 

verify that recognition of B-LCL depended on expansion of EBNA1-specific CD4+ T cells.  

 

4.6 Measurement of HIV load 
HIV RNA load was measured in plasma by several assays. The NASBA HIV-1 QT assay 

(Organon Teknika, Boxtel, The Netherlands), Amplicor HIV monitor (Roche Diagnostic 

Systems Inc., Branchburg, NJ, USA) and Quantiplex bDNA 3.0 assay (Bayer Corporation, 

Tarrytown, NY, USA) had a detection limit of 1000, 400 and 50 copies per ml, respectively. 

Values of 1000, 400 and 50 in the patients characteristics (table 1) indicate that HIV RNA was 
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undetectable by the method used, the cut-off values corresponding to the assay which was 

used.  

 

4.7 Real-time quantitative PCR assay for measurement of EBV load in PBMC 
EBV load was measured in duplicate in DNA from 2x105 cells. Real-time PCR amplification 

was performed as previously described 62; 140. The detection limit of this assay was initially 

reported as 50 copies/106 PBMC, however values above 10 copies/106 PBMC were included 

when less than 10% variation was observed between duplicates, and otherwise scored as 0. 

As a control for input DNA the amount of β-albumin DNA, a household gene present at 2 

copies/cell, was also determined, using primers and probes as described before 141. 

 

4.8 Statistical analysis 
For comparison of EBV-specific T-cell numbers between different groups, Mann-Whitney tests 

were used. Correlations were calculated using Spearman's correlation tests. Software program 

SPSS 11.5 for Windows was used (SPSS Inc., Chicago, Illinois). 

 

 

Acknowledgments 
This study was part of the Amsterdam Cohort Studies on AIDS and HIV-1 infection, a 

collaboration of the Municipal Health Service, the Academic Medical Center and Sanquin 

Research at CLB. We thank Suzanne Jurriaans from the department of Human Retrovirology 

at the AMC for measurement of HIV RNA load and Maarten Koot from Sanquin Diagnostics for 

performing EBV serology. 



 59 
 

Chapter 5 
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infected patients progressing to AIDS-related non-Hodgkin 
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Abstract 
We previously observed a loss of EBV-specific CD8+ T-cell function in subjects progressing to 

EBV-related non-Hodgkin Lymphoma (NHL). This was found to correlate with loss of CD4+ T-

cells. The aim of the present study was to determine the role of EBV-specific CD4+ T cells in 

the development of NHL during chronic HIV infection. To this end, CD4+ and CD8+ memory T 

cells, capable of proliferation and subsequent IFNγ production, directed against a latent 

(EBNA1) and a lytic (BZLF1) EBV antigen were studied longitudinally in 9 progressors to NHL, 

4 progressors to non-EBV-related AIDS and 4 slow progressors to AIDS. 

In all 3 groups, we observed a decline of EBV-specific memory CD4+ and CD8+ T-cell 

responses during HIV infection. However, whereas latent antigen EBNA1-specific CD4+ T cells 

were lost well before diagnosis in all subjects who developed an AIDS-related NHL (and 

EBNA1-specific CD8+ T cells were significantly lower compared to the other groups), these 

cells were better preserved in progressors to non-EBV-related disease and slow progressors. 

Loss of EBNA1-specific T-cell immunity thus might be important for progression to NHL. 

Interestingly, BZLF1-specific T cells were not lost in all progressors to NHL, suggesting a 

difference in the function of these cells in the surveillance of EBV-infected B cells.  
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Introduction 

The Epstein-Barr virus (EBV) is a widespread human γ-herpesvirus, which persists for life in 

resting memory B-cells after primary infection in the oropharynx 18; 129. Both primary infection, 

as well as subsequent reactivations of the virus and proliferation of EBV-infected B-cells, are 

controlled mainly by CD8+ T cells 25; 26.  

In immunosuppressed individuals, a combination of factors may lead to lymphoproliferative 

disorders 190; 191. In HIV-infected subjects, the risk of non-Hodgkin Lymphoma is 60-100 fold 

increased as compared to the general population 2; 192; 193, and 70 to 80% of these lymphomas 

are EBV positive 194. While in HIV-infected individuals, EBV-specific CD8+ T cells are generally 

well preserved 81; 82, their ability to secrete IFNγ in short-term antigen-specific stimulation 

assays is decreased 63, and in individuals progressing towards AIDS-related non-Hodgkin 

Lymphoma the CD8+ T-cell function ultimately collapses completely 63. An association of this 

loss of CD8+ T-cell function with a decrease in total CD4+ T-cell numbers 63 suggests that a 

lack of EBV-specific CD4+ T-cell help could play a role in disease progression. This would be 

in accordance with many human 97-101 and animal studies 88; 89; 92-96, which demonstrate the 

importance of CD4+ T cells in the development and maintenance of effective CD8+ T-cell 

responses. 

While the importance of EBV-specific CD8+ T-cells has been clearly demonstrated, and both 

the height and patterns of immundominance are readily of these CD8+ T-cell responses are 

clearly defined, to date few data on EBV-specific CD4+ T-cell responses are available. Due to 

the extremely low frequencies of these cells, only few investigators have been able to 

determine the ex vivo magnitude of the EBV-specific CD4+ T-cell response 107; 131; 175. Thus, its 

role for maintenance of control over latent EBV infection is unclear. In addition, the 

immunodominant targets of EBV-specific CD4+ T cells are not yet well defined, although it is 

clear that amongst the latent proteins, EBNA1 is recognized in a majority of EBV carriers 106; 

107. Regarding (early phase) lytic antigens, which are known to be major targets of the CD8+ T-

cell response 25; 72; 73, the antigens BZLF1 and BMLF1 are recognised during acute infectious 

mononucleosis 131, and a recent publication suggests that BMRF1 might be a common target 

for CD4+ T cells 175. 

In order to study EBV-specific CD4+ T-cell responses, we used a recently developed method, 

enabling specific and reproducible in vitro expansion and re-stimulation of specific T cells with 

EBNA1 or BZLF1 peptide pools 195. Numbers of antigen-specific CD4+ central memory T-cells, 

capable of proliferation and subsequently IFNγ production in response to re-exposure to 

antigen, were shown to correlate with protection against Hepatitis C virus and malaria 99; 177. 

We recently observed that for EBV this assay may provide a good indication of an individuals’ 

EBV-specific CD4+ memory T-cell response, as suggested by an inverse correlation with EBV 

load in a cross-sectional study 195. Here, we aimed to determine the role of EBV-specific CD4+ 

T-cell responses in the occurrence of NHL in the context of (untreated) HIV infection, and its 

relation to the CD8+ T-cell response. We therefore performed a longitudinal follow-up of EBV-
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specific memory CD4+ and CD8+ T-cell responses in 9 HIV-infected subjects who developed 

NHL, compared to progressors to non EBV-related AIDS and slow progressors to AIDS. 

 
 
Material & Methods 

Patients 
All HIV seropositive subjects were participants of the Amsterdam Cohort studies on AIDS and 

HIV-1 infection. Blood samples from these homosexual men at risk for HIV-1 infection were 

collected every three months for HIV-1 serology and immunological studies. In addition, at all 

time points PBMC were cryopreserved. All individuals under study gave their informed consent 

according to the declaration of Helsinki.  

9 progressors to EBV-related NHL were studied longitunally, at several time points (3 to 8) 

from HIV seroconversion to NHL diagnosis. These individuals were compared to 4 progressors 

to other AIDS-defining events, and 4 subjects with slow progression of HIV disease. Time from 

HIV seroconversion to AIDS (NHL and non-EBV-related) or last time point of follow-up (slow 

progressors), CD4+ T-cell numbers, and HLA class I and II typing are indicated in table I. A 

number of individuals received antiretroviral treatment late during HIV infection (table I). 

However we did not include any time points during this therapy. Two of the progressors to NHL 

received antiretroviral therapy before diagnosis (at 3 and 24 months pre NHL, respectively), 

while 2 were treated by antiretroviral therapy from the date of NHL diagnosis onwards. Several 

of the individuals under study were described previously 63, as indicated in the table I. 

 
Table I - Patient data 

Subject 
age 
SC/entry Follow-up* HLA class I HLA class II CD4$ Diagnosis Antiretroviral treatment# 

        
NHL 68 43.5 12.4 A29,A30,B18,B44 DR7,DR14,DQ1,DQ2 850 NHL at 92 days preNHL (5,6) 
NHL 139& 46.3 7.3 A1,A2,B8,B51 DR3,DR4,DQ2,DQ3, 80 NHL  -  
NHL 292 38 11.2 A24,B16 DRDR11,DR12,DQ3 210 NHL at diagnosis (1,2,5) 
NHL 308& 34.2 7.8 A1,B8,B51 DR1,DR17,DQ2,DQ5 100 NHL  -  
NHL 354 35.2 6.1 A1,A32,B7,B70 DR4,DR15,DQ6,DQ7 30 NHL  - 
NHL 434 48.9 13.1 A2,A28,B7,B27 DR6,DR9,DQ1 410 NHL 724 days pre NHL (1,5,7) 
NHL 617 27.9 11.3 A2,A11,B35,B62 DR8,DR13,DQ1 390 NHL at diagnosis (5,6,7) 
NHL 6006& 41.8 6.3 A2,A32,B7,B35 DR11,DR17,DQ2,DQ7 50 NHL  - 
NHL 8003 28.9 4.4 nd nd 200 NHL  - 
median 38 7.8   200   
        
        
PROG 53 27.3 7.1 A1,A3,B39,B61 DR1,DR11,DQ1,DQ3 140 PCP  - 
PROG232& 35.1 11.2 A1,A3,B7,B8 DR3,DQ2 150 Mycobact. 3613 dys postentry (3,6,7)
PROG341& 33.3 10.7 A24,A28,B8,B13 DR3,DR9,DQ2,DQ3 90 PCP 3533 days postSC (1,5) 
PROG495 37.6 4.6 A1,B52,B60 DR7,DR11,DQ1,DQ2 160 Candida  - 
median 34.2 8.9   145   
        
        
SP 36& 34.9 9.3 A1,A32,B8,B44 DR3,DR12,DQ2,DQ3 450 na 2224 days postSC (5,6,7) 
SP 67 34.4 14.6 A26,A28,B7,B57 DR3,DR15,DQ2,DQ6 460 na  -  
SP 750 31.7 17.6 nd nd 380 na  -  
SP1160& 35.3 15 A2,B8,B27 DR,DR11,DQ2,DQ3 240 na  - 
median 34.65 14.8   415   
        
SC=seroconversion; PROG=progressor; SP=Slow progressor 
*time from entry or seroconversion to AIDS diagnosis or last time point of follw-up (for the slow progressors)  
$CD4 count at AIDS diagnosis or at last time point studied (slow progressors)    
#Antiretroviral therapy: 1=zidovudine (zdv); 2=didanosine (ddI); 3=zalcitabine (ddC); 5=lamuvidine (3TC); 6= indinavir; 7=saquinavir 
(HGC) 
&Individuals included in a previous study 63    
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T cell stimulation 
EBV-specific CD4+ T-cells were stimulated using overlapping peptide pools. 15-mer peptides 

with 11 amino acid overlap spanning the immunogenic C-terminal region of EBNA1 (57 

peptides) and the entire BZLF1 protein (59 peptides) were synthesized by JPT Peptide 

Technologies GmbH (Berlin, Germany). Purity and sequences were verified by HPLC and 

mass spectrometry. Peptides were dissolved in DMSO and pooled at a final concentration of 1 

mg/ml of each peptide. As a negative control, PBMC were either stimulated with medium and 

costimulation alone. As a positive control PBMC were stimulated with 10ng/ml PMA and 

2μg/ml ionomycin. 

 
Expansion of EBV-specific T cells 
To expand EBV-specific T cells, PBMC were cultured for 12 days in the presence of EBNA1 or 

BZLF1 peptide pool. The culture medium consisted of RPMI 1640 (Gibco, Life Technologies, 

Breda, The Netherlands) supplemented with Penicilin/Streptomycin and 10% human pool 

serum. Cells were cultured at 2.105 PBMC/well in 100 μl medium in 96 round-bottom plates, at 

37°C and 5%CO2. Peptide pool (at 2 μg/ml of each peptide) was added on day 0 and 6. IL2 

was added at 10 U/ml on days 3, 6, and 9. On day 12 cells were pooled, washed in RPMI, and 

rested overnight in complete medium. On day 13 cells were restimulated for 6 hours using the 

protocol indicated below. 

 

Detection of IFNγ-producing EBV-specific T cells  

IFNγ producing cells after stimulation with overlapping peptide pools were enumerated by 

intracellular cytokine staining (ICCS) 63; 142; 189. Briefly, 1x106 PBMC were restimulated in 500 μl 

medium containing 10% human pool serum for 6 hours (after expansion in culture) with 

EBNA1 or BZLF1 peptide pools (at 2 μg/ml of each peptide) and both αCD28 (2 μg/ml) and 

αCD49d (1 μg/ml) as costimuli, in the presence of 1:1000 Brefeldin A (Golgiplug, Becton 

Dickinson (BD), San José, California, USA) after 1 hour to allow accumulation of cytokines in 

the cytosol. After stimulation, cells were washed in PBS, permeabilized (FACS Permeabilizing 

Solution, BD), washed again and stained with antibodies specific for CD3 PerCP, CD4APC, CD8 

PE, IFNγ FITC (BD). Cells were washed again, fixed (Cellfix, BD) and 200.000 events were 

acquired on a FACSCalibur flow cytometer (BD). Lymphocytes were gated by forward and 

sideward scatter and data analysed using the software program CELL Quest (BD). Instead of 

using the percentage of IFNγ-producing cells within the CD3+CD4+ or CD8+ T-cell fractions, we 

aimed to determine a more absolute number of EBV-specific CD4+ T cells, enabling 

comparison of donors and patients with very different CD4+ T cell numbers, and reflecting the 

proliferative capacity of the specific cells. Therefore, we calculated the number of EBNA1- or 

BZLF1-specific IFNγ-producing CD4+ T cells recovered out of 106 cultured PBMC (by 

compensating for the total recovery of cells at day 12). Responses were defined as positive 

when above 2 times the medium levels of IFNγ production, which generally gave a cut-off 

around 0.10%, or 100 specific cells grown out of 106 PBMC put into culture. 
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Polyclonal T-cell proliferation 
Polyclonal T-cell proliferation was determined by measurement of 3H thymidine incorporation, 

after stimulation of whole blood cultures with the anti-CD3 mAb CLB T3/4 (Sanquin Reagents, 

Amsterdam), as previously described 43. 

 

Real-time quantitative PCR assay for measurement of EBV load in PBMC 
EBV load was measured in duplicate in DNA from 2x105 cells. Real-time PCR amplification 

was performed as previously described 62; 62; 140, using PCR primers specific for the non-

glycosylated membrane protein BNRF1 p143 139 and a fluorogenic probe (PE Biosystems, 

Nieuwekerk aan de IJssel, NL) to detect the 74 base pairs product. As a control for input DNA 

the amount of β-albumin DNA, a household gene present at 2 copies/cell, was also 

determined, using primers and probes as described before 141. 

 

Statistical analysis 
For comparison of EBV-specific T-cell numbers between different groups, Mann-Whitney tests 

were used. For comparison of time points within groups, Wilcoxon signed rank test was used. 

Correlations were calculated using Spearman's correlation tests. Software program SPSS 11.5 

for Windows was used (SPSS Inc., Chicago, Illinois). 

 
 
Results 
 
Study population 
We studied 9 subjects who progressed to an AIDS-related NHL within a median of 7.8 years 

from HIV seroconversion, 4 subjects who progressed to other AIDS-defining events within a 

median time of 8.9 years from HIV seroconversion, and 4 slow progressors who did not 

develop any AIDS-defining symptoms during a median time of at least 14.8 years. The median 

age of the patients at seroconversion was not different between the progressors to NHL (39.9 

years), the progressors to AIDS OI (34.2), and the slow progressors (34.7). Median CD4+ T-

cell numbers at AIDS diagnosis were similar (p=0.71) between progressors to NHL (200 / μl, 

range 30-850) and other progressors (145 / μl, range 90-160), although the range was much 

wider for the NHL patients. A number of the individuals under study received antiretroviral 

treatment late during follow-up (at time points not included in this study), as indicated in table I. 

Confirming our earlier studies 62; 63; 152, EBV DNA load in PBMC was not different at any time 

point during follow-up between progressors to NHL and slow progressors or progressors to 

non-EBV-related AIDS (figure 1). 
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Figure 1 – Comparable EBV load in NHL and other progressors 

or slow progressors. EBV DNA load in PBMC (depicted in copies per 106 

PBMC), as measured by TaqMan real-time PCR of the BNRF1 gene at 6, 3 and 

1 year before AIDS diagnosis (NHL and other progressors) or equivalent time 

from HIV seroconversion (slow progressors). Progressors to NHL or other AIDS 

are represented by black dots (•), slow progressors by grey dots (•).   

 

 
 
 
 
 

Kinetics of EBV-specific memory T-cell responses during chronic HIV infection 
EBV-specific memory CD4+ and CD8+ T-cell responses were studied using a recently 

developed method, enabling specific and reproducible in vitro expansion and restimulation of 

specific T cells with EBNA1 or BZLF1 peptide pools 195. The results of this assay were 

expressed as the number of IFNγ-producing cells – after restimulation - per 106 PBMC put into 

culture at day 0. This value gives an indication of both proliferative capacity and ability to 

produce IFNγ after antigen-driven expansion. Figure 2A shows a subject who progressed to 

NHL, in whom initially both CD4+ and CD8+ T-cell responses to EBNA1 and BZLF1 were 

detected. The CD4+ T-cells to both EBNA1 and BZLF1 were lost already 40 months before 

NHL diagnosis. CD8+ T-cell responses to EBNA1 disappeared 16 months before NHL, 

whereas BZLF1-specific CD8+ T cells were detected until the end of follow-up. Figure 2B 

shows a progressor to AIDS (Candida oesaphagitis), who initially had a high CD4+ and CD8+ 

T-cell response to EBNA1- and BZLF1, which declined but was detectable until AIDS 

diagnosis. In figure 2C, a representative slow progressor is shown, who lost EBNA1-specific 

CD4+ T cells at more than 150 months after HIV seroconversion, but had a sustained EBNA1-

specific CD8+ T-cell response and a low but stable BZLF1-specific CD4+ T-cell response.  

 

Decline of EBV-specific CD4+ T cells during chronic HIV infection: loss of EBNA1-
specific CD4+ T cells in all progressors to EBV-related NHL 
To study the evolution of EBV-specific memory CD4+ T-cell responses within the different 

groups of individuals, we calculated the median of the responses early (defined as > 200 CD4+ 

T cells per μl, or in the first half of follow-up when CD4+ T cells did not decline to such low 

levels) and late in infection. As shown in figure 3A and 3B, EBNA1-specific CD4+ T-cell 

responses declined significantly in all HIV-infected individuals during HIV infection, from a 

median of 498 to 105 specific cells out of 106 PBMC for the NHL (p=0.012, Wilcoxon signed 

rank test), and from 846 to 343 for the progressors to AIDS and slow progressors (p=0.018). 

BZLF1-specific CD4+ T-cell responses (3C and 3D), which were measured only in a proportion 

of individuals (table II), were not altered (p=0.180 and 0.237).  
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Figure 2 – Decline in EBV-specific CD4+ and CD8+ memory T cells during HIV infection. Examples of EBNA1- and 

BZLF1-specific T-cell responses during the course of HIV infection, measured after 12 days of specific in vitro expansion. A) 

Represents a subject who progressed to an EBV-related NHL, B) an individual who progressed to non-EBV-related AIDS (Candida 

oesophagitis), and C) a slow progressor (asymptomatic for more than 17 years). Values in the upper left corner indicate the number of 

CD8+ T cells that grew out of 106 PBMC put into culture (after substraction of the medium background), while values in the right part of 

the plots (underlined and in italic) indicate the number of specific CD4+ T cells. The values above the plot indicate the follow-up time in 

months, relative to NHL or AIDS, or to HIV seroconversion for the slow progressor. 

 

In order to compare the responses between groups, we choose 3 different time points during 

follow-up, at which we had data from a majority of subjects, in relation to the date of AIDS 



 67 
 

diagnosis or the equivalent median time from study entry or seroconversion (for the slow 

progressors). These results are shown in figure 3E for EBNA1 and 3F for BZLF1. At 6 years 

(range 40-75 months) and 3 years (26-45 months) before AIDS diagnosis, the numbers of 

EBNA1-specific CD4+ T cells were not different between NHL and other patients (at 6 years: 

349 vs. 341, p=0.681; at 3 years: 98 vs. 322, p=0.236, Mann-Whithney test; figure 3E). In 

contrast, at 1 year (7-20 months) before AIDS, no EBNA1-specific CD4+ T cells responses 

were detectable anymore in the NHL patients, while they were still present in 2/3 progressors 

and 3/4 slow progressors (0 vs. 326, p=0.053; figure 3E). For BZLF1-specific CD4+T-cell 

responses, no differences between the groups were found at any time point (figure 3F). 

 
Figure 3 – CD4+ T-cell 

responses to EBNA1 and 
BZLF1. CD4+ T-cell responses to 

EBNA1 (A, B, E) and BZLF1 (C, D, 

F) after 12 days of specific 

expansion and restimulation. 

Results are expressed as the 

number of IFNγ-producing cells after 

specific restimulation at day 12, that 

grew out of 106 PBMC put into 

culture at day 0. A), B), C) and D) 

show the responses early (CD4+ T-

cell numbers > 200/μl, or first half of 

the follow-up time) and late during 

HIV infection, for progressors to 

NHL (A, C) and progressors to 

AIDS and slow progressors together 

(B, D). The p-values of the Wilcoxon 

signed rank test are indicated above 

the graphs. E) and F) show the 

comparison of progressors to NHL 

(NHL) with progressors and slow 

progressors (P+SP), at 6, 3 and 1 

year before AIDS diagnosis. Values 

above the graphs indicate median 

of NHL vs. P+SP, and the p-value of 

the Mann-Whithney test. In E) and 

F), progressor to NHL or other AIDS 

are represented by black dots (•), 

slow progressors by grey dots (•).   

 

 

Eventually, EBNA1-specific CD4+ T cells were lost in all progressors to NHL (table II). The 

median CD4+ T-cell number at time of loss (first time point at which no response was detected 

anymore) was 300 per μl. In contrast, EBNA1-specific CD4+ T cells were maintained in 2/4 

progressors (while 2 progressors who lost this response, at total CD4+ T-cell numbers of 290 

per μl), and 1/4 slow progressor maintained this response until the end of follow-up (3/4 other 

lost it at a median of 280 CD4+ T-cells per μl). At the end of follow-up, BZLF1-specific CD4+ T 

cells were maintained in 1/4 progressor to NHL (3/4 lost these cells at a median CD4 counts of 
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360/μl), 2/3 other progressors (1 lost them at CD4 of 290/μl) and 1/4 slow progressors (3/4 lost 

this response at CD4 of 360/μl, table II). Thus, it appears that EBNA1-specific CD4+ T cells 

were specifically lost in the progressors to NHL. 

 
Lower EBNA1-specific CD8+ T cells in the progressors to NHL 
As shown in figures 2A-C, CD8+ T-cell responses measured after 12 days of specific 

expansion also declined during HIV infection. In parallel to CD4+ T cells, CD8+ T-cell 

responses to EBNA1 declined significantly (p=0.018 for NHL, and p=0.018 for progressors and 

slow progressors, figure 4A and 4B), while BZLF1-specific CD8+ T-cell responses did not 

change (p=0.109 and p=0.310, figure 4C and 4D). 

When comparing responses at different time points before AIDS, there was no difference in 

the EBNA1-specific CD8+ T-cell response between NHL and other subjects at 6 years pre 

AIDS (105 vs. 717 cells out of 106 PBMC, p=0.328), whereas they tended to decrease at 3 

years (106 vs. 714 cells out of 106 PBMC, p=0.059), and were significantly lower in the NHL 

patients at 1 year before AIDS diagnosis (0 vs. 421, p=0.007)(Figure 4E). For BZLF1, no 

difference was found at any of those time points (6 years pre AIDS: 1876 vs. 112, p=0.432; at 

3 years: 542 vs. 275, p=0.537; at 1 year 868 vs. 352, p=0.914)(figure 4F). 

 

Figure 4 – EBV-specific 

CD8+ T-cell responses. CD8+ 

T-cell responses to EBNA1(A, B, E) 

and BZLF1 (C, D, F) after 12 days 

of specific expansion and 

restimulation. Results are 

expressed as the number of IFNγ-

producing cells after specific 

restimulation at day 12, that grew 

out of 106 PBMC put into culture at 

day 0. A), B), C) and D) show the 

responses early (CD4+ T-cell 

numbers > 200/μl, or before half of 

the follow-up time) and late during 

HIV infection, for progressors to 

NHL (A, C) and progressors to 

AIDS and slow progressors together 

(B, D). The p-values of the Wilcoxon 

signed rank test are indicated above 

the graphs. E) and F) show the 

comparison of progressors to NHL 

(NHL) with progressors and slow 

progressors (P+SP), at 6, 3 and 1 

year before AIDS diagnosis. Values 

above the graphs indicate median 

of NHL vs. P+SP, and the p-value of 

the Mann-Whithney test. In E) and 

F), progressor to NHL or other AIDS 

are represented by black dots (•), 

slow progressors by grey dots (•).   
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At AIDS diagnosis or end of follow-up, EBNA1-specific CD8+ T cells were maintained at low 

levels in 2/4 of the progressors to NHL who initially responded (and lost in 2/4 at total CD4+ T-

cell numbers of 385/μl), 2/3 other progressors (lost in 1/3 at CD4+ T-cell numbers of 280/μl) 

and in 2/3 slow progressors (lost in 1/3 at CD4+ T-cell numbers of 280/μl )(table II). BZLF1-

specific CD8+ T cells were maintained in all 6 responding progressors to NHL and 3/3 

responders amongst the other progressors, while they were lost in 1/3 responding slow 

progressors, at CD4+ T-cell numbers of 280/ μl (table II). 
 

Table II – Presence of EBNA1 and BZLF1-specific memory T cells 

 NHL Detectable CD4 at  Prog. Detectable CD4 at  
Slow 
pr. Detectable CD4 at 

 Present  till end  time of  Present till end  time of  Present till end  time of 
 early1 of follow-up2 loss3  early1 of follow-up2 loss3  early1 of follow-up2 loss3 
                      
            

EBNA1-CD4 7 / 9 0 / 7 300  4 / 4 2 / 4 290   4 / 4 1 / 4 280 

BZLF1-CD4 4 / 8 1 / 4 310  3 / 3 2 / 3 290  4 / 4 1 / 4 360 

EBNA1-CD8 4 / 9 2 / 4 385  3 / 4 2 / 3 280  3 / 4 2 / 3 280 

BZLF1-CD8 6/ 8  6 / 6 n.a.  3 / 4 3 / 3 n.a.  3 / 4 2 / 3 280 
1frequency of individuals in whom these responses were measurable at an early time point during HIV   
2frequecny of indivdiuals in whom these responses were maintained until end of follow-up     
3Total CD4+ T-cell numbers per ul at time point when memory T-cell responses were lost     
 
EBNA1-specific CD4+ T-cell proliferation is specifically lost 
To investigate whether of loss of EBNA1-specific T cells is specific or a consequence of 

general loss of T-cell proliferative capacity, we investigated the general proliferative capacity of 

T cells, as measured by proliferative responses to CD3 mAb 43 at 6, 3 and 1 year before AIDS 

diagnosis (the same time points as used for comparison of specific responses between 

groups). As shown in figure 5A, progressors to NHL did not differ from other progressors and 

slow progressors with regard to T-cell proliferative responses to CD3 (at 6 years pre AIDS: 

median 2701 vs. 2680 counts per minute; at 3 years: 1684 vs. 1558; at 1 year 1334 vs. 1386). 

This further confirmed that indeed EBNA1-specific T cells were specifically lost in subjects who 

developed NHL. To illustrate this, figure 5B shows a progressor to NHL, in whom the CD4+ T-

cell response to EBNA1 was lost before CD3 responses declined. In contrast, figure 5C and D 

show a progressor to non-EBV-related AIDS and a slow progressor, respectively, in whom the 

decline in EBNA1-specific CD4+ T cells paralleled the decline in proliferation to CD3 mAb. In 

accordance with a specific loss of CD4+ T-cell responses to EBNA1, the ratio between EBNA1-

specific CD4+ T-cell responses and proliferative responses to CD3 mAb tended to be lower in 

the progressors to NHL (ratio = 0.24, arbitrary units, indexed to 1 at 6 years before AIDS) 

compared to the progressors to AIDS and slow progressors (ratio = 1.58), at 1 year before 

AIDS diagnosis (p=0.097, figure 5E). No correlations were found between the proliferative 

response to CD3 mAb and memory CD4+ T-cell responses to EBNA1 or BZLF1, neither in the 

progressors to NHL (Rho=0.190, p=0.385 for EBNA1; Rho=0.260, p=0.370 for BZLF1; 

Spearmans’ correlation test) or the other subjects (Rho=0.479, p=0.192 for EBNA1; 
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Rho=0.373, p=0.362 for BZLF1). Thus, loss of EBNA1-specific memory T-cell responses 

occurs specifically during progression to EBV-related NHL. 

Figure 5 – EBV-specific 

T-cell responses in relation 
to polyclonal proliferative 
capacity. A) indicates the 

proliferative response to αCD3 

mAb, expressed in counts per 

minute (CPM), at 6, 3 and 1 year 

before NHL or AIDS. Progressors 

to NHL (NHL) or other AIDS (P) 

are represented by black dots (•), 

slow progressors (SP) by grey 

dots (•). The p-value of the 

Mann-Whithney test is given 

above the graphs. B), C) and D) 

give representative examples of 

the CD4+ T-cell response to 

EBNA1 and BZLF1 for a 

progressor to NHL (B, in who the 

response to EBNA1 and BZLF1 

were lost before loss of the 

response to αCD3), a progressor 

to AIDS (C, where the BZLF1-

specific response were lost early, 

and EBNA1-specific response 

parallel the αCD3 response), and 

a slow progressor (D, in who no 

response to BZLF1 was 

measured, and the EBNA1-

specific response decreased in 

parallel with the αCD3 response). 

Graph E) shows the ratio 

between EBNA1-specific CD4+ T-

cell responses and general 

proliferative capacity (in response 

to αCD3 mAb), indexed to the 

time point at 6 years before AIDS 

diagnosis. 
 

 
Discussion 
It was previously shown that dysfunctional EBV-specific CD8+ T-cells may be a major cause 

for the development of NHL in HIV-infected subjects 63; 81. To investigate whether this could be 

related to loss of specific CD4+ T-cell help, we studied EBV-specific CD4+ T cells in both 

progressors to AIDS-related NHL and progressors to AIDS or slow progressors. Confirming 

our earlier cross-sectional results 195, where we found a decreased frequency of EBV-specific 

memory CD4+ and CD8+ T cells in untreated HIV-infected subjects, we observed a decline in 

these responses during HIV infection in both progressors to NHL and progressor to non-EBV-

related AIDS or slow progressors. However, while latent antigen EBNA1-specific CD4+ T cells 

were lost well before diagnosis in all the subjects who developed an EBV-related NHL, these 
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were relatively preserved in progressors to non-EBV-related disease and slow progressors. 

Loss of EBNA1-specific T-cell immunity thus seems a prerequisite for NHL development. 

Interestingly, BZLF1-specific T cells maintained in progressors to NHL, suggesting a less 

important function of these cells in the surveillance of EBV-infected B cells.  

As EBV-specific CD4+ T cells are present in very low numbers during latent EBV infection 107; 

131, we used a specific and reproducible expansion step before analysis. Furthermore, studies 

of HIV-specific CD4+ T cells suggest that the presence of an intact central memory T-cell pool, 

capable of proliferation, correlates better with control of HIV infection than the presence of 

effector cells, only capable of IFNγ production directly ex vivo 98; 178. Assays comparable to the 

one used here, combining in vitro expansion and restimulation, were shown to correlate well 

with protection against disease in both Hepatitis C and Malaria infection 99; 176; 177. Several 

recent studies in mice clearly demonstrated the importance of CD4+ T cells for the generation 

of an effective memory CD8+ T-cell response, with adequate proliferative and functional 

properties 87-89, especially during the transition from effector to memory CD8+ T cells 90; 91. In 

addition several disease models in mice indicated the necessity of specific CD4+ T-cell help for 

maintenance of CD8+ T-cell function during chronic infection 92-94. In the setting of human EBV 

infection, a clear peak in EBV-specific CD4+ T cells during acute infection (131,and unpublished 

results) shows that EBV-specific CD4+ T cells transiently expand. Also in support for a role of 

EBV-specific CD4+ T cells in vivo for controlling EBV, it was recently demonstrated that after 

bone marrow transplantation, the use of a CD4+ T-cell depleted graft led to an increased 

frequency of patients with detectable EBV replication, although the incidence of PTLD was not 

increased as long as CD8+ T cells were present in the graft 196. In an earlier study, we found a 

loss of EBV-specific CD8+ T-cell function at very late stages (CD4+ T-cells < 200/μl) during HIV 

infection 63. Here it appears that loss of EBNA1-specific CD4+ T cells (at a median total CD4+ 

T-cell count of 300/μl, and more than 1 year before NHL diagnosis) occurs at an earlier stage, 

which would be in accordance with a role in maintenance of CD8+ T-cell function. 

Next to a role in helping the CD8+ T-cell response, EBV-specific CD4+ T cells might also have 

an effector function by themselves. Numerous studies investigated the recognition of EBV-

infected cells by CD4+ T cells via recognition of latent 105; 179-181; 197 or lytic antigens 182, and 

suggested that EBV-specific CD4+ T cells could directly control outgrowth of EBV-infected B 

cells or tumors. In a mouse model, it was recently demonstrated that EBNA1-specific CD4+ T 

cells can indeed display a cytotoxic function in vivo, although this – HLA class I negative - 

model is probably not representative for AIDS-related NHL 198. 

Interestingly, while loss of EBNA1-specific CD4+ T cells appeared to be associated with 

progression to NHL, BZLF1-sepcific CD4+ T cells were still detected in a number of NHL 

patients. This suggests a different role for these cells in the control of EBV-infected B cells. 

EBNA1 is expressed in a majority of tumors, and as both EBNA1-specific CD4+ and CD8+ T 

cells have recently been shown to be capable of recognising EBV-infected B cells 180; 188; 197 185 
185 186, it seems likely that loss of these cells could alter the capacity to control tumour 

outgrowth. In contrast, BZLF1-specific T cells most likely will recognise antigens from EBV-
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infected epithelial cells or B cells entering lytic cycle, and could play a more important role in 

controlling the amount of viral reactivation than the proliferation of latently EBV-infected cells.  

This is to our knowledge the first time that a difference between lytic and latent EBV antigen-

specific T cells is suggested regarding their role in the control of EBV. In healthy carriers, a 

difference in phenotype of CD8+ T cells was shown 199. This may also have to do with both 

frequency and / or site of antigen encounter, whereby the (mostly CCR7+) latent-antigen-

specific CD8+ T cells are more likely to be induced by proliferating EBV-infected B cells, while 

the lytic antigen-specific CD8+ T cells (which are more often CCR7-) might be driven by lytic 

replication in epithelial cells of the oropharynx, or reactivating B-cells in (tonsillar or peripheral) 

lymph nodes. Interestingly, the difference between latent and lytic antigen-specific immune 

responses was also observed at the antibody level in HIV-infected subjects, who have 

decreased titers of EBNA1-, but increased titers of VCA-specific IgG 64; 155. This may indicate 

that loss of immunity to EBNA1, but not lytic EBV antigens, is a general feature of HIV 

infection. 

Finally, the evolution towards an EBV-related NHL is the result of a multi step process. 

Thereby a high rate of B-cell stimulation, characteristic for HIV infection, together with a high 

frequency of EBV-infected B cells, increases the chance of malignant transformation, which 

can ultimately lead to EBV-positive B-cell tumour outgrowth 190; 191; 200. This process is normally 

kept under control by EBV-specific CD8+ T cells. It is very likely that in the absence of specific 

CD4+ T-cell help, a functional CD8+ T-cell response can not be maintained 93.    
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Abstract 
The incidence of (Epstein-Barr virus (EBV)-related) malignancies in HIV-infected subjects has 

declined since the introduction of highly active antiretroviral therapy (HAART). To investigate 

the effect of HAART on EBV infection, we performed a longitudinal analysis of the T-cell 

response to both a latent and a lytic antigen and EBV viral load, in 10 subjects from early in 

HIV infection up to 5 years after HAART.  

All individuals responded to HAART by a decline in HIV viral load, a restoration of total CD4+ T 

cell numbers, and a decline in T-cell immune activation. Despite this, EBV load remained 

unaltered, even after 5 years of therapy, although a decline in both CD4+ and CD8+ T cells 

specific for the lytic EBV protein BZLF1 suggested a decreased EBV reactivation rate. In 

contrast, latent EBV antigen EBNA1-specific CD4+ and CD8+ T-cell responses were restored 

after 5 years of treatment to levels comparable to healthy individuals. In 2 individuals who were 

treated by HAART late during HIV progression, a lymphoma developed despite restoration of 

EBV-specific CD4+ and CD8+ T cells.  

Early initiation of HAART might result in a new EBV equilibrium, much more favourable for the 

host, consisting of an elevated EBV load, but presumably in the presence of sufficient CD4+ T 

help to preserve CD8+ T cells from exhaustion. 
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Introduction 

The Epstein-Barr virus is a widespread human γ-herpesvirus 1, that persists for life in a latent 

form in resting memory B-cells after primary infection in the oropharynx 18; 129, and is controlled 

mainly by CD8+ T cells 25; 26. HIV infection is associated with an alteration of the EBV viral 

setpoint, reflected by an elevated EBV load early in infection which is paralleled by increased 

numbers of EBV lytic antigen-specific CD8+ T-cells. This may be related to more frequent EBV 

reactivation 147; 152. After this increase early in HIV infection, EBV load increases only slowly 

during chronic infection 152. This results in the commonly observed elevated and fluctuating 

EBV load in untreated HIV infection 62, which may the reason why the absolute level of EBV 

DNA in PBMC is not predictive of EBV-related non-Hodgkin Lymphoma (NHL) 62; 64. Persistent 

high EBV burden might, however, lead to EBV-related NHL when EBV-specific CD8+ T-cell 

function is lost. An association of this loss of CD8+ T-cell function with a decrease in total CD4+ 

T-cell numbers 63 suggested that it may be due to a lack of CD4+ T-cell help, which is in 

accordance with many human 97-101 and animal studies 88; 89; 92-96.  

In untreated HIV-infected individuals, the incidence of non-Hodgkin Lymphomas (NHL) is 

considerably increased compared to healthy individuals, and a majority of these malignancies 

are EBV positive, mostly systemic or primary central nervous system lymphomas (PCNSL) 2; 

130. The incidence of both types of lymphomas has decreased since the introduction of highly 

active antiretroviral therapy (HAART) 119; 120; 120-123, while their prognosis has greatly improved 
120; 124-126. 

The long-term effects of HAART on EBV viral load and EBV-specific immunity have not been 

studied. No consistent changes in EBV DNA load were found in either short-term longitudinal 
127; 128; 201 or cross-sectional studies 64, while IFNγ production by EBV-specific CD8+ T cells was 

increased shortly after initiation of HAART 82; 127. It remains however unclear whether on the 

long term, HAART will lead to a restoration of the EBV load to levels measured in healthy EBV 

carriers, by a combination of decreased immune activation and possibly improved immune 

responses. Alternatively, it may be that HIV seroconversion irreversibly alters the individual 

EBV viral setpoint. The aim of this study was to investigate the long-term effects of HAART on 

EBV viral load and EBV-specific CD4+ and CD8+ T-cell responses. To this end, we studied 10 

HIV-infected subjects early (2 years post-seroconversion) and late during untreated HIV 

infection (7 years) and at an early (7 months) and later timepoint after HAART (5 years). All 

these individuals responded to HAART by both a decrease in HIV RNA load and a restoration 

of total CD4+ T-cell numbers. Both CD4+ and CD8+ T cells to an EBV latent (EBNA1) and lytic 

protein (BZLF1) were studied, using an in vitro expansion method that was recently developed 
195, next to the quantification of specific CD8+ T cells by direct staining with HLA-peptide 

tetramers, and in relation to EBV load.  
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Material & Methods 
 
Study population 
All HIV seropositive subjects were participants of the Amsterdam Cohort studies on AIDS and 

HIV-1 infection. Blood samples from these homosexual men at risk for HIV-1 infection were 

collected every three months for HIV-1 serology and immunological studies. In addition, at all 

time points PBMC were cryopreserved. 10 patients were selected based on HLA class I typing 

and availability of cryopreserved PBMC at several time points before and after HAART (table 

I). None of these 10 subjects was diagnosed a NHL or other AIDS-defining event. Samples 

were studied early (73 months initiation of HAART, range 88 to 41) and later during HIV 

infection (11 months pre HAART, 16 to1), and early (7 months, 1 to 15) and late (56 months, 

43 to 81) after initiation of HAART. The median age of the patients at the first time point 

studied was 39.5 years (27.5 to 50). Start of HAART was defined by a drug regimen consisting 

of at least 2 nucleotide or nucleoside reverse transcriptase inhibitors (NRTI) and 1 protease 

inhibitor (PI) or 1 NRTI + 2 PI. Time from HIV seroconversion, HLA class I and II typing and 

medication of the HIV-infected individuals are indicated in table I. 

In addition, we studied 2 patients progressing to EBV-related AIDS NHL shortly after start of 

HAART, at the time points indicated in figures 5 and 6 (described in results). 

Furthermore, a cross-sectional analysis of EBV-specific T-cell responses was performed in 

PBMC from 14 healthy EBV seropositive blood bank donors. 

 

Table I - Patient data: time from HIV seroconversion, HLA typing, treatment 

SEQ t11 t21 t31 t41 HLA A HLA B HLA DR HLA DQ Treatment2 
36 33 63 75 122 A1,A32 B8,B44 DRB1*03011/1201 DQB1*0201/0301 3TC,Ind,Saq 
156 76 146 161 206 A11,A28 B8,B38 DR3,DR52 DQ2  3TC,Ind,Saq 
164 9 85 111 147 A1,A24 B8,B44 DRB1*0305/1100 DQB1*0201 zdv,3TC,ddC,Ind, Rit 
188 9 80 96 142 A2 B7 DRB1*1302/1501 DQB1*0602/0604 Rit,ddC,Ind,3TC 
523 12 49 68 105 A1,A33 B8,B44 DRB1*03011/0701 DQB1*0201 3TC,Ind,ddC,Saq 
545 17 90 107 154 A1,A24 B8 DRB1*0300/0400 DQB1*0201/0302 zdv,3TC,ddC,Ind,Saq 
1194 21 83 95 167 A11,A24 B8,B62 DRB1*03011/1301 DB1*0201/0603 zdv,3TC,Saq 
1113 19 77 88 158 A1,A11 B8,B57 DRB1*03011/0400 DQB1*0201/0302 3TC,Ind,Saq 
1140 42 108 138 185 A2,A11 B40,B52 DRB1*1300/1500 DQB1*0604/0607 zdv,3TC,ddC,Ind,Saq 
1186 39 105 128 191 A1,A24 B7 DRB1*15011 DQB1*0602 zdv,3TC,ddC,Ind,Saq 

Median 20 84 101 156      
Minimum 9 49 68 105      
Maximum 76 146 161 206      

1)Time in months from HIV seroconversion 
2Ind = Indinavir; Saq = Saquinavir; Rit = Ritonavir 
 
Flow cytometry and Tetramer staining 
MHC class I tetramers complexed to EBV peptides were produced as previously described 63; 142. 

The immunodominant epitopes were derived from both EBV lytic cycle proteins (A2-GLCTLVAML 

from BMLF1; B8-RAKFKQLL from BZLF1), and EBV latent antigens (A11-AVFDRKSDAK and 

A11-IVTDFSVIK from EBNA3B; B7-RPPIFIRRL from EBNA3A; B8-FLRGRAYGL from EBNA3A) 
25. HIV-specific CD8+ T cells were studied using tetramers containing several epitopes, depending 

on the HLA type of the subject: A2-SLYNVATL, B8-EIYKRWII and B57-KAFSPEVIPMF from 

Gag; A2-ILKEPVHGV from Pol; B8-FLKEKKGL from Nef. 
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Four color fluorescence analysis was performed. Briefly, PBMC were thawed and 1 to 1,5 x 106 

cells were stained with PerCP conjugated Mab CD8 (BD Biosciences, San José, California, USA), 

CD27 Fitc (Sanquin Reagents, Amsterdam, The Netherlands) and two different HLA peptide 

tetramers, conjugated with PE and APC, respectively. Immune activation on CD4+ and CD8+ T 

cells was measured by staining of 3x105 PBMC with CD4, CD8, HLA-DR (BD Biosciences), and 

CD38 (Sanquin Reagents). 200.000 events were acquired using a FACSCalibur flow cytometer 

(BD Biosciences). Lymphocytes were gated by forward and sideward scatter and data analysed 

using the software program CELL Quest (BD Biosciences).  

 
T cell stimulation 
EBV-specific CD4+ T-cells were stimulated using 15-mer peptides with 11 amino acid overlap 

spanning the immunogenic C-terminal region of EBNA1 (57 peptides) and the entire BZLF1 

protein (59 peptides), which were synthesized by JPT Peptide Technologies GmbH (Berlin, 

Germany). Purity and sequences were verified by HPLC and mass spectrometry. Peptides 

were dissolved in DMSO and pooled at a final concentration of 1 mg/ml of each peptide. 

As a negative control, PBMC were either stimulated with medium alone. Stimulations with 

peptide pools and medium were performed in the presence of costimuli, as indicated in the 

paragraph about detection of EBV-sepcific T cells. As a positive control PBMC were stimulated 

with 10ng/ml PMA and 2μg/ml ionomycin. 

 
Expansion of EBV-specific T cells 
To expand EBV-specific T cells, PBMC were cultured for 12 days in the presence of EBNA1 or 

BZLF1 peptide pool 195. The culture medium consisted of RPMI 1640 (Gibco, Life 

Technologies, Breda, The Netherlands) supplemented with Penicilin/Streptomycin and 10% 

human pool serum. Cells were cultured at 2.105 PBMC/well in 100 μl medium in 96 round-

bottom plates, at 37°C and 5%CO2. Peptide pool (at 2 μg/ml of each peptide) was added on 

day 0 and 6. IL-2 was added at 10 U/ml on days 3, 6, and 9. On day 12 cells were pooled, 

washed in RPMI, and rested overnight in complete medium. On day 13 cells were restimulated 

for 6 hours using the protocol indicated below. The results of this assay were expressed as the 

number of specific T cells recovered out of 106 PBMC put into culture, as previously described 
195. 

 

Detection of IFNγ-producing EBV-specific T cells  

IFNγ producing cells after stimulation with overlapping peptide pools were enumerated by 

intracellular cytokine staining (ICCS) 63; 142; 189; 195. Briefly, 106 PBMC were stimulated in 500 μl 

medium containing 10% human pool serum for 18 hours ex vivo (or 6 hours after expansion in 

culture) with EBNA1 or BZLF1 peptide pools (at 2 μg/ml of each peptide) and both αCD28 (2 

μg/ml) and αCD49d (1 μg/ml) as costimuli, in the presence of 1:1000 Brefeldin A (Golgiplug, 

BD Biosciences) after 1 hour to allow accumulation of cytokines in the cytosol. After 

stimulation, cells were washed in PBS + 0.5% Bovine serum albumine, permeabilized (FACS 
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Permeabilizing Solution, BD), washed again and stained with antibodies specific for CD3 PerCP, 

CD4APC, CD8 PE, IFNγ FITC (BD). Cells were washed again, fixed (Cellfix, BD) and 200.000 

events were acquired on a FACSCalibur flow cytometer (BD). Lymphocytes were gated by 

forward and sideward scatter and data analysed using the software program CELL Quest (BD). 

Reponses were scored as positive when 2x above the medium control value. 

 
Measurement of HIV load 
HIV RNA load was measured in plasma by several assays. The NASBA HIV-1 QT assay 

(Organon Teknika, Boxtel, The Netherlands) and Amplicor HIV monitor (Roche Diagnostic 

Systems Inc., Branchburg, NJ, USA) had a detection limit of 1000 and 400 copies per ml, 

respectively. After august 1999 load was determined by the more sensitive Quantiplex bDNA 

3.0 assay (Bayer Corporation, Tarrytown, NY, USA), with a detection limit of 50 copies per ml. 

Values of 1000, 400 and 50 (table 1) indicate that the load was undetectable by the method 

used, the cut-off values corresponding to the assay which was used.  

 

Real-time quantitative PCR assay for measurement of EBV load in PBMC 
EBV load was measured in duplicate in DNA from 2x105 cells. Real-time PCR amplification 

was performed as previously described 62; 140, using PCR primers specific for the non-

glycosylated membrane protein BNRF1 p143 139 and a fluorogenic probe (PE Biosystems, 

Nieuwekerk aan de IJssel, NL) to detect the 74 basepairs product. As a control for input DNA 

the amount of β-albumin DNA, a household gene present at 2 copies/cell, was also 

determined, using primers and probes as described before 141. 

 
Statistical analysis 
For calculation of longitudinal changes, the Wilcoxon Signed Rank test was used. Correlations 

were calculated using Spearman's correlation test. Data from different groups were compared 

using Mann-Whitney U tests. All statistics were calculated using the software program SPSS 

11.5 for Windows (SPSS Inc., Chicago, Illinois). 

 
 
Results 
 
Effects of HAART on EBV load and T-cell immune activation 
All individuals studied responded to HAART by a reduction in HIV plasma RNA concentration, 

from a median of 57000 RNA copies/ml plasma one year before treatment to 400 early after 

treatment (p=.007) and 50 at 5 years after treatment (p=0.008) (figure 1 A). Total CD4+ T-cell 

numbers tended to increase from 400/μl to 460/μl at 7 months (p=0.059) and 550/μl at 5 years 

after HAART (p=0.107), while CD8+ T cell numbers were not altered by treatment. B-cell 

numbers increased during untreated HIV infection (from 100 to 180 cells/μl, p=0.012), but did 

not change after short-term (190/μl) or long-term HAART (210/μl) (table II).  
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Figure 1 - Effects of 

HAART on HIV RNA, 
EBV DNA and T-cell 
immune activation. A) HIV 

RNA concentration in plasma 

and B) EBV DNA 

concentration in PBMC were 

measured at the indicated 

timepoints before and after of 

HAART. Viral load data were 

indexed to 100 at the first 

measurement, indicating a 

clear decline in HIV RNA after 

start of HAART, whereas EBV 

DNA is fluctuating. Decline in 

C) CD4+ and D) CD8+ T-cell 

activation after initiation of 

therapy, studied by 

measurement of CD38 and 

HLA-DR expression on these 

subsets. The dotted line 

indicates initiation of HAART. 

 

In accordance with our earlier data 152, EBV load did not increase during untreated HIV 

infection (from 557 early to 393 copies / 106 PBMC late in untreated infection, p=0.114). Also 

initiation of HAART did not lead to a reduction in the number of EBV DNA copies measured in 

PBMC on the short term (421 copies / 106 PBMC at 7 months after initiation of HAART, 
p=0.878 compared to pretreatment value). Similarly, long-term antiretroviral treatment did not 

alter the EBV load (759 copies/106 PBMC at 56 months post-HAART p=0.445 compared to 

pretreatment value, table II). The contrast between EBV and HIV load became more  

Table II - Cell counts / viral loads 

    t1 t2 t3 t4 
p  
t1-t24) 

p  
t1-t34) 

p  
t1-t44) 

p  
t2-t34) 

p  
t2-t44) 

           
CD41) med. 0.46 0.4 0.46 0.55 0.022* 0.721 0.123 0.059 0.107 
 range 0.30 - 0.85 0.25 - 0.63 0.21 - 0.88 0.32 - 0.94      

CD81) med. 0.95 1.57 1.22 1.16 0.028* 0.185 0.208 0.285 0.401 
 range 0.60 - 2.00 0.73 - 2.69 0.44 - 4.88 0.76 - 3.21      
CD191

) med. 0.095 0.18 0.19 0.205 0.012* 0.005* 0.018* 0.058 0.183 
 range 0.04 - 0.20 0.07 - 0.24 0.14 - 0.40 0.10 - 0.38      
HIV 
RNA2) med. 34500 57000 400 50 0.374 0.005* 0.008* 0.007* 0.008* 

 range 1000 - 110000 271 - 580000 50 - 1000 50 - 1073      
EBV 
DNA3) med. 557 393 421 759 0.114 0.508 0.508 0.878 0.445 
 range 24 - 11144 25 - 51684 0 - 29876 19 - 23820      
 

1) Cell numbers x109 / l 
2) HIV RNA copies per ml plasma 
3) EBV DNA copies per 106 PBMC 
4) p-value of the Wilcoxon Signed ranks test for the indicated time points 

A B

C DCD4+CD38+DR+

%
 o

f C
D

4 
T 

ce
lls

CD8+CD38+DR+

%
 o

f C
D

8 
T 

ce
lls

EBV load

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

-100 -50 0 50 100in
de

xe
d

vl
au

es
EB

V 
in

 P
BM

C

HIV load

in
de

xe
d

H
IV

 p
la

sm
a 

lo
ad

1.E-02

1.E-01

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

-100 -50 0 50 100

0

2

4

6

8

10

12

14

-100 -50 0 50 100

p=0.028
p=0.037

p=0.037

0

5

10

15

20

25

30

35

-100 -50 0 50 100

p=0.009

p=0.01
3

Weeks from initiation of HAART Weeks from initiation of HAART

Weeks from initiation of HAARTWeeks from initiation of HAART



 80  
 

pronounced when the load data were related to the first time point. HIV RNA load clearly 

decreased in each individual studied (figure 1 A), whereas the median EBV load remained 

stable (figure 1 B). 

T-cell immune activation, as an indication of the general state of immune activation, which may 

induce an elevation of the EBV load, decreased significantly after HAART. The percentage of 

CD38+HLA-DR+ CD4+ T cells, which had increased from 4.39 % at 73 months to 11.21 % at 11 

months before initiation of therapy (p=0.028), decreased to 3.76 % at 7 months (p=0.037) and 

3.87 % at 56 months (p=0.037, figure 1 C). The percentage of CD38+HLA-DR+ CD8+ T cells 

changed from 19.50% at 11 months before to 7.55 % shortly after (p=0.013) and 2.93 % at 56 

months after initiation of therapy (p=0.009, figure 1 D). 

 
Restoration of the EBNA1-specific T-cell response, and decrease in the BZLF1-specific 
T-cell response 
In order to study EBV-specific CD4+ T-cell responses, we used a recently developed method, 

enabling specific and reproducible in vitro expansion and restimulation of specific T cells with 

EBNA1 or BZLF1 peptide pools 195. Specific CD4+ central memory T-cells capable of both 

proliferation and IFNγ production in response to antigen are measured by this method, and 

were shown to correlate with protection against Hepatitis C virus and malaria 99; 177. For EBV 

we have shown that results from this assay correlated with EBV viral load and thus may be a 

good indication of an individuals’ ability to mount an effective EBV-specific CD4+ memory T-

cell response 195.  

As shown in representative FACS plots, EBNA1-specific CD4+ T-cell responses tended to 

decline during untreated HIV infection, and were restored by antiretroviral treatment (figure 

2A). In contrast, BZLF1-specific CD4+ T-cell responses were maintained before treatment, but 

decreased after initiation of HAART (figure 2B). In order to better compare the changes within 

the whole group of individuals, we indexed the responses to the first time point measured for 

each subject. EBNA1-specific CD4+ T-cell responses tended to decrease during untreated HIV 

infection in a majority (7/9) of the subjects studied (Figure 2C, p=0.086), whereas no changes 

in BZFL1-specific CD4+ T-cell responses were observed before initiation of HAART (Figure 2D, 

p=0.374). Interestingly, we observed a significant restoration (in 8/9 individuals) of EBNA1-

specific CD4+ T cells after long-term HAART (p=0.021, from 11 months pre- to 56 months 

post-HAART, figure 2C), whereas BZLF1-specific CD4+ T cells decreased significantly (in 8/10 

individuals) after initiation of HAART (p=0.038, from 7 to 56 months post-HAART, figure 2D). 

In order to determine the level of restoration of EBNA1 and BZLF1-specific CD4+ T-cells, we 

compared the responses after long-term HAART with those measured in healthy EBV carriers. 

In accordance with the restoration observed for EBNA1-specific T cells after initiation of 

therapy, numbers of CD4+ T cells specific for EBNA1 after long-term HAART were comparable 

to values measured in healthy EBV carriers (3431 in healthy vs. 1319 after long term HAART, 

p=0.109, figure 2E). In contrast, numbers of BZLF1-specific T cells were lower than in healthy 

donors (254 vs. 54, p=0.03, figure 2F). 
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Figure 2 - Effects of HAART on 

EBV-specific CD4+ T cells. 
Representative FACS plots showing 

changes in CD4+ T-cell responses to 

EBNA1 (A) and BZLF1 (B) during follow-

up. C (EBNA1) and D (BZLF1): CD4+ T-

cell responses indexed to the first time 

point studied, showing a restoration of 

EBNA1-specific CD4+ T-cell responses 

after 5 years of therapy, whereas 

BZLF1-specific CD4+ T-cell responses 

declined. The dotted line represents the 

height of the first measurement. E 

(EBNA1) and F (BZLF1): comparison of 

CD4+ T-cell responses of the 10 subjects 

treated with HAART for 5 years (HIV+) 

with healthy EBV+ donors (HIV-). The y-

axes indicate the number of specific T 

cells measured after 12 days of in vitro 

expansion. 

 

 

 

 

 

 

 

Along with CD4+ T cells, also CD8+ T-cell responses were measured after 12 days of 

expansion with EBV peptide pools (figure 3A, 3B). Both EBNA1- and BZLF1-specific CD8+ T 

cells followed approximately the same kinetics as the respective CD4+ T cells (figure 3C and 

3E), although EBNA1-specific CD8+ T cell numbers were restored sooner after initiation of 

HAART than the CD4+ T cells, and the decrease in BZLF1-specific CD8+ T cells was not 

significant (p=0.953, 11 months pre vs. 7 months post HAART, p=0.314, 11 months pre vs. 5 

years post HAART). Thus, antiretroviral treatment tended to lead to a restoration of latent 

antigen-(EBNA1, EBNA3A) specific T cells, and a decrease in lytic antigen- (BZLF1) specific T 

cells. Similar to the CD4+ T-cell response after long-term HAART, EBNA1-specific CD8+ T cells 

were restored to levels observed in healthy individuals (761 in healthy vs. 744 in HAART-

treated, p=0.557, figure 3D), and BZFL1-specific CD8+ T cells were lower than in healthy 

donors (7754 vs. 254, p=0.001, figure 3F).  

Interestingly, CD4+ and CD8+ T-cell response to EBNA1 were positively correlated (0.706, 

p<0.001), which indicates a possible role for CD4+ T cells in helping the CD8+ T-cell response. 

In contrast, the CD4+ and CD8+ T-cell responses to BZLF1 were not correlated (0.049, 

p=0.769). 

EBV- (and HIV) -specific CD8+ T-cells were also enumerated directly by staining with HLA-

peptide tetrameric complexes. HIV-specific CD8+ T cells declined in response to a reduction in 
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HIV load (from a median of 11.2/μl at 11 months pre-HAART to 4.6/μl at 7 and 6.7/μl at 56 

months post-HAART, p=0.038 and p=0.017, respectively, data not shown). In contrast, no 

consistent pattern could be distinguished in the kinetics of the sum of EBV-specific CD8+ T 

cells (14.3/μl at 11 months pre-HAART, to 15.3/μl at 7 and 14.0/μl at 56 months post-HAART, 

p=0.260 and p=0.767, respectively, data not shown). In order to study latent and lytic epitope 

EBV-specific CD8+ T cells in more detail, we focused on 7 individuals with an HLA B8 

genotype, in whom we could study cells recognizing a latent epitope FLRGRAYGL (from 

EBNA3A) and a lytic epitope RAKFKQLL (from BZLF1). To enable comparison between 

individuals, we indexed the numbers of tetramer-positive CD8+ T cells to the first timepoint 

studied. As shown in figures 3G (FLR) and 3H (RAK), a wide array of patterns was observed, 

but for the group as a whole, no changes where observed over therapy. 

 
 

 
Figure 3 - Effects of HAART on EBV-

specific CD8+ T cells. Along with CD4+ T 

cells, CD8+ T cells were expanded after 12 days 

of culture with EBV peptides, as shown in A 

(EBNA1) and B (BZFL1). C (EBNA1) and E 

(BZLF1): CD8+ T-cell responses indexed to the 

first time point studied, showing a restoration of 

EBNA1-specific CD4+ T-cell responses after 

initiation of therapy, whereas BZLF1-specific 

CD4+ T-cell responses tended to decline. The 

dotted line represents the height of the first 

measurement. D (EBNA1) and F (BZLF1): 

comparison of CD4+ T-cell responses of the 10 

subjects treated with HAART for 5 years (HIV+) 

with healthy EBV+ donors (HIV-). The y-axes 

indicate the number of specific T cells measured 

after 12 days of in vitro expansion. Kinetics of 

FLR (G) and RAK (H) specific CD8+ T cells in 7 

HLA B8-positive individuals, detected by tetramer 

staining, indexed to the first timepoint studied. 
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Kinetics of EBV-specific T cells and EBV load in patients progressing to EBV-related 
NHL shortly after initiation of HAART 

Interestingly, we were able to study two individuals who were diagnosed with EBV-related non-

Hodgkin Lymphoma shortly after initiation of antiretroviral therapy. Antiretroviral treatment 

consisted of Lamuvidine and Indinavir starting at 4 months before NHL for subject 68; patient 

434 recieved Zidovudine and Lamivudine from 24 months and in addition Saquinavir from 21 

months before diagnosis. Both patients responded to HAART by a decline in HIV load (fig. 4A 

and 4E) and an initial increase in total CD4+ T-cell numbers (fig. 4B and 4F). EBV load was 

elevated in patient 68 during the whole follow-up, whereas in patient 434 an important increase 

from 2181 to 10958 copies per 106 PBMC occurred approximatively 2 years before NHL 

diagnosis (fig. 4A and 4E). 

EBV-specific CD4+ T-cell numbers had decreased already more than five fold, 54 (patient 68) 

and 37 (patient 434) before diagnosis (data not shown). Strikingly, in both patients restoration 

of the EBNA1-specific CD4+ and CD8+ T-cell response was observed already before start of 

HAART, which might have been driven by antigen from a developing malignancy, and 

continued to increase after HAART in subject 434 (fig. 4C and 4G). In subject 68, we were also 

able to enumerate IFNγ-producing CD8+ T cells specific for epitopes derived from EBNA3A 

(A30-AYSSWMYSY), EBNA3B (B44-VEITPYKPTW) and EBNA3C (B44-KEHVIQNAF), 

respectively. These responses were clearly restored rapidly after initiation of therapy (Figure 

4D). Thus, these data show that, despite a restoration of EBV-specific CD4+ and CD8+ T cell 

responses, the occurrence of an EBV-related NHL could not be prevented.  

Figure 4 
Longitudinal follow-up 
of 2 patients 
progressing to EBV-
related NHL shortly 
after start of HAART.  
HIV and EBV viral load (A 

and E); total CD4+ and CD8+ 

T-cell numbers (B and F); 

EBV-specific T-cell responses 

after 12 days of specific 

expansion (C and G); ex vivo 

CD8+ T-cell responses 

measured by ELISPOT for 

IFNγ (D), were studied in 

subject 68 (A,B,C,D) and 434 

(E,F,G), who were both 

diagnosed a non-Hodgkin 

Lymphoma shortly after 

initiation of antiretroviral 

therapy (4 and 24 months, 

respectively). The dotted line 

(ART) represents initiation of 

therapy, whereas the x-axis 

indicates the number of days 

from NHL diagnosis. 
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Discussion 

In this study, we investigated whether long-term highly active antiretroviral therapy would lead 

a lower EBV viral setpoint, which at least in part could explain the decreased incidence of 

AIDS NHL since the introduction of HAART. In 10 successful responders to antiretroviral 

therapy (both increase in CD4+ T-cell numbers and a decrease in HIV load), no alterations in 

EBV viral load were found, despite a clear decrease in immune activation, and a restoration of 

EBNA1-specific central memory CD4+ and CD8+ T-cell responses. Interestingly, while a 

restoration of latent antigen-specific T cells occurred, lytic antigen-specific responses 

decreased, suggesting a reduction in the rate of reactivation of EBV after initiation of HAART. 

Earlier studies did not report changes in EBV load shortly (up to 1 year) after initiation of 

HAART 127; 128, although higher numbers of IFNγ-producing EBV-specific CD8+ T cells 82; 127, 

and an increased concentration of EBV-specific antibodies were measured 201. We 

hypothesised that either 1) EBV viral load would decline after long-term antiretroviral 

treatment, due to a decline in immune activation and a restoration of EBV-specific T-cell 

immunity or 2) EBV viral load would remain high as a consequence of a definitive alteration of 

the equilibrium between EBV and immunity after HIV seroconversion. EBV load was not 

altered after 5 years of antiretroviral therapy, which indicates that an individuals’ EBV viral 

setpoint is irreversibly altered after HIV seroconversion 20; 152. This may be explained by a 

number of factors. First, while T-cell activation diminishes quickly after initiation of therapy, 

perturbations of the B-cell compartment remain for years after start of therapy, as evidenced 

by a lack of recovery of the memory B cell subset and persistence of elevated IgG levels 202-

204. In line with this, it may be that, although chronic activation of T cells is normalized in a few 

years, their ability to provide help to B cells is restored 205, which might help to maintain 

reactivation of EBV-carrying memory B cells 160. However, a reduction in lytic antigen-specific 

T cells does not support this explanation. Alternatively, while a decrease in EBV reactivation 

rate is suggested by the kinetics of EBV lytic antigen-specific T cells, it might still take a long 

time to reduce the pool of latently EBV-infected B cells. Furthermore, in untreated HIV 

infection, a slow increase in EBV load over years is usually observed 152; 206. Thus, it appears 

that long-term HAART does not influence the altered EBV viral setpoint initiated after HIV 

seroconversion (but may lead to a stabilization). Finally, one could argue that redistribution of 

EBV-infected B cells could explain our findings, but the relatively stable number of B cells after 

HAART in the individuals studied here argues this.  

Interestingly, different patterns of recovery of EBNA1 and BZLF1-specific T cells were 

observed. Although no EBV reactivation is measurable by RT PCR in the blood of HIV-infected 

EBV carriers 64, the oropharynx is known as a major site of EBV replication 146, which is 

accompanied by an increase in the frequency of EBV lytic antigen-specific CD8+ T cells 147. 

Our data is compatible with a diminished rate of EBV reactivation, followed by a decreased 

lytic antigen-specific T-cell response. At the same time, the general immune restoration 

associated with HAART 207 resulted in increased numbers of EBNA1-specific CD4+ T cells, 

possibly because of the restoration of the central memory CD4+ T-cell pool specific for latent 
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antigen EBNA1. The increase in CD8+ T-cell function observed in earlier studies 127 might well 

be associated with the recovery of specific CD4+ T helper cells 82. In addition, the CD8+ T-cell 

response to EBNA1 was improved, possibly also through an improved CD4+ T cell helper 

function, as suggested by a correlation between the EBNA1-specific CD4+ and CD8+ T-cell 

response. This is particularly interesting in the light of recent papers showing that, in contrast 

to earlier reports 183; 184; 208, EBNA1-specific CD8+ T cells are able to recognize EBV-infected B 

cells 185-188, and, next to EBNA1-specific CD4+ T cells 198, might be an important factor in 

controlling outgrowth of EBV positive tumours 186. 

Most recent data indicate a clear reduction in the incidence of NHL since the introduction of 

HAART 120; 123; 209, although it is still a matter of debate whether so-called “virological failers” 

will not be at higher risk on the longer term 119; 122. The 10 patients selected for our study had 

relatively preserved CD4+ T-cell numbers, and responded to therapy by a clear reduction in 

HIV RNA load. They are thus likely to represent subjects who will have a decreased risk of 

developing NHL. A decrease in general immune activation and EBV reactivation, together with 

a restoration of EBV latent antigen-specific responses, may create a much “safer” equilibrium 

between EBV and its host. The development of lymphoma is known to be a multistep process, 

which can cover a period of several years, starting with alterations in immune control together 

with chronic antigenic stimulation and cytokine deregulation, followed by a phase of 

accumulation of genetic lesions, which can ultimately lead to the uncontrolled proliferation of a 

clonal B-cell population 190; 191. EBV-specific CTL may be most efficient in controlling the early 

stages of EBV-associated polyclonal B-cell proliferation. The 2 patients who developed NHL 

after start of HAART likely represent individuals in which evolution towards an EBV-related 

malignancy was too advanced to be stopped by the immunological improvements of 

antiretroviral treatment. It may thus be important to start antiretroviral therapy before 

irreversible genetic alterations in EBV-infected B cells have occured, although other reports 

show that the prognosis of NHL has also clearly improved since the introduction of HAART 120; 

124; 125, even when antiretroviral treatment is initiated after diagnosis 126. In addition, it is known 

that central memory CD4+ T-cell responses are better restored when HAART is initiated before 

total CD4+ T-cell numbers drop below 350/μl 207. 

In conclusion, the long-term follow-up of subjects who were successfully treated by HAART, 

shows that that despite an improved EBV-specific T-cell response and a decrease in T-cell 

immune activation, the EBV load remains high in these individuals. Interestingly, changes in 

the relative importance of latent and lytic antigen-specific T-cell responses suggest a decrease 

in EBV reactivation, but this does not alter the EBV load in the peripheral blood. The data are 

thus in accordance with the idea that an elevated EBV load in the HIV setting does not in itself 

correlate with the incidence of EBV-related malignancies 62. Thus, early initiation of HAART 

might result in a new equilibrium, much more favourable for the host, consisting of a still 

elevated EBV load, but in the presence of sufficient CD4+ T help to preserve CD8+ T cells. 
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Abstract 

 
In this study we investigated the long-term effect of highly active anti-retroviral therapy 

(HAART) on Human Immunodeficiency virus (HIV)-specific CD4+ T-cell responses in 

comparison to virus specific CD4+ T-cell responses against the persistent herpes viruses 

Cytomegalovirus (CMV) and Epstein-Barr virus (EBV). To this end, HIV- and herpes virus-

specific cellular immune responses were measured longitudinally in 10 seroconverters with 

long-term follow-up including 55 months of successful HAART. HIV- and CMV-specific CD4+ T 

cells producing IFNγ or IL-2 were analysed as well as proliferative capacity. EBV-specific CD4+ 

T cells were determined using a 12 day ex vivo assay. Initiation of HAART resulted in a 

transient increase of HIV-specific IL-2+&IFNγ+ CD4+ T cells, and to a lesser extent IL-2+ CD4+ T 

cells. Long-term HAART resulted in an increase in HIV-, CMV-, and EBV-specific CD4+ T-cell 

proliferative capacity. The increase in HIV- and herpes virus-specific CD4+ T-cell proliferative 

capacity after fifty-five months of HAART suggests that the improved proliferative response is 

not specific for HIV, but reflects a more general improvement of anti-viral immune responses 

which is induced by HAART.  
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Introduction 
Highly active anti-retroviral therapy (HAART) has changed the course of HIV-1 infection, with 

clinical benefits for the patients 115; 210; 211. Treatment with HAART results in a decrease in viral 

load often to undetectable levels which is paralleled by an increase in total numbers of CD4+ T 

cells 212-215. Furthermore, successful treatment with HAART is characterized by a decrease in 

the expression of the activation markers HLA-DR and CD38 on both CD4+ and CD8+ T cells 
216. As activation of CD4+ and CD8+ T cells has been demonstrated to be predictive for 

progression to AIDS 217-219, a decrease in the expression of these markers suggests a better 

prognosis of HIV-1 infected individuals after successful treatment with HAART.  

The effect of HAART on HIV-specific CD8+ cytotoxic T cells (CTL) has been studied 

extensively 127; 220-224, demonstrating that the HAART-induced decrease in HIV load is 

paralleled by a decrease in HIV-specific CD8+ T cells. With respect to HIV-specific CD4+ T 

cells, results are however somewhat inconclusive. Some studies reported detectable, but not 

enhanced, HIV-specific CD4+ T-cell responses in individuals receiving antiretroviral therapy in 

chronic HIV-1 infection 225-227, while responses to recall antigens or mitogens were generally 

found to be strongly restored by HAART 216; 228; 229. Other studies reported a restoration of HIV-

specific CD4+ T cell proliferative capacity 98; 230-234 as well as increased HIV-specific production 

of IL-2 but not IFNγ 235; 236.  

Also the effect of HAART on the phenotype of HIV-specific CD4+ T cells is not yet fully 

understood. It has been reported that HAART treatment reverses the observed skewing of 

HIV-specific CD4+ T cell to the non-proliferating effector memory phenotype235; 236. Other 

studies however failed to confirm these results 237. 

Until now, most studies investigating the effect of HAART during chronic HIV-1 infection on 

HIV-specific cellular immune responses analysed T cell functions after 1 year of HAART, 

although one study reported the effect of 4 years of HAART on total CD4+ T cell responses 238. 

However, as HAART was initiated in 1996, many individuals have been treated for more than 7 

years now. To our knowledge this is the first study in which the effect of an extended period of 

HAART (fifty-five months) on HIV-specific CD4+ T cell function is analysed. 

Further novelty lies in the analysis of cellular immune responses against EBV and CMV after 

treatment with HAART to determine the effect of HAART on T-cell responses against 

widespread persistent herpes viruses.  

 
 
Material and Methods  

 
Study participants 
Ten HIV-1 seropositive individuals of the Amsterdam Cohort on HIV-1 infection and AIDS with 

a known seroconversion date were selected based on HLA type. All study participants were 

treatment naïve at entry and did not develop AIDS-defining illnesses. Individuals were 

analysed early in infection (median 19.5 months after seroconversion; 73 months before the 



 90  
 

start of HAART; T1), just before HAART (median 82 months after seroconversion; 11 months 

before HAART, T2), soon after the start of HAART (median 100 months after seroconversion; 

7.5 months after HAART; T3) and late in infection (median 154 months after seroconversion; 

55.5 months after HAART; T4). Follow-up of each individual is described in more detail in 

Table 1. From all time points, cryopreserved PBMC were available for the analyses of cellular 

immune responses. All samples from individual study participants were assayed in parallel to 

avoid day-to-day assay variations. Viability and recovery were similar between early and late 

time points. HAART was defined as a regimen containing at least two nucleotide or nucleoside 

reverse transcriptase inhibitors (NRTI) and 1 protease inhibitor (PI) or 1 NRTI and 2 PI. HLA-

type, follow-up and the HAART regimen of all study participants are summarized in Table 1. 

From all participants of the Amsterdam Cohort studies on HIV-infection and AIDS informed 

written consent was obtained and this study has been approved by the Medical Ethical 

Committee. 
 

Table 1 - Characteristics of the HIV-1 infected homosexual men who participated in this study 

 

Patient  HLA type Follow-up (months) Time on HAART (months) HAART regimen 
     
     
36 A1, A32, B8, B44 120 47 3TC, indinavir, saquinavir 
156 A11, A28, B8, B38 203 58 3TC, indinavir, saquinavir 
164 A1, A24, B8, B44 145 50 AZT, 3TC, ddC, Ind, Rit 
188 A2, B7 140 48 3TC, ddC, Ind, Rit 
523 A1, A33, B8, B44 104 42 3TC, ddC, Ind, Saqu 
545 A1, A24, B8 152 53 AZT, 3TC, ddC, Ind, Saqu 
1194 A11, A24, B8, B62 164 80 AZT, 3TC, saqu 
1113 A1, A11, B8, B57 156 71 3TC, ind, saqu 
1140 A2, A11, B40, B52 182 60 AZT, 3TC, ddC, ind, saqu 
1186 A1, A24, B7 188 76 AZT, 3TC, ddC, ind, saqu 
 

 

Tetramer staining and flow cytometry 
MHC class I tetramers complexed with virus specific-peptides were produced as previously 

described 74; 239. Immunodominant peptides from HIV 240-242, EBV 72; 243 and CMV 244 were selected 

and synthesized by the Netherlands Cancer Institute, Amsterdam, the Netherlands. Next, the 

peptides were complexed with the corresponding HLA-A201, B801 and B5701 proteins. Refolded 

HLA peptide complexes were biotinylated and subsequently tetramerised by the addition of 

streptavidin-allophycocyanin (APC) or streptavidin-phycoerythrin (PE). Four-colour fluorescence 

analysis was performed. Briefly, PBMC were thawed and 1-1.5 x 106 cells were stained in PBS 

supplemented with 0.5% (v/v) bovine serum albumin (PBA) with αCD8-PerCP (Beckton 

Dickinson, San José, California, United States), αCD27-FITC (Sanquin Reagents, Amsterdam, 

the Netherlands) and two different HLA-peptide-complexes, conjugated to either PE or APC. 

To determine the level of immune activation, 3x105 PBMC were stained with αCD4-APC, 

αCD8-PerCP, αHLA-DR-FITC (BD) and αCD38-PE (Sanquin Reagents). Cells were then fixed 

in Cellfix (BD) and at least 200,000 events were acquired using a FACSCalibur flow cytometer 

(BD). Lymphocytes were gated by forward and sideward scatter. Data were analysed using the 

software program CELLQuest (BD). 
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Intracellular cytokine staining after antigenic stimulation 
Cryopreserved PBMC were thawed using RPMI-1640 medium supplemented with penicillin, 

streptomycin and 20 % inactivated FCS and subsequently washed in 10% FCS medium. Cells 

were aliquoted at 2x106 cells per ml in round bottom tubes (polystyrene, Falcon, Beckton 

Dickinson, San José, California, United States). Cells were stimulated with a gag-peptide pool 

(15mers with 11 overlap, HXB2, NIH AIDS Research and Reagent program, Bethesda, 

Maryland, United States) or a 1/100 dilution of CMV lysate (Microbix Biosystems Inc, Toronto, 

Ontario, Canada) in the presence of co-stimulation (2µg/ml αCD28 (Sanquin Reagents) and 

2µg/ml αCD49d (Pharmingen, San José, California, United States). The concentration of the 

individual peptides within the pool was 2 µg/ml. As a positive control, PMA/ Ionomycin was 

used. After 1 hour, Brefeldin A (BD) was added and cells were incubated for another 5 hours 

at 37°C, 5% CO2. Next, cells were fixed and permeabilised (permeabilisation kit, BD) and 

stained with αCD3-PerCP, αCD4-APC, αIL-2-PE and αIFNγ-FITC (BD) for 20 min at 4 °C. At 

least 300,000 events were acquired by flowcytometry as described before. Frequencies of 

IFNγ and IL-2 producing cells were reported after subtraction of the frequencies in medium 

controls.  

 

Antigen-specific proliferation 
In vitro T-cell proliferation to HIV peptide pools was measured using CFSE (5,6-

carboxyfluorescein diacetate succinimidyl ester) (Molecular Probes, Leiden, The Netherlands) 

according to the manufacturer’s protocol. Briefly, PBMC were thawed and cells were labelled 

using CFSE for 8 minutes, labelling was stopped using Human Pool Serum (HPS). Cells were 

washed and 2x106 cells in 0.5 ml RPMI-1640 medium were aliquoted in round bottom tubes. 

Cells were then stimulated with a gag peptide pool or 1/100 dilution of CMV lysate As a 

positive control, 0.02µg αCD3 and 2µg αCD28 (Sanquin Reagents) was used. After 6 days of 

incubation at 37°C, 5% CO2, cells were stained using αCD4-APC and αCD3-PerCP (BD) as 

described before. Stimulation indices (SI) were calculated by dividing the % proliferation 

CD3+CD4+ T cells after stimulation by the % proliferation of unstimulated cells. 

 

Detection of EBV-specific CD4+ T cells 
As the frequency of EBV-specific CD4+ T cells ex vivo was too low to detect, EBV-specific T 

cells were cultured for 12-days, in the presence of EBNA1 or BZLF peptide pools and IL-2 as 

previously described 195. Next, cells were re-stimulated with the EBNA1 peptide pool 

(concentration of each peptide 2µg/ml; 15 mers with 11 overlap, C-terminal region of EBNA1, 

JPT Peptide Technologies GmbH, Berlin, Germany) to enumerate the IFNγ+CD4+ T cells using 

the same protocol as used for the stimulation of HIV- and CMV-specific CD4+ T cells. Specific 

central memory CD4+ T cells capable of both proliferation and IFNγ production in response to 

antigen are measured by this method, and were shown to correlate with protection against 

Hepatitis C virus and malaria 99; 177. 
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Plasma HIV-1 RNA determination 
Plasma HIV-1 RNA was measured using the NucliSens HIV-1 QT assay (bioMérieux, Boxtel, 

the Netherlands) with a detection limit of 1,000 copies/ml and the Amplicor HIV monitor (Roche 

diagnostic systems Inc, Branchburg, NJ, Unites States) with a detection limit of 400 copies/ml. 

From August 1999 onward, plasma HIV-1 RNA was determined by the more sensitive 

Quantiplex bDNA 3.0 assay (Bayer Corporation, Tarrytown, NY, United States) resulting in a 

detection limit of 50 copies/ml. 

 

Determination of CD4+ and CD8+ T cell numbers 
Peripheral blood mononuclear cells were isolated from heparinized venous blood by density 

gradient centrifugation on Ficoll-Paque (Amersham Pharmacia, Uppsala, Sweden). 

Lymphocyte immunophenotyping was accomplished by flow cytometry. 

 

Statistical analyses 
Non-parametric tests were performed to avoid the assumption of normally distributed data 

sets. Wilcoxon tests were performed to determine differences over time. Correlations were 

tested using the Spearman’s correlation test. All statistical analyses were performed using the 

software program SPSS 10.0 (SPSS Inc, Chicago, Illinois). 
 
 
Results 
 

Effect of 5 years of HAART on viral load, CD4+ T-cell numbers and activation markers  
Treatment with HAART in this selected group of virologic responders resulted in a decrease in 

viral load from a median of 57,000 at 10.5 months before to 400 copies/ml at 7.5 months after 

HAART (p=0.009, Wilcoxon) and 50 copies/ml at 55.5 months after HAART (p=0.04; T2 vs 

T4). Total CD4+ T-cell numbers tended to increase from a median of 400 cells/µl just before 

HAART to 460 cells/µl at 7.5 months after HAART (p=0.059) and 550 cells/µl at 55.5 months 

after HAART (p=0.107; T2 vs T4). No effect of HAART on total CD8+ T-cell numbers was 

observed. 

Furthermore, HAART treatment resulted in a decrease in the fraction of HLA-DR+CD38+ CD4+ 

T cells from 11.2% 10.5 months before HAART to 3.8% 7.5 months after HAART (p=0.037) 

and 3.9% at 55.5 months after HAART (p=0.037; T2 vs T4). Also the expression of CD38 and 

HLA-DR on CD8+ T cells decreased by HAART from 19.5% 10.5 months before, to 7.5% 10 

months after HAART (p=0.013) and 2.7% at 55.5 months after HAART (p=0.009; T2 vs T4). 

Thus, long-term HAART resulted in a strong and persistent decrease in viral load, an increase 

in CD4+ T-cell numbers and a decrease in the expression of activation markers on CD4+ and 

CD8+ T cells, related to a decrease of systemic immune activation.  
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Table 2 - Effect of long term HAART on viral load, CD4 counts, CD8 counts and activation markers 
 
 

timea viral loadb CD4 
countsc 

CD8 
countsd # tetramerse %CD4+ 

38+DR+f 
%CD8+ 

38+DR+g 
%CD8+ 

CD27-h 

         
72 m. before 
HAART (T1) 19.5 34,500 0.5 1.0 11,160 4.4 15.5 58.2 

Range (8-75) (1,000-
110,000) 

(0.3-0.9) (0.6-2.0) (0-42,903) (1.9-9.2) (9.5-23.6) (19.9-
80.3) 

10.5 m. before 
HAART (T2) 82.4 57,000 0.4* 1.6* 12,890 11.2* 19.5 53.2 

Range (48-144) (274-
580,000) 

(0.3-0.6) (0.8-2.7) (0-187,488) (1.2-17.4) (2.7-40.2) (33.4-
76.0) 

7.5 m. after 
HAART (T3) 99.7 400** 0.5 1.2 6,319 3.8** 7.5** 51.3 

Range (67-158) (20-1,000) (0.2-0.9) (0.4-4.9) (0-53,192) (1.7-14.5) (3.0-29.1) (12.9-
78.2) 

55.5 m. after 
HAART (T4) 153.7 50** 0.6** 1.2 7,553** 3.9** 2.7** 56.4 

Range (104-203) (50-1,073) (0.3-0.9) (0.8-3.2) (0-31,458) (7.8-52.5) (1.3-14.5) (32.8-
78.5) 

         
a. median months after seroconversion 
b. median plasma viral load (copies/ml) 
c. median CD4 counts (109/ml) 
d. median CD8 counts (109/ml) 
e. median numbers of HIV-specific CD8+ T cells per µl (sum of the responses for the different tetramers used in each 

individual) 
f. median expression of activation markers on CD4+ T cells 
g. median expression of activation markers on CD8+ T cells 
h. median percentage of CD27 negative CD8+ T cells 
*  significantly different from first time point 

         **   significantly different from pre HAART (p<0.05) 
 
Effect of HAART on HIV-specific cellular immune responses 
To investigate the long-term effect of HAART on cellular immune responses, numbers of HIV-

specific CD8+ T cells were analysed as well as HIV-specific CD4+ T-cell function before and 

after initiation of HAART. One year of HAART resulted in a (non-significant) decrease in HIV-

specific CD8+ T cell numbers from 12,890/ml at 10.5 months before HAART to 6,319/ml at 7.5 

months after HAART (p=0.066). After five years of HAART, HIV-specific CD8+ T-cell numbers 

were significantly lower than pre-HAART levels (7,533/ml at 55.5 months after HAART, 

p=0.017). Expression of CD27 on HIV-specific CD8+ T cells was not influenced by HAART 

(Table 2). Treatment with HAART had variable effects on the Gag-specific cytokine production. 

In figure 1A a representative FACS plot of HIV-specific cytokine production before and during 

treatment is shown. An overview of percentages of HIV-, CMV-, and PMA/Ionomycin induced 

production of IFNγ, IL-2 and IL-2&IFNγ is shown in Table 3. Next, indexed values of cytokine 

producing CD4+ T cells were calculated, with the percentage cytokine production determined 

early in infection (19.5 months after seroconversion) set at 100% (figure 2A). HIV-specific 

IFNγ+CD4+ T cells tended to decrease from 28.6% 10.5 months before HAART to 14.3% 10.5 

months after HAART (p=0.249) and 14.3% 55.5 months after HAART (p=0.866, T2 vs T4). For 

HIV-specific CD4+ T cells producing single IL-2 or IL-2&IFNγ, a different pattern was observed. 

Treatment with HAART initially resulted in a slight increase in the indexed fraction of HIV-

specific IL-2+ CD4+ T cells from 45% just before to 75% at 7.5 months after HAART (p=0.12; 

T2 vs T3). Also IL-2+&IFNγ+ CD4+ T cells increased after start of HAART (from 39.7% to 

51.3%, p=0.046, T2 vs T3). However, this HAART-induced increase in IL-2+ and IL-2+&IFNγ+ 

CD4+ T cells was only transient, as 55.5 months after the initiation of HAART slightly lower 
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amounts of HIV-specific IL-2 producing CD4+ T-cells (66.7%, p=0.106; T2 vs T4) and 

significantly lower numbers of IL-2+&IFNγ+ CD4+ T cells (20%, p=0.008; T2 vs T4) were found 

compared to pre-HAART levels.  
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Figure 1 - Representative FACS plots showing cytokine production and proliferation of CD4+ T cells before 

and during HAART. In figure A, a representative staining of IFNγ+, IL-2+ and IL-2+&IFNγ+ CD4+ T cells is shown for the unstimulated 

control, after stimulation with a gag-peptide pool, CMV lysate and a combination of PMA/Ionomycin. Results are gated on the 

CD3+CD4+ cells. Percentages of cytokine positive CD4+ T cells are indicated. Figure B shows a representative stainig of CFSE labelled 

cells after a 6 day culture in the presence of medium (unstimulated control), a gag-peptide pool, CMV lysate and a polyclonal 

stimulation (αCD3&αCD28). Gating was performed on the CD3+CD4+ T cells. Percentages of cells that have divided at least once, are 

indicated in the upper left corner. 
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Thus, HAART resulted in a decrease in HIV-specific CD8+ T-cell numbers and HIV-specific 

IFNγ+ CD4+ T-cells, which was sustained by 5 years of HAART. Interestingly, HIV-specific IL-

2+&IFNγ+ CD4+ T cells, and to a lesser extent IL-2+CD4+ T cells showed a transient increase 

after the start of HAART. However, after five years these responses had decreased again, 

even below pre-HAART levels. 

 

Long-term effect of HAART on CMV-specific cellular immune responses 

To determine the effect of HAART on immune responses against persistent herpes viruses, 

numbers of EBV- and CMV-specific CD8+ T cells were measured, as well as CMV-specific 

CD4+ T cell function. No differences in EBV-specific CD8+ T cell numbers after HAART were 

observed (14,300/ml 10.5 months before HAART; 15,300/ml at 7.5 months after HAART; 

14,000/ml at 55.5 months after HAART, p=0.26 and p=0.77 respectively (data not shown)). 

Because of the HLA type of the individuals, we were only able to measure CMV-specific CD8+ 

T cells in 3 out of 10 individuals. In this small group of individuals we did not observe evidence 

for an effect of HAART on CMV-specific CD8+ T-cell numbers (data not shown). However, we 

were able to determine CMV-specific cytokine producing CD4+ T cells in all 10 individuals 

(Figure 1B; Table 3). Again indexed values were calculated, with the percentage cytokine 

production determined early in infection (19.5 months after seroconversion) set at 100% 

(Figure 2B). CMV-specific IFNγ+CD4+ T cell percentages strongly increased before the 

initiation of HAART, to 214.8% 10.5 months before HAART (p=0.037; T1 vs T2). Upon 

treatment with HAART, these cells tended to decrease to 94.1% (p=0.09; T2 vs T3) at 7.5 

months after HAART and to 33.2% at 55.5 months after HAART (p=0.007; T2 vs T4).  

 
Figure 2 - Effect of long-term 

HAART on HIV- and CMV-
specific cytokine producing CD4+ 
T cells. CD4+ T-cell responses were 

determined in 10 HIV-1 infected 

individuals at two time points before and 

two time points after the start of HAART. 

Responses were related to responses 

determined at the first time point. For 

each time point, the median indexed 

response is shown, together with the 

25th and 75th percentiles. Gag-specific 

production of IFNγ (A), IL-2 (C) and IL-

2&IFNγ (E) is shown as well as the 

CMV-specific production of IFNγ (B), IL-2 

(D) and IL-2&IFNγ (F). Initiation of 

HAART is indicated by a dotted grey 

line. Significant changes in CD4+ T-cell 

responses were calculated using the 

Wilcoxon signed ranks test and are 

indicated by an asterix. Time (months)
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CMV-specific IL-2+ and IL-2+&IFNγ+CD4+ T cells did not change upon the initiation of 

treatment. Interestingly, during HAART both IL-2+ and IL-2+&IFNγ+ CD4+ T cells decreased 

from 121 to 27.9% and 93 to 30.2% respectively), although this was not significant (p=0.39 and 

p=0.57 respectively).  

In conclusion, HAART did not influence EBV-specific CD8+ T cell numbers. CMV-specific IFNγ+ 

CD4+ T cells tended to decrease at 7.5 months after the initiation of HAART. On the long term 

frequencies of all CMV-specific cytokine producing CD4+ T cells were diminished compared to 

frequencies early in HIV infection. 

Table 3 - Cytokine production by CD4+ T-helper cells before and during HAART 

 
 
   

72 m. before HAART 
(T1) 

10.5 m. before HAART 
(T2) 

7.5 m. after HAART (T3) 55.5 m. after HAART 
(T4) 

 Median    (range) Median  (range) Median  (range) Median  (range) 
         
         
Gag         
%IFNγ 0.05a (0-0.24) 0.03 (0-0.09) 0.01 (0-0.08) 0.01 (0-0.04) 
%IL-2 0.03 (0-0.15) 0 (0-0.06) 0.02 (0-0.17) 0.02 (0-0.10) 
%IL-2&IFNγ 0.10 (0-0.40) 0.05 (0.02-0.17) 0.09 0.02-0.20 0.06 (0-0.22) 
proliferatie 1.0b (0.6-14.0) 1.1 (0.6-77.8) 1.4 (0.5-22.2) 2.3 (1-45) 
CMV         
%IFNγ 0.90 (0.13-7.72) 1.53 (0.07-21.37) 0.95 (0.02-10.76) 0.28 (0-14.12) 
%IL-2 0.03 (0-0.43) 0.02 (0-1.27) 0.01 (0-0.61) 0.02 (0-0.12) 
%IL-2&IFNγ 0.24 (0-0.94) 0.23 (0-1.59) 0.39 (0-0.87) 0.08 (0-2.98) 
proliferatie 3.56 (1.2-41.9) 3.8 (1.0-10.0) 3.1 (0.8-15.2) 12.3 (2.6-34.9) 
PMA/Iono         
%IFNγ 32.43 (5.62-45.55) 34.44 13.36-66.64 26.92 (8.44-66.67) 28.51 (12.17-64.56) 
%IL-2 13.95 (6.03-30.03) 11.38 7.56-23.28 11.64 (7.85-37.58) 19.43 (3.87-36.51) 
%IL-2&IFNγ 7.89 (3.24-11.25) 5.70 3.09-12.28 5.73 (2.95-13.50) 11.25 (3.56-20.93) 
proliferatie 10.9 (3.9-70.3) 12.2 (1.0-77.8) 13.2 (0.8-48.0) 19.6 (10.0-39.0) 

 
a. percentage cytokine+ CD3+CD4+ T cells 
b. Stimulation index, calculated as described in Materials and Methods. 

 

Restoration of HIV- and herpes virus-specific CD4+ T cell proliferative capacity after 5 
years of HAART  

With respect to the effect of HAART on the proliferative capacity of HIV- and herpes virus-

specific CD4+ T cells discrepant results have been reported. In this study, proliferative 

responses of CD4+ T cells after stimulation with Gag, CMV, EBV and polyclonal stimulation by 

a combination of αCD3 and αCD28 were analysed early in HIV-1 infection, approximately 1 

year before HAART and 10.5 months and 55.5 months after the initiation of HAART (Figure 

1B, Table 3). Indexed values were calculated, with the proliferative responses determined 

early in infection set as 100%. HIV-specific proliferation was not changed after 7.5 months of 

HAART (p=0.508). However, after 5 years of HAART an increase in the in vitro proliferative 

capacity was observed from 146.5% at 10.5 months before HAART to 249% at 55.5 months of 

HAART (p=0.028; figure 3A). Similar results were observed for CMV-specific CD4+ T-cell 

proliferative responses which increased from 79.6% 7.5 months before to 126% 10.5 month 

after HAART (p=0.57), and 247% at 55.5 months after HAART (p=0.04; figure 3B). Also the 

responses to polyclonal stimuli tended to increase during 5 years on HAART from 63.5 (10.5 

months after) to 253% (55.5 months after, p=0.09; figure 3C). Furthermore, when the 

expansion of EBV- (EBNA1) specific CD4+ T cells was measured using a 12-day in vitro 



 97 
 

expansion assay, similar results were found; after 55.5 months of therapy the CD4+ T-cell 

responses increased from 21.6% (7.5 months before) to 241.7% (p=0.02; figure 4).  

Thus, long term HAART resulted in an increased proliferation of HIV-specific CD4+ T cells. In 

parallel also proliferation of CMV, EBV as well as polyclonally stimulated CD4+ T cells 

increased. This may indicate a general immune reconstitution after more than 5 years of 

treatment with HAART. 

 

Figure 3 - Effect of long term HAART on HIV- and 

non-HIV-specific CD4+ T-cell proliferative capacity. 
Proliferation of gag-specific CD4+ T-cells (A), CMV-specific CD4+ T 

cells (B) and polyclonal stimulated CD4+ T cells (C) was determined 

using CFSE in 10 HIV-1 infected individuals. Stimulation indices 

were calculated as described in Materials and Methods. Responses 

were related to responses determined at the first time point. For 

each time point, the median indexed proliferation is shown, together 

with the 25th and 75th percentiles. Initiation of HAART is indicated by 

a dotted grey line. Significant changes in CD4+ T-cell responses 

were calculated using the Wilcoxon signed ranks test and are 

indicated by an asterix. 

 

 

 

 

 

 

 

Figure 4 - Effect of long term HAART on EBV-specific 

CD4+ T cells. CD4+ T cells from 10 HIV-1 infected individuals 

were expanded after 12 days of culture with an EBV EBNA1 peptide 

pool. On the Y axis is plotted the number of specific CD4+ T cells 

determined after 12 days expansion in vitro per 1x106 PBMC input. 

Responses were related to responses determined at the first time 

point. For each time point, the median indexed number of specific 

CD4+ T cells after 12 day expansion is shown, together with the 25th 

and 75th percentiles. Initiation of HAART is indicated by a dotted 

grey line. Significant changes in CD4+ T cell responses were 

calculated using the Wilcoxon signed ranks test and are indicated 

by an asterix. 
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Discussion 
In the present study we investigated the effect of long-term HAART on HIV-specific T-cell 

responses and compared these results to responses against CMV and EBV. We selected for 

patients who were successfully treated with HAART, as was reflected by a decrease in viral 

load, and an increase in CD4+ T-cell numbers. The expression of the activation markers HLA-

DR and CD38 on these CD4+ and CD8+ T cells was decreased after five years of HAART. 

Furthermore, five years of treatment with HAART resulted in a decrease in HIV-specific CD8+ 

T-cell numbers. Previous studies showed decreases in HIV-specific CD8+ T-cell responses 

after 1 year of HAART 127; 220-224. Also HIV-specific IFNγ+ CD4+ T cells decreased, and this 

effect was sustained after 5 years of HAART treatment. HIV-specific IL2+ and IL-2+&IFNγ+CD4+ 

T cell responses showed a transient increase upon the start of HAART, which was only 

temporary as these responses declined after five years of HAART, even below pre-HAART 

levels. The increase in IL-2+ CD4+ T cells by one year of HAART had been reported previously 

in cross-sectional studies, suggesting a restoration of HIV-specific CD4+ T-cell responses by 

HAART 235; 236. However, this longitudinal analysis demonstrates that HAART does not induce 

sustained elevated HIV-specific CD4+ T-helper activity.   

The different effect of HAART on the various populations of HIV-specific cytokine producing 

cells may partly explain contradictions in the previously reported results of the effect of HAART 

on HIV-specific CD4+ T cell responses. Pitcher et al demonstrated a decrease of HIV-specific 

CD4+ T cells after 1 year of HAART 245, while an increase in HIV-specific CD4+ T cells has 

been described by others 235; 236. However, Pitcher et al used the production of IFNγ as a read 

out of HIV-specific CD4+ T cell function, while the latter studies also measured IL-2 production. 

Our results clearly show a discrepancy between HIV-specific IFNγ and IL-2 producing CD4+ T 

cells after HAART, which indicates that the observed effect of HAART on HIV-specific CD4+ T 

cells clearly depends on the population of cytokine producing CD4+ T cells that is analysed.  

Our data fit the differentiation model of CD4+ T cells described by Younes et al 178, which is 

based on the linear differentiation models proposed by Lanzavecchia et al 246. Younes et al 

assume that antigen (HIV) drives the differentiation from naïve to central memory T cells 

(Tcm), which produce IL-2 and have self-renewal capacity, to effector memory T cells (Tem) 

which lack proliferative potential upon re-stimulation by antigen. In individuals with a high viral 

load, Tcm are preferentially induced to differentiate into the IFNγ-only-producing Tem cells. 

Upon initiation of HAART, viral load strongly decreases and cells are no longer driven to this 

end-stage IFNγ only-producing population, but remain of the IL-2 producing Tcm phenotype. 

Indeed, in our study, after 7.5 months of HAART a decrease in HIV-specific IFNγ+CD4+ T cells 

was observed (reflecting the diminished differentiation to end stage IFNγ only cells) while the 

HIV-specific IL-2+ and IFNγ+IL-2+ CD4+ T cells increased (reflecting the preservation of the 

Tcm population). However, after 5 years of HAART both IFNγ+, IL-2+ and IL-2+&IFNγ+ CD4+ T 

cells decrease. This probably reflects a situation with very low antigen exposure where naïve T 

cells are no longer primed to differentiate.  
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Interestingly, before HAART an increase in the CMV-specific IFNγ+ CD4+ T cells is observed, 

which most likely reflects a higher rate of CMV reactivation (in parallel to increased immune 

activation markers) resulting in increasing antigenic load. Ten months after the initiation of 

HAART, a decrease in IFNγ-producing CMV-specific CD4+ T cells was observed. As described 

before, CMV-specific IL-2+ and IL-2+&IFNγ+ were not influenced by 7.5 months of HAART 235. 

Eventually, after 5 years of HAART, CMV-specific cytokine producing CD4+ T cells declined to 

levels below baseline (19.5 months after sc). As HAART results in a loss of CMV viremia 247; 

248, this decrease in functional CMV-specific CD4+ T cells may simply reflect the low level of 

antigen after five years of HAART. Low levels of CMV-reactivation after HAART may also 

explain the observed decrease in CMV-specific CD4+ T cells after a short period on HAART, 

as the lower level of CMV reactivation may fail to drive the CMV-specific CD4+ T cells to the 

IFNγ-producing Tem subtype, while the IL-2 producing Tcm population is still replenished. 

Long-term treatment with HAART resulted in increased proliferative capacity of HIV-specific 

CD4+ T cells. Increased proliferation of HIV-specific CD4+ T cells was previously observed in 

some studies 98; 230-234, while other studies could not confirm these results 228; 229. The 

discrepancy may be explained by the drug regimen and viral load levels attained by HAART. 

Also different techniques to measure proliferation ex vivo and the nature of the stimuli may 

play a role. Furthermore, duration of therapy may influence the results, as the increase in 

proliferation in the present study was only observed after 5 years on therapy, and not after 1 

year. Most previous studies analysed HIV-specific CD4+ T-cell responses up to approximately 

one year of HAART.  

Interestingly, CMV- and EBV-specific as well as polyclonal CD4+ T-cell proliferative responses 

were increased after 5 years of HAART. This may indicate a general reconstitution of anti-viral 

immune responses after long term HAART, instead of an increase in only HIV-specific CD4+ T-

cell proliferative responses.   

In conclusion, initiation of HAART resulted in a transient increase in HIV-specific IL-2+&IFNγ+ 

CD4+ T cells and to a lesser extent, IL-2+ CD4+ T cells. Moreover, after 5 years of successful 

HAART HIV-specific proliferative responses were increased. CMV- and EBV-specific CD4+ T 

cell responses were restored as well. This suggests that the improved proliferative response is 

not specific for HIV, but reflects a more general improvement of anti-viral immune responses 

which is induced by HAART.  
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Discussion 
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The incidence of EBV-related malignancies is considerably increased in untreated HIV-

infected individuals, due to a combination of factors that finally can lead to uncontrolled 

outgrowth of EBV-transformed B cells. The aim of the studies described in this thesis was to 

gain more understanding in the factors that determine the outcome of EBV infection in HIV-

infected subjects. Earlier studies had left us with 2 main questions, namely 1) how to explain 

that the EBV DNA load in PBMC from HIV-infected subjects is often elevated, and not 

predictive for the occurrence of EBV-positive lymphoma, and 2) whether a loss of EBV-specific 

CD8+ T-cell function, which was observed in individuals progressing towards EBV-positive 

lymphoma, could be due to a lack of EBV-specific CD4+ T-cell help. Both issues are discussed 

in the first two parts of this chapter, and a general model of EBV infection in HIV-infected 

subjects is provided in the third part. 

 
 
First Part – Alteration of the EBV setpoint after HIV seroconversion due to immune 
activation 
 
1. An elevated EBV load is not predictive of malignancies in HIV+ subjects 
An elevated EBV load is associated with an increased risk of EBV-related malignancies after 

bone marrow or solid organ transplantation 57; 59; 61. In contrast, we and others have shown that 

EBV load is often (very) elevated in HIV-infected subjects, independent of the degree of overall 

immune deficiency, and does not discern between subjects that will develop EBV-positive 

lymphoma and progressors to other AIDS-defining events or slow progressors to AIDS 62-65. 

Furthermore, earlier studies showed that EBV-specific CD8+ T-cell responses are relatively 

preserved in asymptomatic HIV carriers, whether detected by CTL precursor assays 81 or 

capacity to produce IFNγ after ex vivo stimulation 63; 82. Here, we wanted to gain more insight in 

the mechanism that could lead to an elevated level of EBV DNA, independent of subsequent 

progression to EBV-related malignancies. In chapter 2, we found that at the individual level, 

EBV load had increased within the first year following HIV infection, whereas CD8+ T-cell 

responses were maintained at pre-HIV seroconversion levels. This confirmed earlier studies, 

where we and others observed an elevated EBV load in asymptomatic HIV carriers 62-65. Here, 

the point was made much stronger by showing that also within an individual, EBV load could 

dramatically increase in the face of a maintained, or even increased EBV-specific CD8+ T-cell 

response.  

This confirmed that the pathogenesis of EBV-related lymphoma is quite different in HIV-

infected subjects compared to transplant recipients. In the latter, iatrogenic suppression of 

EBV-specific immunity can directly allow uncontrolled outgrowth of EBV-infected B-cells, and 

thus an increase in EBV load directly reflects uncontrolled outgrowth of EBV-infected B cells. 

Two recent reports showed that also in the transplantation setting, the situation is not 

unambiguous, and that a significant proportion of patients with an elevated EBV load does not 

develop EBV-related malignancies, when CD8+ T-cell responses were restored. Both in bone 
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marrow transplanted subjects 135 and liver-transplanted children 134, monitoring EBV-specific 

CD8+ T-cell responses in addition to EBV load increased the predictive value to near 100%. In 

HIV-infected subjects the development malignancies results from a gradual degradation of 

EBV-specific immunity, together with chronic stimulation of B cells 63; 81; 118; 191. In conclusion, in 

HIV infection an elevated EBV load reflects chronic stimulation of B cells, and can occur in the 

presence of a strong EBV-specific CD8+ T-cell response.  

 

1.2 Alteration of the EBV setpoint due to immune activation 
A number of changes in patterns of immunodominance of EBV-specific immune responses 

during both acute and chronic HIV are suggestive of an increased reactivation rate of EBV. 

Two studies report reactivation of EBV-specific CD8+ T cells during acute HIV infection 153; 154, 

suggesting reactivation of EBV. We observed an increase in CD8+ T-cell numbers specific for 

the early lytic switch protein BZLF1 following HIV seroconversion (chapter 2). Increased levels 

of antibodies to lytic EBV antigens in HIV-infected individuals also suggest a more active EBV 

infection 64; 155. Chronic hyper immune activation is one of the hallmarks of HIV infection and 

the level of several immune activation markers are highly predictive of HIV progression 165; 218; 

219; 249. In addition to physical loss of CD4+ T cells, their responsiveness to polyclonal and 

specific stimuli in vitro is altered 42; 43. Similarly normal B-cell biology is altered, leading to a 

decline in the fraction of memory B cells 44 and poor responsiveness to T-cell help and 

stimulation in vitro 42; 45-49. As EBV is strictly dependent on the B-cell biology of its host 38, we 

hypothesized that increased stimulation of B cells might be an important factor leading to 

higher levels of EBV DNA in PBMC. Indeed, we found that EBV load was more elevated in 

individuals with a higher degree of immune activation, and increased over time in parallel with 

immune activation (chapter 3). Most interestingly, inter-individual differences in EBV setpoint 

before HIV infection 20 were conserved after HIV seroconversion and during chronic HIV, even 

after antiretroviral treatment. This suggests that immune activation leads to an increase in the 

number of EBV-infected B cells, resulting in a pool of EBV-infected B cells which is 

proportional to the number of EBV-infected B cells before HIV seroconversion (as schematized 

in figure 1A). Thus, a new EBV setpoint is attained after HIV infection, consisting of a higher 

EBV load together with a maintained EBV-specific CD8+ T-cell response, whereby the relative 

differences in EBV level between subjects are conserved.  

With respect to the influence of immune activation on EBV load, it is surprising that 5 years of 

treatment with highly active antiretroviral therapy had no effect on the number of EBV copies in 

PBMC (chapter 6). This was unexpected as we had hypothesized that a decrease in hyper 

immune activation should lead to a lower rate of EBV replication and ultimately a decline in 

EBV DNA load in PBMC. However, it may take decades before an expanded pool of latently 

EBV-infected B cells gets “purged” and the EBV load declines. Furthermore, while in untreated 

HIV-infected subjects a slow increase in EBV load over years is usually observed in parallel 

with increases in immune activation (chapters 2 and 3, figure 1B), the level of EBV load 

remained stable occurred after initiation of HAART (figure 1C).  
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Figure 1 – Changes in EBV DNA level after HIV infection. A) An individual with a low EBV setpoint before HIV infection (indicated by a 

dashed line) will also have a lower setpoint after HIV infection, compared to an individual with a higher EBV setpoint (solid line). B) After 

HIV seroconversion, EBV load (solid line) increases due to increased immune activation (dotted line), and continues to rise during HIV 

infection, in parallel with the level of immune activation. C) HAART (dash-dotted line) causes a decrease in immune activation (doted 

line), and a stabilization of EBV load (solid line) 

 

This may indicate that the pool of EBV-infected B cells is not replenished as much as in 

untreated HIV-infected individuals, due to less frequent reactivation of EBV-infected B cells, 

which would be in accordance with a decline in the BZLF1-specific memory T-cell responses 

(chapter 6). In addition, other studies have shown that perturbations of the normal B-cell 

biology persist even years after start of HAART 44; 46-48; 202-204. Furthermore, as latent EBV 

infection is very tightly regulated, it is not surprising that major alterations of the normal B-cell 

biology after HIV infection will definitively alter the equilibrium between EBV and host. In 

contrast to the chronic effects of HIV infection, a transient episode of immune activation, as 

mimicked by vaccination against yellow fever, did not influence the level of EBV DNA in 

PBMC, whereas repeated stimulation of B cells by boosters against RhD antigen appeared to 

increase the level of EBV. Thus, also in HIV-negative subjects, chronic immune activation may 

lead to an increase in EBV load. 

These results further confirm that the nature of EBV infection in HIV-positive subjects is very 

different from that in transplanted individuals, in whom (re-)appearance of EBV-specific CD8+ T 

cells – either by a decrease in immune suppression or infusion of donor lymphocytes - 

immediately leads to a decrease in EBV load, which is most probably due to the clearance of 

all EBV-infected B cells with aberrant expression of EBV antigens 30; 172.   

To gain more understanding of the nature of EBV infection in HIV-infected subjects, future 

studies should aim at better defining both the number of EBV-infected B cells in relation to the 

number of EBV DNA copies and the gene expression pattern of these cells. Furthermore, it 

would be interesting to know if in HIV-infected subjects, EBV is as strictly restricted to memory 

B cells as in healthy individuals 35; 38. Since memory B cells are very long-lived and persist in 

the absence of specific stimuli 250; 251, persistence of EBV in this subset would indeed lead to a 

stable EBV level even after years of HAART. 
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1.4 Immune activation as a risk factor for NHL 
An elevated degree of immune activation is one of the strongest predictive factors for 

progression to AIDS in general 165; 217-219, and even more for progression to AIDS-NHL 191. 

Thus, it may appear contradictory that on the one hand, an elevated EBV load in HIV-infected 

subjects is not predictive of AIDS-NHL, whereas a high degree of immune activation is a 

strong risk factor for (EBV+ and -) lymphoproliferative disease and also leads to an increase in 

EBV load (chapter 3). However, we show that an elevated EBV load is not related to the 

degree of immune activation per se, but rather reflects an elevated EBV setpoint before HIV 

infection, which was increased by immune activation. The question is whether, at an equal rate 

of immune activation, a higher number of EBV-infected B cells would not increase the risk of 

one of these cells resulting in malignant outgrowth. This appears unlikely, since in earlier 

studies we did not find any relation between the absolute number of EBV copies and 

progression to lymphoma. This argues against a completely stochastic model of progression 

towards NHL, whereby each infected B-cell has a certain chance of becoming malignant clone. 

It rather suggests that at a certain point during progression to NHL, which is not related to the 

number of EBV-infected B cells, the EBV-specific immune response is not able to avoid 

malignant outgrowth of these B cells anymore. 

 
 
Second part - EBV-specific T-cell immunity in HIV infection 
 
2.1 Changes in EBV-specific CD8+ T-cell immunity after HIV infection 
In healthy subjects, EBV infection results in a very tightly regulated equilibrium between EBV 

and the host immune response. Upon HIV infection, both uninfected and EBV-infected B cells 

are increasingly stimulated due to both changes in the cytokine milieu resulting in non-cognate 

activation, as well as more frequent cognate stimulation (both HIV-specific and non-specific) 40; 

163; 164; 252; 253. This results in a higher number of EBV-infected B cells, and also a higher risk for 

malignant B-cell transformation. It clearly appeared in the transplantation setting that, as soon 

as the EBV-specific CD8+ T-cell control is lifted, EBV-related immunoblastic B-cell lymphoma 

can freely develop [many refs]. These post-transplant lymphoproliferative disorders are similar 

to the typical late stage AIDS-related lymphoma, which express a whole range of latent EBV 

antigens. In contrast, EBV-specific CD8+ T-cell responses are conserved during the 

asymptomatic phase of HIV infection 63; 81; 82, and appear sufficient to control the outgrowth of 

such malignancies.  

It has been shown in mouse models that existing memory T-cell responses could be “pushed 

away” upon infection with new pathogens, probably due to competition for space and 

resources 254. Cytomegalovirus (CMV), a β-herpesvirus with a prevalence of ~ 50%, is known 

to significantly alter the human immune system, inducing changes in the overall phenotype 

and numbers of CD8+ T cells 255-257. A recent paper describes that in healthy individuals, 

numbers of CMV-specific CD8+ T cells expand with age. In contrast, EBV-specific CD8+ T cells 
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only expanded over time in CMV negative individuals, but not in CMV seropositive subjects 258. 

This suggest that CMV provides a stronger stimulus to CD8+ T cells, and that this response 

outcompetes the EBV-specific CD8+ T-cell response. It could have been expected that the 

important HIV-specific CD8+ T-cell response 74; 82; 259 would have taken over the resources of 

other CD8+ T-cell responses. In contrast, we observed an increase in EBV-specific CD8+ T-cell 

numbers both over HIV seroconversion 152, as well as during asymptomatic chronic HIV 

infection 260. The number of CMV-specific CD8+ T cells also increased during untreated HIV 

infection 260, while HAART reversed this tendency 261. Thus, it appears that both EBV and 

CMV-specific CD8+ T-cell responses are able to adapt to an increased rate of viral replication, 

at least during asymptomatic HIV infection. Even more, an increased stimulation of EBV-

specific CD8+ T cells after HIV seroconversion may enable these cells to better compete with 

CMV-specific CD8+ T cells for resources. Accordingly, EBV-specific CD8+ T cells futher 

differentiate over time in asymptomatic HIV-infected subjects 144; 260, whereas they do not in 

healthy EBV carriers 258. 

 

2.2 The potential role of CD4+ T-cell help in control of EBV infection  

Whereas EBV-specific CD8+ T cells are preserved in asymptomatic HIV-infected subjects or 

progressors to opportunistic infections 63; 81; 82, their function is lost in individuals progressing to 

AIDS NHL, in parallel with loss of total CD4+ T-cell numbers 63. This suggested that EBV-

specific CD4+ T-cell help might be important in maintaining the function of EBV-specific CD8+ T 

cells. 

As in the group of HIV-infected homosexual men that we studied here, EBV infection always 

preceded HIV infection, help during primary EBV infection must have been provided in the 

correct way 88; 90; 91; 262. The only settings where CD4+ T-cell help does not appear to be 

necessary during primary infection are those in which strong danger signals can condition 

antigen-presenting cells for efficient priming of CD8+ T cells in the absence of CD4+ T-cell 

help263. This appears unlikely with EBV, a virus that has evolved to persist in its host by 

successfully escaping from total eradication by the immune system 1. Whereas the role of 

CD4+ T cell in primary infection has been clearly defined, it remains unclear how these cells 

act during later phases of infection, and how this help would be provided.   

It is very likely that during and after the acute HIV infection, CD4+ T-cell help is needed for 

expansion of EBV-specific CD8+ T cells. Also in this phase, enough EBV-specific CD4+ T-cell 

help is likely to be present, as we do detect these cells in most HIV-infected subjects early 

during HIV infection. This is compatible with observations in mouse models where CD4+ T-cell 

help was not needed for secondary responses to herpesvirus early after primary infection, but 

greatly increased the re-expansion of CD8+ T cells when the secondary challenged was 

applied only 12 months after primary infection 264. It also appears likely that especially during 

chronic infection, CD4+ T-cell help is necessary after the priming fase to maintain the function 

of CD8+ T cells 93. In the human setting it was shown that the presence of CMV-specific CD4+ 

T cells was required for maintenance of adoptively transferred CMV-specific CD8+ T cells 101. A 
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possible mechanism of help is the secretion of cytokines such as IL-2 265. Another possibility is 

that during chronic infection, new naïve CD8+ T-cell precursors have to be primed regularly in 

order to maintain a sufficient pool of effective CD8+ T cells. The need for such help was 

recently demonstrated for Hepatitis C virus in macaques, where constant mutation of the virus 

demands the priming of responses to new epitopes 96. As EBV is not a very mutagenic virus, 

this should not be necessary. However it may be that the chronic stimulation of EBV-specific 

CD8+ T cells in HIV-infected subjects requires regular recruitment of new T-cell responses 

from the naïve pool. 

 
2.3 EBV-specific CD4+ T-cell responses 
It was recently described that during acute EBV infection, EBV-specific CD4+ T cells can be 

detected by intracellular cytokine staining directly ex vivo after short term stimulation with 

recombinant proteins. However, their frequencies during latency were below the detection limit 

in most donors 131, while they were detectable only in a fraction of the healthy carriers by 

ELISPOT assays 107. The immunodominant latent targets after resolution of acute EBV 

infection amongst latent antigens appeared to be EBNA1, and to a lesser extent EBNA3C 106; 

107. During acute infection, the lytic antigens BZLF1 and BMLF1 were also recognised 131. A 

recent publication suggests that BMRF1 might be an important CD4+ T cell target during latent 

EBV infection, although this is only suggested by the presence of this protein – amongst others 

– in the lysate used as a stimulus 175, and has not been verified using the protein itself. Due to 

the difficulty to detect EBV-specific CD4+ T cells directly ex vivo - despite the use of very 

sensitive modern techniques - it remains unclear what the magnitude and evolution of the 

EBV-specific CD4+ T-cell response is after resolution of acute infection.  

A number of studies suggest that, next to their potential role in helping the CD8+ T-cell 

response, EBV-specific CD4+ T cells might also have an effector function by themselves. 

Numerous studies investigated the recognition of EBV-infected cells by CD4+ T cells via 

recognition of latent 105; 179-181; 197 or lytic antigens 182, and suggested that EBV-specific CD4+ T 

cells could directly control outgrowth of EBV-infected B cells or tumors. In a mouse model, it 

was recently demonstrated that EBNA1-specific CD4+ T cells can indeed display a cytotoxic 

function in vivo, although this – HLA class I negative - model is probably not representative for 

AIDS-related NHL 198. A very recent study in bone-marrow recipients reports more frequent 

reactivation of EBV when CD4+ T-cell depleted graft were transplanted, while 

lymphoproliferative disorders were only observed when also CD8+ T-cell depletion was 

applied. Thus, CD4+ T-cell alone did not appear to be sufficient to control EBV 196. 

 

2.4 Measurement of EBV-specific CD4+ T cells 
Here, we aimed to develop a method that would enable us to reproducibly measure CD4+ T 

cells in both healthy EBV carriers and HIV-infected subjects. Therefore, we choose to use an 

in vitro expansion step before measurement, as directly ex vivo, EBV-specific CD4+ T cells 

appear to be undetectable in a majority of both healthy and HIV-infected carriers. This culture 
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system was independent of HLA type, and thus conveniently enabled measurement in patients 

with a wide variety in HLA types. In addition, we choose to use standardized stimuli, and not 

autologous B-cell lines, which can show a wide variety in phenotypes and expression levels of 

EBV antigens 266. We choose to study responses to the immunodominant latent antigen 

EBNA1 103; 104; 106; 107; 267; 268. In addition, we studied responses to early lytic switch protein 

BZLF1, as this is a major CD8+ T-cell target 25; 72, and is recognized by CD4+ T cells during 

acute EBV infection 131. 

With respect to the low frequency of EBV-specific CD4+ T cells in vivo, this does not appear to 

be an exception to most viral infections in mouse models 95; 269 or humans 97; 98; 176; 270. Only 

CMV appears to induce a strong CD4+ T-cell response throughout latent infection, possibly 

trough different priming conditions, as suggested by a more differentiated phenotype of CMV-

specific CD4+ (and CD8+) T cells as compared to EBV or HIV-specific CD4+ (and CD8+)T cells 
175; 178; 236. This does not rule out the possibility that other EBV proteins than the ones mostly 

studied till now are more immunodominant – the major part of the CMV response is directed to 

only one protein, pp65 271 - and that the importance of the EBV-specific CD4+ T-cell response 

is still underestimated. In addition, EBV-specific CD4+ T cells might be present in higher 

frequencies outside the peripheral blood, and future studies should aim at detecting these cells 

in tonsils and peripheral lymph nodes, where EBV-infected cells are most likely to be 

stimulated. Saulquin & al recently found high numbers of CD4+ T cells directed to the lytic 

antigen BHRF1, in synovial fluid of patients suffering from Rheumatoid arthritis 182. Finally, 

both direct ex vivo stimulation assays and assays that include an expansion step depend on 

the functional capacity of CD4+ T cells to produce IFNγ, and in the latter case also to 

proliferate. Direct detection by HLA class II technology 182; 272, which will first require a thorough 

knowledge of immundominance patterns, might lead to a reassessment of frequencies of EBV-

specific CD4+ T cells, as it has been the case for EBV-specific CD8+ T cells 273.  

 

2.5 Decreased EBV-specific CD4+ T-cell responses in HIV-infected individuals 
The results of the assay developed in chapter 4 depend first on the precursor frequency of 

these cells, and then on their ability to proliferate in response to antigen, and exert effector 

functions after antigen-driven expansion. Furthermore, studies of HIV-specific CD4+ T cells 

suggest that the presence of an intact central memory T-cell pool, capable of proliferation, 

correlates better with control of HIV infection than the presence of effector cells, only capable 

of IFNγ production directly ex vivo 98; 178. Assays comparable to the one used here, combining 

in vitro expansion and restimulation, were shown to correlate well with protection against 

disease in both Hepatitis C and Malaria infection 99; 176; 177. As described in chapter 5, we 

found a decline in EBV-specific CD4+ T cells – especially EBNA1-specific CD4+ T cells - in all 

HIV-infected subjects. Furthermore, progressors to NHL suffered the most severe loss of both 

EBNA1-specific CD4+ and CD8+ T cells, whereas these cells were relatively preserved in a 

number of progressors to other AIDS-defining events and in slow progressors. Thus, EBNA1-

specific T cells might be much more important for control of EBV-infected B cells than BZLF1-
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specific T cells. It will be interesting to further investigate whether this phenomenon is 

specifically related to recognition of EBNA1-expressing B cells, or reflects the function of latent 

antigen-specific T cells in general, as these cells might be the most important for control of 

“lymphoblastoid expression patterns” of B cells. In contrast, lytic antigen-specific T cells might 

be driven by B cells and epithelial cells expressing lytic EBV antigens, and be more important 

in controlling viral spread, but not the development of EBV-transformed malignant B-cell 

clones. To gain more understanding of these responses and their importance in control of 

EBV, it will be essential to determine the phenotype of the cells that grow out in this assay 

more precisely, for example by sorting “central memory” (CD45RO+CCR7+) vs. “effector” T 

cells (CD45RO+/-CCR7-) before culture. Finally, in an earlier study, we found a loss of EBV-

specific CD8+ T-cell function at very late stages (CD4+ T-cells < 200/μl) during HIV infection 63. 

Here it appears that loss of EBNA1-specific CD4+ T cells (at a median total CD4+ T-cell count 

of 300/μl, and more than 1 year before NHL diagnosis) occurs at an earlier stage, which would 

be in accordance with a role in maintenance of CD8+ T-cell function. This is further discussed 

in paragraph 3 (figure 3).  

  

2.6 The influence of HAART on EBV-specific CD4+ T-cell responses 
The wide-spread use of HAART has led to a significant decline in many HIV-related 

opportunistic infections and HIV-related mortality 114-117. Although there are doubts about the 

effects of HAART on AIDS-NHL, as these malignancies are thought to arise through the 

accumulation of a number of many factors 118; 119, it is now clear that the incidence of these 

malignancies has significantly declined 120-122 and their prognosis has considerably improved 
123-126. Earlier studies report a restoration of functional EBV-specific CD8+ T-cells, capable of 

secreting IFNγ after short-term stimulation with synthetic peptides, within months after initiation 

of HAART 82; 127. A correlation with recovery of total CD4+ T-cell numbers suggested that 

restoration of CD4+ T-cell help may explain these findings.  
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Figure 2 – Differential effect of HAART on EBV latent and lytic antigen-specific T-cell responses. A) After HIV seroconversion, an 

increased level of EBV reactivation induces an increased immune response to lytic EBV antigens, This is not observed of rresponses to 

latent antigens, which slowly decline during HIV infection. B) When HAART is applied, latent antigen-specific responss are restored, 

together with a restoration of general prolferiative capacity. Lytic antigen-specific responses decline, presumably due to a decreased 

rate of EBV reactivation (explained in C). C) Differential effects of HAART on the number of EBV DNA copies in PBMC, and 

reactivation rate of EBV. Whereas the number of EBV copies in PBMC appears to remain stable, probably reflecting an increased pool 

of latently EBV-infected B cells, the reactivation rate of EBV might have declined in parallel with a decrease in immune activation. 
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As described in chapter 7, polyclonal proliferative capacity of CD4+ T cells was restored after 

HAART, as well as proliferative responses to both HIV and CMV, and T-cell responses to 

EBNA1 measured after expansion. Restoration of EBNA1-specific CD4+ T cells may thus 

explain recovery of functional CD8+ T cells after HAART 82; 127. Intriguingly, whereas EBNA1-

specific CD4+ (and CD8+) T-cell responses were restored after HAART, BZLF1-specific T cells 

decreased after HAART. Figure 2 depicts a possible explanation. In an untreated HIV carrier, 

EBV-specific T cells recognising lytic antigens first increase in response to a higher level of 

reactivation of EBV. Latent antigen-specific T cells are maintained, and decrease during HIV 

infection (figure 2A). When HAART is started, latent antigen-specific T-cell responses are 

restored in parallel with polyclonal proliferative capacity. In contrast, lytic antigen-specific T-cell 

number decline due to a decreased rate of stimulation (figure 2B). This explanation makes use 

of the assumption that after initiation of HAART, EBV load remains stable, but that in parallel 

with a decrease in immune activation, the reactivation rate of EBV decreases (figure 2C). 

The positive effects of HAART on the incidence of AIDS-lymphoma can thus be explained both 

by a decrease in immune activation and by a recovery of EBNA1-specific CD4+ T-cell 

responses, which appeared to be the most important in control of EBV infection (chapter 5). It 

will be interesting to study if the differences in EBNA1 and BZLF1-specific memory T-cell 

responses reflect a general difference between latent and lytic-antigen-specific T-cell 

responses in the control of EBV infection, or a specific difference between these two antigens. 

 
 
Third part - General model of EBV infection in HIV infected subjects 

 

EBV infection in healthy individuals consists of a very tightly regulated equilibrium between 

EBV and the host immune system, both of which are disturbed by infection with HIV. First, 

more frequent stimulation of B cells and alterations in cytokine levels will lead to more frequent 

reactivation of EBV from B cells. In response to this altered EBV-B-cell biology, EBV-specific 

CD8+ T cells are initially able to adapt and control this new situation early in HIV infection. This 

results in an altered EBV setpoint, which is maintained as long as functional and physical 

exhaustion of CD8+ T cells is avoided by the presence of specific CD4+ T-cell help. Over time 

however, both the overall loss of CD4+ T-cell numbers and function, and antigen-specific CD4+ 

T-cell exhaustion, will lead to a loss of CD4+ T-cell help, and ultimately of EBV-specific CD8+ 

T-cell function. This will allow malignant outgrowth of EBV-infected B cells. Figure 3 provides a 

schematic representation of the possible scenarios in HIV-infected subjects, which will result or 

not in the outgrowth of an AIDS-NHL. In asymptomatic individuals – which can be either slow 

progressors to HIV or progressors to other diseases before AIDS diagnosis – CD8+ T-cell 

function declines in parallel with decreasing CD4+ T-cell help, but remains sufficient to control 

EBV-infected B cells (figure 3A). In a progressor to NHL, CD4+ T-cell help is lost, which leads 

to functional exhaustion of the CD8+ T-cells, and allows outgrowth of lymphoma (figure 3B). 

Progressors to opportunistic infections can belong to 2 different categories. If they still have a 
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functional EBV-specific CD8+ T-cell response, helped by CD4+ T cells, EBV infection is kept 

under control. Other infections may however cause problems due to specific loss of other 

responses or the inability to mount a primary response to a new pathogen (figure 3C). 

Alternatively, they may also have lost their EBV-specific CD4+ T-cell response, and suffer 

accelerated exhaustion of EBV-specific CD8+ T-cell function, but other pathogens may cause 

AIDS before control over EBV-infected B cells is completely lost (figure 3D). The outcome of 

EBV infection in HIV thus not only depends on EBV-specific CD4+ T-cell help, but on the 

relative contribution of immune activation driving EBV-infected B cells, and the encounter of 

new pathogens or loss of control over persistent pathogens other than EBV. 

 

CD8 
function

CD4 
help

Time

HIV infection

A – asymptomatic HIV B – progressor to NHL

Time

HIV infection NHL

C – progressor to OI – with 
maintained EBV-CD4 help

Time

HIV infection OI

D – progressor to OI – with 
loss of EBV-CD4 help

Time

HIV infection OI

 
 
Figure 3 – A number of scenarios determining the outcome of EBV infection in HIV-infected individuals. A) In asymptomatic HIV 

carriers, EBV-specific CD4+ T-cell responses and EBV-specific CD8+ T-cell function decline over time. B) When EBV-specific CD4+ T-

cell help is completely lost, EBV-sepcific CD8+ T-cell function will ultimately collapse, which will allow uncontrolled outgrowth malignant 

outgrowth of B cells. C) In a progressor to opportunistic infection, another AIDS-defining event can occur before CD4+ and CD8+ T-cell 

responses to EBV are lost. D) Alternatively, EBV-specific CD4+ T-cell help can be completely lost in an individual, but another AIDS-

defining event causes AIDS before CD8+ T-cells are functionally exhausted. 

 

Finally, the question remains whether EBV-related malignancies are still a problem in the 

setting of HIV infection since the introduction of HAART. Although EBV infection might not be 

such an important clinical issue anymore, it could still be a problem in specific cases, such as 

so-called “virological failers”, subjects responding to HAART by a recovery of CD4+ T-cell 

numbers, but with a persistent elevated HIV load 119; 128. Furthermore, the study of EBV 

infection in the setting of HIV can still teach us a lot about both the nature of EBV infection, 

and the interactions between multiple infections in the human immune system. 
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Summary 

 

The Epstein-Barr virus (EBV) is a very common human γ-Herpesvirus, which persists for life in 

the immune system of its host. It has an estimated prevalence of 90 to 95% of adults. In 

healthy subjects, a tight equilibrium between EBV, which persist in memory B cells, and the 

host immune system – mainly CD8+ T cells – is generally attained. However, in 

immunodeficient subjects, such as HIV-infected subjects or transplant recipients, EBV is 

frequently associated with a number of B-cell malignancies. The most frequent malignancies in 

HIV-infected individuals are AIDS-defining diffuse large B-cell non-Hodgkin Lymphoma (NHL), 

which are EBV positive in more than 75% of cases. The aim of this thesis was to gain more 

insight in the nature of EBV infection in HIV-seropositive subjects. Earlier studies had left us 

with two questions. First, we aimed to understand why EBV load in HIV-infected subjects is 

often elevated, and not predictive for the occurrence of EBV-positive lymphoma (chapters 2 
and 3). Second, we aimed to investigate whether loss of EBV-specific CD8+ T-cell function, 

which was observed in individuals progressing towards EBV-positive lymphoma, could be due 

to a lack of EBV-specific CD4+ T-cell help (chapters 4 and 5). Furthermore, since the mid 90’s, 

the wide spread use of highly active antiretroviral therapies (HAART) in the Western world has 

led to a significant decrease in the incidence of AIDS-related lymphomas. In the last part of 

this thesis, we studied how the use of highly active antiretroviral therapies affects both immune 

activation and EBV load on the one hand and virus-specific T-cell responses on the other hand 

(chapters 6 and 7), and how this may relate to changes in NHL incidence.  

 
First part – Alteration of the EBV setpoint after HIV infection; role of immune activation 
In Chapter 2, we investigated EBV load and EBV-specific CD8+ T cells ~ 1 year before, 1 year 

and 5 years after HIV seroconversion. The level of EBV load in PBMC significantly increased 

after HIV seroconversion (median 205 to 1002 copies/106 PBMC ; p<0.001), whereas no 

further increase in EBV load was observed between 1 and 5 years after HIV seroconversion 

(1827 to 2478 copies/106 PBMC; p=0.530). Interestingly, numbers of EBV lytic epitope (RAK-) 

specific CD8+ T cells increased over HIV seroconversion (4.78 to 9.54/μl; p=0.011), and the 

fraction CD27-negative effector RAK-specific CD8+ T cells tended to increase (from 12.2 to 

17.31 %CD27-, p=0.051), in accordance with antigen-driven differentiation. In contrast, no 

changes in latent epitope-specific CD8+ T cells were detected. Most interestingly, the function 

of EBV-specific CD8+ T cells, as measured by their ability to produce IFNγ after 6 hours of 

stimulation with synthetic peptides, had not decreased at 1 year post HIV seroconversion. 

Thus, both virological and immunological data support the idea that a new EBV viral setpoint is 

reached already early in HIV infection, probably due to EBV reactivation, as suggested by the 

preferential increase in EBV lytic epitope-specific CD8+ T cells. These data may thus help to 

explain the lack of predictive value of EBV load for the occurrence of AIDS-related lymphoma. 

Both the results described in chapter 2 and other publications suggest an increased level of 

EBV reactivation during acute and chronic HIV infection. This does not appear to be due to 
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loss of immune control – regarding the lack of correlation with EBV-related malignancies and 

the maintenance of a functional EBV-specific CD8+ T-cell response early in HIV infection.  

As EBV is strictly dependent on the normal B-cell biology, and HIV-infection is characterized 

by chronic immune activation of both B- and T cells, we aimed to study whether activation of 

the immune system could be a determinant of an elevated EBV load. In Chapter 3 we studied 

EBV load and immune activation markers in individuals with a chronically activated immune 

system, amongst whom HIV seronegative and positive homosexual men and healthy and HIV 

positive Ethiopian subjects. The groups with a more activated immune system, as measured 

by expression of CD38 and HLA-DR on T cells, had a higher EBV load. Furthermore, in HIV-

infected homosexual men, increases in EBV load over time correlated with increases in 

immune activation, but not with changes in absolute CD4+ T-cell numbers. Most interestingly, 

there was a strong correlation between EBV load before and after HIV seroconversion, and 

also before and after treatment of HIV by antiretroviral therapy. These results support the idea 

that chronic activation of the immune system can lead to an increase in the number of EBV-

infected B cells, without alterating inter-individual differences in EBV setpoint. In contrast, 

transient immune activation after yellow fever vaccination did not affect EBV load in peripheral 

blood. Thus, an elevated level of EBV load in HIV-infected subjects reflects a high individual 

EBV setpoint, increased by HIV-related immune activation, and is not a consequence of EBV-

specific immune deficiency. 

 
The role of EBV-specific CD4+ T cells in maintaining control over EBV infection 
In earlier studies, we observed a loss of IFNγ-producing EBV-specific CD8+ T cells in HIV-

infected subjects progressing to EBV-positive NHL, which correlated with total CD4+ T-cell 

numbers. This suggested functional exhaustion due to lack of EBV-specific CD4+ T-cell help. 

In Chapter 4, we set up a method to study EBV-specific CD4+ T cells in both healthy donors 

and HIV-infected subjects. To this end, PBMC were stimulated with overlapping peptide pools 

from a latent (EBNA1) and a lytic (BZLF1) EBV protein. EBV-specific CD4+ T-cell frequencies 

measured directly ex vivo were low. To measure EBV-specific memory CD4+ T cells, capable 

of both expansion and IFNγ production upon antigenic challenge, we developed a specific and 

reproducible assay, combining ex vivo expansion of specific T cells with flow-cytometric 

analysis of IFNγ production. In a cross-sectional study, untreated HIV-infected individuals had 

a lower CD4+ T cell response to both EBNA1 and BZLF1 as compared to healthy EBV carriers 

and HAART-treated HIV+ subjects. This suggests loss of EBV-specific CD4+ T cells due to HIV 

infection, while HAART might restore this response. In addition, we found an increase in 

EBNA1-specific CD8+ T-cell responses in HAART-treated subjects. Interestingly, numbers of 

EBV-specific CD4+ and CD8+ T cells were inversely correlated with EBV viral load, suggesting 

an important role also for EBV-specific CD4+ T cells in the control of EBV infection. In Chapter 
5, we studied the role of EBV-specific CD4+ T cells in the development of NHL during chronic 

HIV infection. To this end, CD4+ and CD8+ memory T cells, capable of proliferation and 

subsequent IFNγ production, directed against a latent (EBNA1) and a lytic (BZLF1) EBV 
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antigen were studied longitudinally in 9 progressors to NHL, 4 progressors to non-EBV-related 

AIDS and 4 slow progressors to AIDS. In all 3 groups, we observed a decline of EBV-specific 

memory CD4+ and CD8+ T-cell responses during HIV infection. However, whereas latent 

antigen EBNA1-specific CD4+ T cells were lost well before diagnosis in all subjects who 

developed an AIDS-related NHL (and EBNA1-specific CD8+ T cells were significantly lower 

compared to the other groups), these cells were better preserved in progressors to non-EBV-

related disease and slow progressors. Loss of EBNA1-specific T-cell immunity thus might be 

important for progression to NHL. Interestingly, BZLF1-specific T cells were not lost in all 

progressors to NHL, suggesting a difference in the function of these cells in the surveillance of 

EBV-infected B cells. In conclusion, EBNA1-speific CD4+ T cells appear to be important in the 

maintenance of control over EBV infection. Furthermore, in an earlier studied loss of CD8+ T-

cell function occurred at a very late stage before NHL diagnosis and CD4+ T-cell counts below 

200/μl, whereas here we found loss of EBNA1-specifc CD4+ T cells at much earlier stages (at 

a median CD4+T-cell count of 300/μl, and more than 1 year before NHL), supporting a role for 

these CD4+ T cells in the maintenance of CD8+ T-cell function. 

 

The effects of long-term HAART on EBV infection 
The incidence of EBV-related malignancies in HIV-infected subjects has declined since the 

introduction HAART. Earlier studies indicated an improvement of EBV-specific CD8+ T-cell 

function, but unaltered EBV load after initiation of HAART. In the last part of this thesis, we 

investigated the effects of long term HAART on immune activation and EBV load on one side, 

and EBV-specific T-cell responses on the other side. Chapter 6 describes a longitudinal study 

of EBV-specific CD4+ and CD8+ T-cell responses (measured after 12 days of expansion, as 

described in chapter 4), EBV load and immune activation markers, in 10 subjects from early in 

HIV infection up to 5 years after HAART. All individuals responded to HAART by a decline in 

HIV viral load, a restoration of total CD4+ T cell numbers, and a decline in T-cell immune 

activation. In contrast, EBV load remained unaltered, even after 5 years of therapy, although a 

decline in both CD4+ and CD8+ T cells specific for lytic EBV protein BZLF1 suggested a 

decreased EBV reactivation rate. In contrast, after 5 years of treatment, latent EBV antigen 

EBNA1-specific CD4+ and CD8+ T-cell responses were restored to levels comparable with 

healthy individuals. Thus, early initiation of HAART might result in a new EBV setpoint, with an 

elevated load, but presumably in the presence of sufficient CD4+ T help to preserve CD8+ T 

cells from exhaustion. The strong correlation between pre and post-HAART EBV load, 

described in chapter 3, suggest that increased stimulation of EBV-infected B cells after HIV 

infection leads to a definitive alteration of the EBV setpoint. The pool of EBV-infected B cells 

apparently does not decrease upon reducing the degree of immune activation. In Chapter 7, 

we studied the long-term effect of HAART on HIV-specific CD4+ T-cell responses in 

comparison to specific CD4+ T-cell responses against the persistent herpes viruses 

Cytomegalovirus (CMV) and EBV, in the same subjects as in chapter 6. Long-term HAART 

resulted in an increase in HIV-, CMV-, and EBV-specific CD4+ T-cell proliferative capacity. 
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Thus, restoration of EBNA1-specific CD4+ T-cell responses appears to be related to a general 

improvement of immune function.  

 

Discussion / general model 
After HIV infection, an increased rate of B-cell stimulation leads to more frequent EBV 

reactivation, and an increase in the number of EBV-infected B cells, which is proportional to 

the pool of EBV-infected B cells before HIV infection. Early in HIV infection, EBV-specific CD8+ 

T-cell responses are maintained, and EBV lytic antigen-specific CD8+ T-cell number even 

increases in response to an increased rate of EBV reactivation. Thus, a new EBV setpoint is 

attained, with more frequent EBV reactivation and a higher number of EBV-infected B cells, 

and a sustained CD8+ T-cell response to control malignant outgrowth of EBV-infected B cells. 

During chronic HIV infection, exhaustion of the EBV-specific CD8+ T-cell response is 

prevented by specific CD4+ T-cell help. Thereby it appeared that responses to the latent 

antigen EBNA1 are more important to avoid NHL, than responses to the early lytic switch 

protein BZLF1. As long as sufficient CD4+ T cells are present to help the CD8+ T cells, control 

over EBV-infected cells is maintained. However, the EBV-specific CD4+ T-cell response 

declines during HIV infection, and is ultimately lost in most HIV-infected subjects. An 

accelerated functional exhaustion of EBV-specific CD8+ T-cell pool is then likely to occur. 

Whether an individual will develop an AIDS-NHL then depends 1) on the degree of stimulation 

of EBV-infected cells, which will exhaust the CD8+ T-cell response sooner or later; 2) on loss of 

the ability to respond to new pathogens, or persistent viruses other than EBV, which will lead 

to progression to non-EBV-related AIDS, as long as EBV is still controlled by CD8+ T cells. 

Finally, the quasi disappearance of AIDS-NHL since the wide-spread use of HAART can be 

explained by a decreased immune activation, which diminishes the rate of B-cell activation and 

EBV reactivation, on one hand, and to an improved CD4+ and CD8+ T-cell response to latent 

antigen EBNA1, which appears to be important in the control of EBV-infected B cells. 
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Samenvatting 
 
Achtergrond 
Het Epstein-Barr virus (EBV) is een wijdverspreid lid van de herpes virus familie, dat door 90 à 

95 % van de volwassenen wordt gedragen. Als vele virussen uit deze familie blijft het 

levenslang aanwezig in zijn gastheer na de eerste infectie, welke over het algemeen 

gedurende de kinderjaren plaats vindt, meestal zonder symptomen. Infectie later in het leven, 

vanaf de puberteit, leidt in veel gevallen tot infectieuze mononucleose ( beter bekend als de 

ziekte van Pfeiffer), door een overmatige reactie van het immuunsysteem. Na primaire infectie 

blijft het virus aanwezig in het immuunsysteem, gebruik makend van de levenscyclus van B 

cellen 1), 2), terwijl een ander deel van dit immuunsysteem – in het bijzonder de CD8+ T cellen 2) 

– de vermeerdering van EBV-geïnfecteerde cellen en uitgroei van cellen die zich tot een tumor 

zouden kunnen ontwikkelen controleert. In de overgrote meerderheid van de gevallen ontstaat 

er dan een zeer goed geregeld evenwicht tussen het EBV en zijn gastheer/vrouw. Problemen 

ontstaan pas wanneer het immuunsysteem niet meer in staat is om EBV-geïnfecteerde cellen 

in toom te houden, waardoor uitgroei van zich tot tumor onwikkelende cellen mogelijk wordt, 

zogenaamde lymfomen. Dit is bijvoorbeeld het geval bij getransplanteerde mensen (bij wie het 

immuunsysteem voor korte of langere tijd wordt platgelegd via medicatie), of na infectie met 

het humaan immunodeficiëntie virus (HIV), dat een graduele vernietiging van het 

immuunsysteem veroorzaakt. HIV infectie wordt gekenmerkt door verlies van CD4+ T cellen 2), 

voor een groot deel te wijten aan een constante activatie van het immuunsysteem. Het 

grootste deel van de lymfomen bij HIV-geïnfecteerde mensen is van het type ‘non-Hodgkin 

Lymfoom’ (NHL), tumoren afkomstig van B cellen, die in ruim 75% van de gevallen EBV 

eiwitten bevatten.  

Het doel van het in dit proefschrift beschreven onderzoek was om beter te begrijpen welke 

invloed HIV infectie heeft op het evenwicht tussen EBV en gastheer/vrouw, en de factoren die 

bepalen of iemand al dan niet een EBV lymfoom zal ontwikkelen. In het bijzonder hebben wij 2 

vragen willen beantwoorden:  

Ten eerste wilden we begrijpen waarom de ‘EBV load’ (het aantal EBV DNA deeltjes) in HIV-

geïnfecteerde mensen vaak heel hoog is, en niet voorspellend voor het ontstaan van een EBV 

lymfoom (terwijl de hoogte van EBV load een goede indicatie geeft van het risico op een EBV 

lymfoom na orgaan of beenmerg transplantatie; hoofdstuk 2 et 3).  

Ten tweede hebben wij de rol van EBV-specifieke CD4+ T cellen bestudeerd, omdat een 

eerdere studie verlies liet zien dat de functie EBV-specifieke CD8+ T cellen verloren ging voor 

diagnose van een EBV positief lymfoom, wat zou kunnen liggen aan een gebrekkige help door 

de CD4+ T cellen (hoofdstuk 4 et 5). 

Als laatste hebben we de effecten bestudeerd van zogenaamde ‘highly active antiretroviral 

therapies’ op het EBV en EBV-specifieke immuunresponsen. Deze therapieën, die sinds 

halverwege de jaren 90 worden gebruikt, maken het mogelijk om de ziekteprogressie van HIV 
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geïnfecteerde mensen significant te vertragen, en hebben ook geleid tot een sterk 

verminderde incidentie van non-Hodgkin Lymfomen (hoofdstuk 6 et 7). 

 
Korte samenvatting van Resultaten en Discussie 
Door HIV infectie wordt het immuunsysteem acuut en chronisch geactiveerd, waardoor vaker 

reactivatie van EBV uit geïnfecteerde B cellen veroorzaakt en leidt tot een groter aantal EBV 

bevattende B cellen. Tot onze verbazing bleek het aantal EBV deeltjes na HIV infectie sterk 

gerelateerd aan het aantal deeltjes vóór HIV infectie. Dit geeft aan dat een groot aantal EBV 

deeltjes bij een HIV-geïnfecteerd persoon een hoog individueel ‘setpoint’ reflecteert, en niet 

een verlies van immuun controle over EBV (in tegenstelling tot de situatie bij 

getransplanteerde mensen). Zolang als de EBV-specifieke CD8+ T-cel respons intact is, wat 

het geval blijkt te zijn vroeg gedurende HIV infectie, wordt de ontwikkeling van lymfomen 

voorkomen, onafhankelijk van het aantal EBV-geïnfecteerde cellen. Gedurende chronische 

HIV infectie wordt een ‘burn-out’ van EBV-specifieke CD8+ T cellen voorkomen zolang als er 

EBV-specifieke CD4+ T cellen aanwezig zijn. Daarnaast is gebleken dat T cellen die een latent 

EBV eiwit 1) herkennen (EBNA1) veel belangrijker zouden kunnen zijn om de ontwikkeling van 

lymfomen te voorkomen, dan cellen die een lytisch antigen 1) herkennen (BZLF1).  

De sterk verminderde incidentie van EBV gerelateerde lymfomen sinds het gebruik van 

HAART is te verklaren door effecten op meerdere niveaus. Ten eerste leiden deze therapieën 

tot een daling van de hoeveelheid HIV virus, en daardoor van de activatie van het 

immuunsysteem. Dit leidt tot een minder frequente reactivatie van EBV, en verkleint ook de 

kans op kwaadaardige transformatie van EBV-geïnfecteerde cellen. Tegelijkertijd hoeven 

EBV-specifieke CD8+ T cellen minder hard te werken, waardoor het risico van een burn-out 

verkleint. Daarbij komt ook nog een verbetering van de EBV-specifieke CD4+ (en CD8+) T-cel 

respons tegen het latente eiwit EBNA1, waardoor de immuuncontrole verbeterd is. 
 

 

 

 

 

 

 

 

 

1) Het EBV kan meer dan 100 verschillende eiwitten tot expressie brengen. Grofweg kan men ze als volgt onder 
verdelen: 
- Latente eiwitten, die worden gebruikt om de normale levenscyclus van B cellen te volgen. Een aantal van deze 
eiwitten spelen een rol in de ontwikkeling van EBV-gerelateerde lymfoma’s 
- Lytische eiwitten, die de replicatie van het EBV op gang brengen 
- Structurele eiwitten, de bouwstenen van het virus zelf 
- Een groot aantal eiwitten waarvan de functie niet (volledig) bekend is. 
 

2) Het immuunsysteem bestaat uit 2 delen:  
- De aangeboren (of aspecifieke) respons, die als eerste verdedigingslijn dient tegen diverse ziekteverwekkers 
- De adaptieve (of specifieke) respons, die bestaat uit cellen die een ziekteverwekker specifiek weten te herkennen 
aan de samenstelling van zijn eiwitten. Deze arm van de respons ontwikkelt zich na een eerste aanraking met een 
bepaalde ziekteverwekker, en geeft de mogelijkheid om bij een volgende ontmoeting snel te reageren (dit principe 
wordt gebuikt bij vaccinatie), of om deze ziekteverwekker in toom te houden indien deze levenslang aanwezig blijft in 
het lichaam. De belangrijkste spelers zijn de B cellen (die antilichamen produceren), CD8+ T cellen (ook wel 
cytotoxische cellen genoemd, ze herkennen besmette cellen en zorgen via diverse mechanismen voor eliminatie 
ervan), en de CD4+ T cellen (ook wel helper T cellen genoemd, omdat ze bijdragen aan de ontwikkeling en het behoud 
van B- en CD8+ T-cel responsen).  
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Résumé 
 
Le but de l’histoire 
Le virus d’Epstein Barr (EBV) est un membre très répandu de la famille des virus de type 

Herpes, 90 à 95 % des adultes en étant porteurs. Comme beaucoup de virus de cette famille, 

il reste présent à vie après la première infection, qui a en général lieu durant l’enfance, sans 

causer de symptômes. En cas d’infection plus tard dans la vie, à partir de la puberté, l’EBV est 

régulièrement associé aux symptômes de la mononucléose, qui est en fait une réaction 

exagérée du système immunitaire. Après l’infection primaire, l’EBV persiste dans le système 

immunitaire en faisant usage du cycle de vie des ‘cellules B’ 1), 2), tandis que le système 

immunitaire – principalement les ‘cellules T CD8+’ 2) - contrôle l’expansion excessive de 

cellules infectées et de cellules pouvant se transformer en tumeurs. Dans la grande majorité 

des cas, l’infection par l’EBV résulte donc dans un équilibre stable entre l’EBV et son hôte. 

Des problèmes surgissent dans des situations où le système immunitaire n’est plus capable 

de contrôler les cellules infectées par l’EBV, ce qui permet le développement de cellules se 

transformant en tumeurs, dits lymphomes lorsqu’il s’agit de lymphocytes. C’est le cas par 

exemple chez des personnes transplantées (suppression du système immunitaire par 

médicaments) ou après infection par le virus de l’immunodéficience humaine (VIH), qui induit 

une destruction graduelle de l’immunité. L’infection à VIH est caractérisée par une atteinte des 

cellules T CD4+ 2), en grande partie due à l’activation chronique du système immunitaire. La 

majorité des lymphomes observés chez les individus infectés par le VIH est de type ‘NHL’ 

(lymphome non Hodgkinien), des tumeurs originaires de cellules B, contenant des protéines 

d’EBV dans largement 75% des cas.  

Le but de la recherche décrite dans cette thèse était de mieux comprendre l’influence de 

l’infection par le VIH sur l’équilibre entre l’ EBV et son hôte, et les facteurs qui déterminent 

l’évolution ou non vers un lymphome à EBV. En particulier, nous avons cherché à répondre à 

2 questions:  

Premièrement, nous avons cherché à comprendre pourquoi la charge virale d’EBV (le nombre 

de copies de l’ADN d’EBV) est très souvent élevée chez les personnes infectées par le VIH, 

sans que cela ne permette de prédire l’évolution vers un lymphome à EBV (tandis que cette 

charge virale permet fort bien de distinguer les personnes à risque après une transplantation 

d’organe ou de moelle ; chapitres 2 et 3).  

Deuxièmement, nous avons étudié le rôle des cellules T CD4+ spécifiques pour l’EBV, une 

étude précédente ayant démontré une perte de fonction de cellules T CD8+ précédant le 

diagnostic de lymphomes à EBV, ce qui pourrait être dû à un manque ‘d’aide’ par les CD4+ 

(chapitres 4 et 5). 

Finalement, nous avons étudié les effets du traitement du VIH par ‘thérapies antirétrovirales 

hautement actives’ (HAART) sur l’EBV et la réponse immunitaire contre l’EBV. Ces thérapies, 

introduites durant la seconde moitié des années 90, permettent de freiner efficacement la 
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progression des sujets infectés par le VIH vers diverses maladies, et ont aussi 

considérablement réduit l’incidence de lymphomes non Hodgkiniens (chapitres 6 et 7). 

 
Court résumé des Résultats et de la Discussion 
Après infection par le VIH, la réactivation plus fréquente de cellules infectées par EBV – due à 

l’activation aiguë et chronique du système immunitaire - conduit à une augmentation du 

nombre de cellules porteuses du virus. A notre surprise, le nombre de cellules porteuses 

d’EBV est apparu proportionnel au nombre avant l’infection par le VIH. Cela indique qu’une 

charge virale EBV élevée chez un sujet infecté par le VIH reflète un équilibre individuel élevé 

entre l’EBV et son hôte, et non pas une perte de contrôle immunitaire (contrairement à la 

situation chez les sujets transplantés). Tant que la réponse des cellules T CD8+ est intacte, ce 

qui est le cas tôt pendant l’infection à VIH, le développement de lymphomes à EBV est donc 

contrôlé, indépendamment du nombre de cellules infectées par l’EBV. Durant l’infection 

chronique à VIH, le ‘surmenage’ des cellules T CD8+ est évité tant qu’il y a des cellules T CD4+ 

spécifiques pour l’EBV. En outre, il est apparu que les cellules T reconnaissant l’EBV par un 

antigène latent 1) (l’EBNA1) pourraient avoir plus d’importance pour le contrôle du 

développement de lymphomes que les cellules T reconnaissant un antigène lytique 1) (le 

BZLF1).  

Pour finir, la forte baisse de l’incidence des lymphomes à EBV depuis l’introduction des 

thérapies antirétrovirales hautement actives s’explique par des effets à de multiples niveaux. 

Premièrement, ces thérapies réduisent la quantité de VIH, et par là aussi l’hyper activation du 

système immunitaire. Ceci conduit à une réduction de la réactivation de l’EBV, ce qui diminue 

aussi la chance qu’une cellule infectée subisse une transformation maligne. En même temps, 

il y a moins de ‘travail’ pour les cellules T CD8+, qui risquent moins le surmenage. De plus, les 

réponses des cellules T CD4+ (et CD8+) reconnaissant l’antigène latent EBNA1 sont rétablies 

après traitement antirétroviral, ce qui améliore le contrôle des cellules infectées par l’EBV. 

 
 

 

 

 

 

 

1) L’EBV peut exprimer plus de 100 protéines différentes. En gros, on distingue : 
- Les protéines latentes, qui permettent au virus de se servir du cycle de vie des cellules B, et dont certaines sont 
responsables du développement de tumeurs à EBV 
- Les protéines ‘lytiques’, qui servent à mettre en route le cycle réplicatif du virus 
- Les protéines structurales, qui forment le virus 
- Un grand nombre de protéines dont on ne connaît pas encore la fonction 
 

2) Le système immunitaire est composé de deux parties:  
- La réponse innée (ou aspécifique), qui sert de premier rempart face à divers types de pathogènes, qui sont reconnus 
par des mécanismes aspécifiques  
- La réponse acquise (ou spécifique), composée de cellules qui reconnaissent un pathogène particulier grâce à la 
séquence de ses protéines. Cette réponse se développe après l’infection primaire, et permet de répondre rapidement 
en cas de réinfection par le même pathogène (c’est le principe utilisé par les vaccins), ou de contrôler ce pathogène 
lorsque celui-ci persiste à vie (comme l’EBV).  Les acteurs principaux sont les cellules B (qui produisent des 
anticorps), les cellules T CD8+ (appelées aussi cytotoxiques, elles reconnaissent des cellules infectées et les éliminent 
par divers mécanismes) et les cellules T CD4+ (appelées aussi ‘cellules aides’, leur fonction principale étant de 
permettre le développement et la persistance des réponses de type B et CD8+) 
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