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C O N C L U S I O N : Ch ron i c hepa t i t i s m igh t be a 
manifestation of chronic EBV infection in the lack of 
detectable immune deficiency; the expansion of CD28-

CD27- and increase of functional EBV-specific CD8+ T 
cells being the only surrogate markers of viral activity.
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INTRODUCTION
Epstein-Barr virus (EBV) infects more than 90% of  
humans by the time of  adulthood and persists as a life-
long latency, suggesting sophisticated mechanisms for 
effective immune evasion. Primary EBV infection is usually 
asymptomatic or results in infectious mononucleosis, 
which resolves spontaneously after the emergence of  
EBV-specific immunity. Similar to other herpes viruses, 
EBV persists in the infected immunocompetent organism, 
without causing apparent disease. CD8+ T cell-mediated 
responses control the virus both during primary infection 
and the following carrier state[1,2]. 

So far, studies on the interaction between the immune 
system and EBV have focused mostly on congenital or 
acquired immune deficiency states, which can lead to 
viral reactivation. Rare cases of  fulminant chronic EBV 
infection have been described and termed severe chronic 
active EBV infection (SCAEBV or CAEBV)[3,4]. Criteria 
of  CAEBV include severe infection lasting more than 
6 mo, histologic evidence of  major organ involvement, 
abnormal EBV antibody titers, and increased quantities of  
EBV in affected tissues in apparently immunocompetent 
hosts[5]. However, congenital or acquired defects of  cell-
mediated immune mechanisms in CAEBV patients are 
very probable, associated with signalling defects, reduced 
T-cell or NK cell activity, or reduced perforin levels[6]. 
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Abstract
AIM: To investigate reactivated Epstein-Barr virus (EBV) 
infection as a cause for chronic hepatitis.

METHODS: Patients with occasionally established 
elevated serum aminotransferases were studied. HIV, 
HBV and HCV-infections were excluded as well as any other 
immunosuppressive factors, metabolic or toxic disorders. 
EBV viral capsid antigen (VCA) IgG and IgM, EA-R and 
EA-D IgG and Epstein-Barr nuclear antigen (EBNA) were 
measured using IFA kits. Immunophenotyping of whole 
blood was performed by multicolor flow cytometry. 
CD8+ T cell responses to EBV and PHA were determined 
according to the intracellular expression of IFN-γ. 

RESULTS: The mean alanine aminotransferase (ALT) 
and gamma glutamyl transpeptidase (GGTP) values 
exceeded twice the upper normal limit, AST/ALT ratio < 
1. Serology tests showed reactivated EBV infection in all 
patients. Absolute number and percentages of T, B and 
NK cells were within the reference ranges. Fine subset 
analysis, in comparison to EBV+ healthy carriers, revealed 
a significant decrease of naive T cells (P  < 0.001), 
accompanied by increased percentage of CD45RA- (P  
< 0.0001), and terminally differentiated CD28-CD27-

CD8+ T cells (P  < 0.01). Moderately elevated numbers 
of CD38 molecules on CD8+ T cells (P  < 0.05) proposed 
a low viral burden. A significantly increased percentage 
of CD8+ T cells expressing IFN-γ in response to EBV and 
PHA stimulation was registered in patients, as compared 
to controls (P  < 0.05). Liver biopsy specimens from 
5 patients revealed nonspecific features of low-grade 
hepatitis.
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While hepatitis is a common feature of  primary EBV 
infection[7,8], the role of  EBV in chronic liver disease is less 
obvious. Bertolini et al showed typical histopathological 
lesions of  chronic hepatitis without involvement of  other 
organs after inoculation of  normal human bone marrow-
derived B cell, carrying an endogenous EBV line in vivo in 
nu/nu mice[9]. Single cases of  persistent hepatitis related 
to EBV infection were reported in immunocompromised 
persons[10]. Liver injury may be one of  the manifestations 
of  CAEBV[11-13]. However, only limited knowledge exists 
about EBV-related hepatitis in immunocompetent patients. 
We analyzed the clinical and laboratory findings in 15 
patients with chronic hepatitis and no data of  immune 
deficiency. Based on the serological profile of  reactivated 
EBV infection and the absence of  other major etiological 
agents, we propose reactivated EBV infection as a cause 
for the chronic liver disease. Furthermore, we demonstrate 
that the only significant changes at the level of  peripheral 
blood lymphocytes were the prevalence of  CD45RA- T 
cells, combined with expansion of  CD8+ T cells lacking 
CD27 and CD28 expression, and an increased percentage 
of  lytic EBV epitope-specific CTL.

MATERIALS AND METHODS
Patients
Fifteen Caucasian HLA-A2+ patients (11 males, 4 females, 
mean age 40.6 years (range 19-55) with chronic hepatitis, 
referred to the Clinic of  Gastroenterology, Medical 
Institute, Ministry of  Interior, Sofia between Sep 2004 and 
Mar 2005, were included in this study. Chronic liver injury 
was detected during routine prophylactic examination and 
was defined as an elevation of  serum aminotransferases of  
more than 6 mo duration. All patients were HIV-1, HBV 
and HCV-negative, had normal serum protein levels, and 
had no evidence of  metabolic, or alcohol-related disorders, 
or drug toxicity (Table 1). Furthermore, they had no 
history of  prior immune deficiency or of  any other recent, 
recurring or chronic infection, or immunosuppressive 
factors that might explain the observed pathological 
changes. 

A control g roup inc luded 15 HLA-A2+ EBV+ 
sex- and age-matched healthy volunteers with normal 
aminotransferase levels. All samples were obtained after 
informed consent.

Serological and routine laboratory tests 
EBV viral capsid antigen (VCA) IgG and IgM, EA-R and 
EA-D IgG and Epstein-Barr nuclear antigen (EBNA) 
were measured, using immunofluorescent assay (IFA 
FDA Atlanta kits). HIV-1, HBsAg, anti-HBc and anti-
HCV were tested with ELISA method. Serum aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
gamma-glutamyl transpeptidase (gamma-GT, GGTP), 
creatinine, bilirubin, glucose levels, serum proteins 
and coagulation were measured according to standard 
laboratory procedures. 

Immunophenotypic studies
Whole blood was obtained in heparinized vacutainer tubes. 
Lymphocyte subset absolute counts were determined 

by a lysis/no wash procedure with TruCOUNT tubes 
and CD3/CD4/CD45/CD8 MultiTest; T cell subsets 
were evaluated by multicolor immunophenotyping and a 
standard lysis/wash technique (Table 2). The quantitative 
expression of  CD38 on CD8+ T cells (CD38 ABC) was 
assessed by the QUANTIBRITE PE fluorescence quanti-
tation kit, according to the manufacturer’s instructions and 
analyzed with QUANTIBRITE software. All reagents were 
products of  BD Biosciences (B-D, San Jose, CA). At least 
5000 lymphocytes were collected per sample and analysed 
using FACSCalibur flow cytometer and CellQuest software 
(B-D).

Intracellular cytokine analysis
The HLA-A2 restricted epitope GLCTLVAML from the 
EBV lytic cycle protein BMLF1 was synthesized according 
to the standard Fmoc protocol[14]. EBV peptide (10 mg/L) 
or PHA (Sigma) were used for overnight stimulation of  
250 μL whole blood (at 37℃ and humidified 5% CO2 at-
mosphere). Two hours later 12.5 mg/L Brefeldin A (BD) 
was added. Cells were further washed in cold phosphate 
buffered saline (PBS), incubated with EDTA for 10 min, 
washed again and processed according to the protocol for 
surface and intracellular staining. For intracellular staining, 
100 μL of  stimulated blood was lysed with 1 mL FACSTM 
Lysing solution (BD) followed by permeabilization with 
0.5 mL 1 × FACS permeabilizing solution (BD) for 10 
min. After washing with PBS containing 0.5% BSA, a 
simultaneous staining for IFN-γ/CD69/CD8/CD4 was 
performed for 30 min at room temperature in the dark. 

Table 1  Exclusion criteria

Alcohol consumption > 40 mL per day
Diabetes or impaired glucose tolerance 
(including hyperinsulinaemia, OGTT and fasting blood glucose)
Under- or overweight (BMI < 18 or > 26 kg/m2) 
Dyslipidaemia
Hyper- or hypothyroidism
Gluten enteropathy
Autoimmune hepatitis or PBC/PSH
Viral hepatitis B or C
Hereditary hemochromatosis or Iron overload
Wilson disease
Anamnesis for hepatotoxic drugs use (including herbal and  over-the-
counters in the last 12 mo)
Hereditary muscular disorders

Table 2  T cell subsets analyzed in this study

mAb combination Subset Phenotype

CCR7/CD45RA/
CD8/CD4 

Naïve CD8 CD8+CD45RA+CCR7+

Antigen-primed/memory CD8 CD8+CD45RA- 
Effector CD8 CD8+CD45RA+CCR7-

Naïve CD4 CD4+CD45RA+CCR7+

Antigen-primed/memory CD4 CD4+CD45RA- 
CD27/CD28/CD8 Early CD8

Intermediate CD8 CD8+CD27+CD28+

Terminally differentiated CD8 CD8+CD27+CD28-
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For analysis of  intracellular staining at least 25 000 CD8high 
cells were collected. Detection of  at least 0.05% IFN-
γ+CD69+CD8high cells, after subtraction of  non-stimulated 
control values was considered as significant response.

Liver biopsy and imaging
All patients underwent conventional abdominal ultrasono-
graphy. Liver biopsy specimens were obtained from 5 
patients. 

Statistical analysis 
Man-Witney non-parametric test was used to evaluate 
differences between patient and control groups. P values 
less than 0.05 were considered statistically significant.

RESULTS
Clinical findings
The clinical characteristics of  each patient are summarized 
in Table 3. The estimated mean disease duration before 
the prophylactic examination was 10.8 (min 6, max 36) mo. 
At the time of  diagnosis of  the chronic liver disease none 
of  the 15 patients had an infectious mononucleosis-like 
illness or any other significant complaints except for one, 
who reported periods of  sub-febrile temperature. None 
of  the patients reported previous opportunistic infections 
or other significant chronic diseases, or congenital 

immunodeficiency, or immunosuppressive treatment. 
The average score of  Karnofski performance status was 
95%[15]. 

Laboratory tests showed normal blood counts. Mean 
values (95% CI) are as follows: white blood cell count, 
6.61 × 109/L (5.945 to 7.281); red blood cells 5.08 × 
106/L (4.7893 to 5.3707); platelets, 243 × 109/L (207.31 
to 277.89). The mean range of  serum ALT at the time 
of  diagnosis was 103 UI/mL (UNL = 40) (SD 40.9, SE 
10.57), AST/ALT ratio < 1, gamma-GT 122 UI/mL 
(UNL = 48) (SD 62.41, SE 16.12). Normal serum protein 
and albumin levels were established in all patients, and 

no hyperbilirubinaemia or coagulation disturbances were 
found. Fasting glucose levels, as well as the glucose load 
test were within the reference ranges. A serum insulin level 
in 12 patients was below upper limit, while 3 patients were 
not tested. The abdominal ultrasonography series revealed 
normal liver and spleen image.

EBV-serology at the time of diagnosis 
The EBV-specific antibody titers of  each patient are 
shown in Table 2. Serology tests indicated a reactivated 
EBV infection in all 15 patients. The average EBV VCA 
IgG titer was 320 UA/mL (160-640), EBNA average 
titer was 20 UA/mL (10-40), and EA-R and EA-D were 
elevated (80-160). EBV VCA IgM was not detected in any 
patient. All controls were EBV VCA IgM-negative.

Lymphocyte subset analysis
The percentage and absolute counts of  total lymphocytes, 
T, B and NK cells, CD4+ T cells as well as the CD4/
CD8 ratio were within the established reference ranges 
for healthy age-matched controls. Using the mAb 
combinations CD45RA/CCR7/CD8/CD4 and CD27/
CD8/CD28, naïve, central and effector memory, as well 
as terminally differentiated effector T cells (CTL) were 
defined (Table 2). The fine subset analysis of  T cells 
revealed a significant decrease of  naïve (CD45RA+CCR7+) 
CD4+ (P < 0.05) and CD8+ (P < 0.01) T cells accompanied 
by an increased percentage of  memory (CD45RA-) CD4+ 
(P < 0.01) and CD8+ T cells (P < 0.001), as well as of  the 
terminally differentiated (CD28-CD27-) CTL subset (P < 
0.01) (Figure 1A-E). A moderately increased number of  
CD38 molecules on CD8+ T cells was established (mean, 
2150; min, 1090; max, 4413) as compared to controls (mean, 
1522; min, 510; max, 2210; P < 0.05), most probably 
corresponding to a low level viral replication.

Circulating CD8+ T cells, expressing IFN-γ in response 
to the lytic BMLF1 epitope were registered in all patients, 
and their percentage was significantly increased (15/15; 
mean, 0.39%), as compared to EBV-seropositive donors 

Table 3  Characteristics of the patients with chronic hepatitis related to Epstein-Barr virus infection

Pt No. Age (yr) Sex
Duration of 
illness (mo)

AST ALT ALP GGT
Serology EBV (IFA)

VCA IgG VCA IgM EA-R IgG EA-D IgG EBNA

  1 40 m 24   52   90 300 200 320 10   80   80   0
  2 60 m   6   50 187 280   70 160   0 160 160 40
  3 27 m   6   31 107 200   20 640   0 160 160 40
  4 40 m   6   30   60 300   40 160   0 160 160 40
  5 57 f 24   66   84 280 110 320   0 160 160 40
  6 55 f   6   66   85 850 171 160   0   80   80 40
  7 28 m   6   40   96 200   60 160 10   80   80 20
  8 38 m 12   60   60 150 130 640   0   80   80 20
  9 30 m   6   50 125 250 180 640   0   80   80 20
10 25 m   6   20   60 225   90 160   0   80   80 20
11 35 m   6   40   80 136 180 160   0   80   80 40
12 31 m   6   50   80 310   80 320   0 160 160 40
13 43 m 10   60 100 300 100 320 10 160 160   0
14 50 f   6 100 200 130 200 640   0 160 160 40
15 50 f   6   80 120 400 200 320   0 160 160 40
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(6/15; mean, 0.06%; P < 0.05). The percentage of  PHA-
responding CD8+ T cells was also significantly increased 
in the patients group in comparison to controls (14.5% vs 
7.8%, P < 0.05) (Figure 1F and G).

Histopathology 
Liver biopsy specimens revealed non-specific histo-
pathologic features of  low-grade hepatitis. On routine HE 
slides mild portal and periportal mononuclear infiltrates 
were seen, composed of  small lymphocytes lacking 
significant cytologic atypia. According to the METAVIR 
system all patients were staged as A2. No fibrosis was 
found in any patient except in one which was graded F1 
(Figure 2).

DISCUSSION
EBV infects the majority of  the human population and 
persists in the host organism for life. CD8+ T lymphocytes 
specific for lytic and latent EBV antigens control the virus 
both during primary infection and the long-term carrier 
state and almost no symptoms indicate these events[2,16]. 
Therefore, the development of  cellular immune deficiency, 
related to HIV-infection, transplantation, prolonged 
immunosuppressive therapy, or even psychological/
physical stress is often combined with complications 

due to EBV reactivation[17]. A broad array of  clinical 
entities has, therefore, been related to EBV infection 
in immunocompromised host, including persistent and 
necrotizing hepatitis[18,19]. CAEBV, characterized by a 
specific pattern of  serological and clinical findings, may 
also induce liver injury[11,12].

We reported the clinical and laboratory features of  
15 Caucasian non-related patients with chronic hepatitis 
in the settings of  reactivated EBV infection that had no 
apparent immune deficiency and did not meet the classical 
criteria for CAEBV infection. The serological evidence for 
EBV reactivation was the presence of  EBV-NA and EA-R 
antibodies, combined with elevated but not extreme titers 
of  IgG anti-VCA[20]. None of  the patients had significant 
clinical manifestation of  the infection, except for one. 
Although we did not determine plasma and tissue viral 
load, the moderately elevated CD38 expression on CD8+ T 
cells suggested rather a low-level of  viral replication[21]. In 
fact, reactivated EBV infection cases have been reported 
with mild to moderate clinical presentation, and without 
extreme EBV-specific Ab titers or viral load[3]. Our data 
further suggest that the reactivation of  EBV infection in 
the settings of  a functional immune system may be more 
frequent than previously assessed. 

Since the latency of  EBV infection depends almost 
entirely on efficient cellular immune responses, phenotypic 
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Figure 1 Significant differences detected between patients and control group by immunophenotyping. Patients were characterized by a decreased absolute number of naive 
CCCR7+CD45RA+CD4+ (A) and CD8+ (C) T cells, increased absolute number of memory CD45RA-CD4+ (B) and CD8+ (D)T cells, increased absolute number of effector 
CD28-CD27-CD8+ T cells (E), as well as by increased percentage of IFNγ+CD69+CD8+ T cells after stimulation with EBV peptide GLCTMVL (F) and with PHA (G).  Box-and-
whiskers indicate the 25-75 percentile and min-max values for each group. Mean values are designated on all plots by a horizontal line. Man-Witney. P values are indicated 
for each comparison.
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and functional changes in the lymphocyte compartment 
might be expected in case of  reactivation. CAEBV is 
usually characterized by oligoclonal expansions of  either 
T or NK cells[22,23]. Although we detected no significant 
changes in the main circulating lymphocyte populations, 
the fine subset analysis revealed a significant prevalence of  
antigen-primed (CD45RA-) over naïve (CD45RA+CCR7+) 
CD4+ and CD8+ T cells, combined with increased 
percentage of  terminally differentiated (CD28-CD27-) 
CD8+ T cells. In general, the activation and differentiation 
state of  the circulating T cell pool reflects any major 
antigen-driven process in the organism. T-cell activation 
induces a shift from CD45RA to CD45RO expression, 
while long-lasting chronic viral infections like HIV-1 or 
CMV are characterized with prevalence of  terminally 
differentiated non-proliferating effectors in the CD8+ T 
cell compartment[24,25], similar to the natural age-related 
senescence of  cellular immunity[26]. Moreover, particular 
viruses may be associated with specific phenotypic 
changes in latency, as the CMV-driven expansion of  
CD45RA+CD27-CD8+ T cel ls [27]. Logical ly, such a 
phenotypic shift must involve both virus-specific and non-
specific by-stander activation and differentiation. 

The EBV-specific memory pool in asymptomatic 
carriers is reported to be heterogeneous: CD8+ T cells 
specific for latent epitopes being mostly CD45RA-CD28+, 
while those, specific for lytic epitopes, CD45RA+/
CD45RA-CD28-CD27+[28]. CD27 is a co-stimulatory 
molecule promoting the survival of  activated CD8+ T cells 
in the absence of  CD28[29], with a limited reexpression 
capacity. CD27 probably enhances EBV-specific responses, 
as most of  the EBV-specific cytotoxic activity was reported 
in the CD27+ subpopulation[30]. In our patients group we 
established a significant expansion of  CD8+ T cells lacking 
both CD28 and CD27. We may speculate that in case of  
long lasting or repeated low-level EBV reactivation, the 
CD27+ pool would be gradually replaced by CD27- CD8+ 
T cells, less efficient in controlling the persistent EBV 
infection.

EBV-specific cells detected by tetramer staining in 
latency account for 1%-3% of  the circulating CD8+ T cell 
pool[31]. Again by tetramer staining, a similar detection rate 
of  lytic epitope-specific CD8+ T cells has been reported in 
CAEBV and asymptomatic EBV carriers[16]. In our series, 
patients with EBV-related hepatitis had a significantly 
higher lytic epitope-specific CTL response, as compared to 

controls, combined with a higher response to non-specific 
stimulation, as estimated by IFN-γ expression. These 
results indicate that the identification of  functional EBV-
specific CD8+ T cells may better differentiate between 
asymptomatic carriers and clinically unapparent but active 
infection.

Several viruses have been implicated in the develop-
ment of  chronic liver disease, either as single agents or via 
cross-activation of  T cells. A close association between 
liver lesions and a previous EBV infection has been 
demonstrated, as well as the presence of  EBV-positive 
cells in affected livers in the settings of  continuous low 
level EBV replication[32,33]. Sugawara et al[34-36] linked EBV 
to HCV-related hepatocellular cancerogenesis, supporting 
the EBNA-1 promoted HCV replication hypothesis. 
EBV was suggested to be involved in the hepatocellular 
carcinogenesis, although this role is still controversial[37]. 
Our patients had serological evidence for EBV reactivation 
and, on the other hand, immunophenotypic evidence 
for persisting low-level cellular immunity activation and 
chronic liver inflammation. As the mechanism of  EBV-
related liver damage remains unclear, indirect, cytokine-
induced hepatocellular injury is being discussed[38,39]. 
Despite the lack of  typical mononucleosis characteristics, 
liver lymphocyte infiltrates in our cases might be involved 
in the EBV-provoked immune response.

Although based mostly on exclusion criteria, our data 
suggest that chronic liver disease could be a manifestation 
of  chronic EBV infection, with persistent low-level virus 
replication or in case of  frequent reactivations. It remains 
to elucidate the underlying mechanisms of  inefficient viral 
control in these immunocompetent patients and whether 
such patients may further revert to a fulminant course of  
the infection.

In conclusion, a reactivated EBV infection might 
be the possible reason for a chronic elevation of  serum 
aminotransferases without a detectable immune deficiency. 
The prevalence of  memory (CD45RA-) and terminally 
differentiated (CD28-CD27-) CD8+ T cells together with 
the increased frequency of  functionally active EBV-specific 
CD8+ T cells in the circulating CD8+ T cell compartment 
might be the only surrogate markers of  reactivated viral 
infection. The identification and follow-up of  such 
patients may help the prevention of  classic CAEBV or 
other severe manifestations of  chronic EBV infection. 
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