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Summary

Kratak sadr`aj

Background: Primary Epstein-Barr virus (EBV) infection is
usually asymptomatic, although at times it results in the
benign lymphoproliferative disease, infectious mononucleosis (IM), during which almost half of patients develop hepatitis. The aims of the present study are to evaluate polymorphisms of EBV genes circulating in IM isolates from this
geographic region and to investigate the correlation of viral
sequence patterns with the available IM biochemical parameters.
Methods: The study included plasma samples from 128 IM
patients. The genes EBNA2, LMP1, and EBNA1 were
amplified using nested-PCR. EBNA2 genotyping was performed by visualization of PCR products using gel electrophoresis. Investigation of LMP1 and EBNA1 included
sequence, phylogenetic, and statistical analyses.
Results: The presence of EBV DNA in plasma samples
showed correlation with patients’ necessity for hospitalization (p=0.034). The majority of EBV isolates was genotype
1. LMP1 variability showed 4 known variants, and two new

Uvod: Primarna infekcija koju izaziva Ep{tajn-Bar virus obi~no je asimptomatska. Povremeno, ova infekcija mo`e se
manifestovati benignim limfoproliferativnim oboljenjem, infektivnom mononukleozom (IM), za ~ije vreme polovina pacijenata dobije hepatitis. Ciljevi ove studije bili su evaluacija
EBV genskih polimorfizama koji su zastupljeni u IM izolatima ovog geografskog podru~ja, kao i ispitivanje korelacije
specifi~ne virusne varijabilnosti sa dostupnim jetrinim biohemijskim parametrima IM pacijenata.
Metode: Studija je uklju~ila uzorke plazme od 128 IM pacijenata. Za umno`avanje EBNA2, LMP1 i EBNA1 gena kori{}en je nested-PCR metod. EBNA2 genotipizacija izvr{ena je
vizuelizacijom PCR produkata kori{}enjem gel elektroforeze.
LMP1 i EBNA1 ispitivanje obuhvatilo je analizu njihovih genskih sekvenci, a zatim i filogenetsku i statisti~ku obradu.
Rezultati: Prisustvo EBV DNK u uzorcima plazme korelisalo je sa neophodno{}u bolni~kog le~enja pacijenata
(p=0,034). Ve}ina izolata pripadala je genotipu 1. Analizom
LMP1 varijabilnosti dobijene su 4 poznate varijante i 2 nove
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deletions (27-bp and 147-bp). Of the 3 analyzed attributes
of LMP1 isolates, the number of 33-bp repeats less than
the reference 4.5 was the only one that absolutely correlated with the elevated levels of transaminases. EBNA1 variability was presented by prototype subtypes. A particular
combination of EBNA2, LMP1, and EBNA1 polymorphisms, deleted LMP1/P-thr and non-deleted LMP1/P-ala,
as well as genotype 1/ 4.5 33-bp LMP1 repeats or
genotype 2/ 4.5 33-bp LMP1 repeats showed correlation
with elevated AST (aspartate aminotransferase) and ALT
(alanine transaminase).
Conclusions: This is the first study which identified the association between EBV variability and biochemical parameters
in IM patients. These results showed a possibility for the identification of hepatic related diagnostic EBV markers.

delecije (27-bp i 147-bp). Me|u 3 ispitivane karakteristike
LMP1 izolata, broj 33-bp ponovaka manji od referenta 4,5
jedini je bio apsolutno povezan sa povi{enim nivoom aspartat aminotransferaze (AST) i alanin transaminaze (ALT).
EBNA1 varijabilnost dala je samo prototipne subtipove.
Specifi~ne kombinacije EBNA2, LMP1 i EBNA1 polimorfizama, LMP1 sa delecijom/P-thr i LMP1 bez delecije/P-ala,
kao i genotip 1/≤4.5 33-bp LMP1 ponovka ili genotip
2/≤4.5 33-bp LMP1 ponovka, pokazale su korelaciju sa
povi{enim vrednostima transaminaza.
Zaklju~ak: Ovo je prva studija u kojoj je identifikovana povezanost izme|u EBV geneti~ke varijabilnosti i biohemijskih
parametara IM pacijenata. Prikazani rezultati pokazuju mogu}nost identifikovanja dijagnosti~kih EBV markera povezanih sa statusom o{te}enja jetre.

Keywords: EBV, gene polymorphism, infectious mononucleosis, LMP1, transaminase
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Introduction
Epstein-Barr virus (EBV) is a highly prevalent
gammaherpesvirus that persistently infects more than
90% of humans by the time of adulthood. Primary
EBV infection is usually asymptomatic, although at
times it results in the benign lymphoproliferative disease, infectious mononucleosis (IM), especially in
later childhood or young adulthood in developing
countries (1). Mostly, IM is a self-limiting disease
which resolves spontaneously after the emergence of
EBV-specific immunity. Similar to other herpes viruses,
EBV establishes a lifelong latent infection in B lymphocytes, usually without causing apparent disease in
the immunocompetent host (2). However, because of
its oncogenic potential, EBV can be associated with a
number of malignant diseases: Burkitt’s, Hodgkin and
nasal NK/T cell lymphoma, nasopharyngeal carcinoma and lymphoproliferative disorders such as posttransplantation lymphoproliferative disease (PTLD),
gastric adenocarcinoma etc.

Although numerous EBV-associated diseases
have been described, it is unknown which EBV genome
specificities contribute to the pathogenesis of these
diseases. On the other hand, some geographicallyassociated EBV gene polymorphisms are well known
and also some EBV-associated diseases are endemic
to certain geographical regions. Distribution of EBV
genotypes 1 and 2, mainly based on divergence within EBNA2 (EBV nuclear antigen 2) gene, shows the
dominance of type 1, especially in Europe, Asia and
North and South America. However, the association
between genotype and disease has not been demonstrated so far (7).

The classical presentation of IM includes fever,
oropharyngitis, malaise, lymphadenopathy, hepatosplenomegaly with elevated hepatic transaminases in
up to 80% of patients (3). Elevated transaminase levels are typically less than five times the upper limit of
normal levels and rarely exceed 1000 U/L (4). Almost
half of patients with IM have hepatitis, while jaundice
is sporadic (5 –10% of cases) (5). In most cases, hepatitis is benign, manifested by transient liver enzyme
elevations and resolves spontaneously within 5 weeks
(6). Complications like a cholestatic pattern of severe
hepatitis and even fatal liver failure are rare (5).

Latent membrane protein 1 gene (LMP1) is an
essential EBV oncogene. It transforms B cells because
of the high functional similarity to the tumor necrosis
factor receptor (TNFR) family members, CD40 and
TNFR1 (8). The part of LMP1 gene that codes for the
C-terminus of the protein shows significant variability
with 7 defined LMP1 variants: Alaskan (AL), China 1,
China 2, China 3, Mediterranean with (Med +) or without (Med -) deletion, and North Carolina (NC) (9, 10).
In comparison with the prototype sequence (B95-8),
LMP1 variants are also distinguished by presence or
absence of the 30-bp deletion (30-bp-del), the number
of characteristic 11 aa repeats, and defined nucleotide
and amino acid (aa) changes (10). It has been suggested that LMP1 variants have different influence on the
tumorigenic activity and immunogenic potential of EBV
(11). Also, a geographically specific distribution of
LMP1 variants has been described (12).

There are no reliable parameters that predict
significant liver involvement during EBV infection because the mechanism is still unclear (4). The understanding of this mechanism is complicated because it
has not yet been resolved whether IM truly reflects the
same events that occur in all primary EBV infections.
Moreover, the majority of symptoms could be the
result of other infections or even manifestations of
other diseases.

The only EBV gene which is expressed in all infected cells is EBNA1. Classification of EBNA1 variants includes five subtypes, two prototype sequences
P-ala (B95-8 prototype) and P-thr, and three variant
sequences V-val, V-leu, and V-pro. The subtype V-ala
has been added afterwards (12). Subtypes are identified according to the amino acid present in locus 487
(13), and sub-variants are based on aa substitutions
on loci other than the one in locus 487 (14, 15). The
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geographically specific distribution of EBNA1 subtypes is well-known, while reports about correlation
between disease pathogenesis and EBNA1 sequence
variability are debatable (14, 16).
So far, reports about an association between
EBV gene polymorphisms and the clinical parameters
of IM are scarce. The aims of the present study are to
evaluate the polymorphisms of EBV genes circulating
in IM isolates from this geographic region and to
investigate the correlation of viral sequence patterns
with available IM biochemical parameters.
Materials and Methods
Patients and samples
This study consists of plasma samples collected
from 128 patients with infectious mononucleosis
treated at the Clinic of Infectious and Tropical Diseases, Clinical Center of Serbia, collected between
April 2008 and December 2010. Sample collection
and research were approved by the Ethics Committee
of the Faculty of Medicine, University of Belgrade,
number No.29/VI-12.
Of the sample donors, 71 patients were male
(55.5%), and 57 were female (44.5%). The average
age was 23.5±3.2 years (15 to 38). Ninety-one
(71.1%) patients had some clinical manifestations
and elevation of biochemical parameters that required hospitalization: prolonged malaise, fever, sore
throat, lymphadenopathy, hepatomegaly, splenomegaly, and elevated AST – aspartate aminotransferase
(more than 34 U/L), ALT – alanine transaminase
(more than 40 U/L) and LDH – lactate dehydrogenase (more than 333 U/L). The remaining 37
patients (28.9%) were treated in ambulatory care.
Diagnosis of IM involved clinical examination, identifying atypical lymphocytes in peripheral blood smears
and detection of specific anti-EBV antibodies (antiVCA IgM, anti-VCA IgG, anti-EA-D IgG and antiEBNA-1 IgG). Molecular investigation was performed
in plasma samples of 128 patients whose results of
serology screening had showed active EBV infection
(primary active infection, reactivation, chronic active
infection) or seronegativity, because this status did not
eliminate the possibility of an active infection. Patients
whose serology status showed past EBV infection did
not participate in this study.
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EBV EBNA2 genotyping
EBV genotyping was performed in 32 EBNA2
positive plasma samples, by nested-PCR as previously described (17), using primers that were reported by
Mendes et al. (18). The first reaction amplified a
common 596-bp region covering almost the entire
EBNA2 extent, followed by two separate nested reactions amplifying distinctive regions of 497 bp for type
1 and 150 bp for type 2. EBV genotypes 1 and 2 were
distinguished by identifying either the 497-bp fragment or the 150-bp fragment in gel electrophoresis
(Figure 1).
LMP1 carboxy-terminal region sequencing
Amplification of the part of LMP1 gene that
codes for the C terminus of the protein was performed by nested-PCR as described previously (17),
using primers that were reported by Li et al. (19).
Thirty-three LMP1-positive PCR products were purified using a QIAGEN MinElute Purification Kit (QIAGEN, Hilden, Germany), according to the manufacturer‘s instructions. For cycle sequencing reactions,
internal PCR primers and a Big Dye Terminator v 3.1
Cycle Sequencing Kit (Applied Biosystems, Foster
City, CA, USA) were used. Sequencing was carried
out in an automatic sequencer (ABI PRISM 310
Genetic Analyzer; Applied Biosystems, Foster City,
CA, USA). Both sense and antisense strands were
sequenced and compared.

DNA isolation
Isolation of viral DNA was carried out from 200
mL plasma using a QIamp Blood Mini Kit (QIAGEN,
Hilden, Germany) according to the manufacturer’s
instructions. One hundred and twenty-eight DNA isolates were further used in a nested-PCR method for
the amplification of three genes, EBNA2, LMP1, and
EBNA1.

Figure 1 Identification of EBV genotypes 1 and 2 in gel
electrophoresis: genotype 1 positive samples 1–4 and 6–8;
genotype 2 positive sample – 9; negative samples 5 and
10–14; L – 100-bp standard; PC – positive control of 596bp fragment from the first PCR reaction; PC1 – positive
control of 497-bp fragment for genotype 1; PC2 – positive
control of 150-bp fragment for genotype 2; NC – negative
control.
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EBNA1 carboxy-terminal region sequencing
Amplification of the part of EBNA1 gene that
codes for the C terminus of the protein was performed
by nested-PCR using primers reported by Lorenzetti et
al. (15). Both PCR reactions were carried out in 40
cycles, the first reaction at: 95 °C for 1 min, 57 °C for
2 min, and 72 °C for 90 sec, and the second reaction
at: 95 °C for 1 min, 60 °C for 2 min, and 72 °C for 90
sec. After the analysis of PCR products by gel electrophoresis with ethidium-bromide staining, 31 EBNA1positive products were purified, used in cycle sequencing reactions, and sequenced based on the same
principles described for LMP1 sequencing.
Sequence and phylogenetic analysis
Obtained sequences of both LMP1 and EBNA1
genes fragments (506-bp and 329-bp) were aligned
and compared with a reference wild-type sequence
for each gene in Bioedit 7.0.5.3 software (20). Using
the same software, characteristic amino acid changes
described by Edwards et al. (10) were searched for, in
order to identify and classify LMP1 variants. In addition, classification of EBNA1 subtypes and sub-variants was performed after inspecting signature amino
acid changes at the following positions: 471, 475,
476, 479, 487, 492, 499, 500, 502, 517, 520, 524,
525, 528 and 533.
Then, all LMP1 and EBNA1 sequences were
aligned pairwise using the ClustalW method implemented in the MEGA 6.0 software (21). Corresponding reference sequences from the GenBank/EMBL/
DDBJ database were used in both alignments. The
most appropriate models of evolution for the described
regions of LMP1 and EBNA1 were inferred using
jModelTest 2.1.4 (22). The Maximum-likelihood trees
were estimated according to the defined best-fit JC+I
(for EBNA1) and F81+I+G (for LMP1) evolutionary
models by using the PhyML 3.0 software (23). Statistical significance of phylogeny was estimated by
bootstrap analysis with 1,000 pseudoreplicate datasets. Graphical presentation and edition of phylogenetic trees were performed using Fig Tree 1.4.0 (24)
and MEGA 6.0 (21) software.
Reference LMP1 and EBNA1 nucleotide sequences used in phylogenetic analysis are available in
GenBank/ EMBL/DDBJ database under the accession
numbers:V01555, AY493742, AY493743, AY337721,
AY337722, AY493810, AY337723, AY493835,
AY337724, AY493799, AY337725, AY337726,
X58140, GU475455, JN986939, AF192742,
GU475448, AF192743, GU475431, AF192744,
JN986947 and GU475442.
Statistical analyses
The chi-squared or Fisher’s exact test and Student’s t-test were used for statistical analysis. Analyses

were performed by SPSS v.21 for Windows (SPSS
Inc., Chicago, IL, USA) software. P-value ≤ 0.05 was
considered statistically significant.
Results
EBV DNA was detected in 33/128 plasma samples (25.8%) with similar distribution between male
(28.2%) and female (22.8%) patients. Statistical analysis showed a correlation between EBV DNA presence and the patients’ necessity for hospitalization
(p=0.034). Thus, EBV DNA was detected in 31.1%
of hospitalized patients (28/90) and in only 13.2% of
non-hospitalized patients (5/38). Transaminase (AST
and ALT) levels increased in 82.8% (106/128)
patients for AST and 93.7% (120/128) for ALT. There
was no correlation between EBV DNA presence and
elevation of biochemical parameters over normal levels: AST over 34 U/L (p=1), ALT over 40 U/L
(p=0.746) or LDH over 333 U/L (p=0.360). In addition, EBV DNA presence did not correlate with
hepatomegaly
(p=0.065)
or
splenomegaly
(p=0.573).
EBV genotyping
The frequency of EBV genotype 1 or genotype 2
was determined in 32 plasma samples which were
positive for EBNA2 gene. Genotype 1 was present in
96.87% samples (31/32) and genotype 2 in 3.13%
samples (1/32).
LMP1 sequence characterization and
correlation with biochemical parameters
Thirty-three sequences of the part of EBV LMP1
gene (coordinates 168719–168213) were obtained,
analyzed, and compared with the B95-8 prototype
sequence. Characteristic nucleotide variability including variant characterization, detection of deletions,
determination of the number of 11-amino acid repeats,
and inspection of amino acid changes were investigated, followed by phylogenetic analysis.
As shown in Figure 2, the phylogenetic analysis
clustered LMP1 sequences from this study along with
other isolates from GenBank into 4 groups. These
clusters represented 4 of the 7 known variants, namely B95-8, Med, China1 and NC. To confirm the phylogenetic grouping, it was necessary to check out
variant-characteristic aa changes defined by Edwards
et al. (10). The most dominant variant was China 1
(36.4%) (Table I).
LMP1 isolates were also divided into 4 groups
based on the presence of specific deletions. The most
frequent were non-deleted isolates (57.6%). However,
three deletions were identified in almost half of all
LMP1 sequences (42.4%), with the dominance of
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Figure 2 Phylogenetic tree of the C-terminus of LMP1. Thirty-three 506-bp fragments of LMP1 IM sequences and 13
sequences obtained from GenBank/EMBL7DDBJ database.

Table I Distribution of LMP1 33-bp repeat units and deletions between different LMP1 variants identified in IM isolates.
LMP1
characteristic

LMP1 variant

B95-8

Total
P-value1

Number of 33-bp tandem
repeat units
3–4.5

5–6

10

–

LMP1 deletion

Total

No del

9

27-bp-del

1

10 (30.3%)

China 1

6

6

30-bp-del

12

12 (36.4%)

NC

5

1

No del

6

6 (18.2%)

No del

4

Med

–

5
147-bp-del

1

21 (63.6%)

12 (36.4%)

5 (15.1%)
33

<0.001

P-value1 for significant differences in the distribution of the number of 33-bp repeats (≤4.5 or >4.5) between LMP1 variants.
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specific 10-aa/30-bp deletion (36.4%). The remaining 2 deletions, which were identified in 1 isolate
each, were newly found: 9-aa/27-bp and 49-aa/147bp (Table I).
It has been shown that the C-terminal domain of
LMP1 could contain various numbers of 11-aa repeats located between aa 250 and 308 (25). The
B95-8 prototype sequence has four perfect repeats
with a disruption of 5-aa between the second and the
third repeat (4.5 11-aa repeats). Therefore, isolates
from this study were classified into two groups: those
with 4.5 repeats or less, and those with more than 4.5
repeats (Table I). The number of repeats varied from
3 to 6, and the group with 4.5 repeats or less was the
most common (63.6%).
The analysis of amino acid changes included
identification of 7 characteristic aa positions for variant
discrimination, described by Edwards et al. (10). However, 49 aa substitutions were identified at additional
39 positions and some of them were unique for NC
and B95-8 variants. For NC isolates, 3 substitutions
were unique: Asp Asn (position 250), Ser Pro (position 313) and Gly Gln (position 331), and for B95-8
isolates Glu Gln (position 328) substitution was unique.
When 3 LMP1 sequence attributes (variant,
deletion and the presence of ≤4.5 or >4.5 33-bp
repeats) were analyzed together, a significant difference was found in the distribution of the number of
33-bp repeats (≤4.5 or >4.5) between LMP1 variants
(p<0.001) (Table I). Thus, B95-8 isolates always contained ≤4.5 33-bp repeats, in contrast to Med isolates
which always contained >4.5 33-bp repeats. None of
the 3 analyzed LMP1 sequence attributes correlated
with the levels of AST, ALT, LDH or severity of clinical
manifestations. However, isolates with 3 or 4 33-bp
repeats were only identified in patients with elevated
AST and ALT (Figure 3).
EBNA1 sequence characterization and
correlation with biochemical parameters
Thirty-one sequences of the part of EBV EBNA1
gene (coordinates 109261-109590) were obtained,
analyzed, and compared with the B95-8 prototype
sequence. According to aa changes and clustering of
isolates in the phylogenetic tree, 2 prototype subtypes
were identified: P-ala (12/31) and P-thr (19/31)
(Figure 4). Analysis of characteristic sequence variability aside from subtype-specific aa substitutions
included subvariant characterization within the scope
of each subtype. In contrast to all P-thr isolates which
did not show any additional (subvariant) variability, all
P-ala isolates belonged to P-ala subvariant 2 (P-ala-sv2). Thus, P-ala-sv-2 had aa changes Asp Glu (on
position 499) and Thr Val (on position 524), compared with the B95-8 prototype sequence (P-ala).
EBNA1 sequence characteristics did not show correlations with biochemical or clinical parameters.

Correlation between polymorphisms of EBV
genes and biochemical parameters
In order to access the potential association between biochemical and clinical parameters and the
comprehensive variability of 3 EBV genes, 10 different EBV polymorphisms were defined. Each polymorphism comprised a specific combination between the
described characteristics of 2 or 3 EBV genes: EBNA2
genotype, LMP1 variant, the presence of LMP1 deletion, number of 33-bp LMP1 repeats (≤4.5 or >4.5)
and EBNA1 subtype. The major polymorphism was
determined by EBNA2 genotype, LMP1 variant and
EBNA1 subtype. Among the isolates, the most frequent was genotype 1/China1/P-thr (29%). According to the accessible anamnestic and clinical data of
IM patients, no correlation was found between defined EBV polymorphisms and sex, severity of clinical
manifestations (hospitalized or ambulatory patients)
or elevation of LDH. On the other hand, the difference in the distribution of polymorphism presence of
LMP1 deletion/EBNA1 subtype between patients with
normal and elevated levels of transaminases was statistically significant: AST (p=0.039) and ALT (p=0.039).
Therefore, deleted LMP1/P-thr and non-deleted
LMP1/P-ala were found only when both AST and ALT
levels were elevated (Table II). One polymorphism
more (EBNA2 genotype/number of 33-bp LMP1
repeats) showed a borderline level of statistically significant difference in presentation between patients
with normal and elevated levels of AST and ALT
(p=0.053). Isolates with genotype 1/ 4.5 33-bp LMP1
repeats or genotype 2/ 4.5 33-bp LMP1 repeats were
mostly found in patients with elevated AST and ALT
(Table II).
Discussion
Hepatic involvement in infectious mononucleosis varies in severity and frequency. The incidence is
estimated to be 10% in young adults and 30% in the
elderly (26). Hepatotropic viruses, including EBV, are
not considered to be directly cytotoxic. Instead, the
immune response to viral antigens, which are expressed on hepatocytes, results in hepatocyte death.
In IM, EBV infected and activated CD8+ T cells may
accumulate in the liver causing hepatosplenomegaly
and lymphadenopathy. The products of the EBV-infected CD8+ T cells or infiltrating cytotoxic T lymphocytes induce hepatic injury (27). Although such hepatitis is usually mild and can go undetected with
spontaneous resolution, there are described cases
with complications like severe hepatitis or acute
hepatic failure (28). Predictors or virus specific risk
factors for IM hepatic involvement remain unknown.
Among patients from this study, hepatic transaminase
levels increased in 82.8% of patients for AST and
93.7% for ALT, respectively. This result is similar to a
number of previous reports (29).
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Figure 3 Distribution of the number of 33-bp LMP1 repeats (3-6) in IM patients with different AST and ALT levels.

Figure 4 Phylogenetic tree of the C-terminus of EBNA1. Thirty-one 329-bp fragments of EBNA1 IM sequences and 10
sequences obtained from GenBank/EMBL7DDBJ database.
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Table II Correlation between different presentations of two EBV gene polymorphisms and AST and ALT levels found in IM
patients.
Total

LMP1 deletion/EBNA1
subtype

AST
normal

elevated

normal

elevated

Non-deleted/P-thr

9

3

6

3

6

Non-deleted/P-ala

9

–

9

–

9

Deleted/P-thr

10

–

10

–

10

Deleted/P-ala

3

1

2

1

2

Total

31

4

27

4

27

P-value1
EBNA2 genotype/
number of 33-bp LMP1 repeats

ALT

p=0.039

p=0.039

Genotype 1/≤4.5
33-bp repeats

19

2

17

2

17

Genotype 1/>4.5
33-bp repeats

12

3

9

3

9

Genotype 2/≤4.5
33-bp repeats

1

–

1

–

1

32

5

27

5

27

Total
P-value1

p=0.053

p=0.053

P-value1 for significant or borderline level of statistically significant difference in distribution of presentations of EBV polymorphisms
between patients with normal and elevated AST and ALT levels

The earliest events of IM, after initial oropharyngeal contact with EBV infected saliva, remain mostly
unclear because of the late clinical presentation of
IM. Detection of EBV DNA is possible in 52–100% of
patients in the early stages of infection, and in less
than 40% of patients in the last days of acute infection (30–32). Two to three weeks after the onset of
clinical manifestations the virus is undetectable in
blood (33). This onset for patients from this study was
2–28 days before visiting the hospital. Thus, in most
cases, viremia was very low or undetectable in PCR
testing (74.2%). Detection of EBV DNA did not correlate with sex, hepatosplenomegaly or levels of transaminases. However, it was significant that EBV DNA
had been detected in more than a third (31.1%) of
hospitalized patients in contrast to only 13.2% of nonhospitalized patients. It could be supposed that clinical presentations are more severe during EBV replication and detectable viremia in peripheral blood.
Coherent with worldwide genotype distribution,
the majority of EBV found in Serbian isolates was
genotype 1. Geographically determined distribution
of EBV genotypes was earlier explained with a potential association between the genetic disposition of the
human population from different geographical regions and particular EBV genotypes (7). The presence
of four known LMP1 variants (B95-8, Med, China1
and NC) was in accordance with the already des-

cribed European distribution based on the analysis of
isolates from non-malignant and healthy patients
(12). However, previously published data showed
domination of B95-8 (42%) in contrast to the domination of China 1 (36%) demonstrated in this study.
On the other hand, the dominance of non-deleted
isolates was characteristic for the isolates of European
origin (12). It is particularly interesting that IM isolates
from this region displayed two newly found deletions,
the 27-bp deletion and the 147-bp deletion. The
deletion 147-bp has not been found earlier in Serbian
isolates from malignant tissues (17). Therefore, it could
be assumed that it might cover the region which was
somehow involved in oncogenesis.
Recombination activity within LMP1 sequence is
most notable in the scope of the 33-bp repeats site.
These repeats are part of CTAR-3 region which is
responsible for binding to JAK-3 and activation of JAK3/STAT signal pathway and they do not have transformational influence on the infected cell (9). The fact
that more deleted (50%) than non-deleted (35.7%)
isolates had a high number of 33-bp repeats could be
the consequence of intensive recombination activity
during lytic replication and possibly of an unknown
mechanism of nucleotide compensation after the formation of deletion (9). More important was the fact
that isolates with a small number of 33-bp repeats
(less than reference 4.5) were only found in patients
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with elevated AST and ALT levels. Although there is no
evidence of functional association between the mentioned parameters, it could be assumed that the recombination within the 33-bp repeats region could
affect metabolic processes within infected cells which
include regulation of AST and ALT levels.
The C terminal region of LMP1, especially the
part between aa 322 and 366, has been described as
a mutational hot spot, because of numerous substitutions that occurred during the evolution of LMP1 variants (34). Besides 7 characteristic aa positions, 39
more positions displayed 4 unique aa changes for NC
and B95-8 variants. These substitutions might serve
as new markers for variant discrimination.
Besides the earlier demonstration of associations
between the variability of the EBNA1 gene and geographical origin, there was also a theory about the determined tropism of specific EBNA1 subtypes (35).
Identification of prototype subtypes, P-thr i P-ala, with
domination of the P-thr, was similar to the previously
described European EBNA1 distribution in healthy
and non-malignant isolates (12), and also supported
the second theory that both prototype EBNA1 sequences (P-ala or P-thr) could only be detected in
healthy individuals and not in tumor tissues (13, 36).
Finally, characterization of EBNA1 was completed by
identification of the P-ala-sv-2 subvariant which had
already been reported only in isolates from Danish
non-malignant isolates (14). Therefore, this subvariant undoubtedly represents European specific EBNA1
variability (12).
Specific EBV disease characteristics might also
be the result of different combinations of EBV genome variability (30). Only a few studies attempted to
define the EBV polymorphisms of EBNA2, LMP1 and
EBNA1 genes in specific types of disease, but no correlation was established (15, 30). Because of that,
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the significant associations that were found after
comparative analysis of EBV genes polymorphisms
and IM parameters might be of special interest. Those
were correlations that combinations the presence of
LMP1 deletions/EBNA1 subtype, and also EBNA2
genotype/ number of 33-bp LMP1 repeats had with
levels of hepatic transaminases. Taken together, it
would be essential to investigate the molecular background of progression between 4 specified EBV polymorphisms and host cell in vitro.
The characterization of EBV gene variability and
identification of structural changes that might affect
the functionality of gene products could explain the
specific contribution of EBV variability to the pathogenesis of EBV-associated diseases. This study identified some new gene characteristics, and according to
our knowledge attempted to establish an association
between EBV variability and biochemical parameters
in IM patients for the first time. It was shown that specific EBV polymorphisms were present only when AST
and ALT levels were elevated. These results might be
used for further investigation, as there is a possibility
for the identification of hepatic related diagnostic EBV
markers.
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