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Hepatitis
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Purpose: Epstein-Barr virus (EBV) hepatitis is a usually asymptomatic and self-limiting disease in im-
munocompetent patients. However, the range of severity is wide, and the serological diagnosis is typically
difficult until the convalescent phase. Thus, we examined the value of plasma EBV DNA real-time quantitative
polymerase chain reaction (RT-qPCR) in EBV hepatitis for the timely diagnosis and the relationship between
EBV viral load and clinical severity.

Methods: Sixty samples were confirmed as having EBV infection by RT-qPCR with the EBV BALF5 gene
sequence. We examined the clinical characteristics of EBV hepatitis by reviewing medical records.
Results: The median total duration of fever was 8 days (range: 0-13 days). The mean peak value of aspartate
aminotransferase (AST) was 241+214 U/L, and the mean peak value of alanine aminotransferase (ALT) was
2981312 U/L. There was no correlation between the serum levels of liver enzyme and plasma EBV DNA
titer (p=0.1) or between median total duration of fever and EBV DNA titer (p=0.056). The median age of
the EBV VCA IgM-negative group was lower compared with the EBV VCA IgM-positive group in EBV hepatitis
(2 years vs. 6 years, p=0.0009).

Conclusion: The severity of EBV hepatitis does not correlate with circulating EBV DNA load according to
our data. Furthermore, we suggest that plasma EBV PCR may be valuable in young infants in whom the
results of serology test for EBV infection commonly are negative. (Pediatr Gastroenterol Hepatol Nutr 2012;
15: 38~43)
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INTRODUCTION

Epstein-Barr virus (EBV) belongs to the family
Herpesviridae and spreads by droplets and close
contact, causing infectious mononucleosis and B
cell-related malignancies [1]. Infectious mono-
nucleosis presents as fever, lymphadenopathy, skin
rash, hepatosplenomegaly, and elevated liver en-
zymes in 70% to 80% of patients [1,2].

EBV hepatitis that is due to primary infection of
EBV is usually asymptomatic and self-limiting, but
occasionally accompanies jaundice and hepatic fail-
ure and is rarely diagnosed serologically until the
convalescent phase [3,4].

The diagnosis of EBV infection depends primarily
on serological markers. Antibodies against viral
capsid antigen (VCA), early antigen (EA), and EBV
nuclear antigen (EBNA) are the main serological
markers. VCA IgM is used as a serological marker
to diagnose acute infections. However, the appear-
ance of antibodies does not coincide with the onset
of symptoms-instead, it typically occurs after the
peak of the immune reaction. Thus, a patient with
infectious mononucleosis can be VCA IgM-negative.
This phenomenon is more common in infants and
immunocompromised hosts who have low pro-
duction of antibodies.

Generally, the clinical severity of EBV infection is
not serious in children under 5 years of age, but
Cheng et al. [5] reported contradictory results, ob-
serving that 76.8% of patients who developed typical
infectious mononucleosis were under 7 years of age
including young infants. Further, fulminant hep-
atitis could be present in EBV-associated hemopha-
gocytic lymphohistiocytosis. Hence, more sensitive
detection methods for EBV are required in infants,
young children, and immunocompromised hosts [6].

Real time-quantitative polymerase chain re-
action (RT-qPCR) is a compatible method that can
satisfy this need and compensate for the draw-
backs of serological tests [7]. The sensitivity of
RT-qPCR is higher than that of serological tests,
and early detection is possible, even when the vi-
ral load is not high. Baek et al. [8] recently re-
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ported the diagnosis of reactivated EBV infection
by RT-qPCR in hepatitis A infection, suggesting
that the unusual course of hepatitis A infection
might be due to reactivated EBV infection, which
can be underdiagnosed by serological testing. The
detection of reactivated EBV infection is important
in anticipating the prognosis of hepatitis, because
reactivated EBV can recruit cytotoxic T cells to in-
flammatory sites and delay recovery of the liver.

The purpose of this study was to evaluate the clin-
ical importance of EBV DNA RT-qPCR in the early
diagnosis and anticipating the clinical course of EBV
hepatitis when the patient shows VCA IgM-negative.

MATERIALS AND METHODS

From January 2006 to December 2010, we col-
lected plasma samples of admitted patients aged
under 18 years with suspected EBV hepatitis at
Wonju Christian Hospital, Yonsei University, South
Korea. The inclusion criteria were as follows: 1) the
patients who have at least one of symptoms among
fever, cervical lymphadenopathy, or hepatospleno-
megaly; 2) the patients who have atypical lympho-
cytosis which we defined the counts of atypical
lymphocytes >5% to 10%; and 3) the patients who
have elevated liver enzymes [aspartate amino-
transferase (AST), alanine aminotransferase (ALT)]
and EBV PCR positive.

On the day of admission, we measured serological
markers for EBV and performed EBV DNA RT-qPCR.
Sixty patients were included in this study with con-
firmed EBV hepatitis by plasma EBV DNA RT-qPCR.
The approval of institutional review board was ex-
empted, because this study is retrospective clinical
review study and the samples were collected after
routine diagnostic sampling for peripheral blood
smears.

The definition of hepatosplenomegaly was es-
tablished by the physical examination: palpation 2
cm below both costal margins. The duration of fe-
ver was defined as the total duration of fever,
from preadmission to subsiding of the fever. The
values of liver enzymes were recorded as the high-
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est peak value in each patient.

Whole blood was centrifuged with Ficoll-
Paque™ (STEMCELL Technologies Inc., Vancouver,
Canada) to obtain plasma samples. DNA was ex-
tracted from the plasma using the QIAamp DNA
Blood mini Kit (Qiagen, Diisseldorf, Germany) and
stored at —70°C. PCR primers were designed using
the BALF5 gene sequence, encoding EBV DNA pol-
ymerase: forward 5’-CCC TGT TTA TCC GAT GGA
ATG-3' and reverse 5'-CGG AAG CCC TCT GGA CTT
C-3'. The fluorogenic probe sequence was: 5'-TGT
ACA CGC ACG AGA AAT GCG CC-3' [9].

As a positive control, a plasmid that contained the
BALF5 gene was constructed, termed pGEM-BALF5.
RT-qPCR was performed on a Rotorgene 3,000
(Corbett Research, Sydney, Australia), using the fol-
lowing program: 15 min at 95°C and 45 cycles of
15 sec at 94°C, 20 sec at 60°C, and 20 sec at 72°C.
A positive threshold cycle (Ct) was established at 32
for each sample, and the cutoff for EBV-associated
disease was 5,000 copies/ g DNA.

The association of the peak liver enzyme value
and EBV DNA concentration, the correlation be-
tween total fever duration and viral load, and the
difference in serum levels of liver enzymes in case
of EBV single infection and coinfection with other
microorganisms were examined. In addition, the
clinical differences between EBV VCA IgM-positive
and EBV VCA IgM-negative patients were analyzed.

Statistical analysis was performed using SPSS
13.0 (SPSS Inc., Chicago, 1L, USA) and GraphPad
Prism 5.02 (GraphPad Software, San Diego, CA,

USA). Student’s t-test and Fisher’s exact test were
used. p<0.05 was considered significant.

RESULTS

A total of 60 patients were diagnosed as EBV
hepatitis. The male to female ratio was 39 : 21
around 2 : 1. The range of ages was 2 months to
18 years, and the median age was 2.6 years of age.
Thirteen patients were EBV VCA IgM-positive
(21.6%); the median age of these patients was 6
years (range: 2-12), whereas the median age of
EBV VCA IgM-negative patients was 2 years
(range: 0.2-18) (p=0.0009) (Fig. 1).
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Fig. 1. The age difference between Epstein-Barr virus (EBV)
IgM positive group and EBV IgM negative group. The median
age of EBV IgM negative group was significantly younger than
that of EBV IgM positive group (2 years of age vs. 6 years of
age, p=0.0009). *»<0.001.

Table 1. The Comparison of Clinical Characteristics of Patients with EBV Hepatitis According to the the Results of EBV VCA IgM

EBV VCA IgM(—)

EBV VCA IgM (+)

EBV DNA RT-gPCR (+)  EBV DNA RT-qPCR (+) p-valuer
Number of patients 47 13 -
Median age (years) (range) 2 (0.2-20) 6 (2-12) 0.0009
Median ALT (U/L) (range) 137 (10-3,235) 118 (40-371) 0.84
Median total fever duration (days) (range) 5 (0-26) 10 (2-25) 0.0025
Number of patients having atypical lymphocytosis (%) 6 (76) 13 (100) 0.09
Number of patients with EBV reactivation (%) 9 (30) 1 (7) 0.04

*Age, ALT and fever duration were calculated by Student’s t-test while next two values were calculated by Fisher’'s exact test.
ALT: alanine aminotransferase, EBV: Epstein-Barr virus, VCA: viral capsid antigen.
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Fig. 2. The association between total fever duration and
Epstein-Barr virus (EBV) DNA concentration. The correlation
was not statistically significant (p=0.056).

The median total duration of fever in all EBV
hepatitis patients was 8 days (range: 0-26 days).
The median total duration of fever in the EBV VCA
IgM-positive group was significantly higher than
that of the EBV VCA-IgM negative group [10 days
(range: 2-25 days) vs. 5 days (range: 0-26 days),
p=0.0025].

With regard to reactivation of EBV infection
(defined as EBNA IgG-positive and EBV RT-qPCR-
positive), the rate of EBV reactivation was higher
in EBV VCA IgM-negative patients than that in
EBV VCA IgM-positive subjects (19/47, 40% vs.
1/13, 7%, p=0.04) (Table 1).

The mean peak level of AST was 241214 U/L,
and the mean peak level of ALT was 298+312 U/L.
There was no significant association between peak
levels of ALT and EBV VCA IgM positivity (p=0.84).
The peak levels of ALT and plasma concentrations
of EBV-DNA did not correlate significantly (p=0.1),
nor did total duration of fever and plasma concen-
trations of EBV DNA (p=0.056, R=0.2) (Fig. 2).

There were 2 cases of IgM-positive hepatitis A,
which showed EBV reactivation and their peak lev-
els of ALT were 676 U/L and 1,235 U/L, respec-
tively. Other viruses, such as cytomegalovirus and
rotavirus, and bacteria, such as M. pneumoniae,
were also detected (Table 2). In these co-infected
cases, the levels of peak ALT were not higher than
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Table 2. The Difference of the Severity of Hepatitis According
to the Coinfected Microorganisms or Diseases

Number of patients Peak ALT (U/L)

CMV infection 1 285
Hepatitis A 2 1,235
Rota infection 3 100
Mycoplasma 1 177
infection

Kawasaki disease 2 573
HLH 1 3,235

ALT: alanine aminotransferase, the value represents the high-
est ALT value among patients, HLH: EBV-associated hemopha-
gocytic lymphohistiocytosis.

those in single infection. There were 1 case with
EBV-associated hemophagocytic lymphohistiocy-
tosis and 2 cases with Kawasaki disease, in which
the serum levels of total bilirubin and direct bilir-
ubin were elevated and prothrombin time was
prolonged.

DISCUSSION

The rate of liver involvement in infectious mono-
nucleosis by EBV reaches up to 80%, but EBV hep-
atitis is usually asymptomatic and only detected as
elevated serum levels of liver enzymes [10].
Cholestasis is rarely observed, and elevated levels of
alkaline phosphatase and total bilirubin are noted
occasionally [2]. However, severe hepatitis or hep-
atic failure can develop by EBV. The main mecha-
nism of liver injury due to EBV is the infiltrations
of cytotoxic T cells into the periportal area and in-
creased levels of proinflammatory cytokines not by
direct cell invasion of viruses [3].

Primary EBV infection ends up as a latent in-
fection in B cells, which can be reactivated when
immune surveillance in the host is impaired.
Reactivated EBV infection has somewhat different
clinical characteristics compared with primary EBV
infection. The production of EBV VCA IgM is lower,
and only one or two typical manifestations of in-
fectious mononucleosis were present in reactivated
EBV infection [11]. However, with regard to liver
injury, the recruitment of cytotoxic T cells can be
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more vigorous in reactivated EBV infection than in
primary EBV infection [11]. In addition, the in-
cidence of undetected chronic hepatitis by EBV
might be underestimated [11]. Our data showed
that there were significantly more reactivated cases
in the EBV VCA IgM-negative group than in the
EBV VCA IgM-positive group.

Recently, EBV DNA RT-qPCR has been per-
formed by several institutes in South Korea [8,12],
generating more data on EBV to detect the causes
of hepatitis and increasing our understanding of
EBV hepatitis.

There are several methods of detecting EBV, such
as serological studies, viral cultures, DNA- and
mRNA-based tests, and immunohistochemistry of bi-
opsy samples [13]. Clinically, serological studies have
been used most frequently, but this method has sev-
eral drawbacks as a diagnostic tool for acute EBV in-
fection-it is less sensitive in infants, young children
and immunocompromised hosts, and because there
is window period in which antibodies are not pro-
duced, false negative results are possible [14].

RT-qPCR is more sensitive than ELISA and can be
used to diagnose acute EBV infection, compensating
for the disadvantages of ELISA. Pitetti et al. [15] re-
ported that patients with detectable viral loads have
more prominent manifestations of infectious mono-
nucleosis than those without detectable loads. They
found that the period of plasma EBV positivity-ie,
viremia-is not long [15]. Bauer et al. [16] reported
that all patients with infectious mononucleosis were
positive by EBV DNA RT-qPCR within 12 days after
the onset of symptoms. Hence, compared with
ELISA for EBV-VCA IgM, which shows a positive
conversion within a maximum 4 wks after the ini-
tiation of symptoms, RT-qPCR is more sensitive
method than serological tests in the acute phase.
Similar results were reported by Cheng et al. [5]

Various samples can be used for the detection of
EBV-DNA, such as whole blood, mononuclear cells,
plasma and serum. We used plasma samples, because
we wanted to exclude latent EBV infections and
prove that the current EBV viremia caused hepatitis.
Serum might contain EBV from cells that are de-
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stroyed while a blood clot is being formed [17,18].

Our data suggest that plasma EBV load may not
be associated with the severity of hepatitis or total
fever duration. Several reports support this result
that the hepatotoxicity of EBV might be due to in-
filtrated cytotoxic T cells, not by viral invasion into
hepatocytes [19-21]. Thus, the severity of hepatoto-
xicity depends on the intensity of immune re-
actions in individual host. Age, genetic suscepti-
bility, and variations in inflammatory genes can af-
fect the intensity of immune reactions. Suh et al.
[22] reported 8 cases of EBV hepatitis in im-
munocompetent adults, their data also support that
hepatic injury is caused by aggregating cytotoxic T
cells in the periportal area, not by the ballooning
of hepatocytes or granuloma.

Based on this mechanism of liver injury, we can
treat severe EBV hepatitis with short-term cortico-
steroids instead of antiviral agents to block the mi-
gration and aggregation of cytotoxic T cells in the
periportal area. This effect has been demonstrated
by Yuge et al. [23] and Ma et al. [24]. Corticosteroid
treatment in EBV infection is not unusual, because
it is administered temporarily for serious infectious
mononucleosis. Hence, the indication for cortico-
steroid might be extended to severe EBV hepatitis.
Further multicenter collaborations would be re-
quired to validate its practical clinical application.

In conclusion, plasma EBV RT-qPCR is useful in
diagnosing EBV hepatitis in infants and children
during the acute phase, and the detection of EBV
can affect the treatment strategy for serious cases.
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