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Abstract

Background: Despite the availability of several serological markers, Epstein-Barr virus (EBV) status of some
patients is not easily resolved.

Objectives: The aim of the present study was to investigate the quantification and the diagnostic utility of EBV
DNA detection as an adjunct to serological diagnosis of primary EBV infection.

Study Design: Sera from 118 patients referred for suspected primary EBV infection, were tested for heterophile
antibodies (HA), IgM antibodies against viral capsid antigen (VCA IgM) and IgG against nuclear antigen (EBNA IgG).
A quantitative real time EBV PCR assay (Light Cycler EBV Quant kit) was simultaneously performed in plasma of
these patients.

Results: EBV DNA was detected in 43 of 46 patients (93.5%) with serologically confirmed primary infection. By
performing real time RCR in the remaining 72 samples, 24 additional cases were diagnosed: in 20 of them, VCA IgM
was positive but not HA; in 4 cases, HA were positive, but not VCA IgM. EBV DNA load was detectable in all samples
drawn until day 12 after onset of symptoms; 20 days after onset all samples were negative. Higher viral load levels
were detected in younger patients and in male patients.

Conclusions: The use of EBV PCR assay resulted in an increase in definitive diagnosis of primary EBV infection,
enhancing overall diagnostic efficacy by 20.3%. Real time PCR is a reliable tool for diagnosis of primary EBV
infection early in the course of disease and may especially serve as a useful diagnostic supplement in serologically

unclear cases of EBV infection.
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Introduction

The vast majority of the world adult population exhibits serologically
past contact with Epstein-Barr virus (EBV). Acute infection is usually
subclinical in early childhood and presents as Infectious Mononucleosis
(IM) in 30-50% of cases involving adolescents and young adults [1,2].
Moreover, a variety of human malignancies have been etiologically
linked to EBV infection [3,4].

Serology remains the gold standard for diagnosis of primary EBV
infection in immunocompetent patients. IM diagnostics in particular
typically involve a combination of serological markers as heterophile
antibodies (HA), IgM antibodies against Viral Capsid Antigen (VCA
IgM), VCA IgG and IgG against Nuclear Antigen (EBNA IgG) [5].
Nonetheless, despite the availability of several different serological
markers, serology is not always able to accurately determine the stage
of infection since false positive and false negative results are regularly
observed [6]. A positive HA test has a sensitivity and a specificity of
approximately 85% and 97% respectively for the diagnosis of IM [7]
but these tests are negative in 25% of patients during the first week of
infection and positive in only 25-50% of children under 12 years of
age [7,8]. VCA IgM tests are useful in diagnosing patients with clinical
suspicion of primary EBV infection but false negative results may occur
due to the transient nature of the VCA-IgM response. Conversely, false

positive IgM reactions occur due to autoantibodies or other serum
factors and due to cross-reactions to other recent infections [6,9].
There is thus a continuous quest for novel diagnostic methods that
can enhance accuracy, including molecular assays as EBV Polymerase
Chain Reaction (PCR). It has been suggested that quantitative Viral
Load (VL) assessment is superior to qualitative detection since,
applying assays commonly used in the clinical laboratory, EBV DNA
can sometimes be detected in immunocompetent individuals and often
in immunosuppressed patients without symptoms or clinical sequelae
[10]. Real-time PCR is a more rapid, sensitive, specific and reproducible
method for detecting and monitoring the levels of EBV in comparison
to conventional PCR [11].

Objectives

The aim of the present study was mainly to investigate the diagnostic
utility of quantitative EBV DNA detection in support of serological
diagnosis of acute EBV infections, to evaluate the significance of EBV
DNA plasma levels kinetics, and their correlation with clinical disease.
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Materials and Methods
Patients and controls

Clinical samples from 118 patients with a clinical suspicion of IM/
acute EBV infection, aged 1 to 47 years (median 21 years), 58 males
and 60 females were included in the study. Demographic and clinical
information was obtained by medical records review. Transplant
recipients and patients who had a previous acute illness that was
consistent with IM were excluded. The patient cohort consisted of 20
(17%) children (aged 1-10 years, median 4 years), 19 (16%) adolescents
(aged 11-18 years median; 16 years) and 79 (67%) adults (aged 19-47,
median 32 years). Thirty-eight (32.2%) of the patients were hospitalized
(median 6.3 days) because of the severity of their infection. One hundred
and nine (92.4%) were immunocompetent while the underlying main
diseases in the immunocompromised patients were hematological
malignancies (n=7) and HIV/AIDS (n=2). Four patients had T-cell
lymphoma and the remaining three non-Hodgkin lymphoma. The time
interval between onset of disease and first sampling was 2 to 15 days
(median 4.5 days). EBV serologic tests and quantification of EBV DNA
were performed in serum and plasma respectively. In addition eighteen
EBV DNA positive immunocompetent patients were retested at either
day twelve, fifteen, or twenty thereafter. Eight of these patients were
sampled twice during follow-up, while three samples were collected
from one patient.

Twenty EBV seronegative patients and fifteen healthy EBV carriers
(determined by the presence of EBNA IgG and the absence of VCA
IgM) acted as control individuals in the study (19 men and 16 women,
age range, 15-38 years; median 29 years).

EBYV serologic assays

Single serum samples from enrolled patients were tested
simultaneously for VCA IgM, EBNA-1 IgG and HA. IgM and IgG
antibodies to EBV VCA and EBNA-1 respectively were measured using
commercially available enzyme-linked immunosorbent assays kits
(ELISA: Virion/Serion GmbH, Germany) while HA was determined
by use of the Cellognost-Mononucleosis test (Siemens Health care
Diagnostics, GmbH, Germany). In addition in EBV DNA positive
patients, VCA IgG avidity was performed to rule out an apparent
reactivation. All assays were performed according to the manufacturer’s
instructions.

Quantitative PCR

A quantitative real time EBV PCR assay in plasma samples
(Light Cycler EBV Quant kit, Roche Diagnostics GmbH, Mannheim,
Germany) was performed in all patients with negative EBNA-IgG.
Viral DNA was extracted from 200 pl of plasma samples according
to the instructions of a special appendix for High Pure Viral Nucleic
Acid Kit (Roche Diagnostics) included in the Light Cycler® EBV Quant
Kit. An Internal Control (IC) was introduced into the clinical samples
during preparation and a Non-Template Control (NTC) was prepared
in parallel with the clinical samples. Four calibrators (Light Cycler®
EBV Cal 1-4) were used both to enable the quantitation of EBV and
to check the validity of each run. The RCR reaction was carried out in
a final volume of 20 pl per capillary using 10 pl of working mastermix
contained Light Cycler EBV® MMx plus Light Cycler Mg 20 and 10
ul of extracted DNA (clinical sample DNA or NTC DNA) or EBV Cal
1-4. All samples were run in a LightCycler® 2.0 Instrument (Roche
Diagnostics). The Light Cycler EBV quantification kit uses a specific
pair of FRET hybridization probes to detect a fragment of the latent

membrane protein [12]. The Limit of Detection (LOD) was determined
to 229 copies/ml, as specified in the user manual.

Interpretation

Patients were diagnosed with primary EBV infection if they
had a consistent clinical syndrome (two or more of the following:
lymphathenopathy, pharyngitis, fever, rash or fatigue) and were found
to be negative for EBNA IgG and positive either for 1) VCA IgM and
HA or 2) EBV DNA and one of the serological assays (VCA IgM/HA).

Statistical analysis

Statistical analyses were performed with Statistica software package
(version 7.0). The EBV DNA loads were associated with clinical (days
after onset of symptoms) and demographic data using the Spearman
rank correlation analysis and the Wilcoxon rank sum test. Statistical
significance was taken as p<0.05.

Results

EBV DNA was detected in 67 of 118 enrolled patients with a median
viral load of 5.02x10° copies/ml (range 2.85x10?-7.6x10* copies/ml).
Plasma samples obtained from the 35 control individuals were all
EBV DNA negative. None of the purified DNA samples inhibited the
amplification of the internal control. Forty-six patients were diagnosed
with acute EBV infection based on the presence of VCA IgM and HA; of
these, 43 (93.5%) were EBV DNA positive and the measured viral loads
ranged from 4.56x10? to 7.6x10* copies/ml. The three patients with a
seroprofile matching a primary EBV infection and a negative PCR assay
were sampled 13 to 15 days after symptom-onset. If a positive EBV PCR
result with either positive VCA IgM or positive HA was considered
as proof of EBV infection, then, by performing real time RCR in the
remaining 72 samples, we were able to detect the presence of a primary
infection in twenty four extra cases (Table 1). Sixty percent of the IgM
positive and HA negative group with IM (12/20) were children (median
4.5 years). Five percent of the same group (1/20) and 25% of the IgM
negative and HA positive group (1/4) were immunosuppressed with
hematological malignancies. According to the criteria listed above for
determining primary EBV infection the sensitivity, specificity, positive
and negative predictive values for the quantitative real time EBV PCR
assay were 95.7%, 100%, 100% and 94.4%, respectively. In EBV DNA
positive patients, primary EBV infection was confirmed by the presence
oflow avidity antibodies and in all patients with IM (70/118) the clinical
data and laboratory findings were consistent with the diagnosis (Table
2).

There was a significant association found between EBV DNA load
and time after disease onset, with plasma EBV DNA levels decreasing
during the evolution of IM (Figure 1). We furthermore observed
a higher median viral load in the group of children and adolescents

Patients | Diagnosis based on Real-time PCR
seroprofilea and | No of patients positive/
real-time PCR no.tested (median load)
VCA IgM (+), HA(+), 46 IM (46) 43/46 (4.57%10°%)
EBNA IgG (-) No EBYV infection (0)
VCA IgM (+), HA (-), 63 IM (20) 20/20 (6.1x10%)
EBNA IgG (-) No EBYV infection (43) 0/43
VCA IgM (-), HA (+), 9 IM (4) 4/4 (4.98x10°%)
EBNA IgG (-) No EBYV infection (5) 0/5
Total 118 IM (70) 67/70 (5.02x10%)
(with variable No EBV infection (48) 0/48
serological profile)

Table 1: Correlation between results of EBV serology and real-time PCR.
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Characteristics Value
Demographics
Male sex; n (%) 47.14

33 (
Adults; n (%) 40 (57.14

15 (

68 (

Hospitalized patients; n (%) 21.42
Immunocompetent patients; n (%) 97.14

)
)
)
)

Clinical characteristics (signs and symptoms)

Lymphadenopathy; n (%) 69 (98.57)
Pharyngitis; n (%) 67 (95.71)
Fever (>37.5°C); n (%) 50 (71.42)
43 ( )
25 ( )

Fatigue; n (%) 61.42
Rash; n (%) 35.71

Table 2: Epidemiological and clinical characteristics of 70 patients with EBV
primary infection.

Correlation: r = -,7841
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Figure 1: Association between viral load (copies/ml, log10) and the phase
of infection (days after onset of disease). Day 0 represents the day of onset
of symptoms. Each point represents one sample. In the follow up samples
drawn day twenty of illness no EBV DNA was detectable.

Parameter Number P-value Correlation coefficient
Days after onset of 95 <0.001 -0.42

disease 2°¢

Age 24 67 NS -0.118

Male gender ¢ 67 <0.001 -

#Results of Spearman rank correlation analysis

Results of Wilcoxon rank sum test

°Higher viral load early in the course of disease

dHigher viral load in younger patients but NS (No Significant)
°Higher viral load in male patients

Table 3: Correlation between viral load (copies/ml) and data in primary EBV
infection.

compared to adults (6.19x10° copies/ml versus 4.49x10° copies/
ml); although not reaching statistically significant levels, this did
demonstrate a possible correlation between viral load and patient age.
A significant association also observed between viral load levels and
male gender, not systematically reproduced in similar studies [13], and
not readily explained pathophysiologically, is an issue that warrants
further evaluation (Table 3).

In order to determine the variability of EBV clearance during IM
evolution, a total of 28 plasma samples were collected from eighteen
EBV DNA positive patients at day twelve (12/28), fifteen (11/28) and
twenty (5/28) after the onset of symptoms. EBV viral load was highest at
the time of first sampling in all patients and declined thereafter during
the early convalescent period. EBV DNA was detectable in all samples
drawn until (and including) day 12 after onset of symptoms. At day 15

after onset of primary infection, 36.4% (4/11) of patients had detectable
EBV DNA and all of them showed a significant decrease in viral load
between the first and the follow-up samples. All five samples obtained
on day 20 were EBV DNA negative, three of these belonging to patients
who were EBV DNA positive on day 15.

Discussion

There are many studies which support the utility of quantitative
EBV viral load assessments in the pre-emptive management and
monitoring of EBV associated disease in immunosuppressed patients,
but few which investigate the quantification and the diagnostic utility
of EBV DNA detection as an adjunct to serological diagnosis of primary
EBV infection.

In the present study, data show that EBV DNA was detected in
the plasma of patients undergoing primary infection with a sensitivity
(95.7%) and a specificity (100%), similar to the findings by other
authors [13-16] or higher than previously reported [17-20]. In contrast
to our results many of these investigators analyzed samples from
patients with proven and not suspected EBV infection [13,14,17-19].
Using serological markers, they were detected 46 out of 70 cases of
primary EBV infection in the group of 118 patients suspected for IM-
like syndrome. EBV PCR led to a 20.3% rise in the number of primary
EBV infection diagnoses as compared with serology-based diagnostic
approach. This increase was the result of the detection of EBV DNA
in patients with acute infection who exhibited delayed VCA IgM
appearance or who failed to produce detectable levels of HA. Luderer et
al. [21], found a lower increase (16%) in definitive diagnosis of primary
EBV infection using EBV PCR, but these researchers only studied a
group of IgM VCA positive patients. It seems that PCR may be more
sensitive than serology in the first days of illness as the immunologic
response to infection may not be detected for several days. VCA IgM
and HA were negative in 6% and 30% of EBV PCR positive cases
respectively and that means that in the case of HA tests the possibility
of false negative result, mainly in children, must be taken into account,
as observed previously [18]. The findings in the present study that over
one third of the patients (36.4%) with non-EBV infections (infections
with Cytomegalovirus, Hepatitis A Virus, Toxoplasma or Parvovirus
B19 as were diagnosed using serological or molecular assays) had
demonstrable VCA IgM antibodies, underlines the frequent occurrence
of false-positive IgM VCA results, raising concerns about reliance upon
this assay alone for diagnosis [9,19,21].

Conversely, PCR was negative in 3 of 46 cases diagnosed serologically
as primary EBV infection. Absence of EBV DNA detection correlated
to the phase of infection in which the samples were collected (13 to 15
days after onset of symptoms). The results show that all plasma samples
drawn at day 12 exhibited detectable EBV DNA, and the first negative
PCR results were observed at day 15 after disease-onset, indicating that
PCR had an 100% positivity in plasma collected during the early acute
phase of infection (within 12 days after the onset of disease). Follow-up
assessment of EBV DNA load in plasma confirms-with few differences
in the duration of PCR positivity-previous reports of a transient
presence of EBV DNA during acute phase of primary infection limiting
the applicability of EBV PCR early in the course of disease [10,13-
15,17,22]. Additionally, other studies supported that this relatively
rapid viral elimination from plasma may prove to be a good indicator
of the host’s control of EBV infection [11,23]. It is well established that
the immune system play the main role in the elimination of EBV DNA
but further investigations will be necessary to understand the possible
active role of EBV-specific CD8+ T cells [24] or B cells [25].
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Measuring the EBV DNA in plasma and determining the duration
of viremia in immunocompetent patients may help us to understand
EBV infection in immunosuppressed hosts [23]. Unfortunately in our
study the number of immunocompromised patients with primary EBV
infection was too small (2/9) for definite conclusions and the literature
is very limited to analyse but we believe that extended studies in such a
group of patients may support our results and clearly demonstrate the
role of EBV viremia in the diagnosis of IM.

In conclusion, although EBV DNA presence is short-lived after
onset of symptoms, giving it a low negative predictive value, its
detection in plasma has high sensitivity in primary EBV infection.
An EBV PCR should be considered in cases of positive IgM VCA and
negative HA because it is difficult to exclude the possibility of a false
positive IgM VCA or false negative HA. Thus, in cases of inconclusive
serological results, plasma EBV DNA may serve as a useful and valuable
diagnostic tool in the early diagnosis of an acute primary EBV infection.
Nevertheless, the clinical value of monitoring EBV DNA load in plasma
during primary EBV infection remains further to be established.
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