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Determination of serological profiles and avidity of specific
antibodies in the sera of patients with potential Epstein-Barr

virus (EBV) infection
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Abstract: Background: Epstein—Barr Virus, frequently referred to as EBV, is a member of the herpesvirus family
and one of the most common human viruses. The virus occurs worldwide, and most people become infected
with EBV sometime during their lives.

Objectives: The purpose of this study was to investigate the serological profiles of specific antibodies among
the sera of suspected EBV infection patients along with VCA-IgG avidity.

Methods: A total of 522 patient’s sera were sent to The Clinical Microbiology Laboratory for EBV specific anti-
body detection and were studied by IFA method during a two year period. The serum samples were tested for
EBV specific VCA IgG, VCA IgM, EA, EBNA antibodies and VCA IgG aviditity.

Results: Among 33 patients those who had low avidity for VCA IgG, 27 (81.8 %) of them had a serologic profile
as follows; positive VCA IgG, negative VCA IgM, negative EA and negative EBNA.

Conclusion: While this profile is considered as a primary infection, the frequency of the coexistence of VCA
1gG low avidity with this profile is interepreted that avidity may lead to detect primary infection (Tab. 2, Ref. 25).
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Abbreviations: IFA — indirect fluorescent antibody, EBV — Ep-
stein—Barr virus, EA — early antigen,VCA — viral capsid antigen,
EBNA — epstein-barr nuclear antigen.

Epstein—Barr virus, commonly referred to as EBV, is a human
specific member of the herpesvirus family and is a B-cell lym-
photropic virus. An EBV infection occurs by close contact with
EBV presented in oral secretions. The virus initially wells in the
oropharyngeal epithelial cells and causes persistent infections. Se-
roepidemiologic studies indicate that EBV infections are common
in all communities and occur worldwide, and most people become
infected with EBV sometime during their lives. In Europe includ-
ing Turkey, as many as 70-80 % of adolescents and 80-90 % of
adults are reported to be seropositive for EBV (1).

The course of EBV infection can vary with regard to the age
and health status of the person. In young children host-virus in-
fection can take place with no apparent symptoms. By contrast,
in 30-50 % of the adult patients EBV infection can cause diffuse
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lymphadenopathy, hepatomegaly, splenomegaly, and tonsillitis.
In some cases exanthematous reactions triggered by EBV can be
mistaken with an eruption of rubella (2). Moreover, EBV infection
is shown to be associated with lymphoproliferative disorders in
patients who are suffering from immunodeficiency, Burkitt lym-
phoma, and nasopharyngeal carcinoma (3,4). Infectious mono-
nucleosis is also caused by infection of B cells by EBV and is
generally diagnosed by serological methods. EBV serology is
utilized to help distinguish EBV reactivation infections from pri-
mary EBV infections and to demonstrate acute EBV infections.
During this process, it is critically important to perform the tests
at the same time for the presence of EBV-VCA IgM, EBV-VCA-
IgG, anti-EBV-EA, anti EBV-EBNA and VCA IgG avidity (2).

The spectrum of antibody assays comprises unspecific tests,
such as the long-known test for the detection of heterophile anti-
bodies, as well as EBV-specific assays. Commercially available
agglutination test kits for the detection of heterophile antibodies
use goat, horse, or bull red blood cells after preabsorption with
guinea pig kidney extracts and are effective with acute-phase se-
rum for 85 to 90 % of adolescent or adult patients but are only 50
% effective for children ages 2 to 5 years. Thus, fairly high rates
of false-negative results may be expected, while false-positive re-
sults were found in 2 to 3% of patients with autoimmune diseases
(5). Today, EBV-specific serology is preferred for the diagnosis
of'an EBV infection, but in the absence of heterophile antibodies.
Unfortunately, EBV-specific diagnostic tests are not standardized.
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The EBV-specific assays differ in the substrates or antigens and
the technologies that they use. So far, three methods serve as the
method of first choice in routine EBV diagnostics: the IFA, which
is still the gold standard method; different enzyme immunoassay
(EIA) techniques, including solid-phase ELISAs and related met-
hods, such as luminescence-based detection of anti-EBV antibodies
with antigen-coated beads; and Western blot analysis. While IFA
or EIA is often used for screening, Western blot analysis is mainly
performed for confirmation (6). Here we investigate the serological
profiles of specific antibodies among the sera of suspected EBV
infection patients along with VCA-IgG avidity by IFA method.

Materials and methods

The study was performed during a two-year period in the De-
partment of Microbiology at the Medical School of Dicle Univer-
sity, Diyarbakir, Turkey. We received the sera of 522 patients who
were suspected to have an EBV infection for the detection of EBV
specific antibodies. The sera were tested for the presence of VCA-
1gG, VCA-IgM, EA and EBNA specific antibodies, and VCA-IgG
avidity. The specific antibodies were determined via an Indirect
Fluorescent Antibody (IFA) technique using the commercial kit
(EUROIMMUN BIOCHIP Sequence EBV Avidity Determinant;
Lot: F080514VC, Germany). This kit can both, qualitatively and
quantitatively determine antibodies and evaluate the avidity of
specific antibodies in serum and plasma. The working slides for
the test are established using the human EBV transformed cell
lines obtained from Burkitt lymphoma patients, and the cell lines
P3HR1 expressing VCA, Raji cell expressing EBNA complex,
and EU-33 expressing EA antigen.

For the assay briefly, patient samples were diluted 1:10 in
PBS-Tween. 30 pl of diluted serum was applied to each reaction
area of the reagent tray. Then, the slides were placed into the cor-
responding recesses of the reagent tray. The BIOCHIPs came into
contact with the droplets and the reaction was started. The slides
were incubated for 60 minutes at room temperature. Following the
incubation, the slides were reacted with FITC-labeled anti-human
1gG/IgM (goat). Results were evaluated with a fluorescence mi-
croscope (Zeiss, Germany) by using a 20x objective.

Moreover, we determined anti-EBNA antibodies using an
anti-complement indirect immunofluorescence technique. Anti-
bodies of class IgG should be removed from the patient samples
by immunoabsorption (EUROSORB; EUROIMMUN, Germany)
before determining specific antibodies of class [gM. This prevents
non-specific IgM binding.

In order to identify low- avidity antibodies in patient serum,
two indirect immunofluorescence tests are performed in parallel:
one test is performed in the usual way, and in the other a urea (8
M) treatment is carried out between the incubations with patient
serum and FITC-labelled anti-human IgG. This releases the low-
avidity antibodies from antigen, while high-avidity antibodies re-
main bound. To determine the antibody avidity the fluorescence
intensity of the incubated patient samples without urea treatment
is compared with the fluorescence intensity of the same serum
sample treated with urea. The intensity of the specific fluorescence
is differentiated by the scoring scheme: 0 no fluorescence, 1 weak
fluorescence intensity, 2 moderate fluorescence intensity, 3 strong
fluorescence intensity and 4 very strong fluorescence intensity.

If the specific fluorescence of the incubated serum sample
without urea treatment is assessed as 0, 1 or 2, it is not possible
to determine the avidity determination. If the difference between
the fluorescence intensity scores is less than two, there are gene-
rally high- avidity antibodies present. If the difference between the
fluorescence intensity scores is two or more, there are generally
low- avidity antibodies present.

Results

We studied EBV specific antibodies in the sera of 522 patients
using the IFA technique at our hospital during a two-year period.
Overall, 200 (38.3 %) of the patients were female and 322 (61.7 %)
of them were male. Of all analyzed sera, we found the samples
of 94 patients (18.1 %) negative for all EBV specific antibodies
and these patients were accepted as seronegative. The rest of the
sera (82 %, n=428) were found to be seropositive for EBV spe-
cific antibodies. Of 428 seropositive patients, 170 (39.7 %) were
female and 258 (60.3 %) were male. We observed the highest rate
for seropositivity (40.88 %) among patients in 6—12 age group. In
this age group, the seropositivity ratio was 37.6 % for female and
43.02 % for male patients.

In addition, 265 (61.9 %) seropositive patients had high IgG
avidity, while 33 (7.7 %) had low IgG avidity. The distribution of age
and sex among low avidity VCA-IgG detected patients is summa-
rized in Table 1. All of these patients were seronegative for EBNA
antibodies. Twenty seven (81.8 %) patients were found to be positive
for VCA-IgG but negative for VCA-IgM, EA, and EBNA (Group
A). Five patients showed positive EA but negative VCA-IgM and
EBNA serological profiles (Group B). One patient possessed posi-
tive VCA-IgM and EA but negative EBNA profil (Group C). The
results of the test of Anti-EBV antibodies are summarized in Table 2.

Tab. 1. The distribution of age and sex among low avidity VCA-IgG detected patients.

Age Groups Female Male Total
Number % Number % Number %

0-2 1 3.03 2 6.06 3 9.09
3-5 6 18.3 5 15.2 11 333
6-12 1 3.03 12 36.4 13 394
13-17 1 3.03 2 6.06 3 9.09
>17 0 0 3 9.09 3 9.09
Total 9 27.3 24 72. 33 100
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Tab. 2. The results of the test of Anti-EBYV antibodies.

No.of samples VCA IgG/avidity VCAIGM EBNA EA Group
27/428 positive/low negative negative negative A
5/428 positive/low negative negative positive B
1/428 positive/low positive negative positive C
33/428 positive/low negative

Studying the maturation of the antibody for the patients would
be meaningful but we failed to pursue this. Furthermore, thirty
three patients were interpreted to have a primary infection. Nine
patients were referred to the laboratory for upper respiratory air-
way infections and 18 patients were sent to the laboratory for
lymphadenopathy indication but we failed to reach the medical
records of 6 patients. The distribution of patients identified with
low VCA-IgG avidity with regard to their age and gender is il-
lustrated in Table 1.

Discussion

Although the presence of VCA-IgM in serum indicates a pri-
mary infection, studies show that discrete serological responses
can exist in EBV infections (6, 7). The production of [gM in EBV
infections may not be present in some adult patients or may be
generated later. Moreover, EBV can become a persistent infection
after a long time or can be reactivated in immunosuppressive pa-
tients (7, 8). Therefore, it is difficult to decide whether an infec-
tion is a secondary infection through the finding of specific IgM
positivity in serum samples and if this infection is due to persistent
IgM or reactivation/re-infection. In addition, the presence of IgM
negativity resulting from inappropriate timing of blood sampling
or the loss of EBNA antibodies owing to a suppressed immune
system can obscure the identification of primary infections or can
lead to misdiagnosis. In such cases, it is suggested that the study of
IgG avidity is critical to interpreting serological results correctly
(9-12). In general, the kinetics of affinity maturation occurs in a
couple of weeks; however, in some cases this maturation process
may arise within three months after the onset of symptoms. This
alteration in avidity is also described in several infections such as
Rubella, Toxoplasmosis, and hepatitis B (5, 13). Avidity is estab-
lished through the affinity maturation of antibodies to immune re-
sponse and it is thought that higher avidity goes together with the
potent functional activities of antibodies (14, 15). The increase in
antibody avidity stabilizes immune complexes (antigen-antibody
complexes) against protein denaturing agents present in the en-
vironment and these agents can dissociate low affinity antibodies
from immune complexes readily. Based on this basic knowledge
we can calculate antibody affinity using protein denaturing agents
such as urea, diethylamine, guanine hydrochloride and potassium
thiocyanate in immunological tests (16-20). Among these, the sim-
plest method is the use of 8M urea. Moreover, the determination
of specific IgG antibody avidity is performed thorough various
techniques including agglutination, radioimmunoassay, comple-
ment fixation, ELISA, immunofluorescence, electroblotting, im-
munoblot (16). However, some studies suggest that immunoblot
is easier to interpret, as compared to ELISA and is the preferred
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method for measuring avidity (12, 21). Immunofluorescence assay
(IFA) is used widely for detecting EBV-specific antibodies because
of its high sensitivity and specificity. Consequently, IFA was ac-
cepted as the reference assay for detecting EBV antibodies (6).
The EIA was less sensitive than the IFA for IgG detection early in
the course of acute EBV infections. In a previous comparison of
EBYV antibody avidity tests based on a VCA IFA and on an antigen
mixture EIA both methods gave good results, but EIA avidity was
easier to carry out and showed a better distinction between acute
and past EBV infections (22). However, the EIA was less sensitive
than the IFA for IgG detection early in the course of acute EBV
infections. Denaturing agents other than urea may facilitate a full
automation of avidity testing in the future (6).

Our findings show that 33 (7.71 %) of 428 seropositive patients
not only had low avidity IgG but also were seronegative for EBNA
antibodies. Of these 33 patients, 27 (81.8 %) were found to be posi-
tive for VCA-IgG but negative for VCA-IgM, EA and EBNA. These
results were inferred as primary infections and the accompanying
low avidity VCA-IgG to this profile further indicates the presence
of a primary infection. For the rest of the 33 patients with low avid-
ity IgG, the discovery of positive EA but negative VCA-IgM and
EBNA serological profile of five patients, and the presence of posi-
tive VCA-IgM and EA but negative EBNA profile for one patient
also support the existence of primary infections in these patients.

Grey showed, for the first time in 1996 that changes in avidity
happen against VCA-EBV (5). Low avidity antibodies are shown
to be present in 90 % of primary infections within a 10 day period
after the appearance of symptoms. Low avidity antibodies can
also be seen in 50 % of patients 30 days after the beginning of the
primary infection. Moreover, Anderson et al (23) investigated the
maturation kinetics of VCA-IgG avidity using the IFA technique
in 105 patients with primary EBV infections. Their study showed
that over 90 % percent of the patients possessed a low avidity in-
dex (0.25) during the first 10 days of the infection and 50 % of
the patients still showed a low avidity index 20-30 days after the
manifestation of clinical symptoms. They also observed that the
avidity index increased (0.5—1) in the persons who were passed the
infection. Therefore, this study emphasizes that antibody avidity is
a critical serological determinant in EBV infections to determine
whether they are acute or passed infections.

Similar to other studies, Robertson et al (5) emphasizes the
importance of antibody avidity in the diagnosis of primary EBV
infections as well. They studied VCA-IgG avidity using ELISA
in the serums of 28 patients with primary EBV infections and in
35 patients with passed EBV infections. Their study demonstrates
that the sensitivity of antibody avidity in the diagnosis of primary
EBYV infection is between 93—-100 % (100 %: particularly in the
absence of EBNA but in the presence of IgG).
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Furthermore, according to their study after finding IgM class
antibodies against EBV, Rubella, CMV, and HSV in the first blood
sample taken from a patient with infectious mononucleosis, Top-
kaya et al (24) investigated the presence of IgG subclass antibod-
ies developed against these viruses and found that low avidity
VCA-IgG was present only in EBV infection. After including other
serological tests related to EBV, they diagnosed the patient with
infectious mononucleosis. At their one month follow-up, they re-
ported that IgM class antibodies were negative in Rubella, CMV,
and HSV infections but EBV-VCA IgG avidity was increased. The
authors conclude that it is critical to study not only IgM, IgG class
antibodies but antibody avidity tests for the accurate differential
diagnosis in the patients suspected to suffer from exanthema and
infectious mononucleosis.

It should be useful to compare our results with a line immu-
noassay (recomLine EBV IgG), which is recommended recently
for detection of [gG-antibodies. The test is based on nitrocellulose
strips coated with recombinant proteins p54 and p138 (EA), p23
and p18 (VCA) and p72 (EBNA-1) (25).

In conclusion, the present study further supports earlier studies
and suggests that a thorough assessment of specific IgG avidity is
notable for the accurate inference of serological profiles of EBV
infection and the precise diagnosis of infectious mononucleosis.
Further studies are needed on this issue. It is important that our
work creates an infrastructure for further studies.
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