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Epstein-Barr virus serology
Basic pattern and stochastics

Epstein-Barr virus (EBV) serology
plays a crucial role in differential diagnosis. The course of the serological response to an EBV infection is characterised by a basic pattern as well as a
stochastically determined variance
spectrum. Classical EBV serology has
not been able to provide successful solutions to problems resulting from
aberrant VCA IgM responses or absent
or secondary negative anti-EBNA, despite past EBV infection. A significant
improvement of the reliability of EBV
serology was achieved by using recombinant antigens in recomBlot and recomLine assays and by establishing a
modified p18, against which the immune response occurs in the latephase. With the aid of these new methods, avidity determination can be
employed allowing rational and efficient EBV diagnostics, with a maximum level of prediction certainty even
in complex individual cases.
Classical EBV serology
Classical EBV serology was based on
the detection of VCA-IgM, VCA-IgG
and anti-EBNA, using immunofluorescence techniques [1, 2]. A positive
VCA-IgG and VCA-IgM finding was
considered as evidence for an acute
EBV infection. An absence of VCAIgM in case of positive VCA-IgG was
considered as past infection. It became evident, however, that in more
than 20% of investigated cases of
acute EBV infections, no VCA-IgM
was detectable, and that in a small percentage of past infections a persistent
IgM response could be observed [3, 2].
It was, therefore, neither possible to
derive a reliable indication for an
acute EBV infection from a positive
VCA-IgM finding, nor could an acute
infection be ruled out with absolute
certainty on the basis of the absence of
an IgM response. As anti-EBNA-1 is
detectable, at the earliest, four weeks
after the onset of the disease after
acute EBV infection, it was possible to
rule out with certainty an acute EBV

infection in the case of positive antiEBNA-1. However, in more than 5% of
past EBV infections no anti-EBNA-1
becomes detectable or is secondarily
lost. The resolution of this problem required additional methods.
EBV-recomBlot and recomLine
assays
The development of an immunoblot
with recombinant antigens represents
an important milestone in the improvement of EBV diagnostics [4]. In
particular, p72 (EBNA-1), p23 (a component of VCA) and the early proteins
p54 and p138 were used in the first
generation of the recomBlot EBV.
Compared to classic EBV serological
methods, the blot had several advantages. Firstly, as recombinant, highly
purified antigens were used, the problem of anticellular reactivity was no
longer an issue. Due to the use of recombinant antigens, the test system
now contained the optimal quantity of
antigen. Thus, the test result was
solely dependent on the antibody concentration and therefore allowed precise quantification.
Avidity determination using the recomBlot proved to be an additional
valuable tool for the differentiation between acute, recent and past infections. Cases in which no anti-EBNA-1
antibodies were present, despite a past
infection, still continued to represent
an important problem group. However, a surprising and convincing solution was found for this problem. IgG
against a suitably modified p18 (another component of the VCA-complex)
proved to be a late marker, which appears in acute EBV-infection, at the
earliest, three weeks after the onset of
the disease. This seems to be remarkable for the serological response to a
component of VCA. The answer to this
problem lies in the fact that in the
modified p18 (patented by Mikrogen)
those epitopes which are missing are
recognised in the early phase of an
acute EBV infection. This cunning

modification has created the valuable
characteristics of a late marker in the
first place. In addition, this late
marker, p18-IgG, also has the advantage that it does not turn secondarily
negative in case of cellular immunosuppression, in contrast to p72-IgG.
With this mechanism, it is possible to
reliably identify cases with negative
anti-EBNA-1 (p72-IgG) and positive
p23-IgG or p54-IgG/p138-IgG as past,
or recent, EBV infection on the basis
of a positive p18 IgG. Avidity of the
p18-IgG is used as a basis to differentiate between “past infection” and “recent infection”.
Advantages achieved in the recomBlot
EBV were transferred onto the recomLine EBV. Recombinant antigens,
which were transferred onto nitrocellulose following extensive purification, could now be applied in groups
according to the time of appearance of
markers, after the onset of disease.
The high degree of purification of proteins thereby ensured that, in the line
assay, the standard of quality achieved
is the same as in the blot. The recomLine EBV test also allows avidity determination.
Variability of the serological
response after EBV infections:
Basic pattern and stochastics
The comprehensive tests of non-preselected sera using the recomBlot EBV
and recomLine EBV showed that the
serological responses following EBV
infections are indeed defined by a
certain basic pattern, but that a high
degree of variability can also be observed regularly due to the stochastic
processes inherent to the immune reaction. This fact is made clear in tables
1 and 2.
It becomes apparent that of 1577 nonpreselected sera, which were tested
using the recomLine EBV, a relatively
low percentage was identified as
seronegative, and an even lower percentage was identified as acute infection. The majority of sera displayed
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Table 1 Main groups within 1577 cases tested in EBV serology

Total number of sera
Seronegative for EBV
Borderline
Acute EBV infections
Past EBV infections

Number

Percent

1577

100

90

5.7

7

0.4

42

2.6

1438

91.2

Table 2 Variability of the serological response in past EBV infections

Number

Percent

Past EBV infections

1438

100

Classical (p72-IgG and p18-IgG > +)

1154

80.2

p72-IgG and p18-IgG +

7

0.5

p72-IgG +, p18-IgG > +

86

6.0

p18-IgG +, p72-IgG > +

29

2.0

p72-IgG neg., p18-IgG > +

106

7.4

p18-IgG neg., p72-IgG > +

11

0.8

p23-IgG neg.

20

1.4

Isolated p23-IgG (high avidity)

5

0.3

Isolated p18-IgG (high avidity)

5

0.3

Isolated p72-IgG (high avidity)

3

0.2

12

0.8

Recent EBV infections (p18-IgG low avidity, p72-IgG neg.)

the picture of a past EBV infection,
whereby most sera exhibit a clearly
pronounced classical picture with
both late markers (p72-IgG and p18IgG). A very small percentage exhibited one or both late markers in a
small but noticeable manner. In 7.4%
of cases p72-IgG was negative, but the
second marker p18-IgG (which exhibited high avidity) allowed the diagnosis of “past EBV infection” in these
cases. Conversely, only 0.8% of past infections exhibited negative p18-IgG
and positive p72-IgG. This finding underlines how a considerable improvement of diagnostics could be achieved
by combining two late markers, and
thus prevent inaccurate findings. It
shows, in particular, the stochastic
component which plays an important
part in serological responses. The finding allows the assumption that the immune system of an affected person can
fail to form antibodies against p72 or
p18. By accepting this point of view, it
can be predicted that, according to the
law of probability, a small number of
cases should occur in which both late
markers are not formed, despite a past
EBV infection. Five such cases have,
in fact, been found within this study
and they confirmed the plausibility of

the preceding assumption. Of course,
it is, at first, not possible to differentiate these p18-IgG/p72-IgG-negative
cases of past EBV infections from an
acute infection, in which both late
markers have not yet been formed.
However, a differentiation could be
achieved here with the aid of avidity
determination using the recomLine
EBV (patented by Mikrogen). The
avidity determination takes advantage
of the fact that during the course of the
immune response, a steady and irreversible increase in the affinity and
avidity of IgG antibodies occurs [5].
Avidity determination using the immunoblot or line assay has a higher
resolution compared to avidity determination using the immunofluorescence test [6, 7], as viral antigen is limited in the immunofluorescence test
whereas recombinant viral antigen is
present in abundance in immunoblots
and line assays. Therefore, immunoblot and line assay allow the
measurement of low and high avidity
IgG in parallel, whereas high avidity
IgG is dominant over low avidity IgG
when the immunofluorescence test is
used. This leads to a very small time
window (10 days) for the detection of
low avidity IgG when the immunofluo-

rescence test is used, whereas precise
quantitation of high and low avidity
antibody is possible for several weeks
when the immunoblot or line assay
are used.
In case of p23, the stochastic problem
of nonrecognition of epitopes of a certain antigen also arises and means
that in 1.4% of cases of past infections
p23-IgG is not detected, however,
these cases could still be identified
with certainty as past EBV infection
on the basis of positive p72-IgG and
p18-IgG (high avidity). The combination of the absence of certain markers
in rare cases is the basis for the predictable, and actually found, constellation in which “isolated p72-IgG” and
“isolated p18-IgG” occur. Finding such
rare constellations is therefore not a
shortcoming of the test system, but
rather evidence of the precision with
which the stochastic variability of the
serological response is measured and
proves that a reliable finding can be
derived from it in every single case, despite being different from the basic
pattern.
After all, a small fraction of cases exhibit the characteristic of a recent
EBV infection in which only one of the
two late markers, namely p18-IgG, is
positive, while p72-IgG is still absent.
A differentiation between “recent” and
“past (without p72-IgG)” is achieved
here through the detection of a lowavidity p18-IgG in combination with
an already high-avidity p23-IgG.
These cases demonstrate the efficiency of the recomLine EBV and
show the significance of the avidity determination with the aid of this
method. The application of the recomLine EBV in avidity determination
naturally allows the determination of
the avidity of antibodies against several antigens in parallel. Figure 1 outlines the idealised progression (basic
pattern) of the serological response
following an acute EBV infection. At
first, a successive occurrence of the
markers BZLF1-IgG, p54-IgG, p138IgG and p23-IgG is noticeable in the
beginning, before the late markers
p18-IgG and p72-IgG appear. p23-IgG
exhibits low avidity early on. The late
markers normally appear successively; first p18-IgG and then p72-IgG.
Initially, they also show low avidity,
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which matures to higher avidity later
on. With this, the approach to a rational and reliable appraisal is specified: If both late markers are present,
an acute EBV infection can be ruled
out. An additional investigation of the
status with the aid of avidity determination will normally not be necessary
in case of these sera. If one of the two
late markers is missing, then the detection of the other late marker nevertheless allows, supported by the high

avidity of the detected marker and the
high avidity of p23-IgG, reliable diagnosis of the infection as “past EBV infection”. An analogous procedure
would be followed when, in very rare
cases, both markers are present, while
p23-IgG is missing.
Through the use of recomBlot EBV or
recomLine EBV in combination with
avidity measurement in the same test
systems, the highest possible diagnostic reliability can be achieved in every

individual case. Avidity determination
is only necessary in cases which are
seropositive for EBV, but in which no
late markers are detectable. The additional time and effort required for an
avidity determination is therefore reserved for a selected segment of sera,
but then it will ensure an accurate diagnosis in the individual case. These
new methods represent, therefore, a
contribution to cost cutting, in addition to a very significant improvement
of the diagnostic reliability. In principle, the concepts presented above
should also enable an improvement of
the diagnostic possibilities in the infection serology of other pathogens.
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Figure 1
Basic pattern of appearance of the IgG response after EBV infection measured
by the recomLine assay
At the onset of disease, antibodies against BZLF1 (immediate early protein), p138 and p54
(early proteins) are the first ones to be detectable and usually still exhibit low avidity, as
demonstrated by the urea-treated parallel test strip. Low avidity IgG against p23 (viral
capsid antigen) appears next. While the avidity of p23-IgG is maturing, the late markers
p18-IgG (directed against the modified p18, viral capsid antigen) and p72-IgG (directed
against EBNA-1) appear after 3–4 weeks after onset of disease and show avidity maturation later on. In past infection, p23-IgG, p18-IgG and p72-IgG exhibit high avidity. IgG directed against p138, p54 and BZLF1 may disappear or remain detectable. In contrast to
p72-, p23- and p18-IgG, IgG against the BZLF1, p54 and p138 may exhibit low avidity
even in past infection. This finding is explained by the recognition of new epitopes during
silent and clinically irrelevant reactivation of the virus. Therefore, avidity determination for
the distinction between acute and past infection has to be restricted to p23-, p18- and
p72-IgG. As shown in Table 2, in a significant percentage of people, certain markers may
be missing. This diagnostic problem can be resolved through the determination of two late
markers, combined with avidity measurement.
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