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Abstract

Diagnostics of Epstein-Barr virus (EBV) primary infection is usually based on the results of ELISA
determination of IgM and IgG against viral capsid antigen (anti-VCA IgM and anti-VCA IgG) and of IgG
against EBV nuclear antigen (anti-EBNA-1 IgG). In cases of difficult interpretation, the use of addition-
al tests, such as measurement of IgG avidity, may help to determine the infection stage. IgG maturation
occurs several weeks after primary infection, and the presence of high-grade antibodies is a marker for a
previous infection. In this study, we determined the significance of the avidity of anti-VCA IgG avidity test
for patients with infectious mononucleosis or suspected EBV reactivation. Serological ELISA was used
to determine the avidity of IgG against viral capsid antigen (anti-VCA IgG) in 46 single serum samples.
Low anti-VCA IgG avidity was found in 26% (95% CI: 14% - 41%) of all tested samples, which could be
interpreted as acute infection. Our results confirmed the presence of isolated IgG models in 24% (95% CI:
11%-42%) of primary EBV infections, while possible reactivation or non-specific reactivity of anti-VCA
IgM was suggested for 69% (95% CI: 39%-91%) of the positive anti-VCA IgM/IgG patients.

Our results show that the laboratory confirmation of patients with clinical evidence of infectious
mononucleosis and absence of IgM should include the use of avidity tests. We believe that avidity tests may
be useful for the discrimination between reactivation and primary infections.
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Pe3rome

JluarHoctukara Ha mbpBUYHa UHpeKuus ¢ Epstein-Barr Bupyca (EBV) 0OMKHOBEHO ce OCHOBaBa Ha
omnpenensineTo Ha IgM n [gG anTuTena cpenty BupycHus karcuaeH anturet (anti-VCA IgM n anti-VCA IgQ)
ulgG anturena cpenty siapenus anture (anti-EBNA- 1 [gG). CwiiecTByBat cepoaoruyHu mpo Ui, B KOUTO
U3II0I3BAaliKU CaMo T€3U MapKepH He € JOCTAaThYHO Ja Ce ONpeesu cTaaus Ha nHdekuusara. Mznonzpaneto
Ha JIONMBJIHUTENEH TECT 3a ompezaeisiHe Ha 1gG aBUIHOCTTA, MOXKE /1a TIOMOTHE B MHTEpIIpETalUATa Ha
pesyararute. Y3psBaHeto Ha IgG craBa HSKOJKO CeIMUIM ciell MbpBUYHATA MH(EKIUS U HAJIW4YUe Ha
aHTHTEJIa C BUCOKA 3PSUIOCT € MapKep 3a MUHasa MHQek1us. B ToBa n3cnensane onpeaeanxme 3HaYyMMOCTTa
Ha TecTa 3a aBuaHOCTTa Ha anti-VCA IgG npu manueHTy ¢ nHPEKINo3Ha MOHOHYKJIIE03a U MpeJroiaracMa
peaktuBamus Ha EBV. Brnrounxme 46 cepyMHH mpoOu mbpBUYHO TecTBaHM 3a anti-VCA IgM/anti-VCA
IgG, pa3nenenu B ABe TPyNH B 3aBUCUMOCT OT AMarHo3ara u ceponorunynure npodunu. Mznomssaxme ELI-
SA 3a onpenensine Ha aBuaHOcTTa Ha anti-VCA IgG. YcranoBuxme 26% (95% CI: 14% - 41%) npobu ¢
Hucka anti-VCA IgG aBuIHOCT, onpenessiy T Karo octpa uHeknus. Hamuurero Ha nzonupann 1gG
Mmozenu uma B 24% (95% CI: 11% -42%) ot cny4yaurte ¢ mbpBU4Ha EBV nHpEKIMs, T0KaTO peaKTUBALUS
i HecriennduaHa peakTuBHOCT Ha anti -VCA IgM uma B 69% (95% CI: 39% -91%).

Hammre pesynararu nokas3sat, ye J1abOpaTOPHOTO MOTBbPKICHUE HA MAUEHTUTE C KIMHUYHU JaHHU
3a MH(QEKIMO3HAa MOHOHYKJIe03a M jurcara Ha IgM TpsOBa na BKIIIOYBA M3MOJI3BAHETO HA TECTOBE 32
aBuAHOCT. TecToBeTe Morar 1a ObJ1aT MOJIe3HU 3a JudepeHInpaHe Ha MbPBUYHU HHPEKIIUU U PEaKTHBALIMSL.

* Corresponding author: E-mail: ckostadinova@abv.bg
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Introduction

The Epstein-Barr virus (EBV) is usually di-
agnosed on the basis of the results of ELISA deter-
mination of IgM and IgG against viral capsid anti-
gen (anti-VCA IgM and anti-VCA IgG) and of IgG
against EBV nuclear antigen (anti-EBNA-1 IgG).
The correct interpretation of the serological pattern
is difficult as the immune response to viral antigens
is highly specific in each patient. Normally, in pri-
mary infection anti-EBNA-1 IgG are not present,
and the typical anti-VCA IgM may not appear ei-
ther. In addition, anti-VCA IgM may persist for
longer periods or may appear during reactivation of
EBYV. In these cases, positivity of anti-EBNA-1 IgG
is frequent, but in a small proportion of patients,
IgG antibodies are not formed or may be lost if im-
munosuppression is present (Nystad and Myrmel,
2007; De Paschale and Clerici, 2012). IgG- and
IgM-antibodies to viral capsid antigen (VCAIn cas-
es of difficult interpretation, the use of additional
tests, such as measurement of IgG avidity may help
to determine the infection stage (Gray, 1995). IgG
maturation occurs several weeks after primary in-
fection. It is a result of somatic hypermutation in
the IgG DNA-coding region, which generates high-
er affinity to the antigen and stronger binding. Low
avidity is common in acute infections, while high
avidity is typical for past infections (Hess, 2004).
Avidity tests are not a routine practice and we chose
to investigate the avidity of anti-VCA IgG to help
the interpretation in cases where standard ELISA
serology could not give a clear diagnostic decision.

Material and methods
Tested population

Forty-six single serum samples were test-
ed in the current study. Depending on the profile
of the initial serology for anti-VCA IgM/IgG and
the clinical diagnosis, they were divided into two
groups: the first group included 33 (71.7%) pa-
tients with clinical diagnosis of infectious mono-
nucleosis (IM), negative anti-VCA IgM and posi-
tive anti-VCA IgG. The second group included 13
(28.3%) patients with positive anti-VCA IgM, pos-
itive anti-VCA IgG, a diagnosis other than IM and
suspected EBV reactivation.
Methods

To determine the avidity of anti-VCA IgG, an
ELISA test was performed (Euroimmun, Luebeck,
Germany). The serums were tested simultaneously
in two replicates — one untreated and one treated
with 8M urea for 10 minutes at room temperature.
We calculated the relative avidity index (RAI%)
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by dividing the OD of the sample treated with urea
by the OD of the sample without urea, according
to the manufacturer‘s instructions. The values <
40% were interpreted as low avidity, samples with
RAI > 60% — as high avidity, and RAI% between
40% and 60% — as undetectable, possibly due to
advanced acute infection, according to the standard
instructions of the manufacturer.
Statistical analysis

To determine the means, confidence inter-
vals, Spearman’s rank correlation coefficient and
Chi-square test of independence, the results were
processed with SPSS, vs 23.

Results

The actual age in the sample ranged from 8
months to 69 years (mean age = 16.3 years, median
age = 13 years) and males were 61% of all tested pa-
tients. The mean age in the first group (patients with
infectious mononucleosis, anti-VCA IgM-negative
and anti-VCA IgG-positive) was 9.9 years, signifi-
cantly lower than the mean age in the second group
(patients with a clinical diagnosis other than IM,
anti-VCA IgM-positive and anti-VCA IgG-posi-
tive) — 32.5 years (p = 0.002).

Out of the 46 samples tested, 12 (26%; 95%
CI:14% - 41%) were with low anti-VCA IgG avidi-
ty, which could be interpreted as acute infection, one
sample was indeterminate and could be interpreted
as advanced acute infection, and 33 (72%; 95% CI:
57% - 83%) were with high avidity (Fig. 1).

In the first group, 8 out of 33 samples (24%;
95% CI:11% - 42%) were with low avidity, while
in the second group 4 samples (31%; 95% CI: 9% -
61%) were of low avidity. There was a nonsignifi-
cant difference between the low avidity frequencies
in both groups (Table 1).

Fig. 1. Proportion of patients studied in the two
target groups



Table 1. Proportion of patients with low ELISA IgG avidity in the two target groups

40% Proportion Chi-
0 0
Group | N <40% 60% > 60% (95%CI) square P value
I 33 8 1 24 24% (11%-42%) 0.21 0.65
II 13 4 0 9 31% (9%:61%)

In the second group, the mean age of low
avidity patients was 24 years and the mean age of
high avidity patients was 36 years. However, the
Spearman’s rank correlation between the avidi-
ty value and the age of the tested patients was 0.2
(p-value = 0.2). Two of the four patients with low
avidity in the second group were diagnosed with
Non-Hodgkin lymphoma and two — with hepatitis,
negative for the habitual causative agents. For all of
them, primary EBV infection was proven with the
avidity test used.

Discussion

We found low avidity of anti-VCA IgG in
24% of all patients suspected for infectious mon-
onucleosis without anti-VCA IgM, thus confirming
primary infection. This result is more significant
than the proportions found in previous studies —
4.5% in individuals younger than 10 years (De
Paschale et al.,2009) and 1.8% of low avidity in
IgM negative patients and 6.7% — in patients with
indeterminate IgM serology (Vilibic-Cavlek et
al., 2011)especially in viral capsid antigen (VCA.
A higher number of low avidity samples (55.6%)
was found in a study of 27 anti-VCA IgM-negative
and anti-EBNA 1 IgG-negative patients, 73.3% of
which were also positive for EBV DNA (Chan et
al., 2001).

The majority of the patients in our study was
in the age range typical for primary EBV infection in
Bulgaria (Kostadinova ef al., 2016). The youngest
patient with IM and low IgG avidity was 10 months
old, while the oldest one was 19 years old. Children
up to 5 years were predominant among the cases
with low avidity samples and negative anti-VCA
IgM. This age group is likely to have more signif-
icant variations in the anti-VCA IgM response. In
patients with high IgG avidity, other viruses (such
as human cytomegalovirus) can be implicated in
the disease etiology. The presence of isolated an-
ti-VCA IgG serological profiles in primary infec-
tion is obviously a rare event, but because of the
variability in anti-VCA IgM formation, should be
considered. On the other hand, as anti-EBNA 1 IgG
is not present in primary infection, avidity tests are
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more informative in these cases.

In the second group of patients (28.3% of
all studied samples), nearly 1/3 was with low IgG
avidity and therefore determined as acute cases.
EBYV reactivation or reinfection is possible in the
patients with anti-VCA IgM/IgG positivity and
high anti-VCA IgG avidity. Given the life-long
persistence of the virus, reactivation of EBV is a
normal phenomenon in both immunocompetent
and immunosuppressed individuals (Adler et al.,
2002). High IgG avidity and therefore possible re-
activation has been previously shown in 49% of
the patients with positive anti-VCA IgM (Nystad
and Myrmel, 2007), while in our study the propor-
tion of these samples was 69%. It is important to
discriminate the primary infections from the cases
of reactivation, as reactivation has a low clinical
importance in immunocompetent patients (Nystad
and Myrmel, 2007). Most of our patients with pos-
sible reactivation were older than 35 years. These
results correlate well with a previous seroepidemi-
ological study, where a lower risk of primary infec-
tion was associated with older ages (Kostadinova
et al., 2016). However, one of the patients was an
8-month-old baby. Usually maternal antibodies can
be detected in 2-8 month-old infants (Chan et al.,
2003). It can be speculated that EBV infection has
occurred in the past and IgM antibodies persist lon-
ger. It is also possible that IgG were of maternal
origin and the IgM positivity was a false positive
result. In Bulgaria, early infections during the first
year of life are not excluded — in this age group
the IgM positive samples are 11.9% (Kostadinova
et al., 2016). In this particular case, the IgM Immu-
noblot did not show presence of antibodies against
VCA-pl19 and VCA-gp125 (data not shown).

Determination of viral reactivation is a seri-
ous problem in the serological diagnosis of EBV, as
unified criteria are missing. Testing the avidity of
anti-VCA IgG can assist proper diagnosis, as it can
discriminate primary from reactivation infections.
With this method, false positive IgM in high avidi-
ty patients cannot be completely eliminated and an
additional Immunoblot must be performed.



Conclusion

Determination of IgG avidity is a standard-
ized and automated method, easy to apply in rou-
tine practice. Despite the small number of tested
samples, our results show that in patients with dif-
ficult to interpret serology, avidity tests can be very
helpful for the final diagnostic decision.
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