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Behaviour of IgG Antibody Avidity for the Antigen and of
IgA Antibody in Active Cytomegalovirus, Epstein-Barr Virus,
Herpes Simplex Virus and Human Herpes Virus 6 Infections.

Adaptation of a Commercial Test

J. Gutiérrez*, M. Rodriguez, M. C. Maroto, G. Piédrola and J. Peirén

Department of Microbiology, Universitary Hospital San Cecilio, University of Granada, Spain

The clinical value of specific IgA and IgG antibody avidity to herpes simplex virus, cytomegalovirus, Epstein—Barr
virus and human herpes virus 6 for the detection of active disease and primary infection, respectively, was evaluated.
The IgG avidity test, with a break point of 55%, for the detection of primary infection, and of the IgA test for the
detection of disease, were associated with a sensitivity of 97% and 64%, respectively; specificity of 100% and 82%;
a positive predictive value of 100% and 76%; and a negative predictive value of 96% and 72%, respectively.

Introduction

During infection by herpes simplex virus (HSV), cyto-
megalovirus (CMV), Epstein—Barr virus (EBV) and human
herpes virus-6 (HHV-6), IgM antibody (Ab) are not suf-
ficiently consistent for use in the diagnosis of primary
infection, reinfection or reactivation, whether symp-
tomatic or not. These Abs can give false-negative results,
because they are produced in small quantities which are
difficult to detect or not produced." False-positive results
can be due to their long persistence and their presence
in processes unrelated to the actual infection;? positive
findings may derive from reactivation or from reinfec-
tion,™® as also observed in patients infected with the
human immunodeficiency virus (HIV). Common epitopes
in viruses, e.g. HSV and varicella zoster virus (VZV) may
lead to simultaneous laboratory detection of various IgMs.
Finally there are heterotypical reactions between circu-
lating Abs and white blood cells, the main target cells
for CMV, EBV and HHV-6."¢

The diagnosis of active herpes virus infection by the
detection of a four-fold increase in the IgG titre is difficult.
The titre rise may be failed, as IgGs usually appear very
soon after the onset of symptoms.’

In this context, the study of Abs of the IgA and IgG
classes with low avidity for the antigen could constitute
a good marker for recent primary infection. IgA Abs are
present in primary infection, they appear later than IgM
Abs, and they are found in reactivation. Quantification
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of specific IgG Abs avidity by simple techniques is a new
sensitive and specific method for the serological diagnosis
and follow-up of certain infections.®* This method could
be used to determine the approximate point of the primary
infection and to distinguish between reactivation, re-
infection and primary infection. Generally, the affinity of
IgG for the antigen is low after the first antigen contact
and rises during the following weeks and months due to
maturation of the B lymphocytes and the decrease in
antigen stimulus. .

For this reason we set out to determine the clinical
value of the study of IgA and specific IgG avidity for
the detection of active disease and primary infection,
respectively, caused by the herpes viruses CMV, EBV, HSV
and HHV-6.

Materials and Methods

Serum samples from patients and healthy subjects with
past infection were analysed in order to study specific
IgG avidity and to detect IgA to CMV, EBV, HSV and
HHV-6. IgA were not studied in samples from healthy
subjects with a past HHV-6 infection. The samples studied
and their clustering into panels are shown in Table I.
The samples from patients were analysed retrospectively,
after being taken 15-25 days following the onset of
clinical symptoms, at intervals of 20-25 days where
various samples were examined for follow-up (Fig. 1).

Healthy subjects with past infection

It was made up of individuals with a mean age of 25+ 3
years, without symptoms and underlying disease known
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Table I. Serum sample panels studied and their relationship to clinical.

Infection Clinical phase Panel Total patients Patients followed up
HSV Primary infection la 31 3
Reactivation 1b 6 0
Past infection lc 50 0
CMV Primary infection 2a 75 21
Reactivation 2b 3 0
Past infection 2c 50 0
EBV Primary infection 3a 100 30
Past infection 3b 50 0
HHV-6 Primary infection 4a 5 2
Past infection 4b 50 0
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Figure 1. Evolution of IgG without avidity by antigen in the infection by HSV, CMV, EBV and HEIV-6. (O) HSV; (@) CMV; (OJ) EBV; () HHV-6.

to be associated with immunological or neoplastic dis-
eases, with specific IgG and without IgM, which sera
were obtained more than or equal at 6 months after the
initiation of previous symptoms of infection.

Patients

The subjects who had underlying disease known to be
associated with immunological or neoplastic diseases,
other HIV infection, were excluded from the study. Prim-
ary infection (mean age of 5+ 2 years) and reactivation
(mean age of 25+2 years) from patients were defined
in these cases by:

(1) Primary infection characterized by previous absence
of specific IgG and IgM and symptoms of illness since
the birth at the time of the study.

(2) Reactivation characterized by previous presence of
specific IgG and some previous episode at the time
of the study with specific IgM and symptoms of illness.

Illness by CMV

It was defined by the presence of antigen p65 of CMV
from blood in a number >40 leucocytes infected by
2 x 10° white cells detected by immunoperoxidase test
(Insctar); of specific IgM (with anti-IgG) and IgG detected
by indirect ELISA (Behringwerke) at 15-25 days fol-
lowing the onset of clinical symptoms and the absence
of IgM to the other human herpes viruses (except human
herpes virus 7, which was not tested). The patients had
fever, infectious mononucleosis or retinitis.
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IlIness by HSV

It was defined by the presence of HSV antigen determined
by capture ELISA (Murex) from vesicle liquids in the
onset of clinical symptoms; of specific IgM (with anti-
IgG) and IgG detected by indirect ELISA (Behringwerke)
at 15-25 days following the onset of clinical symptoms
and the absence of IgM to the other human herpes viruses
(except human herpes virus 7, which was not tested).
The patients had fever and erythematous vesiculopapules
in the mucose, skin or urethra.

IlIness by EBV

It was defined by the presence of anti-VCA IgM (with
anti-IgG) and IgG detected by IFA (Gull) at 15-25 days
following the onset of clinical symptoms and the absence
of IgM to the other human herpes viruses (except human
herpes virus 7, which was not tested). The patients had
fever or infectious mononucleosis.

lliness by HHV-6

It was defined by the presence of specific IgM (with anti-
IgG) and IgG detected by IFA (Stellar) at 15-25 days
following the onset of clinical symptoms and the absence
of IgM to the other human herpes viruses (except human
herpes virus 7, which was not tested). The patients had
fever or infectious mononucleosis.

Study of IgA

An indirect ELISA, with a commercial solid phase of
the virus in question, an anti-IgA conjugate and prior
treatment of the samples with anti-IgG (Behringwerke)
was used for HSV, CMV and ABV. To determine the break
point we followed the instructions of the manufacturer
(for cut-off of 0.2). In the case of HHV-6 a commercial
IFA (Stellar) was used, with a 1/40 sample dilution and
prior treatment with anti-IgG. The result was expressed
as positive or negative.

Study of IgG avidity

(1) For HSV, CMV and EBV the testing was carried out
with an automated and modified system (Behring
ELISA Processor III) with a commercial test (indirect
ELISA, Behringwerke). Testing was performed once
without denaturing agent and repeated with 8§ m
urea, added for 10min after incubation of the
samples. For exact evaluation of the IgG the ALPHA-
METHOD calculation system (Behringwerke) was

used.'” The results are expressed in IU/ml for EBV and

titres for CMV and HSV. To determine the incidence of
low-avidity IgG, we calculated the difference between
the values obtained from the two test runs (with and
without urea) and the result was expressed as a
percentage of the total IgG. The test was repeated
and the mean value was used, provided the deviation
did not exceed 10%, to insure the accuracy of the
result. If it exceeded 10% the test was repeated. We
analysed the reliability of levels of IgG without avidity
by antigen above 55% and those between 50 and
55% for diagnosis of recent acute infection, values
associated with other recent infections in previous
studies.>*

For HHV-6 the method utilized was IFA with serial
dilutions of serum, carried out once without de-
naturing agent and repeated with 8 M urea, added
for 5 min after incubation of the samples and before
the PBS rinses. We analysed the reliability of decrease
in two dilutions of the quantity of IgG detected from
serum sample using urea.**

The sensitivity, specificity and positive and negative pre-
dictive value were studied for the avidity test and IgA
when compared to the groups of primary infection, re-
activation or past infection.

Results

The percentages of low-avidity IgG and IgA-positive for
panels 1, 2 and 3, in the first serum sample, are shown
in Table II. For panel 4a (HIV-6) all samples displayed
low-avidity I1gG and IgA; except that IgA was not found
in one of them. In panel 4b no serum sample had low-
avidity IgG. The change in avidity over time for the
samples from panels 1 to 4 is shown in Fig. 1. The
reliability of the IgG avidity test, with break points of 50
and 55%, for the detection of primary infection, and of
the test for IgA in the detection of active disease, are
shown in Table IIL

Discussion

Because the study of IgG and IgM does not satisfy the
needs for diagnosing herpes virus infections, new sero-
logical markers are being evaluated, such as IgG avidity
and specific IgA.

Several workers have shown that the avidity of IgG
changes with time since infection, whether viral>''* or
bacterial.'**® When the percentage of IgG with a low
avidity for the antigen is > 50% a recent primary infection
may be assumed.* We found that, using break points
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Table IL IgG Avidity for the antigen and IgA in the first samples from the panels studied by

ELISA.

Subjects (percentages)
Panel* 50-55% low-avidity I1gG >55% low-avidity IgG 1gA-positive
la 9 (29) 22 (70.96) 26 (83.87)
1b 1 (16.66) 0 3 (50)
lc 5(10) 0 9 (18)
2a 7(9.33) 64 (85.33) 59 (78.66)
2b 1(33) 0 1(33)
2c 5 (10) 0 1(2)
3a 1(1) 99 (99) 85 (85)
3b 3(6) 0 4 (8)

*HSV: Primary infection (la), reactivation (1b), past infection (1c); CMV: primary infection (2a),
reactivation (2b), past infection (2¢); EBV: primary infection (3a), past infection (3b).

Table III. Reliability of IgG avidity at 50% & 55% break points and of IgA.

Percentages

Herpes simplex virus Cytomegalovirus

Epstein—-Barr virus Human herpes virus 6

Low-avidity IgG IgA IgG low-avidity IgA IgG low-avidity IgA - IgG low-avidity IgA
50% 55% 50% 55% 50% 55% (+)
Sensitivity 96.7 100 78.3 96 97.6 64.1 100 99 79.7 100 80
Specificity 98 100 82 98 100 98 98 100 92 100
Positive 96.7 100 763 979 100 97.1 98.6 100 93.6 100
predictive
value
Negative 98 100 82 96 96.8 72 100 99 75.4 100
predictive
value

higher than 50%, study of IgG avidity can help to dis-
tinguish between short-term and long-term acute in-
fection. The reliability of this assay is close to 100% for
all micro-organisms., Exceptions may be due to various
causes: persistence of immature (and perhaps not very
protective) Abs in patients with a past infection or re-
activation; rapid maturation of Ab avidity in patients
with a primary infection and problems in the commercial
antigen used. This would mean that the antigen in
question is not suited for Ab detection against a particular
virus subtype with sufficient sensitivity. Alternatively,
different denaturing agents may be needed to detect low-
avidity Abs with greater sensitivity. In this setting 8 m
urea may be less sensitive than diethylamine, because
urea may not be able to detect low-adivity Abs more
than 3 months after infection, as reported in the case of
rubella.® However, in each individual case the use of one
or other denaturing agent has to be adapted to the type
of organism inducing the Ab response and the strength
of the denaturing effect caused.*

In the literature, revised break points suggested for

low-avidity Abs vary between 70 and 75% in some
paper’*?® and are set at 30% in others.**?” Estimates
depend on the denaturing agent employed, the type
of organism in question and the requirements of the
individual author. Authors, who argue in favour of higher
break points, use 6 M urea or diethylamine as a de-
naturing agent.*** We used a 50% break point initially
and later 55%, discarding samples with values between
50 and 55%. We found that the yield improved slightly
— except for HHV-6 (panel 4), where the break point was
not set in the same way. A diagnostic yield of near 100%
was thus obtained with all viruses. If we take into account
that the IgM are not detected in all cases of acute
infection, IgG avidity testing and IgM study might resolve
conflicting cases. The various settings are IgM-negative
primary infection with low-avidity IgG and IgM-positive
reactivation with normal avidity IgG, which would in-
dicate a non-recent infection.?!

Other authors?® have obtained similar results with EBV
using specific ELISA for viral capsid antigen or early
antigen. Nevertheless, our system used a pool of antigens
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(EBNA, VCA and EA) and it is more simple and automated.
In patients for whom we were able to carry out a
serological follow-up, and under the conditions of our
study, we found a normalization of avidity 50 days after
symiptoms of primary infection. These results confirm,
with high significance, the value of our study for the
differentiation of a short-term or long-term infection.

Taking into account the avidity of IgG in recent primary
infections, the study of this parameter may be useful for
ascertaining the aetiology of an infection when there are
various IgM with cross-reactivity in antigen populations
(between HSV and VZV) or because of heterotypical
reactions between CMV, EBV and HHV-6.

With the IgA test we obtained lower sensitivity and
specificity for the detection of active disease (primary
infection or reactivation) as the presence of IgA in healthy
subjects reduces the value of this test, as has already
been reported.?®°

In conclusion, in recent primary infection the IgG
have low avidity for the antigen. In past infection or
reactivation most IgG have high avidity for the antigen.
In recent primary infection there are levels higher than
55% of IgG with low avidity for the antigen. With levels
below 55% the sequential study of the normalization of
avidity is diagnostic for the suspected infection. Studying
the avidity for IgG is relevant for the diagnosis of a
primary infection with negative or low positive IgM and
for infections, and a diagnosis of past infection with
persistent IgM may be differentiated. The avidity test is
simple and automated in the laboratory, in contrast
to other commercial tests. Techniques quantifying the
avidity of specific IgG to HSV, CMV, EBV and HHV-6,
together with traditional serological methods (tests for
IgG and IgM), are very useful for ascertaining, from a
single serum sample, the time since infection. Conversely,
the yield of the test for IgA is lower for the detection of
active disease.
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