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The reference method for immunoglobulin G (IgG) avidity determination includes reagent-consuming serum
titration. Aiming at better IgG avidity diagnostics, we applied a logistic model for the reproduction of antibody
titration curves. This method was tested with well-characterized serum panels for cytomegalovirus, Epstein-
Barr virus, rubella virus, parvovirus B19, and Toxoplasma gondii. This approach for IgG avidity calculation is
generally applicable and attains the diagnostic performance of the reference method while being less laborious

and twice as cost-effective.

The diagnosis of acute viral and some other microbial infec-
tions often relies on the serological detection of immunoglob-
ulin M (IgM) antibodies, but the available techniques have
serious pitfalls that may lead to erroneous interpretations (3, 4,
9, 11). This problem is of particular importance for infections
during the first trimester of pregnancy, which should be diag-
nosed as exactly as possible (8, 10, 18). The differential assay of
high-avidity and low-avidity IgG antibodies can be used as an
alternative or a complement to the IgM antibody assay and is
gaining popularity as a diagnostic method for the assessment of
the time of infection. In protein-denaturing avidity enzyme
immunoassays (EIAs), the patient’s IgG (e.g., in serum) is
allowed to bind to its antigen, followed by elution with or
without a protein denaturant, such as urea. From the propor-
tion of IgG remaining antigen bound, the time of primary
infection can be deduced.

The most straightforward procedure for the calculation of
avidity is a comparison of EIA absorbances in single (fixed)
dilutions of serum. This procedure is quite sensitive and spe-
cific for the diagnosis of several different microbes (3, 6, 7, 13,
17, 18) but is affected to some extent by the concentration of
specific IgG (7). The two-step avidity assay developed by Leco-
lier and Pucheu is based on the selection of working dilutions
according to the level of specific IgG in each specimen (12).
Another means of improved avidity calculation is based on the
o method, in which the antibody titer is derived from a single
dilution of serum by use of the formula log,, titer = a(ODP),
in which OD is optical density and o and B are constants
specified by the assay manufacturer for each batch of kit re-
agents (5, 19). The avidity technique based on end-point titra-
tion of IgG (2, 8, 10, 11, 16, 17) is not influenced by IgG
concentration but is relatively laborious and reagent consum-
ing. Due to its excellent sensitivity and specificity, we consider
this approach the reference method for several microbes (9).
Aiming at low cost combined with high performance, we have
applied a logistic procedure (14) for avidity calculation; here,
we evaluate its diagnostic value.
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MATERIALS AND METHODS

Serum panels. The cytomegalovirus (CMV) panel contained sera from three
groups. Group 1 comprised 91 sera from 48 patients with primary CMV infec-
tions verified by IgM-positive seroconversion of CMV IgG (Cytomegalovirus
IgG EIA Kit; Labsystems, Helsinki, Finland). Group 2 contained 88 sera from 29
patients with exogenous reinfection or endogenous reactivation. The criteria
were a =4-fold increase in the CMV IgG concentration in a serum pair, with a
high avidity of CMV IgG (1) but no CMV IgM in the first sample. The 44 sera
constituting group 3 were collected from asymptomatic members of the labora-
tory staff, all of which had tested CMV IgG positive at least 1 year earlier.

The Epstein-Barr virus (EBV) panel comprised 34 sera from 25 EBV IgM-
positive (EBV IFA Test; Gull Laboratories, Salt Lake City, Utah) and EBV
1gG-positive (Enzygnost Anti-EBV/IgG; Dade Behring, Marburg, Germany)
patients. The cardinal symptoms were mononucleosis, tonsillitis, lymphadenitis,
and fever. Controls were 19 sera from asymptomatic members of the laboratory
staff shown to be EBV IgG positive at least 1 year earlier.

The rubella virus panel consisted of 121 samples from patients with primary
infections and of 40 control samples shown to be seropositive at least 2 years
earlier (7).

The parvovirus panel contained 128 sera from 68 patients with a B19 primary
infection (17). Control samples were 56 sera from 34 B19 IgG-positive, B19
IgM-negative asymptomatic members of the laboratory staff with seropositivity
documented for at least 2 years.

The 500 sera making up the Toxoplasma gondii serum panel had been studied
at Ospedale S. Gerardo Di Monza, unlike the others described above. This panel
was divided in two subgroups. The first subgroup consisted of 420 sera from 267
IgM-positive (Abbott) and IgG-positive (Labsystems) patients. The second sub-
group comprised 80 control sera, 40 of which had, upon prior measurement,
shown a high avidity and 40 of which had shown a low avidity.

In this study, IgG avidities for the respective pathogens were measured with
the Cytomegalovirus IgG EIA Kit; the Enzygnost Anti-EBV/IgG kit with a
mixture of viral capsid antigen (VCA), Epstein-Barr nuclear antigen (EBNA),
and early antigen (EA) sequences as the antigen; and the Rubella IgG Avidity
Kit (Labsystems). The avidity of B19 IgG was measured with the recombinant
VP1 antigen EIA (17), and the avidity of toxoplasma IgG was measured with the
Toxoplasma gondii 1gG Avidity Kit (Labsystems). Titration curves were drawn (i)
according to the reference method (8) with 4+4 dilutions per sample (i.e., one
series of four dilutions washed with urea and another series of four dilutions
washed without urea), (ii) from the same EIA data sets (4+4 dilutions per
sample) with a curve-fitting software based on logistic functions (see below), (iii)
with the same logistic model but with only 2+2 dilutions per sample, and (iv)
from the same data sets with a log-log model. Avidity was calculated as the ratio
of IgG titers: (titer with urea/titer without urea) X 100.

Logistic model. A curve-fitting Win-95 computer program was developed for
reproduction of the shapes of IgG titration curves. The fitting curve was, in its
basic form, a so-called logistic function, f(x) = 1/[1 + exp(—x)], which was,
however, parametrized into the form f(x) = (a + b)/{1 + exp[—(x — ¢)/d]}. Here,
exp was the exponential function and x was the logarithm of the dilution ratio.
The to-be-fitted variables a, b, ¢, and d were given certain limits beforehand that
were based on avidity calculations performed earlier in our laboratory. For
example, we know that f(x) = 0 for sufficiently large values of x. Also, from the
absorbance value measured at the first dilution, an approximative limit for f(0)
could be deduced. This value represents the theoretical maximum value of the
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FIG. 2. Comparison of IgG avidity results calculated with the reference method (horizontal axis) and with the curve-fitting methods (vertical axis). (A to D and F)
Results obtained with the logistic model. (E) Results obtained with the log-log model. (A) CMV (correlation coefficient [], 0.96). (B) EBV (r, 0.96). (C) Rubella virus
(r, 0.95). (D) Parvovirus B19 (r, 0.94). (E) T. gondii (r, 0.93). (F) T. gondii (r, 0.96). The broken lines mark the thresholds between low-borderline and borderline-high
avidities. Crossovers from low to high avidity in panels D and E are marked by arrows.

titration curve with no dilution. Thus, only two parameters had to be fitted for
each curve.

Log-log model. For comparison with the logistic model, a piece of software
which functions by linear interpolation of log(absorbance) versus log(dilution)
values for native and denatured samples was developed. The end-point titer of
both samples was calculated, and the ratio of end-point titers was taken to be the
output avidity result. In fact, this process amounted to using the function log[f(x)]
= a(x) + b for the curve fitting instead of the logistic function. As above, x was
the logarithm of the dilution ratio.

RESULTS

In the reference method, EIA absorbances were plotted
against serum dilutions on a semilogarithmic scale, and the
individual data points (4+4 dilutions per sample) were united
by straight lines (Fig. 1A). Under the same conditions with
4+4 serum dilutions, the logistic model produced curvilinear,

or “smooth,” IgG titration curves, which often bypassed indi-
vidual data points (Fig. 1B). With 2+2 serum dilutions per
sample, the same logistic model produced IgG titration curves
that resembled those obtained with 4+4 serum dilutions (Fig.
1C) but, at the curve ends, met their data points precisely. The
log-log model displayed linear IgG titration curves when both
axes were linear (Fig. 1D).

The logistic model operating with 2+2 dilutions per sample
was tested with all the serum panels, and the results were
compared with those obtained with the reference method
(operating with 4+4 data points). Overall, the two methods
showed excellent correlation; the correlation coefficients for all
four viruses and the one protozoan were =0.94 (Fig. 2). Also
illustrated are the domains (bordered by broken lines) in which
the avidity values obtained could be allowed to move without
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a change in diagnosis. For the >1,000 samples studied, only
once, in the parvovirus serum panel, was there disagreement
between the two methods; the reference method produced a
pathological value of low avidity (12%), whereas the 2+2 lo-
gistic method produced a nonpathological value of high avidity
(26%). This single crossover was due to a deviant EIA data
point caused by an apparent pipetting error; however, this
error was well tolerated by the 4+4 logistic method, which
produced a borderline-avidity result (17%).

The diagnostic value of the simple log-log model was deter-
mined with the large toxoplasma serum panel. As depicted in
Fig. 2E, this model also corresponded fairly well to the refer-
ence method, yielding only two false high-avidity results. How-
ever, the logistic model (with 2+2 data points) was even more
accurate (r, 0.96), producing no false avidity results and fewer
crossovers to or from the borderline avidity zone (Fig. 2F).

DISCUSSION

We applied and evaluated curve-fitting methods for IgG
avidity calculations. The diagnosis of four viruses (a nonenvel-
oped single-stranded DNA virus, an enveloped single-stranded
RNA virus, and two enveloped double-stranded DNA viruses)
and one protozoan could be accomplished reliably with the
logistic model and only 2+2 dilutions per sample. Success with
T. gondii, an immunologically and structurally complex patho-
gen, is particularly noteworthy because simple indices obtained
from single dilutions of serum are insufficient for its avidity
determination (7, 8). Given previously published work (15), we
were somewhat surprised to observe that the diagnostic per-
formance of the log-log model lagged behind that of the more
elaborate logistic model only slightly. The explanation may
arise from the fact that in avidity determinations, two parallel
(with and without a protein denaturant) titration curves are
generated by the same model, the inherent errors of which are
abolished when the two titration end-point values are divided.

In conclusion, the logistic approach for IgG avidity calcula-
tions is generally applicable, attains the diagnostic perfor-
mance of the reference method, and is twice as cost-effective.
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