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Because congenital toxoplasmosis is almost solely the result of maternal infection acquired during gestation,
it is critical to determine whether infection during pregnancy has occurred. In the United States, definitive
diagnosis of the acute infection and the time of its occurrence have been compromised by a lack of systematic
screening and the fact that only a single serum sample is submitted for testing. In studies in Europe, and
depending on the method used, the demonstration of high-avidity immunoglobulin G (IgG) toxoplasma
antibodies has been shown to exclude infection having occurred in the first 3 to 5 months of pregnancy. We
investigated the usefulness of determining the avidity of IgG toxoplasma antibodies with a VIDAS kit (herein
referred to as the VIDAS Toxo-IgG avidity kit, the VIDAS kit essentially rules out acute infection having
occurred within the 4 prior months) in the setting of a reference serology laboratory in the United States. Sera
(132 samples) from 132 women in the first 16 weeks of pregnancy were chosen because at least one test in the
toxoplasma serological profile (TSP) suggested or was equivocal for a recently acquired infection. High-avidity
antibodies were demonstrated in 75% of 99 sera positive with the IgM enzyme-linked immunosorbent assay
(ELISA) and 31.3% of 16 sera with acute TSP results. A significant percentage of sera with equivocal results
wtih the IgM ELISA or TSP also had high-avidity test results. Of 39 women for whom treatment with
spiramycin had been suggested to attempt to prevent congenital transmission, 19 (48.7%) had high-avidity
antibodies. These findings highlight the value of the VIDAS IgG avidity kit when used in combination with the
TSP to exclude recent infection, especially when only a single serum sample is available.

Tests to detect the presence of toxoplasma-specific immu-
noglobulin G (IgG) and IgM antibodies are most commonly
used to attempt to determine in a serum sample whether a
pregnant woman has acquired the acute infection during ges-
tation (17). In the absence of systematic serologic testing dur-
ing gestation (e.g., every month or trimester as performed in
France), physicians in the United States most often submit
only a single serum sample obtained at widely various times
during pregnancy. Serologic test results in such single speci-
mens cannot determine whether the infection was acquired
during gestation; at best, the timing of the infection can only be
estimated.

A low IgG titer and a negative IgM test in a pregnant woman
in the first 24 weeks of gestation essentially places the acqui-
sition of the infection prior to gestation. A positive IgM test
result in a single serum sample may reflect a recently acquired
infection, an infection acquired in the distant past, or a false-
positive result.

A false-positive or a true-positive IgM test result errone-
ously interpreted can be misleading and result in unnecessary
abortions (10). In a recent study, 60% of pregnant women in
the United States who had positive IgM tests performed in

nonreference laboratories were found to be chronically in-
fected (10). In an attempt to rectify this situation, the U.S.
Food and Drug Administration has recommended that a pos-
itive IgM test result should undergo confirmatory testing (16).
In the Toxoplasma Serology Laboratory of the Palo Alto Med-
ical Foundation (PAMF-TSL), sera with positive IgM test re-
sults undergo additional testing. Confirmatory tests at PAMF-
TSL include those for detection of IgG, IgM, IgA, and IgE
antibodies (referred to as the toxoplasma serological profile
[TSP]) (11, 13). The TSP has proved useful to differentiate
between recently acquired and distant infections.

Recently, a number of tests for the avidity of toxoplasma
IgG antibodies have been introduced to help differentiate be-
tween recently acquired and distant infections (1, 3–7, 9, 15,
19). The functional affinity of specific IgG antibodies is initially
low after primary antigenic challenge and increases during
subsequent weeks and months by antigen-driven B-cell selec-
tion. Protein-denaturing reagents, including urea, are used to
dissociate the antibody-antigen complex. The avidity result is
determined by using the ratios of antibody titration curves of
urea-treated and untreated samples. Studies of the kinetics of
the avidity of IgG in pregnant women in whom seroconversion
has occurred during gestation have shown that women with
high-avidity test results have been infected with Toxoplasma
gondii for at least 3 to 5 months (the time to conversion from
low- to high-avidity antibodies varies with the method used).
Because low-avidity antibodies may persist for many months,
their presence does not necessarily indicate recently acquired
infection.

Recently, we reported the results of testing for the avidity of
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IgG in pregnant women in the first 12 weeks of gestation by
using the Labsystems (Helsinki, Finland) IgG avidity enzyme
immunoassay method (9). With this method, a high avidity has
been stated to exclude the possibility that the infection oc-
curred in the previous 12 weeks. Thus, its greatest value is in
sera obtained from pregnant women in the first trimester of
gestation.

A high-IgG-avidity test result with the more recently devel-
oped VIDAS method (available commercially in Europe) has
been stated to rule out that infection occurred during the prior
4 months, thereby extending the value of avidity testing to the
fourth month of gestation (15). The present study was under-
taken to evaluate the role of the VIDAS Toxo-IgG avidity test
along with the TSP for confirmatory testing of pregnant
women during the first 16 weeks of gestation.

MATERIALS AND METHODS

Sera (132 samples) from 132 women in the first 16 weeks of gestation were
studied. The sera were submitted to the PAMF-TSL between February 1996 and
September 1999. The sera had routinely been tested with the TSP comprised of
the Sabin-Feldman dye test (DT) (18), double-sandwich IgM enzyme-linked
immunosorbent assay (ELISA) (14), IgA ELISA (20), IgE ELISA (22), IgE
immunosorbent agglutination assay (ISAGA) (22), and the differential aggluti-
nation test (2). The Sabin-Feldman DT is considered positive at any titer. The
starting dilution was 1:16 (the test is run in fourfold dilutions; a 2-tube rise in titer
is considered significant).

In the double-sandwich IgM ELISA (14), a result of �2.0 was interpreted as
positive, a result of 1.7 to 1.9 was interpreted as equivocal, and a result of �1.6
was interpreted as negative. The following titers were considered positive, neg-
ative, and equivocal, respectively, in the following tests: IgA ELISA, �2.1, �1.4,
and 1.5 to 2.0; IgE ELISA, �1.9, �1.4, and 1.5 to 1.8; IgE ISAGA, �4, �2, and
3). The AC/HS test was interpreted as previously described (2) by comparing
titers obtained with formalin-fixed tachyzoites (HS antigen) with those obtained
with acetone-fixed tachyzoites (AC antigen) (2). IgG antibodies formed early in
infection recognize stage-specific antigens in the AC preparation which are
distinct from those formed later in infection.

The current interpretations of results with the TSP at the PAMF-TSL are as
follows. Sera that are obtained within the first two trimesters and are positive
with the DT, negative with the IgM, IgA, and IgE ELISAs, and reveal a chronic
pattern with the AC/HS test are typically found in patients infected prior to

gestation (chronic TSP pattern). Pregnant women with these results are told that
the incidence of congenital toxoplasmosis in the offspring of chronically infected
women has been shown to be extremely rare (approaching zero) unless a woman
is immunocompromised. The combination of high titers with the DT, positive
IgM, IgA, and IgE ELISAs, and an acute pattern with the AC/HS test is sug-
gestive of a recent infection (acute TSP pattern). Pregnant women with these
serological test results are informed that acute infection during gestation cannot
be excluded and that their offspring may be at risk for congenital toxoplasmosis.

A positive DT and IgM ELISA but a negative, low-positive, or equivocal result
with the tests for IgA and IgE antibodies and an equivocal pattern with the
AC/HS test is more difficult to interpret since it suggests infection acquired prior
to gestation but does not entirely rule out recent infection (equivocal TSP
pattern). In the latter setting, a follow-up serum sample is usually requested and
the two sera are run in parallel. If the follow-up sample does not reveal signif-
icant changes with any of the TSP test titers, and if the results from any of the
tests of the TSP were lower than one would expect in an acute infection, the
diagnosis is most likely infection acquired in the distant past. However, in some
patients, despite the testing of serial serum samples in parallel, the interpretation
of results from the TSP might remain equivocal. For these patients we recom-
mend a conservative approach, i.e., we suggest that the patient be managed
similar to those patients for whom serology results suggest an infection acquired
during gestation.

In the present study, sera were selected in which at least one test result in the
TSP, or the TSP itself, suggested the possibility of a recently acquired infection.
This approach enabled us to evaluate the discriminatory power of testing for IgG
avidity. The following criteria were used in the selection of the sera: (i) positive
or equivocal results with the IgM ELISA or acute or equivocal pattern with the
AC/HS test (69 patients) or (ii) results in the TSP suggested the possibility of a
recently acquired infection or acute (16 patients) or equivocal (47 patients) TSP
pattern. In 24 of the 47 patients with equivocal TSP patterns, follow up samples
run in parallel did not reveal a significant rise in serological test titers, suggesting
that their infections were acquired in the distant past (prior to conception).

Measurement of toxoplasma IgG avidity was performed and interpreted ac-
cording to the directions of the manufacturer with a two-step enzyme immuno-
assay sandwich method with a final fluorescent detection system (VIDAS Toxo-
IgG Avidity kit; bioMérieux, Marcy-l’Etoile, France). This test is performed by
the fully automated VIDAS machine which also automatically executes the
calculation and interpretation of results. Interpretation was as follows: �0.200,
low avidity (may be seen in acute primary infection with T. gondii); 0.200 to
�0.300, borderline avidity (primary infection during the last 6 months is possi-
ble); �0.300, high avidity (excludes primary infection within the last 16 weeks).
The manufacturer states that, with this method, a high-avidity result in the first
16 weeks of pregnancy enables exclusion of a recently acquired infection during
gestation (15). The results obtained with the VIDAS Toxo-IgG avidity kit were
compared with those obtained in the IgM ELISA and the TSP.

When available, follow-up serum samples obtained at least 3 weeks apart from
the initial serum sample as well as sera obtained prior to the initial serum sample
submitted to the PAMF-TSL were used to attempt to resolve discrepant results
between individual tests. All such sera were run in parallel in each test.

RESULTS

The sera were from 132 women, all within the first 16 weeks
of gestation. Comparisons of the results obtained with the IgM
ELISA with those obtained with the VIDAS IgG avidity test
are presented in Table 1. Follow-up sera from the two patients
with negative IgM ELISAs but low-avidity results are shown in

TABLE 1. Comparison of IgM ELISA and VIDAS IgG avidity test
results for 127 serum samples from pregnant women during the first

16 weeks of gestationa

Avidity result
No. (%) of samples with IgM ELISA result

Positive (n � 99) Equivocal (n � 8) Negative (n � 20)

Low 14 (14.1) 0 2 (10)
Borderline 11 (11.1) 1 (12.5) 6 (30)
High 74 (74.8) 7 (87.5) 12 (60)

a Five sera with high background results in the IgM test titer were excluded
from this analysis.

TABLE 2. TSP of two patients with negative IgM and low-avidity resultsa

Patient
no.

Specimen
date

(mo/day/yr)

DT
titer

Result
(interpretation) for: AC

titer
HS
titer

AC/HS
interpretation

bioM
avidity
result

bioM
interpretation

IgM ELISA IgA ELISA IgE ELISA IgE ISAGA

21 1/23/98 256 1.5 (N) 0.5 (N) 0.7 (N) 0 (N) 200 �100 A 0.035 L
2/23/98 128 1.3 (N) 0.4 (N) 1.4 (N) 0 (N) 200 �100 A

42 3/5/96 2,048 0.7 (N) 0.3 (N) 0 (N) 3 (E) �1,600 �3,200 A 0.127 L
4/8/96 3,072 0.7 (N) 0.3 (N) 0 (N) 3 (E) �1,600 3,200 A

a N, negative; P, positive; E, equivocal; A, acute; L, low; bioM, bioMérieux.
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Table 2. Despite the low-avidity results in these two patients,
their initial serological test results were typical for infection
acquired in the distant past. The lack of a significant rise in the
second sample confirmed this interpretation (infection was
acquired in the distant past).

Comparisons of the results obtained with the TSP with those
obtained with the VIDAS IgG avidity test are presented in
Table 3. Follow-up sera from the two patients with chronic
TSP but low-avidity results are shown in Table 4. Based on
avidity test results alone, these serological test results may
erroneously have been interpreted as most likely consistent
with a recently acquired infection. Despite the low-avidity re-
sults, their overall serological test results were interpreted as
most consistent with an infection acquired in the distant past.
The lack of a significant rise in titers in the second sample
confirmed that the infection was most likely acquired in the
distant past.

In 93 (70.5%) of the 132 cases, the original TSP without
inclusion of the avidity test was interpreted by physicians in the
PAMF-TSL as indicative of an infection acquired prior to
conception. In 39 (29.5%) of the 132 cases, the results from the
TSP were such that infection acquired during pregnancy or
around the time of conception could not be ruled out. In these
women, spiramycin had been recommended to attempt to pre-
vent transmission of the parasite from mother to fetus. IgG
avidity testing of the 39 sera revealed high avidity in 19 (48.7%)
patients, borderline avidity in 8 (20.5%) patients, and low
avidity in 12 (30.8%) patients. Among these 39 patients, 16
(41%) had an acute TSP and 23 (59%) had an equivocal TSP.
Five (31.3%) of the 16 patients with an acute TSP and 14
(60.9%) of the 23 patients with an equivocal TSP had high-
avidity antibodies.

Of the 35 women with low- or borderline-IgG-avidity anti-
bodies, 11 (31.4%) had an acute TSP, 17 (48.6%) had an
equivocal TSP, and 7 (20%) had a chronic TSP. Of 97 women
with high-avidity antibodies, 5 (5.2%) had a clearly acute TSP,

30 (30.9%) had an equivocal TSP, and 62 (63.9%) had a clearly
chronic TSP.

The detection of high-affinity antibodies in 35 of the 63
patients classified as TSP acute or equivocal reduced by 55%
the number of patients in this selected sample that would have
been managed as having a recently acquired infection.

DISCUSSION

The results described above reveal that, when used as a
confirmatory test along with the TSP in women in the first 16
weeks of gestation, the VIDAS IgG avidity kit is a useful
addition to the discriminatory power of the TSP in distinguish-
ing recently acquired infection from chronic infection. How-
ever, our findings also suggest that avidity test results, namely
those that are borderline or low, have the potential to be
misinterpreted, particularly in those sera negative for IgM an-
tibodies and/or with a clearly chronic pattern in the TSP; based
on the avidity test alone, the results for these sera would have
been erroneously interpreted as consistent with a recently ac-
quired infection.

The VIDAS IgG avidity test was useful in sera with equiv-
ocal results with the IgM ELISA test or TSP. Equivocal results
in either test are often difficult to interpret, and usually a
follow-up sample is required. Even then, in some instances
uncertainty in the interpretation remains. Equivocal results
with the IgM and TSP can also lead to additional, and in some
cases unnecessary, interventions (i.e., use of spiramycin or am-
niocentesis). For some of these patients, at the time of our
recommendation for follow-up testing, treatment with spira-
mycin and amniotic fluid PCR testing are recommended.
Seven (87.5%) of 8 women with equivocal results with the IgM
ELISA and 30 (63.8%) of 47 women with equivocal results
with the TSP had high-IgG-avidity antibodies and therefore
were diagnosed as most likely infected prior to conception.
Thus, in women with equivocal results with the IgM ELISA or
TSP, the presence of high-avidity antibodies tipped the scale
and increased the certainty towards the final interpretation as
being consistent with infection acquired prior to gestation. This
avoided the need for follow-up samples, treatment with spira-
mycin, and amniocentesis. These results suggest that in women
in the first 16 weeks of gestation whose results with the IgM
test or TSP are equivocal, a VIDAS IgG avidity test is war-
ranted.

The benefit of demonstrating high-avidity antibodies was
also observed in sera that were positive with the IgM ELISA or
had an acute pattern with the TSP. A number of women with

TABLE 3. Comparison of the VIDAS IgG avidity test and TSP
results for 132 serum samples from pregnant women during the first

16 weeks of gestation

Avidity result
No. (%) of samples with TSP pattern

Acute (n � 16) Equivocal (n � 47) Chronic (n � 69)

Low 8 (50) 7 (14.9) 2 (2.9)
Borderline 3 (18.7) 10 (21.3) 5 (7.2)
High 5 (31.3) 30 (63.8) 62 (89.9)

TABLE 4. TSP of two patients with chronic TSP and low-avidity resultsa

Patient
no.

Specimen
date

(mo/day/yr)

DT
titer

Result
interpretation for: AC

titer
HS
titer

AC/HS
interpretation

bioM
avidity
result

bioM
interpretationIgM

ELISA
IgA

ELISA
IgE

ELISA
IgE

ISAGA

21 1/23/98 256 1.5 (N) 0.5 (N) 0.7 (N) 0 (N) 200 �100 A 0.035 L
2/23/98 128 1.3 (N) 0.4 (N) 1.4 (N) 0 (N) 200 �100 A

75 5/1/98 128 2.7 (P) 1.8 (E) 0.9 (N) 0 (N) 200 100 A 0.133 L
5/22/98 512 1.8 (E) 1.6 (E) 0.3 (N) 3 (E) 200 200 A

a N, negative; P, positive; E, equivocal; A, acute; L, low.

2506 MONTOYA ET AL. J. CLIN. MICROBIOL.



a positive IgM ELISA or an acute TSP had high-avidity anti-
bodies, suggesting that the infection was acquired prior to
gestation. The apparent discrepancy in these results may be a
reflection of the various windows of time at which results of
different tests evolve from acute to chronic and that this win-
dow might also vary from patient to patient.

In sera with low- or borderline-avidity antibodies and nega-
tive IgM antibodies or a chronic TSP, the VIDAS IgG avidity
test did not prove useful and, if used alone, was potentially
misleading. Forty percent of women negative with the IgM
ELISA had borderline- or low-avidity antibodies. Most of them
had a TSP consistent with an infection acquired in the distant
past. Similarly, 10% of patients with a chronic TSP had bor-
derline- or low-avidity antibodies. In these patients (chronical-
ly infected based on the IgM and TSP results), an avidity test
result, if used alone, would have been misinterpreted as sug-
gestive of a recently acquired infection. Low- or borderline-
IgG-avidity antibodies are known to persist for months to more
than 1 year and, for this reason, are not reliable for the diag-
nosis of recently acquired infection (1, 3, 5–7, 9, 15, 19).
Twenty percent of women with low- or borderline-IgG-avidity
antibodies had a chronic TSP; for these patients, a recommen-
dation for the use of spiramycin and amniocentesis would have
been unnecessary.

The ultimate goal of toxoplasma serological testing during
pregnancy is to establish whether a pregnant woman with IgG
antibodies acquired her infection during gestation. The poten-
tial pitfalls of relying solely on an IgM test as a discriminatory
method to allow such distinction have been reported by our
group and by others (11, 12, 21). The TSP represents a step
forward and has higher discriminatory power than the IgM
tests alone (10). Furthermore, the TSP has been reported to
decrease by 50% the rate of unnecessary abortions in women
reported to have IgM toxoplasma antibodies (10). Findings in
our previous study, using the Labsystems avidity method (9),
and those in the present study suggest that avidity testing
enhances the efficacy of the TSP in establishing whether a
woman has been infected during gestation.

At the present time, our data suggest that although the
avidity test represents an additional confirmatory method
(most useful if high-avidity antibodies are detected), it should
not be used as the only confirmatory test for pregnant women
with IgG and/or IgM antibodies because of the potential to
misinterpret low- or borderline-avidity antibody results. Con-
firmatory testing, with the TSP and the VIDAS avidity method,
in pregnant women during the first 16 weeks of gestation has
the potential to decrease the need for follow-up sera and
thereby reduce costs, to make the need for PCR on amniotic
fluid and for treatment of the mother with spiramycin unnec-
essary, to remove the pregnant woman’s anxiety associated
with further testing, and to decrease unnecessary abortions (9).

The interpretation of avidity test methods has previously
been based solely on results in sera obtained sequentially from
pregnant women in whom seroconversion had occurred and
not on the outcome in their offspring. Follow-up data in only a
small number of children (13 children) who were born to
mothers who had high-avidity antibodies in the first trimester
have been published (8). None were found to be infected with
T. gondii upon long-term serological follow-up (8). Lack of
follow-up data in the offspring is not unique to avidity testing.

Follow-up data in the offspring is difficult to obtain, particu-
larly if the result of the serological test obtained during preg-
nancy was consistent with an infection acquired in the distant
past. It is of paramount importance for such data to be col-
lected and evaluated before the specificity of avidity tests can
be known.

At present, commercial avidity tests have not been released
for marketing in the United States. The PAMF-TSL routinely
employs the avidity test as an additional confirmatory diagnos-
tic method in the TSP for those patients with a positive and/or
equivocal IgM test or acute and/or equivocal TSP. Health care
providers involved in the care of pregnant women should be
aware that avidity testing is only a confirmatory test. It should
not be used alone as a definitive test for decision making.

ACKNOWLEDGMENTS

The technical assistance of Raymund Ramirez is greatly appreci-
ated.

O.L. is the recipient of an Infectious Disease Fellowship of the
German Ministry of Research and Technology (BMFT). This work
was supported by U.S. Public Health Service grant no. AI04717 from
the National Institutes of Health.

REFERENCES

1. Cozon, G. J., J. Ferrandiz, H. Nebhi, M. Wallon, and F. Peyron. 1998.
Estimation of the avidity of immunoglobulin G for routine diagnosis of
chronic Toxoplasma gondii infection in pregnant women. Eur. J. Clin. Mi-
crobiol. Infect. Dis. 17:32–36.

2. Dannemann, B. R., W. C. Vaughan, P. Thulliez, and J. S. Remington. 1990.
Differential agglutination test for diagnosis of recently acquired infection
with Toxoplasma gondii. J. Clin. Microbiol. 28:1928–1933.

3. Gutiérrez, J., M. Rodríguez, G. Piédrola, and M. del Carmen Maroto. 1997.
Detection of IgA and low-avidity IgG antibodies for the diagnosis of recent
active toxoplasmosis. Clin. Microbiol. Infect. 3:658–662.

4. Hedman, K., M. Lappalainen, I. Seppala, and O. Makela. 1989. Recent
primary Toxoplasma infection indicated by a low avidity of specific IgG.
J. Infect. Dis. 159:736–739.

5. Holliman, R., R. Raymond, N. Renton, and J. Johnson. 1994. The diagnosis
of toxoplasmosis using IgG avidity. Epidemiol. Infect. 112:399–408.

6. Jenum, P. A., B. Stray-Pedersen, and A.-G. Gundersen. 1997. Improved
diagnosis of primary Toxoplasma gondii infection in early pregnancy by
determination of antitoxoplasma immunoglobulin G activity. J. Clin. Micro-
biol. 35:1972–1977.

7. Lappalainen, M., P. Koskela, M. Koskiniemi, P. Ämmälä, V. Hiilesmaa, K.
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