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Congenital toxoplasmosis is a worldwide health problem, and different screening strategies exist. Testing of toxoplasma-specific
antibodies in infants identifies congenital toxoplasmosis during the first year of life. However, experience with commercial avail-
able immunoassays is limited. The aim of this study was to evaluate both the performance and analytical characteristics of the
Liaison diagnostic system in infants. In a retrospective study, serum Toxoplasma gondii antibodies were measured in samples
from 333 infants, including 212 noninfected infants and 121 infants with congenital toxoplasmosis. A total of 1,157 umbilical
cord blood and peripheral serum samples were analyzed. Liaison toxoplasma-specific IgG and IgM antibodies and the IgG avid-
ity index were compared to the infection status of the infant, determined by the Sabin-Feldman dye test and immunosorbent
agglutination assay—IgM. All noninfected infants were seronegative by Liaison IgG within the first year of life. The Liaison sys-
tem showed a sensitivity of 81.8%, a specificity of 100.0%, a positive predictive value of 100.0%, a negative predictive value of
90.6%, and overall agreement of 84.4% by comparison with the dye test. Overall agreement of both IgM test systems was 96.0%.
In this study cohort, avidity did not show a potential diagnostic benefit for the detection of congenital infection. In conclusion,
the Liaison system is a valuable tool to monitor the serologic course of infants at risk. A final serologic confirmatory test is rec-
ommended to improve the rate of detection of congenital toxoplasmosis at 1 year of life. Protocols of routine follow-up testing in
infants and accurate diagnostic tools after acute gestational infections are needed to improve medical care.

nfection with the parasite Toxoplasma gondii is a common

disease and a major public health problem worldwide, espe-
cially in immunocompromised/immunodeficient patients and
pregnant women (16). Seroprevalence ranges from less than
20% in northern Europe to more than 60% in southern Europe
(38). Primary infection in pregnant women is typically asymp-
tomatic. Therefore, only serologic screening detects acute in-
fection in pregnant women accurately, because unrecognized
infection can be transmitted to the unborn (37). In Europe, the
overall transmission risk during pregnancy is approximately
29%, and the risk increases to 72% when maternal acute infec-
tion occurs at the end of pregnancy (6). Rapid treatment fol-
lowing acute maternal infection efficiently reduces the trans-
mission risk and the clinical burden in the infant (14).
Furthermore, the frequency and severity of congenital infec-
tion vary depending on virulence of the parasite strain, the
mother’s immune response, and placental permeability (32).

Congenital infection may cause a broad spectrum of clinical
presentation, such as retinochorioiditis, cerebral calcifications,
hydrocephalus, mental retardation, and death (20, 30). Infected
infants may also present in about 72% of cases without symptoms
at birth, and thus their infection is often not recognized at birth,
with the risk of severe sequelae in later life, serious neurological
sequelae in 8% of cases or ocular disease in 18%, respectively (4,
10, 34, 36).

In Austria, pregnant women are tested for toxoplasma infec-
tions by means of a nationwide routine serologic screening pro-
gram (1). The major goal of this prenatal screening program is to
identify pregnant women with acute infection and consequently
fetuses at risk of congenital infection. In the case of a proven toxo-
plasma infection during pregnancy, a comprehensive, standard-
ized, serological, and clinical program of follow-up of the off-
spring is available. Noninfected infants are monitored until
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seronegativity (IgG) is determined, and infants with congenital
toxoplasmosis are examined annually. In infants with congenital
toxoplasmosis, antiparasitic treatment is recommended during
the first year of life; therefore, the accurate diagnosis is essential
(28).

The Sabin-Feldman dye test (DT), still considered the “gold
standard method” for the detection of toxoplasma infections, is
expensive and time-consuming (29). Its application is there-
fore restricted to specialized laboratories as a confirmatory test,
and it serves as a standard for validation of new test systems
(13, 17, 27). However, DT is scarcely available in most coun-
tries, and commercial automated test systems for postnatal
routine serologic screening during the first year of life to dis-
criminate congenital and noninfected infants are needed. The
Liaison testing system had already been evaluated in pregnant
women (23), but no data for the serologic profile in infants are
available. The aim of the study was to evaluate the Liaison
diagnostic system for toxoplasma-specific IgM and IgG anti-
bodies and IgG avidity (DiaSorin, Saluggia, Italy) for the anal-
ysis of umbilical cord or peripheral blood samples of infants
with risk of materno-fetal transmission. The results of the Li-
aison system were compared to those for DT and immunosor-
bent agglutination assay (ISAGA)-IgM in the Toxoplasmosis
Reference Center, Medical University of Vienna, Austria, and
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the serologic courses of 212 untreated noninfected and 121
treated congenitally infected infants, including clinical out-
comes, in the first 12 months of life.

MATERIALS AND METHODS

In this study, serum samples from offspring of women with proven sero-
conversion detected by the routine Austrian toxoplasmosis screening pro-
gram were included. Infants were serologically and clinical monitored
during the first year of life by the Toxoplasmosis Reference Center, Med-
ical University of Vienna, Vienna, Austria. The examination schedule for
the infants was at least at birth and at 3-month intervals during the first
year of life and annually in case of congenital infection. All infants were
followed up for at least 12 months. The mean interval of follow-up of
noninfected infants was 13 months, and that of congenital infected infants
was 31 months. Infected infants received antibiotic treatment during the
first year of life. Infants were classified according to Lebech criteria in
group 1, noninfected infants (NI), seronegativity within the first year of
life; and group 2, infants with congenital toxoplasmosis (CT), IgG persis-
tence after the first year of life as determined by DT (19).

A total of 1,157 sera (181 umbilical cord blood samples at birth and
976 peripheral blood samples) were analyzed by the Liaison testing sys-
tem. Group 1 included 613 sera (129 umbilical cord and 484 peripheral
blood samples) from 212 infants, and group 2 included 544 sera (52 um-
bilical cord and 492 peripheral blood samples) from 121 infants.

Routine laboratory analyses were performed, including in-house DT
and ISAGA-IgM (bioMérieux, France) within 24 to 48 h after arrival, as
previously described (2, 5, 11, 33). The samples were shipped at room
temperature. Aliquots of sera were stored at —20°C, and for the evaluation
of the Liaison toxoplasma-specific assays, aliquots of sera were thawed
and retrospectively analyzed.

The in-house method DT included the measurement of all immuno-
globulin subclasses simultaneously (cutoff, 1:4 positive). Interpretation of
ISAGA-IgM results was done according to the manufacturer’s recom-
mendations (index, <3, negative; =3, positive). The study included test-
ing of toxoplasma-specific IgG and IgM antibodies and IgG avidity by the
Liaison diagnostic system (DiaSorin, Saluggia, Italy). This immunoassay
uses magnetic microparticles coated with inactivated Toxoplasma gondii
(RH strain) and monoclonal antibodies labeled with an isoluminol deriv-
ative. The test principle of performing the analysis of Liaison toxoplasma-
specific IgG and IgM antibodies and IgG avidity was described elsewhere
(23).

Liaison cutoff values. For IgG, the measurement range is 0 to 400
TU/ml. The cutoff value for positive results is above 8.8 IU/ml, borderline
results range from 7.2 to 8.8 IU/ml, and negative results are defined as
values below 7.2 TU/ml. For IgM, the measurement range is between 0 and
160 arbitrary units (AU)/ml. Positive results are defined as those above 8
AU/ml, borderline results are from 6 to 8 AU/ml, and negative results are
below 6 AU/ml. The IgG avidity index ranges from 0.01 to 0.95. Avidity is
classified as low (avidity index < 0.3), moderate (avidity index 0.3 to 0.4),
or high (avidity index > 0.4) avidity. All cutoff values were used according
to the manufacturer’s recommendation.

Statistics. Calculations were performed by using the software pro-
grams Excel 2007 (Microsoft, Redmond, WA), SPSS 16.0 (SPSS Science,
Chicago, IL), and MedCalc 9.0 (MedCalc Software, Belgium) for the re-
ceiver operating characteristics (ROC) analysis. The sensitivity and spec-
ificity of each assay were determined by expressing the results obtained as
a ratio of samples with appropriately assigned positive or negative infec-
tion status of the child, respectively.

RESULTS
Performance of the Liaison IgG assay. A total of 1,157 samples
were analyzed for toxoplasma-specific 1gG levels. The overall
agreement of DT versus both Liaison testing systems was 84.4%,
with an r value of 0.580 and a kappa of 0.504.

In group 1, a total of 613 specimens from 212 noninfected
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infants were analyzed. Sera from 83 infants were excluded due to
long test intervals (n = 77) or equivocal test results (n = 6). Fi-
nally, 476 specimens (umbilical cord blood samples, n = 80; pe-
ripheral blood sera, n = 396) from 129 infants with complete
serologic course were analyzed. Liaison IgG levels were reported as
negative for 12/129 (9.3%) infants within 3 months, 52/129
(40.3%) within 6 months, 35/129 (27.1%) within 9 months, and
the remaining 30/129 (23.3%) within the first 12 months oflife. In
conclusion, all Liaison IgG levels were reported as negative in non-
infected infants within 1 year.

Group 2 comprised 544 sera from 121 infants with congenital
toxoplasmosis. In this group, a total of 20/544 (3.7%) sera were
excluded (long test intervals or only a single specimen). From the
remaining 106 infected infants, 494/524 (94.3%) specimens were
positive, and 30/524 (5.7%) sera tested negative for 22 infected
infants by the Liaison IgG test system. A detailed overview is given
in Table 1, including Liaison IgG and IgM in comparison to DT
and ISAGA-IgM values.

ROC for Liaison IgG cutoff determination. We analyzed
Liaison IgG levels with the cutoff level according to the manufac-
turer’s recommendation (IgG positive, >8.8 IU/ml) compared to
the infection status of the child (noninfected versus congenitally
infected). In addition, ROC were calculated to improve sensitivity
and specificity for different cutoff values according to the time
point of sampling (at 6, 9, and 12 months of life). Using a cutoff
value of >8.8 IU/ml, the highest sensitivity (96.4%; 95% confi-
dence interval [CI], 89.9 to 99.2) but lowest specificity (37.8%;
95% CI, 30.5 to 45.5) were observed at 6 months of life (Table 2).
In comparison, a sensitivity of 75.0% (95% CI, 63.0 to 84.7) and
specificity of 96.7% (95% CI, 90.7 to 99.3) were calculated for 12
months of life. Decreasing the cutoff value from >8.8 to around 5
IU/ml did not result in a substantial benefit in increasing either the
sensitivity or the specificity of the Liaison IgG assay. In conclusion,
a modification of the recommended cutoff in pediatric specimen
did not improve the performance of the system to discriminate
noninfected from infected infants in this study.

Performance of the Liaison IgM assay. All samples were tested
using the Liaison toxoplasma-specific IgM assay, and results were
compared to those for ISAGA-IgM (cutoff for infants = 3). Table
3 shows the comparison of results for 1,157 samples (umbilical
cord blood, n = 181; peripheral blood sera, n = 976) measured
with both test systems. The results were displayed according to the
infection status of the infant (Table 3). In umbilical cord blood,
nine false-positive IgM test results were reported for noninfected
infants. The overall agreement of both test systems was 96.0%
(r = 0.593 and kappa = 0.582).

Performance of Liaison IgG avidity index. The analysis of the
Liaison IgG avidity index was performed for 518 samples (NI, n =
285; CT, n = 233) and compared to the time point of sampling at
0to3,>31t06,>6t09,and >9 to 12 months of life. We observed
a statistically significant difference at the latter time point of sam-
pling (P = 0.003), and three of nine samples had a high avidity
index in the noninfected group 1, in contrast to 11of 50 that had a
low index in group 2.

DISCUSSION

The accurate diagnosis of congenital toxoplasmosis, in order to
avoid serious sequelae, is still challenging, and protocols for
serological follow-up are mandatory. Reasons are, e.g., that the
production of antibodies against Toxoplasma gondii in the fetus
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TABLE 1 Detailed overview of 22 infants with congenital toxoplasmosis and negative Liaison IgG result

Assay result(s)

Infant Age (mo) at negative Liaison IgG Liaison IgM ISAGA-IgM

1D* Liaison IgG result(s) (TU/ml) (AU/ml) DT (index) Comment on Liaison results

1 6 4.5 <3.0 1,024 0 IgG positive at 1, 4, 5 mo

2 12 3.8 <3.0 4 0 IgG positive at 6 and 57 mo

3 13 <3.0 <3.0 4 0 1gG positive at 3, 6, 19 mo

4 11,13 3.0, 2.0 <3.0 4 0 IgG positive at 1, 4 mo and 29, 56, 66, 92,
102,117, 131 mo

5 12 6.8 <3.0 64 2 1gG positive at 8 mo and 25, 48 mo

6 175 6.1 <3.0 64 0 IgG positive at 1, 5, 11 mo

7 9 <3.0 <3.0 4 0 1gG positive at 20, 37 mo

8 9,12,13 7.1,2.0,<3.0 6.1, <3.0, <3.0 16,4, 4 0 1gG positive at 0, 3, and 37 mo

9 15 5.2 <3.0 64 0 IgG positive at 1, 3, 4, 7, 9 and 26 mo;
equivocal (IgG, 8.5) at 12 mo

10 9 6.0 <3.0 64 0 IgG positive at 49, 60, 73 mo

11 12 <3.0 <3.0 4 0 IgG positive at 0 and 33 mo

12 11 2.0 3.0 4 0 IgG positive at 5 and 15 (also IgM positive),
28,43 mo

13 14 3.5 3.8 64 1 IgG positive at 19, 33, 66, 80 mo

14 11 4.0 <3.0 16 0 IgG positive at 0, 3 mo

15 7,10, 14 <3.0, <3.0,3.2 <3.0,<3.0,5.4 16, 16, 64 0 1gG positive at 0, 4 mo and 27, 37, 57 mo

16 9 6.4 <3.0 256 0 IgG positive at 5, 6 and 13 (also IgM
positive), 15 mo

17 10 5.6 <3.0 16 0 IgG positive at 3, 6 and 15, 24 mo

18 7 2.0 <3.0 16 0 IgG positive at 3 and 34, 62, 77, 96 mo

19 12 2.0 <3.0 4 0 IgG positive at 0, 3, 7 and 16 (also IgM
positive) mo

20 41, 55, 65 3.4, <3.0, <3.0 <3.0 64, 16, 16 0 IgG positive at 3, 6, 9, 14, 28 and 102, 128 mo

21 30 <3.0 <3.0 16 0 IgG positive at 8 mo; equivocal (IgG, 8.1) at
15 mo

22 8,12 5.9, <3.0 <3.0 256, 16 0 IgG positive at 3, 6 mo

“ Identification no.

or newborn is often inhibited and/or masked by maternal an-
tibodies (31). Early diagnosis is important because the initia-
tion of antibiotic treatment in infected infants is mandatory
soon after birth (4, 8). Different approaches exist, such as PCR
diagnostics, genotyping, comparative IgG profiles between
mother and child, serological typing, and Western blot analyses
(9,12, 15, 18, 22). These methods are supporting, but the first-
line screening method used by routine clinical laboratories to

confirm or exclude congenital infection is still serology. Off-
spring of mothers with acute gestational toxoplasma infection
have to be included in a follow-up program. Umbilical cord
blood analysis at birth and subsequent peripheral blood testing
every 3 months during the first year of life are recommended.
At least at the end of the first year, the diagnosis has to be
determined. Little is known about serologic profiles of infants
obtained by different testing systems (7, 21, 24, 25).

TABLE 2 Sensitivity and specificity for different Liaison IgG cutoff values for differentiation in noninfected and congenitally infected children at 6,

9, and 12 months of life

Time point (mo of life)
for analysis of

peripheral blood Cutoff value used

samples (IU/ml) Sensitivity (%) 95% CI Specificity (%) 95% CI

6" >4.5 97.6 91.6-99.6 23.3 17.2-30.3
>8.8¢ 96.4 89.9-99.2 37.8 30.5-45.5

94 >5.6 94.6 84.9-98.8 78.4 68.8-86.1
>g.87 87.3 75.5-94.7 87.6 79.4-93.4

12¢ >5.0 79.4 67.9-88.3 96.7 90.7-99.3
>g8.87 75.0 63.0-84.7 96.7 90.7-99.3

“ NI group, n = 172; CT group, n = 84.

¥ NI group, n = 97; CT group, n = 55.

“NI group, n = 91; CT group, n = 68.

4 According to the manufacturer’s recommendation.
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TABLE 3 Comparison of Liaison-IgM and ISAGA-IgM results according to infection status of infants

No. of samples with result”

IgM negative IgM borderline IgM positive
Infection status ISAGA Liaison ISAGA Liaison ISAGA Liaison
No infection 599 (CB, 119) 603 (CB, 120) 4 (CB, 3) 14 (CB, 10) 6 (CB, 6)
Congenital infection with Toxoplasma 484 (CB, 32) 488 (CB, 36) 16 (CB, 1) 60 (CB, 20) 40 (CB, 15)
gondii
Total 1,083 (CB, 151) 1,091 (CB, 156) 20 (CB, 4) 74 (CB, 30) 46 (CB, 21)

“ CB, cord blood samples; ISAGA, immunosorbent agglutination assay—IgM.

The aim of the study was to compare the Liaison toxoplasma-
specific assays with the DT and ISAGA-IgM. The objective was to
evaluate the test performance and characteristics. Hereby, we in-
vestigated for the first time the Liaison diagnostic system to mon-
itor the course of toxoplasma-specific immunoglobulins in in-
fants.

As reported recently, isolated immunoglobulin levels in im-
munoassays should not be compared solely to results of DT be-
cause this method detects all classes of immunoglobulins simul-
taneously, and due to this fact, DT is more sensitive (23, 26).
However, we observed a good overall agreement for both the
Liaison IgG (84.4%) and IgM (96.0%) assays. Even though all
noninfected infants were reported Liaison IgG negative within 1
year of life, our study reported seronegative peripheral blood sam-
ples by the Liaison system for the congenitally infected group.
Consequently, we recommend a final serologic confirmatory anal-
ysis in a reference laboratory in terms of seronegative results to
exclude congenital infection after the first year of life. This is a
common issue of immunoassays compared to DT in terms of
immunoglobulin levels produced in concentrations below the
sensitivity thresholds of the methods available. Our study revealed
22 congenitally infected infants with IgG seronegativity in the
Liaison (Table 1) and seropositivity in the Sabin-Feldman dye test.
Furthermore, in subsequent samples the infants were seropositive,
but this was not a serological rebound but rather a lack of sensi-
tivity (3, 35). In particular, a diminished sensitivity of the Liaison
IgG was observed between 6 and 12 months of life due to the
decrease of maternally diaplacental antibodies against Toxo-
plasma gondii. We attempt to optimize IgG cutoff values by ROC
curve analyses, but this did not result in any improvement. Con-
sequently, changing the manufacturer’s cutoff value for infants
suspected of having congenital infection cannot be recom-
mended.

The sensitivity of using IgM for neonatal screening was re-
ported to be about 50%, and thus it cannot be used as a single
parameter in newborns depending on the testing system and the
gestational age of maternal seroconversion (11). However, our
study revealed Liaison-IgM-positive umbilical cord blood sam-
ples for noninfected infants. We hypothesize that these false-pos-
itive results were due to contamination during blood sampling.
Hence, any reported positive IgM test for umbilical cord blood
should be subsequently verified using peripheral blood. Nonethe-
less, increased IgM levels detected in peripheral blood during the
first year of life strongly indicate congenital infection, and there-
fore, IgM analysis in infants of risk is recommended routinely
during the first year of life.

In adults, avidity enables the determination of an estimated
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time point of infection. A low index was found for many patients
even more than 4 months after infection (23). In contrast, we
observed a higher avidity index for the infected infants (group 2)
between 9 and 12 months, but these findings could not be used for
early diagnosis in this study cohort.

In conclusion, commercially available immunoassays have
been widely used for adults, but experience in determination of
the serological course of children at risk is still limited. We
present the first evaluation of the Liaison diagnostic system to
monitor the serologic course of infection in infants from moth-
ers with acute gestational toxoplasma infection. Both IgG and
IgM levels should be monitored at 3-month intervals for at
least 1 year of life or until seronegativity. During the first year of
life, all noninfected infants showed a decrease in the IgG con-
centration. However, we observed a lack of sensitivity for sero-
positivity of congenitally infected children. Finally, we recom-
mend a serologic confirmatory testing in a reference laboratory
in terms of seronegative results within 1 year of life. This test
system provides a method for serologic follow-up programs for
offspring to improve medical care.
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