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A freeze-dried human serum preparation containing immunoglobulin G (IgG) to Toxoplasma gondii was
assessed for its suitability as an international reference reagent in an international collaborative study by 24
laboratories from 17 countries. This candidate standard was compared with the third international standard
(IS) for human anti-Toxoplasma serum, TOXM, with the previous second IS, TOXS, and with a range of other
serum samples. Samples were tested with the Sabin-Feldman dye test and a range of agglutination assays and
enzyme immunoassays. This study emphasizes the need for appropriate standards if intermethod agreement
of estimates is to be achieved. On the basis of the results of this study, the preparation was established by the
World Health Organization as the first IS for human anti-Toxoplasma 1gG, with an assigned potency of 20 IU

per ampoule of total anti-Toxoplasma antibodies.

The third international standard (IS) for human anti-Toxo-
plasma serum (TOXM) was established by the Expert Com-
mittee of Biological Standardization (ECBS) of the World
Health Organization in 1994 and assigned a potency of 1,000
IU on the basis of its comparison with the second IS TOXS in
an international collaborative study (2). Stocks of TOXM are
declining, and a new preparation is needed. TOXM is used by
reference laboratories, diagnostic laboratories, and manufac-
turers of diagnostic immunoassays. The assigned potency of
TOXM is for the total amount of specific antibodies and was
based on results of the Sabin-Feldman test (dye test). This
test is a complement-mediated cell-killing assay, utilizing
toxoplasma trophozoites, and does not distinguish between
immunoglobulin classes. Because of developments in assays
for anti-Toxoplasma antibodies, the activities of specific im-
munoglobulin G (IgG), IgM, and IgA antibodies were cal-
culated for TOXM (2). However, the ECBS did not assign
unitages for these antibodies and suggested that different and
more specific reference materials may be required (5). One of
the proposals of the ECBS was the use of late-stage convales-
cent-phase sera as a source for the candidate standard. These
sera contain specific IgG but lack specific IgM, so that even in
assays that detect multiple immunoglobulin classes, the com-
ponent of the assay that detects IgG can be compared directly
to assays that detect IgG only. Such immunoglobulin-specific
assays are now used commonly in many diagnostic laborato-
ries. Further, specific IgM and IgG antibodies interact and may
cause false-positive or false-negative results in some immuno-
assays that measure specific immunoglobulin classes (3). Al-
though the dye test is an in-house test and is generally restrict-
ed to reference or specialist laboratories, it is considered the
reference method for the serodiagnosis of toxoplasmosis (4).
The test is able to detect antibody at low levels and is also used
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to confirm results of commercial immunoassays, which often
incorporate different antigen preparations. The potential dis-
advantage caused by the presence of multiple specific antibody
classes and the recommendation of the ECBS that attempts
should be made to rectify inconsistencies in the comparison of
sera led to a replacement for TOXM based on a pool of human
sera that have a lower level of specific IgG than TOXM but
lack specific IgM. The level of IgG falls within the linear range
of most assays and will assist laboratories in determining wheth-
er their assays can distinguish between background and diagnos-
tic levels of IgG. This degree of sensitivity in quantifying and mon-
itoring the IgG response associated with acute toxoplasmosis is
important for supporting appropriate clinical management.
An international collaborative study was carried out to as-
sess the suitability of this candidate preparation both in cali-
brating IgG assays and as a replacement for TOXM. The aims
of the study were (i) to assess the suitability of the candidate as
a reference standard for complement-mediated cell-killing as-
says and to calibrate the candidate in terms of the current IS
TOXM by dye test, (ii) to confirm the continuity of unitage of
the candidate with the second IS TOXS, (iii) to assess the
reactivity of the candidate and the third IS TOXM in various
assays currently in use, and (iv) to assess the performance of
the candidate and high- and low-titer sera in these assays.

MATERIALS AND METHODS

Participants. Twenty-four laboratories from 17 countries, including national
reference laboratories, took part in the study and are listed in Acknowledgments.
Throughout the study, participating laboratories were identified by a randomly
assigned code number to maintain confidentiality.

Samples. Each participant received two sets comprising nine coded ampoules
and an ampoule each of TOXM and TOXS. The study codes, National Institute
for Biological Standards and Control (NIBSC) codes, the assigned unitage, and
a brief characterization of the samples are given in Table 1. The samples tested
negative for antibodies to human immunodeficiency virus types 1 and 2, hepatitis
C virus, and hepatitis B virus surface antigen. Duplicates of three samples were
included in the sample set to provide an independent measure of intra-assay
variability. All samples were distributed as lyophilized preparations at room
temperature by courier. The progress of delivery was tracked online via the
courier’s home page on the worldwide web.
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TABLE 1. Samples used in the collaborative study

Unitage by dye test

Study code(s) NIBSC code Sample description (IU ml~ 1y
TOXM TOXM Third IS preparation, 1994 1,000
TOXS TOXS Second IS preparation, 1980 1,000
B, F 01/600 Candidate standard preparation, representing 23 pooled sera 64
H 01/576 IgG-negative sample, representing 7 pooled sera <2
C 97/682 Low-IgG-positive serum taken from 1 donor 32
D 98/706 IgG-positive serum taken from 1 donor 64
E G 83/571 Normal serum taken from 1 donor 32
Al 82/585 Normal serum taken from 1 donor 16

“ Unitage of samples A to I was established in laboratory 7.

® TOXS was suspended in 2 ml of distilled water; other samples were suspended in 1 ml of distilled water.

Participants were requested to reconstitute samples according to the instruc-
tions supplied with the vials and to test these within 7 days. Samples were
reconstituted with 1 ml of sterile distilled water, with the exception of TOXS,
which was reconstituted in 2 ml of sterile distilled water and stored at 2 to 8°C
until further use. Further dilutions of the reconstituted samples with the appro-
priate assay buffer solutions were made by participants to ensure that the con-
centrations used covered the sensitivity range of the assay. Each set of samples
was tested in duplicate on two different days.

Characterization of proposed IS preparation 01/600. Informed consent was
obtained from 23 individuals to retain serum. Fifteen samples were collected at
Swansea Hospital (Swansea, United Kingdom), and eight samples were collected
and supplied by the Blood Transfusion Service (Birmingham, United Kingdom).
The average volume was 198 = 68 ml per sample. Anti-Toxoplasma IgM titers
were determined by immunosorbent agglutination assay (ISAGA; BioMeri¢ux).
All samples were positive by the dye test but found to be negative for IgM.
Samples were stored at —20°C. At NIBSC, samples were pooled (4.6 liters) and
dispensed in 1-ml aliquots into glass vials coded 01/600. The mean fill weight for
42 vials was 1.0063 g, with a coefficient of variation of 0.06%. On the same day,
freeze-drying under vacuum conditions started, and the process was completed
after 4 days. Vials were backfilled with pure N, (moisture content, <10 ppm).
Residual moisture was measured by the Karl-Fischer method in 6 vials and
ranged from 0.1838 to 0.1924%. Eighty-two vials were rejected during the pro-
duction process, 150 vials were held for accelerated degradation studies, and
3,979 vials were stored at —20°C. These are available for distribution by NIBSC.

Diagnostic assays. The assays used in this study are summarized in Table 2.
Two types of assay were distinguished. Titration methods yield an end point titer,
and participants who used this type of assay were requested to report four titers
in total for each sample. Enzyme immunoassays (EIAs) produce a numerical
value such as an absorbance or a fluorescence value. Participants who used an
EIA were requested to report four sequential dilutions (e.g., 1/2, 1/4, 1/8, and
1/16) for each sample, and thus, 16 data points were obtained for each sample.
Participants using in-house tests followed standard procedures, and participants
who used commercially available tests followed procedures described by the
manufacturer. A brief description of the procedures accompanied the raw data,
which were returned to NIBSC for analysis.

Data analysis. The results for all samples were calculated in international units
per milliliter relative to TOXM and TOXS. For titration methods, end point
titers for all samples were compared to those obtained for TOXM and TOXS,

both known to contain 1,000 IU ml~'. For EIAs, assays were analyzed by the
principles of multiple-parallel line bioassay, with the transformed assay response
compared to the log concentration (1). Responses were transformed to percent-
ages relative to the estimated upper and lower limits of the dose-response curve
and weighted regression of logit response on log concentration was used. All
mean potencies shown in this report are unweighted geometric mean potencies.

RESULTS

A summary of the results obtained from titration methods is
given in Table 3, and a summary of EIA results is given in
Table 4. Preparation 01/576 (coded H), which did not contain
specific IgG, was reported negative by all laboratories, and no
results are presented for this sample. Lab 24 (BioMérieux
VIDAS Toxo IgG II) did not report results in a format that
could be converted to international units per milliliter, so re-
sults from this laboratory do not contribute to the summary.

Intra- and interassay variability. Intra-assay variability was
assessed by using the potencies of coded duplicates (A and I, B
and F, and E and G) relative to one another. From 109 po-
tencies, only two exceeded 2.0 (laboratories 10 and 21, dye
test) and only one was below 0.5 (laboratory 10, dye test).
Furthermore, these potencies were in the range of 0.7 to 1.4 in
100 of the 109 cases (92%). Interassay variability was assessed
in a similar way by using the potencies of identical samples
from different ampoule sets relative to one another. Potencies
were in the range of 0.5 to 2.0 in 310 of 327 cases (95%), which
is comparable to the intra-assay variability.

Presence of specific IgM and IgA in study samples. Labo-
ratories 1 and 24 calculated the IgM content of samples by
VIDAS (bioMerieux). The IgA content was determined by
laboratory 1 by using Platelia Toxo IgA (Bio-Rad). All coded

TABLE 2. Assays used in laboratories that participated in this study

Test format Test type Manufacturer and name of test Laboratory code(s)* Tot’al 'no.
of assays
Titration assay  Dye test In-house 2,6,7,8,10, 11, 17, 18, 21, 23 10

Immunofluorescence assay BioMérieux IIFT or in-house 1, 2,13, 14 4

Agglutination assay Eiken toxoreagent or in-house 3,16, 17 3

Complement fixation assay In-house 12 1

EIA Enzyme-linked immunosorbent assay =~ BioMérieux VIDAS Toxo IgG II 1, 2, 11, 14, 16, 18, 20, 22, 24 9

or enzyme fluorescence assay Biorad Platelia Toxo IgG TMB 4,9,12,13 4

In-house 3,8, 15 (X2) 4

Behring Enzygnost Toxoplasmosis IgG 5 1

Abbott IMX Toxo IgG EIA 12 1

DiaSorin ETI- TOXO-G Plus 19 1

“ The majority of laboratories carried out more than one assay.
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FIG. 1. Mean potencies of 01/600 relative to TOXM obtained by
laboratories performing titration assays. Dye test, [J; immunofluores-
cence assay, B, agglutination assay, &, complement fixation assay, N.

samples (A to I) were reported to be negative for IgM and IgA,
whereas TOXM and TOXS were reported positive. The cal-
culated ratio of IgM content per ampoule for TOXM relative
to TOXS was found to be 1.30 by laboratory 1 and 1.13 by
laboratory 24. These show good agreement with the value of
1.5 reported previously (2). For IgA, laboratory 1 found the
ratio to exceed 1.0, but responses to TOXM were outside the
measurable range in this assay. Nevertheless, this is consistent
with the previously reported value of 2.5 (2).

Dye test results. The results from 10 laboratories performing
the dye test are expressed in international units per milliliter
and are summarized in Table 3. The mean potency of 1,078.5
IU ml ™! (95% confidence limit, 908.6 to 1,280.2) calculated for
TOXM relative to TOXS is consistent with the 1,000-IU-per-
ampoule unitage previously assigned to TOXM for total anti-
Toxoplasma antibodies (2). This confirms continuity of unitage
with the second IS TOXS.

The candidate standard 01/600 has been compared with both
TOXM and TOXS (Table 3 and Fig. 1 and 2). Potency esti-
mates for the candidate standard relative to TOXM ranged
from 5.2 to 48.9 IU ml~! (n = 10 laboratories), with a mean
potency of 18.0 IU ml ™' (95% confidence limit, 10.9 to 29.8).
The geometric coefficient of variation between laboratories
was 101%, larger than the value of 69% calculated for the

Number of labs

Potency (iU/ml)

FIG. 2. Mean potencies of 01/600 relative to TOXS obtained by
laboratories performing titration assays. Dye test, [J; immunofluores-
cence assay, B, agglutination assay, Z; complement fixation assay, N.
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TABLE 4. Summary of results by EIA methods

Geometric mean potency (TU ml™!) (95% confidence limits) calculated relative to TOXM or TOXS by test

Sample VIDAS (n = 8) Platelia Toxo IgG (n = 4) In-house (n = 4)
TOXM TOXS TOXM TOXS TOXM TOXS

TOXS 2,055.9 (1,836.7-2,301.3) 2,188.2 (638.8-7,495.5) 2,850.83 (2,119.4-3,834.7)
TOXM 486.4 (434.5-544.5)" 457.0 (133.5-1,565.2)¢ 350.8 (260.7-471.9)*
01/600 (B 114.8 (91.1-144.6) 55.8 (46.6-66.8) 135.3 (38.0-481.1) 61.8 (54.5-70.1) 392.4 (198.5-775.4) 137.7 (76.2-248.8)

and F)
97/682 (C) 53.0 (42.2-66.4) 25.8 (21.5-30.9) 57.7 (14.1-237.2) 26.4 (21.8-31.9) 286.3 (133.9-612.0) 100.4 (54.1-186.5)
98/706 (D)  212.9 (175.6-258.2) 103.5 (88.9-120.7) 217.0 (59.2-795.6) 99.2 (80.9-121.7) 473.3 (358.4-625.2) 166.0 (110.6-249.3)

“ A mean potency by EIA of 904.3 (522.2 to 1,565.9) was found by seven laboratories in the study to establish TOXM as the third IS.

coded duplicate ratios, indicating additional sources of vari-
ability between laboratories. When calculated relative to
TOXS, the mean potency for the candidate standard was 19.5
IU ml ' (95% confidence limit, 11.3 to 33.6). A potency of 20
IU per ampoule was consistent with these estimates, and it was
proposed that 01/600 be assigned this unitage for total anti-
Toxoplasma antibodies.

Dilution steps used in titration assays. The dilution steps
used in the titration assays were not consistent between labo-
ratories. Laboratories 3, 7, 8, 12, 13, 16, 17, 18, 21, and 23 used
twofold dilution steps, whereas laboratories 1, 2, 6, and 10 used
fourfold dilution steps. Fivefold steps were used by laboratory
11. Laboratory 14 did not specify the dilution steps used. These
differences are a possible contributory factor to the variability
in the results, with twofold dilution steps allowing a greater
degree of precision for estimating the potency of the samples.
However, there was no indication in the results that the choice
of dilution steps had an effect on the magnitude of the potency
estimates obtained. Furthermore, the relative potency esti-
mates for the coded duplicates, included to quantify within-
assay variability, indicated no significant difference between
those laboratories using twofold dilution steps and the other
laboratories.

Results from other assays. The results from other assays are
summarized in Tables 3 and 4. All assays, excluding the com-
plement fixation assay used by laboratory 12, detected positive
IgG activities in all samples. The ratio of IgG content per
ampoule for TOXM relative to TOXS was 0.48 by indirect

Number of labs

~

Z 2 e 52

Potency (IU/ml)

FIG. 3. Mean potencies of 01/600 relative to TOXM obtained by
laboratories performing EIAs. VIDAS, [J; Platelia, B; in-house assays,
%, other assays, \.

immunofluorescence assay, which is in agreement with the
value of 0.5 reported previously (2). For the agglutination
assays, VIDAS, Platelia Toxo IgG, and in-house EIAs, these
ratios were 0.23, 0.24, 0.23, and 0.18, respectively, approxi-
mately 50% of the value reported previously (2). Hence, for
these methods, the potency estimates given for the coded sam-
ples are approximately 50% lower when calculated against
TOXS. For the candidate standard 01/600, these results are
illustrated in Fig. 1 to 4. Nevertheless, whichever of the stan-
dards is selected, the mean potency estimates calculated by the
agglutination assays, VIDAS, and Platelia Toxo IgG show
good agreement with each other in general.

The potency estimates have been recalculated for all assay
methods relative to the candidate standard 01/600, now as-
sumed to contain 20 IU per ampoule. A summary of these is
shown in Table 5. For the coded samples A, E, G, I, (normal
sera), C (low-IgG positive serum), and D (IgG positive serum),
which appear to be negative for IgM and IgA, the mean po-
tency estimates suggest that all methods show good agreement
with each other (results for normal sera are not shown).

By contrast, calculation of the IgG potency of TOXS and
TOXM showed that these differed twofold by VIDAS and
Platelia Toxo IgG and threefold with the in-house EIAs (Table
6). This discrepancy is likely to result from the presence of IgA
and IgM in these samples. The relative ratio of these antibod-
ies compared to IgG is three to five times higher in TOXM
than TOXS. Hence, the competition for antigen sites on the
enzyme-linked immunosorbent assay surface between IgA,

Number of labs

|

Lo N TN\

2 A 5 1€ 37 23 178

o

[T T
756 57 1024

Potency (U/ml)
FIG. 4. Mean potencies of 01/600 relative to TOXS obtained by

laboratories performing EIAs. VIDAS, [J; Platelia, B; in-house assays,
%, other assays, \.
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TABLE 5. Calculated potency of study samples relative to 01/600 (assumed to contain 20 TU ml™")
Geometric mean potency (TU ml™') (95% confidence limits) determined by:
Sample Dye test Immunofluorescence Agglutination f(i:(?rtl?p ler{nejlt VIDAS Platelia TOXO In-house EIA
(n = 10) assay (n = 4) assay (n = 3) "“‘(n“’i ‘f;“y (n = 8) 1gG (n = 4) (n = 4)

TOXS 1,030.2 (867.9-1,223.0)  553.9 (450.8-680.5) 331.2 (152.4-719.7) 1,285.6 358.2 (320.0-400.9) 323.5 (94.4-1,108.0) 145.3 (108.0-195.6)
TOXM 1,106.2 (931.9-1,313.0)  536.3 (436.5-658.9) 151.8 (69.9-329.9) 1,813.1 174.3 (155.7-195.2)  147.9 (43.2-506.5) 51.0 (37.9-68.6)
97/682 (C) 7.8 (4.4-13.7) 9.0 (2.0-41.4) 7.9 (1.1-58.4) 10.0 9.2 (7.4-11.6) 8.5 (2.1-35.1) 14.6 (6.8-31.2)
98/706 (D) 36.4 (27.1-49.0) 36.0 (16.5-78.8) 20.5 (0.2-3091.7) 23.8 37.1 (30.6-45.0) 32.1(8.8-117.6) 24.1 (18.3-31.9)

IgM, and IgG is increased in the TOXM sample, leading to
artificially lower results and a lower potency for IgG.

Stability of 01/600. Two months after storage at —20°C, one
vial of 01/600 was reconstituted and tested by the dye test in six
independent assays. The unitage of the sample in these assays
was 32 IU ml~ . To assess the stability of 01/600, 100 vials were
stored at various temperatures (—20, 4, 20, and 37°C) for 15
months. The unitage of these samples was determined and
compared to that of vials taken from stock, which are stored
continuously at —20°C. Laboratories 7 and 17 tested two sets
of samples in duplicate on two different dates by the dye test.
The results are given in Table 6. The preparation showed no
loss of activity after storage at temperatures ranging from —20
to 20°C, but the unitage declined after storage at 37°C. Previ-
ously, samples of preparation D had been stored at 45°C, but
these dissolved poorly and the potency could not be deter-
mined by dye test. Hence, no samples of 01/600 were laid down
at this temperature. At these high temperatures, proteins are
likely to denature, resulting in poor resuspension of antibodies
as well as loss of immunoreactivity. Our findings strongly sug-
gest that the unitage of the preparation will remain stable at
—20°C.

DISCUSSION

Preparation 01/600 was intended as a replacement for the
third IS TOXM. Following discussion at the ECBS meeting in
November 2003, the World Health Organization decided to
establish the preparation as the first IS for human anti-7oxo-
plasma 1gG, with an assigned potency of 20 IU per ampoule of
total anti-Toxoplasma antibodies (6). The name reflects the
quantitative and qualitative differences with TOXM. Since the
candidate preparation contains no detectable levels of specific
IgM or IgA, it permits direct comparison of the sensitivities of
assays for specific [gG whether those assays are IgG specific
themselves or not.

Three of the participating laboratories raised concerns
about the establishment of the candidate preparation as a
single IS with a low IgG concentration, all suggesting that
additional standard preparations are needed to cover the range
of requirements of reference laboratories and manufacturers.
One suggested that, although the candidate preparation was
suitable as a low standard, there were also requirements for
mid and high standards and that a preparation containing only
20 IU should not be considered the sole world standard. One
participant requested that TOXM or another high standard
remain available so that manufacturers can continue to de-
velop kits that can express results in IU for high levels of
specific IgG. One further comment from a single laboratory
was that a panel of at least five different IgG serum samples is

needed. They also did not think it acceptable to define the
unitage primarily on the basis of the dye test results, as they
believe this test to be less sensitive than any EIA for the
detection of slight IgG changes in samples with low IgG con-
centrations.

The candidate preparation had been designed specifically in
response to widespread concerns that the previous IS con-
tained relatively high levels of IgM as well as IgG. This resulted
in difficulties in standardization between assays detecting IgG
only or IgG and IgM. Higher levels of IgG, like those in the
previous IS, are found only in acute (IgM positive) infections.
Thus, either the standard would be required to contain IgM or
IgM would have to be removed chemically, a process that may
affect properties of the IgG. Neither of these options was
considered desirable when taking into account the views of
both laboratories and manufacturers. The proposed standard
had been chosen specifically to provide a value within the
linear range of most commercial and in-house assays and was
not intended as a means of determining high-end accuracy of
assays. The ECBS recognized these concerns of the partici-
pants and recommended that the development of a replace-
ment for TOXM be considered.

We are in agreement with the need for a high-IgG standard
as well as an IgM-positive standard. An additional IS should be
established that will contain both anti-Toxoplasma IgM and
IgG. This additional standard should address criticisms of the
previous IS and should be calibrated both in terms of IgG and
IgM levels. The first IS for human anti-Toxoplasma IgG will be
crucial in determining levels of IgG in the candidate anti-
Toxoplasma IgM and IgG standard preparation. With a com-
bination of these two standards, laboratories and manufactur-
ers would have access to an IS containing IgG only and to an
IS that would contain the higher levels of IgG required for
high-end assay calibration.

TABLE 6. Stability of anti-Toxoplasma 1gG in sample 01/600 after
16 months of storage at various temperatures, measured by dye test

Potency relative to sample stored at —20°C

Storage
temperature Test Laboratory 7 Laboratory 17

°C

¢ Day 1 Day 2 Day 1 Day 2

+4 1 1.00 1.00 1.00 1.00
2 1.00 1.00 1.00 1.00

+20 1 1.00 1.00 1.00 1.00
2 0.50 0.50 1.00 1.00

+37 1 0.25 0.25 0.50 0.50
2 0.50 0.50 0.50 0.50
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