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Investigation into Low-Level Anti-Rubella Virus IgG Results Reported
by Commercial Immunoassays

Wayne Dimech, Nilukshi Arachchi, Jingjing Cai, Terri Sahin, Kim Wilson

NRL, Melbourne Australia, Victoria, Australia

Since the 1980s, commercial anti-rubella virus IgG assays have been calibrated against a WHO International Standard and re-
sults have been reported in international units per milliliter (IU/ml). Laboratories testing routine patients’ samples collected 100
samples that gave anti-rubella virus IgG results of 40 IU/ml or less from each of five different commercial immunoassays (CIA).
The total of 500 quantitative results obtained from 100 samples from each CIA were compared with results obtained from an
in-house enzyme immunoassay (IH-EIA) calibrated using the WHO standard. All 500 samples were screened using a hemagglu-
tination inhibition assay (HAI). Any sample having an HAI titer of 1:8 or less was assigned a negative anti-rubella virus antibody
status. If the HAI titer was greater than 1:8, the sample was tested in an immunoblot (IB) assay. If the IB result was negative, the
sample was assigned a negative anti-rubella virus IgG status; otherwise, the sample was assigned a positive status. Concordance
between the CIA qualitative results and the assigned negative status ranged from 50.0 to 93.8% and 74.5 to 97.8% for the as-
signed positive status. Using a receiver operating characteristic analysis with the cutoff set at 10 IU/ml, the estimated sensitivity
and specificity ranged from 70.2 to 91.2% and 65.9 to 100%, respectively. There was poor correlation between the quantitative
CIA results and those obtained by the IH-EIA, with the coefficient of determination (R2) ranging from 0.002 to 0.413. Although
CIAs have been calibrated with the same international standard for more than 2 decades, the level of standardization continues
to be poor. It may be time for the scientific community to reevaluate the relevance of quantification of anti-rubella virus IgG.

Infection with the rubella virus usually results in a mild child-
hood illness. However, infection during the first trimester of

pregnancy can result in the neonate developing congenital rubella
syndrome (1). For this reason, rubella vaccination programs have
been established (2–5). In Australia, most diagnostic testing for
rubella immunity is performed as part of an antenatal screen to
ensure that the mother has protective levels of antibody. A hem-
agglutination inhibition titer greater than or equal to 1:16 and/or
an antibody concentration greater than 10 or 15 IU/ml, depending
upon the assay, is considered protective (6, 7). Some laboratories
choose to report a “gray zone” to indicate uncertainty in the de-
gree of protection conferred by low anti-rubella virus IgG levels.
In Australia, the most frequently used gray-zone range is 10 to 30
IU/ml.

Since the 1980s, commercial assays used for the quantification
of anti-rubella virus IgG have been calibrated against the World
Health Organization (WHO) international standard rubella virus
serum and test results have been reported in international units
per milliliter (IU/ml) (8, 9). In theory, the calibration of assays
should lead to standardization of quantitative results (10). How-
ever, several reports have indicated that quantitative anti-rubella
virus IgG results reported by different assays are not always com-
parable (8, 9, 11). Consequently, individuals presenting to labo-
ratories using different assays may be given different clinical in-
terpretations, especially if their anti-rubella virus IgG levels are
low.

Recently, several new commercial anti-rubella virus IgG assays
have become available. New assays require validation prior to in-
troduction into routine use (12). A common approach to valida-
tion used by laboratories is the comparison of results obtained
from the new assay with those obtained from the assay routinely
used by the laboratory (11, 13, 14). However, if a difference in
qualitative or quantitative results obtained with the two assays

occurs, it is difficult to elucidate which assay’s result is correct
(11).

In this study, the results of a hemagglutination inhibition assay
(HAI) (15, 16) and a rubella immunoblot (IB) assay (17–20) were
used to assign an anti-rubella virus IgG status. Samples with test
results less than or equal to 40 IU/ml were collected from collab-
orating laboratories using each of five different commercial anti-
rubella virus IgG immunoassays (CIAs). The 500 samples were
tested by HAI and IB assays, and the qualitative results from the
CIAs were compared with the assigned anti-rubella virus IgG sta-
tus. To investigate the accuracy of quantification of anti-rubella
virus IgG levels by the CIAs, all samples were tested in an in-house
enzyme immunoassay (IH-EIA) developed to detect and quantify
low levels of anti-rubella virus IgG.

MATERIALS AND METHODS
Samples. For each of five CIAs used routinely in collaborating laborato-
ries, 100 routine clinical samples giving an anti-rubella virus IgG test
result of 40 IU/ml or less, totaling 500 individual samples, were collected.
After initial CIA testing in the collaborating laboratories, the samples were
transported at ambient temperature to a central laboratory where they
were stored at �20°C until further testing was performed. Prior to testing,
the samples were thawed and tested in a testing strategy as described
below. All testing, including repeat testing, was performed within 1 week
of thawing. After testing, the remaining volume was divided into aliquots
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in 1-ml vials for future use. No sample underwent more than three freeze-
thaw cycles.

Tests. Samples were tested using the manufacturer’s instructions in
one of five CIAs: Architect rubella IgG (Abbott Diagnostics, Abbott Park,
IL), AxSYM rubella IgG assay (Abbott Diagnostics, Abbott Park, IL), Vi-
das Rub IgG II (bioMérieux, Durham, NC), Vitros rubella IgG (Ortho
Clinical Diagnostics, Buckinghamshire, United Kingdom), and Elecsys
rubella IgG (Roche Diagnostics, Mannheim, Germany). A description of
the characteristics of each CIA is presented in Table 1. To determine the
anti-rubella virus IgG status, all 500 samples were tested in a commercial
HAI and IB assay. To assess the accuracy of quantification, the samples
were tested in the IH-EIA.

(i) HAI assay. All 500 samples were tested in the Siemens RubeHIT
(Siemens Health Care, Marburg, Germany). Briefly, nonspecific aggluti-
nins were removed by incubating samples and controls in a kaolin sus-
pension (250 g per liter) for 20 min at room temperature. The samples
were centrifuged at 3,000 � g for 10 min, and the supernatant was re-
tained. Doubling dilutions of the supernatant were made in a CaCl2-
bovine albumin-NaCl-MgSO4 (CANM) saline solution, provided with
the kit. A standard concentration of rubella antigen, at 4 to 8 hemagglu-
tinating units per 25 �l, was added to each dilution, and the reaction
mixture was incubated for 1 h at room temperature. A 4% (vol/vol) sus-
pension of human erythrocytes was added to each well, and the reaction
mixture was incubated overnight at room temperature. The highest dilu-
tion in which the hemagglutination was inhibited was considered the
endpoint titer. All test results were scored by each of two different indi-
viduals without reference to the results determined by the other. Any
discrepant results were reviewed by both readers, and a consensus result
was obtained. Samples with HAI results of 1:16 or greater were deemed to
be HAI positive. To ensure that any lack of reactivity was not due to
technical error, tests of samples with a HAI titer of 1:8 or less were re-
peated in duplicate. Samples with HAI results repeatedly less than or equal
to 1:8 were considered HAI negative.

With each HAI test run, negative, low-positive, and high-positive con-
trols, provided by the manufacturer, were tested. Negative, low-positive,
and high-positive external controls with known reactivity were also tested
in each test run. Each control was required to produce an HAI titer within
1 doubling dilution of its target result for the run to be considered valid.
No runs were invalid.

(ii) Immunoblot analysis. All HAI-positive samples were tested in the
recombBlot rubella IgG (Mikrogen Diagnostik, Neuried, Germany) ac-

cording to the manufacturer’s instructions. The nitrocellulose strips pro-
vided by the manufacturer contained recombinant rubella antigens which
were separated by SDS-PAGE and transferred to the nitrocellulose mem-
brane. Briefly, 20 �l of sample or control was diluted in 2 ml of Tris buffer
and incubated with the nitrocellulose strip containing rubella antigen
overnight at room temperature with gentle shaking. After incubation, the
strips were washed and a rabbit anti-human IgG-horseradish peroxidase
conjugate was added. The strips were incubated for 1 h at room temper-
ature and washed. Tetramethylbenzidine substrate was then added, form-
ing a color reaction where anti-rubella virus IgG present in the sample was
bound to the rubella antigens (E1, E2, c, and an E1/E2 complex) on the
strip. An E2 weak-positive control, provided by the manufacturer, was
tested with each set of 20 samples. The intensity of the color reaction of the
E2 control acted as an assay cutoff, with any band being considered pos-
itive if its intensity was greater than that of the intensity of E2 control
band. All results were scored independently by two different individuals,
and any discrepant readings were resolved by consensus. Any sample hav-
ing one or more reactive bands was deemed IB positive. To ensure that any
lack of reactivity was not due to technical error, all samples with a negative
IB result were retested in a single assay.

(iii) In-house EIA. An IH-EIA was developed by NRL. Microtiter flat-
bottom plates (Nunc, Roskilde, Denmark) were coated with 50 �l of ru-
bella virus antigen (HPV-77 strain) (MyBioSource, San Diego, CA) at a
concentration of 0.5 �g/well in a carbonate buffer (pH 9.6) and incubated
overnight at 37°C. After washing in PBS-T (phosphate-buffered saline
[pH 7.4] containing 0.01% [vol/vol] Tween 20), 150 �l of blotto (50 mM
Tris-HCl [pH 8.0], containing 5% skim milk powder, 2 mM CaCl2, 150
mM NaCl, and 0.2% Nonidet P-40) was added, and the reaction mixture
was incubated for 1.5 h at 37°C to block nonspecific binding. Plates were
washed three times with PBS-T, and then 10 �l of control or sample was
diluted in 90 �l of blotto and added to each well. A plate shaker was used
to ensure adequate mixing before incubation at 37°C for 1 h. After being
washed with PBS-T, 100 �l of mouse anti-human IgG conjugated to
horseradish peroxidase (Southern Biotechnology Associates, Birming-
ham, AL) diluted 1:1,000 in blotto was added to each well, and the reaction
mixture was incubated for 1 h at 37°C. After washing, 100 �l of substrate,
2 mM ABTS (2=-azinobis [3-ethylbenzthiazoline-6-sulfonic acid]), in 25
mM sodium citrate buffer (pH 4.5) containing 0.3% hydrogen peroxide
was added to each well, and the reaction mixture was incubated in the dark
at room temperature for 20 min. The reaction was stopped with the ad-

TABLE 1 Summary of the assay characteristics of five commercial immunoassays

Assay characteristic

Description or value for indicated commercial immunoassay

Abbott Architect Abbott AxSYM Roche Elecsys bioMérieux Vidas Ortho Vitros

Solid phase Microparticles Microparticles Magnetic beads Solid-phase receptacles Plastic wells
Antigen Partially purified rubella

virus
Partially purified rubella

virus (strain HPV77)
Rubella-like particles

and recombinant
E1 antigen

Rubella antigen (strain
MR 383)

UV-treated rubella
antigen from
cell culture

Detection system Chemiluminescence MUBa Chemiluminescence MUB Luminescence
No. of calibrators 6 6 2 1 4-parameter

logistic curve
Calibration range (IU/mlb) 0–500 0–500 0.17–500 0–250 0–350
Standard RUB-1-94c WHO standard (not

specified)
RUB-1-94 RUB-1-94 RUB-1-94

Negative range (IU/ml) �4.9 �5.0 �10.0 �5.0 �9.99
Equivocal range (IU/ml) 5.0–9.9 5.0–9.9 NAd 5.0–10.0 NA
Low positive (IU/ml) NA NA NA NA 10.0–14.9
Positive range (IU/ml) �10.0 �10.0 �10.0 �10.0 �15.0
a MUB, methylumbelliferyl.
b IU/ml, international units per milliliter.
c RUB-1-94, WHO standard (1st International Standard).
d NA, not applicable.
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dition of 50 �l of 5% oxalic acid. The optical density of each control and
sample was read at 405 nm.

Each microtiter plate contained an eight-point standard curve. The
standard curve was constructed using duplicate, doubling dilutions of the
WHO international anti-rubella immunoglobulin standard (RUBI-1-94)
starting at a concentration of 200 IU/ml. An anti-rubella virus IgG exter-
nal quality control (QC) sample (AcroMetrix, Benicia, CA), calibrated at
20 IU/ml, was tested at least once in each plate. The results of the QC
sample were used to determine the assay’s repeatability and reproducibil-
ity. To determine the linearity of the IH-EIA, a secondary standard, inde-
pendently calibrated against RUBI-1-94 (2°STD; AcroMetrix, Alkmaar,
The Netherlands), and consisting of seven doubling dilutions from 68 to
1.0625 IU/ml was tested and quantified using the standard curve. The
IH-EIA was validated using a panel of known anti-rubella virus antibody-
positive (n � 95) and -negative (n � 25) samples.

Testing strategy. All 500 samples were screened using the HAI. All
samples having an HAI titer of 1:8 or less were assigned a negative anti-
rubella virus antibody status. As HAI detects both rubella virus IgG and
IgM, any sample that had an HAI titer of greater than 1:8 was tested in the
IB assay. If the IB result was negative, the sample was assigned a negative
anti-rubella virus IgG status. If the IB result was positive, that sample was
assigned a positive anti-rubella virus IgG status. All 500 samples were then
tested on the IH-EIA.

Analysis. The qualitative results of the CIAs were compared with the
assigned anti-rubella virus IgG status derived from the HAI and IB testing;
where more than 20 results were available for analysis, the percentage of
concordance with the assigned status and 95% confidence intervals (95%
CI) were determined for each CIA. The quantitative results reported by
the CIAs were analyzed using a receiver operating characteristic (ROC)
analysis (Analyze-it for Excel; Analyze-it Software, Leeds, United King-
dom) in order to predict the CIAs ’ sensitivities and specificities (12, 21).
The quantitative results obtained from the CIAs were also compared with
those obtained from the IH-EIA using the coefficient of determination
(R2) and Bland-Altman analyses (Analyze-it for Excel; Analyze-it Soft-
ware, Leeds, United Kingdom) (22–24).

RESULTS

All samples that were initially negative in the HAI and IB were
negative on repeat testing. The qualitative results reported by each
of the five CIAs were compared with the assigned anti-rubella
virus IgG status. The percentage and 95% CI of CIA qualitative
results that were concordant with the assigned status were esti-
mated by assuming equivocal results to be either negative or pos-
itive (Table 2). As each CIA had a different set of 100 samples
analyzed, different proportions of the 100 samples were assigned a
positive or negative status. The range of quantitative test results
reported by each CIA for samples assigned a negative or positive

status is represented graphically in Fig. 1. Only the bioMérieux
Vidas reported all samples with a negative status as negative (n �
6) but reported 6 and 18 samples assigned a positive status (n �
94) as negative and equivocal, respectively. The Roche Elecsys re-
ported 5 of 56 samples with a positive status as negative and 15 of
44 samples with a negative status as positive.

A total of 23 samples assigned a negative status, ranging from 0
to 15 samples per assay, were reported as positive by a CIA (Table
3). Although assigned a negative status by the testing strategy, 19
of the 23 samples had a HAI titer of 16 or greater. All 19 had a
negative IB results. HAI detects antibody reactivity against E1 an-
tigens but not E2 or core. Three of the remaining four samples had
an HAI titer of 8 and a positive IB result, with evidence of antibody
reactivity to E2 antigen. Only 1 of the 23 samples had negative HAI
and IB results. The highest positive CIA test result obtained on a
sample with a negative status was 36 IU/ml, reported by the Ab-
bott AxSYM. The 15 Roche Elecsys-positive results obtained from
samples with a negative status ranged from 10 to 35 IU/ml. A total
of 20 samples assigned a positive status, ranging from 1 to 6 sam-
ples per assay, were reported as negative by a CIA. All 20 samples
were positive for both the HAI and IB tests.

The CIA results were used to perform ROC analysis. Using a
cutoff of 10 IU/ml, the ROC analysis was used to determine the
predicted sensitivity and specificity, including the 95% CI, of the
CIAs for this population of samples (Table 4). The predicted sen-
sitivity for the CIAs ranged from 70.2% for the bioMérieux Vidas
to 91.2% for both the Ortho Vitros and the Abbott AxSYM. The
predicted specificity ranged from 65.9% for the Roche Elecsys to
100% for the bioMérieux Vidas. However, it is noted that the
confidence limits, especially for the specificity calculations, were
large due to the relatively low number of samples assigned a neg-
ative status. Further, the sensitivity and specificity are not reflec-
tive of the assays’ performances when testing a normal popula-
tion, as the samples in this study were selected as having low
positive reactivity.

The 23 QC test results obtained from 10 test runs gave a mean
of 25.1 IU/ml and a coefficient of variation (CV), expressed as a
percentage, of 19.6%. A further 39 QC test results, obtained from
a single run, gave a mean of 26.5 IU/ml and a CV of 9.4%.

The 2°STD was tested in two test runs, once in duplicate and
once in a single assay, for a total of three test results for each of the
seven panel members. When the results of the 2°STD test were

TABLE 2 Qualitative test results obtained from five commercial immunoassays compared with an anti-rubella virus IgG statusa

Assay

Samples with negative rubella IgG status Samples with positive rubella IgG status

Total
no. of
samples

No. of samples with indicated
assay result

Concordance with status (%)
(95% CI)

Total
no. of
samples

No. of samples with indicated
assay result

Concordance with status (%)
(95% CI)

Negative Equivocal Positive

Equivocal result
considered
negative

Equivocal result
considered
positive Negative Equivocal Positive

Equivocal result
considered
negative

Equivocal result
considered positive

Abbott Architect 23 13 5 5 69.2 (48.1–84.9) 50.0 (30.3–69.6) 77 1 7 69 89.6 (80.0–95.1) 90.9 (81.6–96.0)
Abbott AxSYM 9 6 2 1 NAb NA 91 2 5 84 92.3 (84.3–96.6) 97.8 (81.5–99.6)
bioMérieux Vidas 6 6 NA NA 94 6 18 70 74.5 (64.2–82.7) 93.6 (86.1–97.4)
Ortho Vitros 32 29 1 2 93.8 (77.8–98.9) 90.6 (73.8–97.5) 68 6 7c 55 80.9 (69.2–89.0) 91.1 (81.1–96.4)
Roche Elecsys 44 29 15 65.9 (50.0–79.1) NA 56 5 51 91.1 (79.6–96.7) NA

a Concordance of commercial immunoassay results with status, including 95% confidence limits (95% CI), were estimated by considering equivocal results to be both negative and
positive.
b NA, not applicable.
c Seven Ortho Vitros results between 10 and 15 IU/ml were considered low positive rather than equivocal.
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plotted against the expected value, the R2 was 0.99 and the equa-
tion describing the correlation was y � 0.90x � 6.26.

Of the 500 samples, 497 were tested in the IH-EIA. Three sam-
ples had insufficient volume to complete the testing. Of the 497
samples tested, 115 were assigned a negative status and 382 a pos-
itive status when tested in the HAI and the IB assay. The quanti-
tative results reported by the CIAs were compared with those re-
ported by the IH-EIA. Using Bland-Altman analysis, the IH-EIA
quantitative results were within the 95% confidence limits of
agreement for all CIA quantitative results up to approximately 60
IU/ml. At concentrations higher than this, the IH-EIA consis-
tently reported levels of anti-rubella virus IgG that were higher
than those reported by the CIAs. The R2, slope, and bias of the
comparison of IH-EIA quantitative results with the correspond-
ing CIA result were estimated with and without the IH-EIA results
greater than 60 IU/ml (Table 5). When the samples having an
IH-EIA result of greater than 60 IU/ml were removed, the R2

ranged from 0.210 to 0.421, indicating a lack of correlation be-
tween the results of the IH-EIA and each of the CIAs. When all test
results were used to calculate the R2, the R2 values were even lower.
Using Bland-Altman analysis, the IH-EIA had a positive bias com-
pared with each of the CIAs, ranging from 3.71 to 9.11 IU/ml.

DISCUSSION

The instructions for use (IFU) of the international rubella stan-
dard state that “RUB-1-94 consists of freeze-dried residuals of 2.0
ml of a mixture of normal human immunoglobulin and an equal
volume of sterile distilled water.” It was calibrated against the
second International Standard for Rubella Serum and was esti-
mated to contain 1,600 IU per ampoule. This standard has been
used to calibrate commercial anti-rubella virus IgG assays since
1995 (8–10). The European in vitro diagnostics directive states
that “the traceability of values assigned to calibrators and/or con-
trol materials must be assured through available reference mea-
surement procedures and/or available reference materials of a
higher order” (25). However, others have questioned the practi-
cality of standardizing biologicals that are traceable not to Système
International d’Unités (SI) units but to arbitrary units such as
WHO international standards, stating that “immunogenic pro-
teins such as viral proteins are generally highly complex and het-
erogeneous mixtures in biological fluids” (26). In these cases, the
reference materials and the biological fluids are therefore “non-
identical,” which consequently invalidates the basic principle of
traceability: to compare like with like (27). Indeed, the WHO stan-
dard is polyclonal in nature and it is generally not possible to
create a secondary standard or certified reference material that
would behave in the same manner when tested in the same immu-
noassay. The shape of the curve generated by the secondary stan-
dards would always differ from that generated by the WHO stan-

FIG 1 Dot histograms of the quantitative test result, expressed in international units per milliliter (IU/ml), of 100 low-positive (Pos) and negative (Neg) results
obtained from each of five commercial immunoassays, for a total of 500 results, plotted against an assigned negative or positive status. The assay’s cutoff is
represented with a horizontal line, and equivocal ranges are represented with a hashed line.

TABLE 3 The number and range of quantitative test results reported by
five commercial anti-rubella virus IgG immunoassays that were
discordant compared with an assigned anti-rubella virus IgG statusa

Assay

CIA-positive results for
samples assigned a
negative status

CIA-negative results for
samples assigned a
positive status

No. Range (IU/ml) No. Range (IU/ml)

Abbott Architect 5 11–22 1 4.3
Abbott AxSYM 1 36 2 0.0–0.5
bioMérieux Vidas 0 6 1.0–4.0
Ortho Vitros 2 20–22 6 3.9–9.1
Roche Elecsys 15 10–35 5 0.4–9.5
a CIA, commercial anti-rubella virus IgG immunoassay.
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dard, and this would be most apparent at the lower region of the
curve (28). Considering the differences in the formulations of the
CIAs (Table 1), in particular, in the antigen(s) bound to the solid
phase, a lack of standardization between CIAs is not surprising.

Past studies have demonstrated a lack of standardization be-
tween some assays used to quantify anti-rubella virus IgG in se-
rum (8, 9). In conjunction with a lack of standardization, vacci-
nation programs have resulted in lower levels of anti-rubella virus
IgG being detected in the population (2, 3). This lack of standard-
ization and the number of individuals having vaccine-induced
low-level anti-rubella virus IgG can cause difficulties in the inter-
pretation of the results, especially when the result is close to the
cutoff of the assay (7, 29). Studies indicate that the sensitivities and
specificities of many commercial EIAs are similar (9, 14, 30, 31).
However, as most CIAs use 10 IU/ml as a cutoff for immunity,
different qualitative results for the same sample are reported by
different assays. Therefore, results generated from an individual’s
sample that is tested in one assay cannot be compared with results
obtained in other assays. So when results are obtained from acute
and convalescent samples and each sample is tested in different
assays, the results may resemble a seroconversion to anti-rubella
virus IgG, with the early sample testing negative in one assay and
later samples testing positive in another. Potentially, these results
may be interpreted as evidence of a recent rubella virus infection.
This situation may lead to anxiety for the patient or even a recom-
mendation for termination of pregnancy. Therefore, consecutive
samples from the same individual should be tested together with
the same assay (11).

As new commercial immunoassays are introduced to the mar-
ket, scientists comparing the results obtained from the new assay
with those obtained from their routine assay experience difficulty
in elucidating discordant test results. Testing samples with discor-

dant test results on a third assay is not recommended (32, 33).
Comparison of qualitative results with those obtained from a gold
standard reference test is preferred (12, 28). For anti-rubella virus
IgG testing, HAI, viral neutralization, and Western blot analyses
have been considered appropriate reference tests, although very
few laboratories worldwide retain the expertise for neutralization
testing (6, 15, 16, 19). Further, these tests are manual and complex
and also subject to variation (15, 16, 34). Of the 23 samples as-
signed a negative status but having a positive CIA result, 22 had a
positive result in either HAI or IB testing but a negative result in
the other test. The negative result may have been due to a lack of
sensitivity of the assay. Also, HAI detects only antibodies to E1
antigen. This phenomenon caused three samples to be assigned a
negative status in the testing strategy, whereas the CIA reported a
positive result and the IB assay had evidence of E2 antibody reac-
tivity. The HAI can detect anti-rubella IgM, whereas the IB test
and the CIA detect only IgG-specific antibodies. The presence of
anti-rubella virus IgM may explain why some samples were HAI
positive but IB negative. These results underline the difficulty of
selecting a reference testing strategy to confirm qualitative anti-
rubella virus IgG results.

The qualitative test results of the CIAs were compared with a
status determined by HAI and IB testing. If the equivocal results in
the CIAs were assumed to be positive for anti-rubella virus IgG,
the qualitative results of all CIAs gave greater than 90% concor-
dance with the assigned positive status. If the equivocal results in
the CIAs were assumed to be negative, the percentages of concor-
dance of the qualitative test results on the Abbott Architect and
Roche Elecsys with the assigned negative status were poor, at 69.2
and 65.9%, respectively. However, the concordance of the quali-
tative results on the Ortho Vitros with assigned negative status was
higher at 83.8%. These findings are not indicative of the sensitiv-

TABLE 4 Estimation of the sensitivity and specificity, using receiver operating characteristic analysis with a cutoff set at 10 international units per
milliliter, of five commercial immunoassays using samples having low-level and negative results to anti-rubella virus IgGa

ROC analysis parameter Abbott Architect Abbott AxSYM bioMérieux Vidas Roche Elecsys Ortho Vitros

Curve area 0.93 0.88 1.00 0.88 0.97
Predicted specificity (%) 78.3 88.9 100 65.9 93.8
95% confidence interval 56.3–92.5 51.8–99.7 54.1–100.0 50.1–79.5 79.2–99.2
Predicted sensitivity (%) 89.6 91.2 70.2 89.3 91.2
95% confidence interval 80.6–95.4 83.4–96.1 59.9–79.2 80.4–97.0 81.8–96.7
a ROC, receiver operating characteristic.

TABLE 5 Summary of the analysis of correlation between quantitative results, reported as international units per milliliter obtained from five
commercial anti-rubella virus IgG immunoassays and an in-house immunoassay calibrated with the World Health Organization international
standard rubella virus serum RUB-1-94a

Analysis category and parameter

Commercial EIA

Abbott Architect Abbott AxSYM bioMérieux Vidas Roche Elecsys Ortho Vitros

Samples with IH-EIA results less than 60 IU/ml
Coefficient of determination (R2) 0.421 0.210 0.276 0.227 0.420
Slope 0.58 0.52 0.42 0.41 0.49
Intercept (IU/ml) 2.48 14.04 5.78 6.41 4.42

All samples
Coefficient of determination (R2) 0.354 0.106 0.169 0.063 0.110
Slope 1.35 0.90 1.12 0.60 0.94
Intercept (IU/ml) 10.50 15.12 15.12 20.57 23.41

a IH-EIA, in-house immunoassay; IU/ml, international units per milliliter.
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ities and specificities of the assays for testing an unselected popu-
lation, as the samples in the study were preselected for low positive
reactivity. Generally, CIAs have sensitivity greater than 98% and
specificity of greater than 85% (9, 31).

The IFU for the two Abbott assays and bioMérieux Vidas spec-
ify equivocal ranges from 5.0 to 9.9 IU/ml, whereas the Ortho
Vitros IFU specify an equivocal range of 10.0 to 14.9 IU/ml. The
Roche Elecsys IFU do not state an equivocal range. Only the Ab-
bott AxSYM and the Roche Elecsys reported test results greater
than 30 IU/ml. No CIA reported a positive result greater than 36
IU/ml for a sample that was assigned a negative status. The use of
a strict cutoff of 10 IU/ml invariably results in the reporting of
false-positive and -negative test results. Many Australian labora-
tories testing for anti-rubella virus IgG choose to report results
between 10 and 30 IU/ml as positive but add a clinical interpreta-
tion stating that the clinical significance of the result is in doubt.
The sources for this uncertainty are the imprecision of the assay
and biological false reactivity of some samples in the assay. Estab-
lishing and reporting a gray zone allows laboratories to follow the
manufacturer’s instructions while acknowledging the uncertainty
of the clinical interpretation at low levels of antibodies.

The qualitative nature of the reference test results does not aid
in determining the accuracy of quantification of antibodies. The
present study evaluated quantitative CIA results by testing sets of
samples having negative or low-level rubella virus IgG in an IH-
EIA, which was directly calibrated using RUBI-1-94 and designed
to be linear at low levels of anti-rubella virus IgG. Results obtained
from the IH-EIA were shown to be precise, with repeatability
(within-run precision) of less than 10% and reproducibility (be-
tween-run precision) of 20%. Excellent correlation with results
obtained from the independent secondary standard, 2°STD, indi-
cated that the IH-EIA was accurate to a level of about 60 IU/ml.
When the quantitative results of CIAs were compared with those
obtained from the IH-EIA, the level of correlation was very poor
for all CIAs and the IH-EIA had a positive bias ranging from 3.7 to
9.1 IU/ml. This would support the theory that CIAs lack standard-
ization, particularly at low levels of rubella virus IgG, even though
the calibrators of all but one CIA were traceable to RUBI-1-94.

All assays experience imprecision (35). In our experience con-
ducting QC programs for infectious disease testing for more than
10 years, results of testing the same QC sample on manual micro-
titer plate assays generally show variation of less than 20% whereas
those from instrument-based serology assays show variation of
less than 15%. The results of a peer-comparison QC program
using a QC sample calibrated at 20 IU/ml against RUBI-1-94 dem-
onstrated that the imprecision of CIAs ranged between 5 and 20%,
with a measurement uncertainty (MU) of about 2 to 5 IU/ml
(unpublished data). That is, when the MU is 5 IU/ml, a result of 10
IU/ml has a 95% confidence of being between 5 and 15 IU/ml.
Therefore, the interpretation of low-positive test results is difficult
when both the imprecision and lack of standardization (bias) of
the assays are considered.

This study has demonstrated the difficulty in both standardiz-
ing assays designed to detect and quantify antibodies and, conse-
quently, using quantitative results to set immune/nonimmune
cutoffs. Both imprecision and bias contribute to these difficulties
(35). However, the main contributing factor to the lack of stan-
dardization is the poor implementation of traceability protocols.
When the WHO standard was developed, there was insufficient
definition of the analyte as required in traceability. The approach

taken did not consider factors such as biological variation and the
complexity of the proteins being detected, the reactivity of these
antigens with antibodies of differing levels of avidity and affinity,
the characteristics of the assay being used, and the stage of disease
of the patient being tested (26, 27). Anti-rubella virus IgG testing
has no quantitative reference method with known and defined
uncertainty. Indeed, the results of testing of RUBI-1-94 were
never published, no details of the methods for calibration are
available, and the manufacturer’s IFU indicates that “This study
has almost been completed.”

Although an international reference standard has been avail-
able since the 1980s and has been used to calibrate assays for the
detection and quantification of anti-rubella virus IgG, it has not
led to greater levels of standardization between commercial assays
and issues reported in 1992 remain. It may be time for the scien-
tific community to question the relevance of quantification of
anti-rubella virus IgG. It may be possible for manufacturers of
commercial assays to assign a cutoff for their assays by maximizing
sensitivity and specificity using well-validated panels of samples
with a known status, disregarding the WHO standard, and no
longer reporting the anti-rubella virus IgG results in IU/ml but as
a qualitative result.
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