
Improved Standardization of the Bio-Rad Platelia Aspergillus
Galactomannan Antigen Sandwich Enzyme Immunoassay Using the
DS2 (Dynex) Enzyme-Linked Immunosorbent Assay (ELISA)
Processing System

R. L. Gorton,a P. L. White,c E. Bagkeris,d D. Cotterall,a R. Desai,a T. McHugh,b C. C. Kibblera

UK Clinical Mycology Network (UKCMN) Regional Laboratory, Department of Microbiology, Royal Free Hospital, Hampstead, London, United Kingdoma; Centre for Clinical
Microbiology, UCL, Royal Free Campus, London, United Kingdomb; UKCMN Regional Laboratory, Public Health Wales, Microbiology Cardiff, UHW, Cardiff, United
Kingdomc; Population, Policy & Practice Program, UCL Institute of Child Health, London, United Kingdomd

The galactomannan enzyme immunoassay (GM-EIA) is widely utilized for the diagnosis of invasive aspergillosis (IA). There is
inconsistent reproducibility of results between centers when the assay is processed manually. Automation of EIAs can reduce
variation. This study investigated the semiautomation of the GM-EIA on the DS2 (Dynex) platform in the following three stages:
(i) DS2 GM-EIA method validation with experimental samples, (ii) DS2 retesting of case-defined clinical samples, and (iii) a 12-
month audit of DS2 GM-EIA performance. In stage i, Bland-Altman analysis demonstrated a reduced variance between optical
density index (ODI) values for samples processed on two DS2 platforms (mean difference, �0.02; limits of agreement [LOA],
�0.19 to 0.14) compared with the variance between samples processed manually and on a DS2 platform (mean difference, 0.02;
LOA, �0.25 to 0.3). In stage ii, 100% (14/14 samples) qualitative agreement was observed for serum samples from patients with
IA, with no significant change in the ODI values when samples were processed on the DS2 platform. A significant decrease in
ODI values was observed for control serum samples on the DS2 platform (difference, 0.01; P � 0.042). In stage iii, a significant
reduction in the frequency of equivocal results, from 5.56% (136/2,443 samples) to 1.56% (15/961 samples), was observed after
DS2 automation (difference, 4.0%; 95% confidence interval [CI], 2.7 to 5.2%; P < 0.01), with an equivalent increase in negative
results. This study demonstrates that GM-EIA automation may reduce intersite variability. Automation does not have an impact
on the repeatability of truly positive results but contributes to a reduction in false-positive (equivocal) GM-EIA results, reducing
the need to retest a significant proportion of samples.

The Bio-Rad Platelia Aspergillus galactomannan antigen sand-
wich enzyme immunoassay (GM-EIA) is widely used as a

screening method for prospective surveillance of invasive asper-
gillosis (IA) in patients at high risk of disease. The assay is well
established, as reflected by its recommendation in the European
Organization for Research and Treatment of Cancer (EORTC)
consensus criteria for defining invasive fungal disease (IFD) (1).
Despite this fact, the diagnostic performance of the GM-EIA is
variable, with meta-analyses showing combined sensitivities rang-
ing from 0.71 to 0.78 and specificities ranging from 0.81 to 0.89 (2,
3). The false positivity experienced using the GM-EIA has been
associated with antimicrobial treatment (e.g., piperacillin-tazo-
bactam), other invasive fungal diseases (e.g., fusariosis), and even
ingestion of an ice-pop (4–7). Consequently, the GM-EIA should
not be used as a stand-alone diagnostic test but is an important
component of the diagnostic strategy for managing IA (1).

Although initially the GM-EIA reproducibility was reported to
be excellent between laboratories (8), recent reports documented
a lack of reproducibility for repeat testing of positive samples (9,
10). In particular, samples with an optical density index (ODI) at
or around the positivity threshold (�0.5) of the assay were regu-
larly found to be negative on repeat testing (8, 11). The storage
conditions of specimens appear to have an impact on reproduc-
ibility, with a significant decline in the sample ODI reported after
storage at �80°C (11). An IA diagnosis also appears to be impor-
tant, with nonreproducibility observed more frequently for retest-
ing of false-positive samples from patients without IA (11, 12). A

significant correlation between the serum albumin concentration
and the difference in ODI value on retesting was also recently
reported. A larger reduction in indices was observed on retesting
sera with increasing albumin concentrations (11).

While storage and disease status have been shown to affect the
reproducibility of GM-EIA, other factors, such as human error,
environmental contamination at the point of testing, and variabil-
ity in local testing conditions between laboratories, may also have
impacts on the assay’s performance and reproducibility. The GM-
EIA is performed manually by most laboratories and, conse-
quently, is susceptible to fluctuations in the environmental tem-
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perature and to operator variability. Any measures taken to
standardize the GM-EIA across laboratories would be advanta-
geous, with the aim of minimizing operator and environmental
influences. Automation of the GM-EIA on an enzyme-linked im-
munosorbent assay (ELISA) processing system will assist in stan-
dardizing the assay. There are several ELISA processing systems
available, and although the data are unpublished, the GM-EIA has
been automated using the Evolis ELISA processing system (Bio-
Rad, written communication). The present study aimed to evalu-
ate the automation of the GM-EIA on an alternative open plat-
form, the DS2 (Dynex Technologies) ELISA processing system, to
test the impact of the DS2 system in reducing test variability.

MATERIALS AND METHODS
Study design. The study was conducted in the following three stages: (i)
validation of the DS2 GM-EIA methodology by comparing results from
experimental samples processed on two DS2 platforms against manual
processing, (ii) DS2 retesting of positive/negative clinical samples based
on the case definition of IA, and (iii) an audit of DS2 GM-EIA perfor-
mance over a 12-month period of use in a routine diagnostic setting.

(i) DS2 method validation. Prior to implementation in clinical prac-
tice, the DS2 system was evaluated using control serum samples and
pooled sera spiked with increasing volumes (10, 20, 30, 40, and 50 �l) of a
galactomannan positive control (supplied by Bio-Rad). Samples were
processed on the day of spiking, manually and on two identical DS2 plat-
forms, to allow analysis of interplatform reliability. Throughout the vali-
dation stage, we collected OD values for the GM-EIA threshold controls.
The OD values were then used to define new threshold control character-
istics for DS2 processing, with acceptable ODs being �0.3 and �1.2 and
with a maximum OD difference between the two threshold controls of 0.5
(data not presented). Both OD and ODI values were analyzed in this stage
of the study.

(ii) Reanalysis of samples defined by disease status. To assess the
clinical performance of DS2 processing, the ODI values obtained by man-
ual and DS2 processing for case and control patient sera were compared.

(a) Positive sera. Positive sera are not encountered frequently; there-
fore, an electronic search of samples processed through the year 2012
identified 17 positive serum samples (ODI � 0.5) for inclusion. Serum
samples had been stored at �80°C and were tested manually and on the
DS2 platform within 24 h of thawing. Samples were assigned to a case/
control definition prior to retesting on the DS2 system. Twelve samples
were obtained from six patients (range, 1 to 5 samples each) with IA. Five
samples were from control patients with no evidence of IA.

(b) Negative sera. Data were collected for serum samples tested pro-
spectively manually and by the DS2 system over 1 month of testing. Only
data for samples for which the disease status of the patient was known
were included. In total, 55 negative sera were included; 53 samples came
from control patients, and 2 samples came from patients with IA.

(iii) Postimplementation clinical evaluation. The impact of DS2 au-
tomation was assessed through a 12-month audit of qualitative clinical
results (positive, equivocal, and negative, interpreted from the ODI val-
ues) reported pre-DS2 implementation, from 1 January to 31 December
2009, and post-DS2 implementation, from 1 January to 31 December
2013. GM-EIA threshold control values were also collected to evaluate the
performance of the adjusted DS2 threshold control parameters for DS2
processing. In the pre-DS2 time frame, samples initially were tested on the
day of receipt or stored in the refrigerator until tested (January to March),
and then the protocol was changed to storing samples in the freezer at
�20°C (April to December) prior to testing when the test was not being
performed on the day of receipt. In the post-DS2 implementation time
frame, samples were either tested on the day of receipt or stored at �20°C
until the day of testing.

GM-EIA processing. GM-EIA kits with the same lot number were
utilized during stage i, with the same operator performing all analyses. For

stages ii and iii of the study, the operators varied and kits from different
batches were used. Throughout all stages, serum was added to the treat-
ment solution at a 3:1 ratio (either 360 �l of serum and 120 �l of treatment
solution or 300 �l serum and 100 �l of treatment solution, for automated
or manual processing, respectively). Sample pretreatment was performed
per the manufacturer’s instructions in a class 2 biological safety cabinet.
Liquid handling processes were identical for manual and DS2 processing
and were performed per the manufacturer’s instructions. During stage i,
all manually processed plates were washed manually (five washes) by the
operator. During the second stage of the study, manually processed plates
were washed using a benchtop plate washer (five stringent washes). The
DS2 wash cycle program was as follows: a five-cycle supersweep wash
stripwise with constant timing set to four dispenser loops, a bottom wash
with 250 �l, and a final aspiration cycle with 380 �l of wash buffer.

GM-EIA result interpretation. The ODs for samples and controls
were measured at 450 nm/620 nm. The validity of each run was deter-
mined per the manufacturer’s instructions. For manually processed
plates, the threshold control had to be within the prerequisite OD limits of
�0.3 and �0.8. For DS2 processing, the upper range of acceptance for
threshold controls was increased to �1.2, with a control equation written
into the DS2 program to ensure that the difference between the threshold
control OD measurements was no greater than 0.5, as allowed by the
manufacturer. ODI values were calculated per the manufacturer’s instruc-
tions; any ODI value above 0.5 was considered positive.

Statistical analysis. Data normality was tested using the Kolmogorov-
Smirnov and Shapiro-Wilks tests. For stage i of the study, Bland-Altman
plots (13) were used to demonstrate agreement between ODI results ob-
tained by manual processing and the two DS2 platforms. Bland-Altman
analysis calculates the mean difference between ODI values for the differ-
ent processing methods (the “bias”) and the 95% limits of agreement
(LOA) as the mean difference around the bias (2 standard deviations
[SD]). It is expected that the 95% limits include 95% of differences be-
tween the two measurement methods. Spearman’s rho method was used
to test correlations, and the kappa statistic was calculated to test the inter-
assay qualitative agreement between all samples and for cases and controls
individually. In stage ii of the study, agreement between results was deter-
mined in both a qualitative manner (positive versus negative results) and
a quantitative manner (comparison of median initial ODI versus retest
ODI). The Wilcoxon signed-rank test was used to measure the differences
across ODI values. Differences were determined at the 0.05 level of signif-
icance. In stage iii of the study, frequencies of negative, equivocal, and
positive values were calculated for 1 year pre-DS2 processing and 1 year of
DS2 use in a diagnostic setting. Analysis of differences between the fre-
quencies was conducted using Fisher’s exact test.

RESULTS
DS2 validation. (i) Threshold controls. Data collected for 10
threshold controls were used to define the threshold control limits
for DS2 testing (Table 1). A median OD of 0.48 (interquartile
range [IQR], 0.42 to 0.53) was observed for GM-EIA plates pro-
cessed manually. Median ODs of 0.88 (IQR, 0.76 to 1.0) and 0.79
(range, 0.68 to 1.1) were observed for GM-EIA plates processed on
the two DS2 platforms (Table 1).

(ii) Sample population. One hundred twenty-one samples
were processed (20 GM-spiked serum samples and 101 blank se-
rum samples). All 20 GM-spiked serum samples were positive
(ODI � 0.5) by manual and DS2 GM-EIA processing, and all 101
negative serum samples were confirmed as negative on repeat test-
ing by manual processing and on the two DS2 platforms. The
observed qualitative agreement was 100% (95% confidence inter-
val [CI], 96.9 to 100%), with a kappa statistic of 1.0 between the
manual results and those obtained on the two DS2 platforms.

The characteristics of the OD and ODI values for the 121 sam-
ples measured manually and on the DS2 platforms are presented
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in Tables 1 and 2. To assess the relationship between OD and ODI
values, linear regression was performed and Spearman’s rho cor-
relation coefficients calculated. A strong, significant positive cor-
relation was observed between the ODs for samples processed
manually and those processed on the first (r � 0.67; P � 0.01) and
second (r � 0.63; P � 0.01) DS2 platforms (see Fig. S1a and b in
the supplemental material). A very strong positive correlation of
OD measurements was observed between the two DS2 platforms
(r � 0.78; P � 0.01) (see Fig. S1c).

Figure 1 displays linear regression lines and Spearman’s corre-
lation coefficients for ODI values measured manually and on the
two DS2 platforms. In applying Spearman’s rho correlation to
ODI values generated by manual and DS2 processing, again, a
strong, significant positive correlation was observed between
manual processing and the first (r � 0.72; P � 0.01) and second
(r � 0.73; P � 0.01) DS2 platforms (Fig. 1, left and middle panels).
A very strong positive correlation was observed between the indi-
ces generated on the two DS2 platforms (r � 0.84; P � 0.01) (Fig.
1, right panel).

Given that Spearman’s correlation measures the strength of a
monotonic relationship between the data rather than agreement,
Bland-Altman plots (13, 14) were generated for manual process-
ing versus DS2 processing. In Bland-Altman analysis, the differ-
ences between ODI values are plotted against the average ODI
values for the two processing methods being compared (Fig. 2).

In Fig. 2, the Bland-Altman plots demonstrate a greater varia-
tion between ODI values measured on the DS2 platforms and by
manual processing than the variation between ODI values mea-
sured on the two DS2 platforms. The LOA (2 SD around the
mean) was approximately halved for ODI values obtained from
the two DS2 platforms (mean difference, �0.02; LOA, �0.19 to
0.14) compared with manual processing and the first DS2 plat-
form (mean difference, 0.02; LOA, �0.25 to 0.3) or manual pro-
cessing and the second DS2 platform (mean difference, �0.00;
LOA, �0.27 to 0.26). The observed differences for the three meth-
ods fell within 2 SD of the mean for 94.2% (114/121 samples) of
the samples between manual processing and the first DS2 plat-
form, 95% (115/121 samples) of the samples between manual pro-
cessing and the second DS2 platform, and 93.4% (113/121 sam-
ples) of the samples between the two DS2 platforms.

Reanalysis of samples defined by disease status. In total, 72
samples were retested by the DS2 system, including 58 samples
obtained from 42 control patients (range, 1 to 3 samples each) at
high risk but with no evidence of fungal disease and 14 samples
(range, 1 to 5 samples each) obtained from 6 patients defined as
having cases of probable IA, with radiological evidence of sinusitis
and/or pulmonary disease.

Of the 72 samples, 55 (53 from control patients and 2 from case
patients) were initially negative by manual processing. Fifty-two
samples remained negative by DS2 processing (94.5% observed
agreement; 95% CI, 85.2 to 98.1%). Three samples were positive
by DS2 processing on repeat testing; all were from control patients
and had an initial ODI value in the range of 0.4 to 0.49, close to the
positivity threshold of 0.5. Both of the negative samples from case
patients were in the range of 0.4 to 0.49 when manually tested and
on repeat testing by DS2 processing. Seventeen samples were ini-
tially positive when tested manually: 12 samples from cases of IA
and 5 samples from control patients. On repeat testing, 94.1%
(16/17 samples) of samples were positive when retested by the DS2
system (95% CI, 73.0 to 99.0%). Analysis by the disease status ofT
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samples initially testing positive (ODI � 0.5) by manual process-
ing demonstrated that for case patients, 100% (12/12 samples) of
the samples remained positive on repeat testing by DS2 process-
ing. For controls, 80% (4/5 samples) of positive samples remained
positive on repeat testing. One sample tested positive manually,
with an ODI value of 0.51, but was negative by DS2 repeat testing,
with an ODI value of 0.45.

The observed qualitative agreement between manual process-
ing and DS2 processing was 94.4% (68/72 samples; 95% CI, 86.6
to 97.8%), with a kappa statistic of 0.64. The observed agreement
for controls was 93.1% (54/58 samples; 95% CI, 83.6 to 97.3%),
with a kappa statistic of 0.63. For case patients, a 100% observed
agreement (14/14 samples; 95% CI, 78.5 to 100%) was achieved
between manual and DS2 processing, but it was not possible to
determine the kappa statistic due to the small sample number. The
median GM ODI values (for samples tested manually and on the
DS2 platform) for the overall population, cases, and controls are
shown in Table 3. On the DS2 platform, the GM ODI for the
overall population was not significantly different (P � 0.116)
from the initial ODI obtained by manual testing. Analysis by dis-
ease status showed that there was no significant difference be-
tween ODI values for testing of samples from case patients by DS2
processing. For testing of samples from control patients with no
evidence of IFD, a significant reduction in ODI values (P � 0.042)
was observed. Spearman’s correlation coefficient between the
original and retest ODI values overall was positive (r � 0.59),
representing a strong positive correlation between manual and
DS2 testing (P � 0.001).

Postimplementation clinical evaluation. (i) Threshold con-
trol analysis. A strong, significant positive Spearman’s correlation
of 0.89 (P � 0.01) was achieved between threshold control limit 1
and threshold control limit 2. The median OD value was 0.72

(IQR, 0.62 to 0.8) for threshold control limit 1 and 0.7 (IQR, 0.61
to 0.79) for threshold control limit 2. In Fig. 3, the manufacturer’s
recommended optical density threshold controls (�0.3 and �0.8)
are indicated by dotted lines. The optical density thresholds for
DS2 automation in this study were �0.3 and �1.2, as shown by
solid lines in Fig. 3.

(ii) GM-EIA audit conducted pre- and post-DS2 automation.
Analysis of the results reported from the GM-EIA over two 12-
month periods, pre- and post-DS2 automation, showed that the
number of positive results decreased slightly, from 4.01% (98/
2,443 samples) in 2009 to 3.54% (34/961 samples) in 2013, but
that this decline was not statistically significant (difference, 0.47%;
95% CI, �1.06 to 1.78%; P � 0.555). The number of equivocal
reports (for samples that tested positive initially and negative on
repeat testing) decreased almost 5-fold, from 5.56% (136/2,443
samples) in 2009 to 1.56% (15/961 samples) in 2013 (difference,
4.0%; 95% CI, 2.7 to 5.2%; P � 0.01). The number of negative
reports increased from 90.42% (2,209/2,443 samples) in 2009 to
94.9% (912/961 samples) in 2013 (95% CI, 2.6 to 6.2%; P �
0.001).

DISCUSSION

This study has demonstrated that the use of an automated liquid
handling platform, such as the DS2 platform, can replace manual
processing of the GM-EIA. Almost complete agreement (97.9%
[189/193 samples]) was observed between qualitative results (neg-
ative/positive) across simulated and clinical samples combined
when the samples were processed manually and on the DS2 plat-
form. Manual processing is responsible for variation within the
GM-EIA. In stage i, where GM-EIA was performed by a single
operator, OD and ODI values measured manually were compared
against those measured on the two DS2 platforms. A stronger

TABLE 2 Comparison of GM-EIA ODI characteristics for testing of serum samples by manual and DS2 platform processing

Parameter

Value

Overall (n � 121) Negative samples (n � 101) Spiked positive samples (n � 20)

Manual
DS2
platform 1

DS2
platform 2 Manual

DS2
platform 1

DS2
platform 2 Manual

DS2
platform 1

DS2
platform 2

Range 0.048–3.282 0.057–2.374 0.056–2.380 0.048–0.339 0.057–0.32 0.056–0.416 0.50–3.282 0.51–2.374 0.501–2.380
25th percentile 0.085 0.09 0.097 0.078 0.088 0.093 0.894 0.887 0.868
Median index 0.101 0.115 0.132 0.093 0.105 0.12 1.337 1.209 1.317
75th percentile 0.160 0.167 0.177 0.118 0.137 0.151 0.83 1.626 1.79

FIG 1 Linear regression lines and Spearman’s correlation coefficients for optical density index values measured manually and on two DS2 platforms in stage i,
validating the DS2 methods by using experimental samples.
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positive correlation was observed between OD and ODI values
measured on the two DS2 platforms. This indicates that manual
processing was responsible for the reduced correlation in compar-
ing manual and DS2 OD and ODI values. Bland-Altman plots
demonstrated that the bias across all three comparisons was min-
imal (0.02). However, the limits of agreement around the bias
were almost halved in comparing ODI values measured on the two
DS2 platforms. This supports the view that automation of the
GM-EIA across laboratories will contribute to a reduction in vari-
ance, an issue that has been reported in several other studies (8, 9,
15). This is further supported by other studies reporting a decrease
in variance within EIAs after automation (16, 17).

On testing of samples defined by disease status in stage ii of the
study, there was no significant difference in ODI values for cases
tested by the DS2 platform (difference, 0; P � 0.082), but for
samples from patients with no evidence of IFD, a significant re-
duction of ODI values was observed when samples were tested on
the DS2 platform. Qualitative results (positive/negative) differed
between manual and DS2 processing for four samples, all of which
were from control patients (changing from negative to positive for
three samples and from positive to negative for one sample). Im-
portantly, all four samples had ODI values of 0.4 to 0.49, close to
the positivity threshold of the assay. As these patients had no other
evidence of invasive fungal disease, these samples represent false-
positive results. The change in qualitative results for these four
samples was not likely a result of DS2 automation but a result of
the variability in measured ODIs seen for false-positive samples,
which was reported in a similar study (11). A lack of repeatability
for samples with ODI values close to the positivity threshold of the
assay was also reported by Marr et al., as 10.2% of positive serum

samples included in their study, all with ODIs of 0.5 to 0.7, tested
negative on repeat testing (8).

False positivity of the GM assay has been reported in several
case reports, in association with factors such as the use of pipera-
cillin-tazobactam, which is an antimicrobial frequently used to
treat neutropenic sepsis (4, 6, 18). Weaker nonspecific binding of
cross-reacting epitopes in false-positive samples could cause in-
creased variation in ODI values upon repeat testing and may ex-
plain the lack of repeatability observed for control samples. In a
recent report, Kimpton et al. suggested that molecules causing
false-positive results bind with less affinity to the EB-A2 antibody
after freezing and storage, which leads to them being negative on
repeat testing (11). Conversely, the target molecule galactoman-
nan binds with a high affinity, which leads to the repeatability of
results for truly positive samples. The complete qualitative agree-
ment seen for results from positive serum samples spiked with
control GM in stage i of the study and for positive samples from
case patients with IA in stage ii of the study supports this hypoth-
esis. Furthermore, two “negative” samples from cases of IA with
ODI values close to the positivity threshold (0.45 and 0.46 by
manual testing and 0.46 and 0.47 by DS2 testing) likely repre-
sented low-level positive samples as measured by both processing
methods. To control for this possibility, the manufacturer’s rec-
ommendations for GM-EIA testing are that all positive GM sam-
ples be retested. In our center, we adhere to these recommenda-
tions and account for positive GM samples that test negative on
repeat testing as equivocal results.

After implementation of DS2 GM-EIA processing, we ob-
served a significant decrease in equivocal results (initially positive
samples that tested negative on repeat testing) reported from our

FIG 2 Bland-Altman plots of differences in optical density index (ODI) values against the means of the two measurements for GM-EIA ODI values measured
manually and on two independent DS2 platforms.

TABLE 3 GM-EIA ODI reproducibility for testing of case-defined clinical serum samples manually and on the DS2 platform

Parameter

Value

Overall (n � 72)a Case samples (n � 14) Control samples (n � 58)

Initial ODI Retest ODI Initial ODI Retest ODI Initial ODI Retest ODI

Range 0.05–1.59 0.04–1.71 0.45–1.59 0.46–1.71 0.05–0.51 0.04–0.56
25th percentile 0.08 0.06 0.5 0.57 0.07 0.05
Median 0.11 0.10 0.85 0.88 0.10 0.09
75th percentile 0.48 0.5 1.1 1.15 0.21 0.11
Wilcoxon P value 0.116 0.972 0.042
a For the overall results, Spearman’s rho correlation coefficient was 0.593, and the P value was �0.01.
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laboratory, from 5.56% to 1.56%, with an equivalent increase in
negative results reported in this period. This suggests that auto-
mation contributed to a reduction in false positivity. The reduc-
tion in equivocal results using the DS2 platform may be a result of
an increased stringency of the washing program. Weakly bound
cross-reacting molecules may be washed away more effectively.
However, the observed reduction in equivocal results could also
be due to an effect of sample storage at �20°C prior to testing,
which was introduced for all samples not being tested on the day
of receipt in our center around the time of DS2 automation. The
low reproducibility of GM-positive results after storage at �20°C
has been highlighted in two studies (10, 19); however, the long-
term stability of galactomannan in serum at �20°C has been dem-
onstrated to be up to 5 years (20). This suggests that freezing may
lead to a reduction in false positivity but not affect genuinely pos-
itive samples. In this study, there was no significant difference in
the frequency of positive samples (those testing positive twice)
after DS2 automation and freezing measures.

Finally, this is the first study to describe a protocol for GM-EIA
automation, and it highlights an important technical issue. Dur-
ing the validation stage of this study, the measured optical densi-
ties on both DS2 platforms were significantly higher across the
entire GM-EIA plate, for samples and controls, than those ob-
tained by manual processing (difference in median, 0.058 [P �
0.01]; difference, 0.061 [P � 0.01]). Using the optical density
threshold control limits defined by the manufacturer on the DS2
platform consequently resulted in a failure of the assay’s quality
control, so the limits for threshold controls required adjustment.
The threshold control limits (OD values of �0.3 and �0.8) con-
trol for intra-assay variance by ensuring that the difference in OD

between the two threshold controls does not exceed 0.5. The man-
ufacturer’s recommended upper limit of �0.8 was frequently ex-
ceeded during the validation stage of this study, but crucially, the
differences between the ODs of the two cutoff controls were neg-
ligible (range, 0.002 to 0.088) (data not presented). To enable
quality control of the GM-EIA on the DS2 platform, the threshold
control upper limit was increased to �1.2, with an additional
measure written into the DS2 program to reject an OD difference
of �0.5 between the two threshold controls. Increasing the
threshold control upper limit did not have an impact on the final
qualitative results obtained by DS2 processing. The ODI value is
calculated by division of the sample OD by the mean OD value for
the two threshold controls. Since the OD increases were propor-
tional across samples and controls, the effect was normalized by
this calculation. This is supported by the absolute agreement of
results for samples processed manually and by the DS2 platform.
Threshold control data obtained from a 12-month audit of 92
GM-EIA runs also demonstrated that the OD did not exceed 1.2,
as demonstrated in Fig. 2, and that the largest difference between
the two threshold controls was again negligible (range, 0.002 to
0.112). There is strong evidence from this study that the allowed
OD variation of 0.5 between threshold controls can be reduced
significantly.

In conclusion, this study has demonstrated that the GM-EIA
can be automated on an ELISA processing system, such as the DS2
platform, without affecting the assay’s performance and that this
will contribute to a reduction in variance of results obtained from
the assay. Automation of EIAs leads to increased standardization
and time-saving benefits for the laboratory and allows for more

FIG 3 Linear regression analysis of OD values for threshold controls collected over a 1-year period of DS2 GM-EIA processing. The dotted lines indicate the
manufacturer’s recommended upper threshold limit, and the solid lines indicate the adjusted upper threshold limit for DS2 processing.

Standardization of Bio-Rad Platelia Aspergillus EIA

July 2015 Volume 53 Number 7 jcm.asm.org 2077Journal of Clinical Microbiology

http://jcm.asm.org


robust comparisons of results across centers that employ auto-
mated platforms for ELISA processing.
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