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Abstract

This is a validation study of 2 commercially available enzyme linked immunosorbent assays (ELISA) for the detection of anti-
bodies against Neospora caninum in bovine serum. The results of the reference sera (1 = 30) and field sera from an infected beef
herd (n = 150) were tested by both ELISAs and the results were compared statistically. When the immunoblotting results of the
reference bovine sera were compared to the ELISA results, the same identity score (96.67%) and kappa values (K) (0.93) were
obtained for both ELISAs. The sensitivity and specificity values for the IDEXX test were 100% and 93.33% respectively. For the
Biovet test 93.33% and 100% were obtained. The corresponding positive (PV+) and negative predictive (PV—) values for the
2 assays were 93.75% and 100% (IDEXX), and 100% and 93.75% (Biovet). In the 2nd study, competitive inhibition ELISA (c-ELISA)
results on bovine sera from an infected herd were compared to the 2 sets of ELISA results. The identity scores of the 2 ELISAs
were 98% (IDEXX) and 97.33% (Biovet). The K values calculated were 0.96 (IDEXX) and 0.95 (Biovet). For the IDEXX test the
sensitivity and specificity were 97.56% and 98.53%, whereas for the Biovet assay 95.12% and 100% were recorded, respectively.
The corresponding PV+ and PV — values were 98.77% and 97.1% (IDEXX), and 100% and 94.44% (Biovet). Our validation results
showed that the 2 ELISAs worked equally well and there was no statistically significant difference between the performance
of the 2 tests. Both tests showed high reproducibility, repeatability and substantial agreement with results from 2 other laboratories.
A quality assurance based on the requirement of the ISO/IEC 17025 standards has been adopted throughout this project for
test validation procedures.

Résumé

L’étude avait pour objectif de valider 2 trousses commerciales permettant de détecter, a I'aide d’une épreuve immuno-enzymatique
(ELISA), la présence d’anticorps sériques contre Neospora caninum dans le sérum bovin. Les résultats obtenus avec des sérums de
référence (n = 30) et des sérums provenant d’animaux issus d'un troupeau infecté (n = 150) a I'aide des deux épreuves ELISA furent
comparés statistiquement. Lorsque les résultats de I'immunobuvardage des sérums de référence furent comparés aux résultats des
épreuves ELISA, le méme pointage d’identité (96,67 %) et les mémes valeurs de kappa (K) (0,93) furent obtenus avec les 2 trousses. La
sensibilité et la spécificité pour la trousse IDEXX étaient 100 % et 93,33 %, respectivement. Pour I"épreuve Biovet des valeurs de 93,33 %
et 100 % furent obtenues. Les valeurs prédictives positive (PV+) et négative (PV—) pour les deux trousses étaient de 93,75 % et 100 %
(IDEXX) et de 100 % et 93,75 % (Biovet). Dans la deuxieme étude, les résultats d’une épreuve ELISA par inhibition compétitive (c-ELISA)
obtenus avec des sérums bovins provenant d'un troupeau infecté furent comparés aux résultats des deux trousses ELISA. Les pointages
d’identité des deux trousses ELISA étaient de 98 % (IDEXX) et 97,33 % (Biovet). Les valeurs de K calculées étaient 0,96 (IDEXX) et
0,95 (Biovet). Pour la trousse IDEXX les valeurs de sensibilité et de spécificité étaient 97,56 % et 98,53 %, respectivement, alors que pour
la trousse Biovet ces valeurs étaient respectivement 95,12 % et 100 %. Les valeurs PV + et PV — correspondantes étaient 98,77 % et
97,1 % (IDEXX), et 100 % et 94,44 % (Biovet). Les résultats de validation démontrent que les deux trousses ELISA fonctionnement égale-
ment bien et qu’il n'y pas de différence significative entre les performances des deux épreuves. Les deux épreuves avaient un haut degré
de reproductibilité, de répétabilité et un accord marqué avec les résultats obtenus dans deux autres laboratoires. Un programme d’assu-
rance qualité basé sur les exigences des normes ISO/IEC 17025 pour les procédures de validation d’épreuves fut adopté au cours de ce
projet.
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Introduction

Neospora caninum is a protozoan parasite that was first isolated
from the tissue of paralyzed dogs (1). Neosporosis is now one of the
most important parasitic diseases found in many ruminant species
world wide, and is a major cause of abortion in cattle (2). The par-
asites cause encephalomyelitis in congenitally infected calves (3).
Vertical transmission of this parasite in dairy cattle has been shown
to be highly efficient and is a major route of transmission (4).
Neonatal mortality and morbidity in cattle have a huge economic
impact on cattle producers (5). Seroprevalence rates of Neospora of
about 50 to 60% have been reported in dairy herds in Quebec (6,7),
whereas, seroprevalence values of 9.0 to 13.5% in beef cattle in
northern Alberta were found in a recent study (8). Neospora caninum
infection is an animal production limiting disease in cattle in Canada.
There is a need to understand the prevalence of this parasitic disease
in cattle and future epidemiology studies will require the use of an
accurate and reliable laboratory test.

Generally, the diagnosis of N. caninum associated abortion has
relied on the histological examination of infected fetuses (9). Other
methods used to study Neospora include isolation of the parasites in
cell culture (10), an indirect fluorescent antibody test on various body
fluids (11), immunoblotting analysis (12), immunohistochemistry (13)
and a variety of enzyme linked immunosorbent assays (ELISA)
(14-16). A sero-epidemiological approach using ELISA to diag-
nose Neospora in cattle has been successful (17). By using ELISA, we
have demonstrated long term stability of high antibody levels to the
parasite in beef cattle (18). Serologic testing provides a competitive
cost advantage over other tests. Of the different serologic assays,
ELISA is the most suitable for high throughput screening of anti-
bodies to this parasite.

This paper describes the validation of 2 commercially avail-
able ELISAs and compares their performance characteristics using
2 sets of sera. In this study, we used the serum validation protocols
applied to another of our tests which has received ISO 17025
accreditation.

Materials and methods

ELISAs

Two commercially available ELISAs for the detection of bovine
antibodies against N. caninum, Neospora caninum kit (Biovet Inc.,
St. Hyacinthe, Quebec, Canada) and Neospora caninum Antibody Test
Kit (IDEXX Inc., Westbrook, Maine, USA), were purchased and
assayed as indicated by the manufacturer’s instructions. The
names of these 2 different ELISAs are abbreviated in this paper as
Biovet ELISA and IDEXX ELISA, respectively.

Both Biovet ELISA and IDEXX ELISA plates come in detach-
able 8 well strips for convenient usage. The positive and negative
control sera from both ELISAs were in buffer with protein stabilizers
and preserved with sodium azide. The wash solution and dilution
buffer were included in both kits. Wash solutions required diluting
prior to testing and double glass distilled water was used. Ready
to use anti bovine IgG horseradish peroxidase conjugate solutions
were supplied in both ELISA kits. The substrate solution consisted

of hydrogen peroxide (H,0,) and the chromogen 2-2" azino-di-
(3 ethyl benzothiazolin sulfone-6) diammonium salt. It was diluted
before using for the Biovet ELISA. In the IDEXX ELISA, H,0, was
used as the substrate along with the chromogen 3,3, 5,5" tetram-
ethylbenzidine. No stop solution was used with the Biovet ELISA
kit whereas dilute hydrofluoric acid, 0.125% was used in the IDEXX
kit. The optical density (OD) values were measured using a spec-
trophotometer at 405 nm (Biovet ELISA) and 650 nm (IDEXX
ELISA). With the Biovet ELISA, the mean OD values of the control
(OD+) and test sample sera (ODs) were recorded. The ratios of
ODs/OD+ were then calculated. With the IDEXX ELISA, the mean
OD values of both the positive and negative controls and test sera
were recorded. The sample to positive ratio (S/P) was calculated
using the formula below:

S Sample(OD) — NegativeControl(OD)

P PositiveControl(OD) — NegativeControl(OD)

For quality assurance, during test validation of the 2 ELISAs, test-
specific critical control points (CCPs) were established. They were
similar for both tests unless stated otherwise:
® CCP 1 — Test sera must be free from contamination and hemol-
ysis. If suspended cells were apparent in the serum, the sample
tube was centrifuged at 1500 rotations per minute (rpm) for 15 min
to separate the serum from the cells. Badly hemolyzed and/or con-
taminated sera were discarded.

CCP 2 — Kits must perform according to manufacturer’s speci-
fications. No expired products were used. All controls and
reagents had to be of good quality and sufficient quantity. No
intermix components from different lot numbers were used.

CCP 3 — The Biovet ELISA, N. caninum antigen coated 96-well
microplate was stored at —20°C to minimize the loss of antigenic
activity whereas the IDEXX ELISA 96-well microplate coated
with the N. caninum antigen was kept at 4 to 8°C to preserve its

antigenicity.

CCP 4 — All ELISA steps were performed at 22 to 23°C and
reagents were adjusted to room temperature before the test. This
ensured that the optimal temperature of the 2 ELISAs was met.
CCP 5 — All reagents were prepared fresh before each test to
avoid deterioration due to storage or precipitation.

CCP 6 — The antigen coated microplate was not allowed to dry
up between wash steps and prior to addition of conjugate to
ensure the integrity of the antigen-antibody complex.

CCP 7 — All reservoirs for holding dilution buffers and reagents
were washed and autoclaved before use to avoid interference of
the specific reactions between antigen-antibody-conjugate
substrate.

CCP 8 — All pipettes were calibrated before the ELISAs to
ensure correct volumes were used.

CCP 9 — The ELISA reader was calibrated before testing to
ensure correct OD values were obtained. The plates were read
with a V___ ELISA reader (Molecular Device Corporation,
Sunnyvale, California, USA) at a wavelength of 405 nm or 650 nm
(Biovet and IDEXX, respectively).

CCP 10 — The proper number and conditions of the wash steps
were used to eliminate non-specific reactions and facilitate
proper binding of the complex.
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Figure 1. Frequency distribution curve of the positive and negative reference sera tested with IDEXX ELISA.

S/P — sample to positive ratio.

e CCP 11 — Test serum pre-dilution steps were performed in a non-
protein binding microplate to ensure that there was no artificial
removal of antibodies.

* CCP 12 — For the Biovet ELISA, the OD of the positive control had
to be above 0.5. The optimal ratio between the negative control
serum (N) and the positive control serum (P); (OD—/0OD+)
was between 0.2 to 0.3. For the IDEXX ELISA, the OD of P must
be0.4+2SD . and N had to be equal to 0.15+2SD__ . The

mean

optimal difference (P — N) was to be greater than or equal to 0.15.

Reference sera

The positive and negative reference sera (n = 30) were obtained
from California Veterinary Diagnostic Laboratory System (CVDLS)
(University of California, Davis, California, USA). They were pre-
pared from Neospora positive and negative cows of similar age.
For the 15 negative serum group, the cows had continuously given
birth to Neospora negative calves. All of them had been confirmed
negative by immunoblotting analysis. During pregnancy these
high health animals were housed separately and prevented from pos-
sible infection by Neospora. For the 15 positive serum group, the cows
were confirmed positive for Neospora by immunoblotting analysis.
The animal either aborted a confirmed positive fetus or gave birth
to a congenitally infected calf. The reference sera were tested by
ELISA in CVDLS laboratory again to confirm their results before
duplicate serum samples were sent to our laboratory. The sample
identities were encrypted and were unknown to the laboratory
diagnosticians throughout the project to avoid any testing bias.

Cut off values

Frequency distribution curves of the positive sera (n = 15) and
negative sera (1 = 15) tested by the IDEXX and Biovet ELISA were
constructed. The x-axis was scaled to include either the S/P ratios
(IDEXX) or ODs/OD+ values (Biovet) of the positive and negative
control sera pair of the respective ELISA. The y-axis was scaled to
accommodate the frequency distribution number of the positive and
negative control sera. Two sets of bell-shaped curves were drawn
which included the mean, + 1 SD, + 2 SD and + 3 SD regions. If the
2 curves did not overlap (a perfect test), then the point equidistant
from the positions which represented + 3 SD from the negative
serum control mean and — 3 SD from the positive serum control
mean was taken as the cut-off value. If the 2 curves did overlap each
other then their intercept point was taken as the cut-off value
(Figures 1 and 2). On either side of the cut-off line were the regions
of false negative (left-hand side) and false positive (right-hand
side) results. Moving the cut-off line to either side would affect the
diagnostic sensitivity and specificity of the 2 ELISAs. Increasing the
diagnostic sensitivity will result in a decrease of the diagnostic
specificity and vice versa.

Repeatability

In order to determine the run-to-run variation of the 2 ELISAs, the
commercial positive control serum from each kit of the 2 ELISAs was
tested. A total of 30 pairs of control sera from each kit were tested
over a period of 2 to 4 wk. The results were examined using a
Levey-Jennings control chart. The mean and SD OD values of the
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Figure 2. Frequency distribution curve of positive and negative reference sera tested by the Biovet ELISA.

ODs — test sample sera
0D+ — optical density control

Table 1. Comparison of immunoblotting analysis on reference sera and competitive
inhibition ELISA results on field sera to the IDEXX and Biovet ELISA data

Immunoblotting analysis

Competitive inhibition ELISA

n=30 n=150
Positive Negative Positive Negative
IDEXX ELISA Positive 15 Positive 80 1
Negative 0 Negative 2 67
Biovet ELISA Positive 14 Positive 78 0
Negative 1 Negative 4 68

control serum from 30 individual measurements were plotted. The
chart was constructed by scaling the x-axis to accommodate the
30 runs’ data, and scaling the y-axis to include a range from the
mean + 3 SD__ - to the mean — 3 SD__. .
the mean, mean + 25D, and mean + 3 SD_ were drawn on
the chart. All 30 measurements were plotted directly on the chart.
The same procedure was followed for the negative control serum
from each ELISA. Using the 4 charts the agreement between repli-
cates and the amount of between-run agreement for each control
serum were analyzed. The ELISA was considered repeatable if the
variation of each of the 30 positive and 30 negative control OD values
was within + 2 SD of the mean of the individual runs.

Lines representing

Reproducibility

To further validate the 2 ELISAs, an interlaboratory profi-
ciency test was carried out. Randomly collected bovine sera (1 = 150)

from a Neospora infected beef herd in Alberta of approximately
250 animals were first tested by a competitive inhibition ELISA by
the Animal Health Monitoring Laboratory (AHML), accredited by
the Society of American Association of Veterinary Laboratory
Diagnosticians. (AAVLD). The sera were then tested by the 2 ELISAs
in our laboratory. The sample identities were encrypted and were
unknown to the laboratory diagnosticians throughout the project to
avoid any testing bias. The results were compared in a 2-by-2 table.
The prevalence rate of positive serologic reactors of this herd was
estimated to be approximately 10% (18). The minimum sample
size from an infected herd required to achieve a mandatory preci-
sion of 95%, was calculated to be equal to 144 (19). The number of
field sera actually sampled in the study was 150. In order to meas-
ure the agreement between the 2 ELISAs’ to the other test, the
K quotient calculation and identity score percentage were used.
A 2-by-2 table was constructed to compare the data.
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Figure 3. Levey-Jennings control chart of the positive and negative control sera tested by the IDEXX ELISA.

0D — optical density

Assay performance characteristics

The results of the 2 ELISAs were compared to the immunoblotting
analysis results of the reference sera and the c-ELISA results of the
field sera using 2-by-2 tables. The immunoblotting analysis and
c-ELISA were used as the standard tests and the 2 ELISAs were
treated as new measurements (20). The numbers of true positive,
false positive, false negative, and true negative were identified
(Table I). The diagnostic sensitivity and specificity were deter-
mined accordingly. Using these tables, the positive and negative pre-
dictive values of the ELISAs were also calculated. The formulas
used to calculate the sensitivity, specificity and predictive values
have been published (20). The calculated results depended on the
number of exact matches between the standard and new test
measurements.

Using the frequency distribution curves the cut off values for both
ELISAs were determined. For the IDEXX ELISA any serum with a
S/P ratio greater than 0.4 was designated as a positive. If the S/P
ratio was between 0.25 and 0.4, the serum was considered to be a
suspect positive or false negative sample which had specific anti-
bodies but not enough to be designated as positive (Figure 1). For
the Biovet ELISA, an OD/OD+ result greater than or equal to 0.5

was considered positive and a result less than 0.35 was consid-
ered negative. Samples with results between 0.35 and 0.5 were
considered to be suspect positive or false negative sera (Figure 2).
For both tests, this equivocal result has to be confirmed by repeat-
ing the test. It would be classified as negative for Neospora antibodies
if the repeated results were still less than the positive cut-off values.

Examining the Levey-Jennings control charts for the 2 ELISAs, we
can study the repeatability of these assays. The commercial positive
and negative controls from both ELISAs were shown to have little
variance between 30 individual runs during a period of 2 to 4 wk.
(Figures 3 and 4). The OD values of all the controls fell within + 2 SD
of the long term positive mean or negative mean respectively. This
indicated that both ELISAs were able to be run with precision.
Since the results came from testing 30 different sets of controls, the
inter-plate or run variability was small and fell in an acceptable
range.

Using the data of the reference sera study and the field sera
study, the 2 ELISAs were compared (Table I). In the comparison
between the immunoblotting results and the IDEXX ELISA results
of the 30 reference sera, 15 positive sera and 14 negative sera were
a match; 1 false positive was detected. Upon comparing the Biovet
ELISA and immunoblotting results for the reference sera, 14 posi-
tive sera and 15 negative sera matched, while 1 false negative
was found. The statistical data comparisons between the
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Figure 4. Levey-Jennings control charts of the positive and negative control sera tested by the Biovet ELISA.

0D — optical density
SD — standard deviation

immunoblotting results and the Edmonton ELISA results from
both the IDEXX and Biovet kits were compiled. The same identity score
0f 96.67% and a K value of 0.93 was obtained for both ELISAs (Table II).

Of the 150 field sera, there was 1 false positive and 2 false nega-
tive results when the IDEXX ELISA was compared to the c-ELISA
results (Table I). Eighty positive sera and 67 negative sera matched
exactly. When the Biovet ELISA was compared to the c-ELISA for the
150 field sera, there were 4 false negative results. Seventy-eight pos-
itive sera and 68 negative sera matched. The c-ELISA results and the
results from Edmonton using both the IDEXX and Biovet kits were
compared. For the IDEXX kit, the calculated identity score of 98%
and a K value of 0.96 between the 2 tests was obtained, whereas, for
the Biovet kit the calculated identity score was 97.33% and the
K value was 0.95 comparing between the 2 tests (Table II).

In the reference sera study, the sensitivity (100%) and speci-
ficity (93.33%), and the PV+ (93.75%) and PV— (100%) of the
IDEXX ELISA were recorded, whereas using the Biovet ELISA
sensitivity (93.33%) and specificity (100%), PV+ (100%) and PV —
(93.75%) were found (Table II). The efficacy of the 2 tests was com-
parable. They had the same identity score and K values. Both
ELISAs had good sensitivity and specificity, with the IDEXX kit being
more sensitive and the Biovet kit being more specific. The IDEXX kit
had a higher PV — value whereas the Biovet kit had a higher
PV+ value. Their performance characteristics were similar and
their differences were statistically insignificant. The performance

characteristics of the 2 ELISAs were also very similar statistically
using field serra. In the field sera study for the IDEXX ELISA sen-
sitivity (97.56%), specificity (98.53%), PV+ (98.77%) and PV —
(97.1%) were calculated, whereas for the Biovet ELISA sensitivity
(95.12%), specificity (100%) PV+ (100%) and PV — (94.44%) values
were obtained. With the IDEXX ELISA, 80 positive reactors were
identified out of a total of 150 animals, indicating the apparent
prevalence of N. caninum in this herd was 53%. Based on 78 positive
results using the Biovet ELISA, the apparent prevalence rate in
the beef herd was 52% (Table I). The difference between the 2 esti-
mations of the apparent prevalence value was small.

The ability to purchase cattle free from N. caninum infection is eco-
nomically beneficial to the cattle industry in Canada since this is a
production limiting disease. Testing of cattle must be performed with
valid assays or no assurance of infection status can be established
(19). The first and foremost requirement for laboratory diagnosis of
N. caninum infection is a properly validated assay. The 2 commer-
cial ELISAs are licensed products. They have already met certain reg-
ulatory standards, but laboratory diagnosticians still have to thor-
oughly validate these tests themselves. In order for an assay to be
recognized as repeatable, reproducible, precise, and even accu-
rate a quality assurance system should be in place for monitoring
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Table Il. Statistical data comparisons between immunoblotting analysis on reference sera
(n = 30) and competitive inhibition ELISA results on field sera (n = 150) to the IDEXX and

Biovet ELISA

Immunoblotting analysis

Competitive inhibition ELISA

Values ELISA (IDEXX) ELISA (Biovet) ELISA (IDEXX) ELISA (Biovet)
Identity score 96.67% 96.67% 98% 97.33%

K 0.93 0.93 0.96 0.95
Sensitivity 100.00% 93.33% 97.56% 95.12%
Specificity 93.33% 100.00% 98.53% 100.00%
PV+ 93.75% 100.00% 98.77% 100.00%
PV— 100.00% 93.75% 97.10% 94.44%

K = kappa values

the assays. Proper test validation is one major requirement for
laboratory accreditation based on an internationally recognised
standard, 1SO/IEC 17025 guidelines. On the other hand, although
laboratory accreditation is one mechanism for addressing this
issue, there is a need for the accredited laboratories to assure their
clients that they have consistently included internal control meas-
ures such as monitoring the assay using Levey-Jennings charts
when the test was being used.

In this study we have shown that both ELISAs are repeatable and
reproducible. The ELISAs were also precise and accurate using
the reference serum as comparison standard. However, accuracy is
a term that is relative to the “standard of comparison” upon which
the assay was based. If the standard is not valid, then the assay like-
wise is not valid. The reference sera we obtained from CVDLS
were used as the “gold standard” in the test validation of the 2 ELISAs.
These sera were prepared from cattle confirmed infected and non-
infected with N. caninum and were be taken as “accurate” results.

Based on the reference sera comparison data, we have estab-
lished cut-off values for the 2 ELISAs. Using these values we were
able to provide a test result that identified animals as positive or neg-
ative, and by inference correctly predicted the Neospora infection sta-
tus of positive and negative animals. However, ELISA validation is
a complex process that does not end with experiments based on a
few reference samples. The process also requires verification of
application of the assay to a large number of reference animals
that fully represent all variables in the population targeted by the
assay. In our interlaboratory proficiency testing using field serum
samples, there was a probable level of reactors to the parasite of over
50% from the infected herd. Since both the sensitivity and specificity
values of the 2 ELISAs were all greater than 95%, the apparent
infection prevalence would be similar to the the true infection
prevalence according to the Rogan-Gladen estimator (21). However
the probable level of reactors was higher than first anticipated,
from an estimated level 10% to an actual level of 50%, a bigger sam-
ple size of approximately 400 samples should be tested. This could
provide the interpretation of the data in a more statistically relevant
context (19,20). This degree of statistical uncertainty could be a
major limitation on a seroprevalence study. However since the
field samples were collected from a herd of approximately 250 ani-
mals, the required sample size was calculated to be around 150 (20).
For our purpose of establishing an interlaboratory proficiency

test to compare ELISA results, the number of sera used was
adequate.

Our data showed that both the Biovet and IDEXX ELISA kits pro-
duced results that correlated very well with the CVDLS immuno-
blotting results. Both also compared well in the field trial with
the c-ELISA. This was demonstrated by the identity score test
results and the K values obtained. The K quotient has taken into
account the chance agreement and observed agreement values to
ensure chance would not be a limiting factor for the test validation
of the 2 ELISAs The sensitivity, specificity and predictive values of
the 2 ELISA tests were above 90%. These performance charac-
teristics make them useful for screening antibodies to Neospora
caninum in bovine serum in Canada. Throughout this study in
order to validate the 2 ELISAs, CCPs were established to ensure a
quality assurance system.
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