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Validation study of canine urine cortisol
measurement with the Immulite 2000
Xpi cortisol immunoassay

Jeremie Korchia,(©) Kathleen P. Freeman

Abstract. We report here validation of the Immulite 2000 Xpi cortisol immunoassay (Siemens; with kit lot numbers <550)
for measurement of urine cortisol in dogs, with characterization of the precision (CV), accuracy (spiking-recovery [SR] bias),
and observed total error (TEo=bias+2CV) across the reportable range. Linearity assessed by simple linear regression was
excellent. Imprecision, SR bias, and TEo increased markedly with decreasing urine cortisol concentration. Interlaboratory
comparison studies determined range-based (RB) bias and average bias (AB). The 3 biases (SR, RB, and AB) and resulting
TEo differed markedly. At 38.6 and 552nmol/L (1.4 and 20 pg/dL), between-run CVs were 10% and 4.5%, respectively,
and TEop, were ~30% and 20%, respectively, similar to observations in serum in another validation study. These analytical
performance parameters should be considered for urine cortisol:creatinine ratio (UCCR) result interpretation, given that,
for any hypothetical errorless urine creatinine measurement, the error % on UCCR mirrors the error % on urine cortisol.
Importantly, there is no commonly used interpretation threshold for UCCR, given that UCCR varies greatly depending on
measurement methods and threshold computation. To date, there is no manufacturer-provided quality control material (QCM)
with target values for urine cortisol with an Immulite; for Liquicheck QCM (Bio-Rad), between-run imprecision was ~5% for
both QCM levels. Acceptable QC rules are heavily dependent on the desired total allowable error (TEa) for the QCM system,
itself limited by the desired clinical TEa.

Keywords: bias; cortisol; dogs; endocrinology; hyperadrenocorticism; total error; urine; urine cortisol:creatinine ratio.

The urine cortisol:creatinine ratio (UCCR) is reputed to have
high sensitivity for hyperadrenocorticism (Cushing disease)
in dogs and is commonly used to rule out hyperadrenocorti-
cism when the UCCR is below a certain interpretation
threshold (IT). The UCCR IT varies mostly with the method
used to measure urine cortisol because measurement of
cortisol requires an immunoassay, and immunoassays are
characterized by significantly lower precision and accuracy
than biochemical assays. Further minor variation may be
introduced, depending on the method of creatinine measure-
ment. One of the earliest methods used to measure canine
urine cortisol'” was a non-immunologic fluorometric assay
(method of Mattingly) with only minimal validation in
urine.'* In the 1990s, a radioimmunoassay (RIA) method
(Gammacoat RIA clinical assays kit; Travenol-Genentech
Diagnostics) was characterized for canine urine cortisol in
studies relying on dilutional linearity, spiking-recovery, and
intra-assay precision.*’ One study showed linearity with 1:2
and 1:4 dilution in phosphate-buffered saline, and intra-assay
precision of 4.3% at 80nmol/L (2.9ug/dL) and 3.0% at
180 nmol/L (6.5 ug/dL).” The second study showed linearity
with 1:2 and 1:4 dilution from 2 canine urine pools, and
intra-assay precision of 1.9% at 28 nmol/L (1 ug/dL) and
5.2% at 70nmol/L (2.5 ug/dL).* Both studies stated recovery
0f 90-105% at 3 different concentrations (without providing

the volume used to calculate the concentration of the spiked
aliquots).*” Both studies found inter-assay imprecision lower
than the intra-assay imprecision, suggesting a questionable
design for the inter-assay investigation.*’ In 1996, a study
focused on serum cortisol also validated canine urine cortisol
with the Immulite 1, the first version of the Immulite created
by Diagnostic Products Corporation (DPC) Cirrus before it
was purchased by Siemens Healthineers'®; it demonstrated
dilutional parallelism from 1:1 to 1:16, as well as satisfactory
comparison with a previously validated RIA (simple linear
regression: y=1.55x+0.43 in nmol/L).

Because UCCR is a ratio, there is no IT for canine urine
cortisol alone. Thus, a somewhat low (L4) and a somewhat
high (L8) urine cortisol concentration have been elected to
investigate between-run imprecision and resulting observed
total error (TEo); we chose them to correspond with the 2
serum levels of interest to allow for comparison of matrix
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properties. Importantly, percentages of variation related to
urine cortisol CV, bias, and TEo can still be applied to the
UCKCR, provided that urine creatinine remains constant; in
other words, if we assume the approximation that urine cre-
atinine is virtually errorless, then the % of error in the urine
cortisol corresponds with the % of error of the UCCR. UCCR
is a common test in small animal internal medicine, mostly in
dogs, used to exclude hyperadrenocorticism when below a
certain IT. The computation formula, as well as unit transla-
tion, are as follow'®:

Formula:
UCCR = Ucort (nmol/L) /Ucreal (nmol/L)
UCCR = Ucon (nmol/L) /(Ucreat (pumol/dL) /1! 000)

UCCR = Uy ugrany ¥ 27:6/[(Useat (mesary /1,000) x 88:4]

Unit translation:

8] 8] /1,000

creat (nmol/L) = creat (pmol/dL)

Ucon (nmol/L) = Ucon (pg/dL) x 27.6

Ucreat (umol/dL) = Ucreat (mg/dL) x 884

UCCR being (nmol/L)/(umol/L)/1,000, has no units; how-
ever, it is expressed with a 10°/10%10°=a 10 factor
(which makes sense as there is much more creatinine than
cortisol in urine).

Urine cortisol was measured for many years at the Texas
Veterinary Medical Diagnostic Laboratory (TVMDL; Col-
lege Station, TX, USA) with the RIA ImmuChem for in vitro
diagnostic use (MP Biomedical Diagnostic), which includes
a trichloromethane extraction step. This assay was discontin-
ued in late 2018 and replaced by another version labeled for
research use only (with identical package inserts). CortiCote
(MP Biomedical Diagnostic) is a different RIA from the
same manufacturer, with claimed validation in urine in addi-
tion to serum and plasma (in humans), that does not require a
trichloromethane extraction step (making it less laborious to
perform) but uses a different capture antibody for cortisol
with more extensive cross-reaction with prednisone.

The high output, automation, and cost-effective proper-
ties of the Immulite 2000 Xpi support its validation for
canine urine cortisol measurement. Assuming virtually error-
less creatinine measurement, the % of variation in urine cor-
tisol determines the % of variation in UCCR. To date, there
are no consensus-based recommendations for the total allow-
able error (TEa) for UCCR in veterinary medicine. In such a
situation, knowing the TEo is very useful in establishing a
reasonable consensus for TEa, which in turn will impact
interpretation and clinical decisions. As demonstrated in
serum,'! the CV, bias, and resulting TEo vary with the corti-
sol concentration. Our objectives were: 1) to validate urine
cortisol measurement in dogs with the Immulite 2000 Xpi, 2)
to characterize test performances (CV, bias, TEo) across the
reportable concentration range, 3) to compare performance

in urine with that in serum, and 4) to validate quality control
(QC) rules for QC materials (QCMs) to monitor adequately
the system performance of the Immulite 2000 Xpi.

Materials and methods
Study overview

Our study was designed to validate canine urine cortisol
measurement with the Immulite 2000 Xpi (Siemens) cortisol
immunoassay (intended for serum), following the immuno-
assay validation protocol recommended by the Quality
Assurance and Laboratory Standards committee of the
American Society for Veterinary Clinical Pathology.' The
dilutions used for the spiking-recovery study (from which
are assessed linearity, precision, recovery bias, and detection
limit) were similar to our previous study'' of canine serum
cortisol (except that endogenous cortisol in the urine matrix
was so low that it was neglected for computations: see urine
matrix constitution). In our current study, the immunoassay
validation protocol was as follows: 1) linearity study (report-
able range determination), 2) within-run replication study, 3)
between-run replication study, 4) recovery study, 5) detec-
tion limit study, 6) comparison of methods, and 7) QCM rule
validation.

We did not perform interference studies, and we did not
determine reference intervals. We expanded the final step of
QC rule determination by investigating performance not
only on the 2 commercial QCM levels, but also in spiked
urine samples at the 2 relevant serum ITs to allow compari-
son of both matrices.

We conducted 3 complementary studies: 1) a spiking-
recovery study in cortisol-free canine urine from a dog with
hypoadrenocorticism (Addison disease), 2) an interlabora-
tory comparison study with the Animal Health Diagnostic
Center of Cornell University (AHDC-CU; Ithaca, NY, USA),
and 3) a QC study with QCM data from TVMDL over one
month (April 2019) and with data from the spiking-recovery
phase at both IT levels over one week (Fig. 1). Utilization of
excess samples was undertaken with owners’ permission, as
accepted when submitting samples to the TVMDL. Permis-
sion for utilization of the urine from the dog with hypoadre-
nocorticism for the spiking-recovery phase was obtained
from the owner through the submitting veterinarian.

Immunoassays

The Immulite 2000 cortisol immunoassay (Siemens) is a com-
petitive, heterogeneous-phase chemiluminoassay for cortisol
that uses a rabbit surface-bound capture anti-cortisol poly-
clonal antibody and cortisol-alkaline phosphatase as tracer.
This assay was validated by the manufacturer for human
serum cortisol. It cross-reacts with prednisone (and the pred-
nisolone metabolite of prednisone). We used this assay to
measure urine cortisol in dogs in our study at TVMDL.
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Figure 1. Canine urine cortisol validation study consisted of a spiking-recovery phase, an interlaboratory comparison phase, and a quality
control material (QCM) phase. AHDC-CU=Animal Health Diagnostic Center of Cornell University; LDD=low-dose dexamethasone
suppression test; TEo=observed total error; TVMDL=Texas A&M Veterinary Medical Diagnostic Laboratory.

The Immulite 1000 cortisol immunoassay (Siemens) is,
according to the manufacturer’s technical information, simi-
lar to the Immulite 2000 cortisol immunoassay, except that
the kits cannot be used interchangeably. This is the assay
used at the reference laboratory, AHDC-CU, to measure
canine urine cortisol.

The ImmuChem RIA kit (for in vitro diagnostic use,
referenced: 0722110, discontinued; for research use only,
referenced: 07221102R; MP Biomedicals) is a competi-
tive, heterogeneous-phase RIA for cortisol, using a rabbit
surface-bound capture anti-cortisol antibody and cortisol-
' as tracer. This assay includes a trichloromethane
extraction step. This assay was validated by the manufac-
turer for human serum cortisol and is used for urine corti-
sol, as well. It cross-reacts with prednisone (and the
prednisolone metabolite of prednisone). The in vitro diag-
nostic use version of this assay was used for years at

TVMDL to measure urine cortisol, and we used it for the
intralaboratory comparison study.

Measurement of cortisol concentrations outside
the reportable range: calibration verifier mode
and dose-response calculation

Immulite analyzers are configured by the manufacturer to
report numerical results only within the predefined report-
able range of 28—1,380nmol/L (1-50 pg/dL) during routine
use (values below or above these limits are reported as < or >
these limits). However, values outside these ranges can be
reported in the analyzer’s “Calibration Verifier Mode”
(CVM). The CVM was used to measure concentrations
<28nmol/L (1 ng/dL) for the urine matrix constitution as
well as for the detection limit study, and concentrations
potentially >1,380nmol/L (50 ng/dL) for the spiked L10.
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The CVM was used for days 4 and 5 (of 5) of the urine
spiking-recovery study. The CVM was not activated during the
first 3d of the urine study. Thus, concentration values were
retrieved through a dose-response calculation. The latter allows
analyte concentrations to be retrieved from the CPS (counts per
second, corresponding with the measurement of chemilumi-
nescence), the slope and the intercept defined by the adjustors,
as well as the calibration curve parameter values. Generated
urine cortisol values were judged straightforwardly acceptable
given the homogeneity within the generated values (days 1-3),
the homogeneity between generated values (days 1-3) and
measured values (days 4, 5), and the homogeneity between the
generated values and expectations.

Urine matrix constitution

An adrenocorticotropic hormone (ACTH) stimulation test was
submitted for a castrated male, 2-y-old Labradoodle dog with
strong clinical and biochemical signs suspicious for hypoadre-
nocorticism. Serum cortisol was undetectable (<28 nmol/L,
<lpg/dL) both pre- and 1h post-cosyntropin (Cortrosyn;
Amphastar) stimulation, measured with the Immulite 2000
Xpi."" Given the absence of interfering external factors that
commonly suppress the hypothalamo-hypophyso-adrenal axis
(no exogenous steroids, no fluid therapy, etc.), hypoadrenocor-
ticism was diagnosed confidently. A free-catch urine sample
was collected from the dog by the submitting veterinarian, sent
overnight to TVMDL, tested in duplicate to confirm undetect-
able cortisol, and immediately frozen at —74°C until thawed for
the spiking-recovery study 10d later.

On the day of thawing, the cortisol concentration of the
urine matrix was immediately remeasured in quadruplicate
to confirm undetectable cortisol before being used for the
spiking-recovery study, and a non-thawed smaller tube was
sent out to the AHDC-CU for confirmation in duplicate (both
measurements were <5.5nmol/L, or 0.2 pg/dL). The actual
cortisol concentration of the urine matrix was also deter-
mined by using the CVM of the Immulite 2000 Xpi. The
urine matrix was measured in quadruplicate immediately
(day 1) with a mean of 0.9nmol/L (0.0325ng/dL), and in
quadruplicate daily for the 5 consecutive days of the study
(days 1-5, n=20) with a mean of 1.1 nmol/L (0.0397 ug/dL).
It was judged negligible, and consequently, the endogenous
urine cortisol was not subtracted from the spiking-recovery
computations.

Cortisol spiking

The “cortisol-free” canine urine was spiked with a standard
cortisol concentrate (Cerilliant; MilliporeSigma), a certified
reference material (1 mg/mL, 100,000 ug/dL, 2.8 x 10°nmol/L),
to follow a defined dilution protocol (Table 1), and the results
were used to assess linearity, precision, recovery, and detec-
tion limits. The spiking-recovery study was performed within
one week, with samples stored at 4°C.

Choice of level concentration. The cortisol spiking protocol
for canine urine was identical to the one elected for canine
serum.'" The spiking concentrations were chosen based on
the relevant values for serum cortisol testing, providing cov-
erage of the reportable range for cortisol measurement by the
Immulite 2000 Xpi. Because the upper limit of the reportable
range stated within the package insert of the Siemens cortisol
assay for the Immulite 2000 Xpi is 1,380 nmol/L (50 pg/dL),
and because there was no clinical interest in validating lin-
earity beyond this point, the highest level was set as such. To
allow comparison with the serum cortisol study,'' 552 nmol/L
(20 pg/dL) and 38.6nmol/L (1.4 pg/dL) were also included
into the spiking strategy. Thus, the spiking scheme included
the levels: 1,380, 1,035, 552, 345, 172, 69, 38.6, 13.8, and
6.9nmol/L (50,37.5,20,12.5,6.25,2.5,1.4,0.5,and 0.25 ng/
dL, respectively); the last 2 concentrations were used in the
detection limit study. All levels were prepared separately to
avoid carryover and amplification of errors that may occur
with transfers when making multiple dilutions.

Dilutions prepared. A first intermediate solution of 5SmL at
2.8x 10’ nmol/L (1,000 ug/dL) of cortisol was prepared to
allow for preparation of L10 at 1,380nmol/L (50 ug/dL).
Then, L10 and L1 were used to prepare L9, L8, L7, L6, LS,
and L4. A second intermediate solution of I mL at 138 nmol/L
(5 pg/dL) of cortisol was prepared by mixing 100 uL of L10
at 1,380 nmol/L (50 pg/dL) with 900 uL of the matrix (L1);
L3 and L2 were prepared by mixing this second intermediate
solution with L1 (Table 1).

Reportable range study

Four within-run replicates of each level (LO-L10) were per-
formed on day 1, and the mean of each level was calculated.
Measured means (y-axis) were plotted against the spiked
concentrations (x-axis) on a function graph, after which ordi-
nary least squares simple linear regression was performed
(Excel 2016; Microsoft).

Within-run replication study

We calculated the CV of the 4 replicates of each spiked level
used for the reportable range study, which provided an esti-
mate of the within-run precision across the intended report-
able testing range. The CVs were plotted as a function of the
cortisol concentration, and trendlines were generated (Excel
2016). The comprehensive within-run precision (n=20,
intra-run) also was assessed at concentrations of 552 nmol/L
(20 ng/dL; L8) and 38.6 nmol/L (1.4 ng/dL; L4).

Between-run replication study

The between-run CVs were calculated for L8 at 552 nmol/L
(20 pg/dL) and L4 at 38.6nmol/L (1.4 ng/dL) from 20 repli-
cates (4 replicates each day for 5 consecutive days), and for 2
commercial QCM levels based on the QCM data from 1 mo
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Table 1. Urine cortisol dilutions used for reportable range/linearity, precision, recovery, and detection limit studies.

Level Concentration, nmol/L (ng/dL) Starting solution Diluted with: Studies*
L10: high pool 1,380 (50) 500 uL of FIS 9.5mL of L1 Recovery
L9 1,035 (37.5) 750 uL of L10 250puL of L1 Recovery
L8 552 (20) 400 puL of L10 600 puL of L1 Recovery
L7 345 (12.5) 250uL of L10 750 uL of L1 Recovery
L6 172 (6.25) 125puL of L10 875uL of L1 Recovery
L5 69 (2.5) S50uL of L10 950 uL of L1 Recovery
L4 38.6 (1.4) 28 uL of L10 972 uL of L1 Recovery
L3 13.8(0.5) 100 uL of SIS 900 uL of L1 DLS

L2 6.9 (0.25) 50uL of SIS 950 uL of L1 DLS

L1: low pool Very low (undetectable) Matrix — DLS

LO (saline) Blank Saline — DLS

Dash (—)=no dilution; DLS=detection limit study; FIS=first intermediate solution (1,000 png/dL); SIS=second intermediate solution (5 pg/dL).

* Linearity and precision were performed for all dilution levels.

(April 2019; single reagent and QCM lots). The commercial
QCM was the Liquicheck urine chemistry (Bio-Rad): for
this QCM, there are no target values available for urine
cortisol measured with Immulite analyzers. The means of
the daily results were 185nmol/L (6.7 png/dL) for QCM1, and
648 nmol/L (23.5 pg/dL) for QCM2. QCM1 and QCM2 were
measured once daily for 17d over 1 mo with a single QCM lot.

Recovery study

The recovery percentage for each level from L2 to L10
(noted Lx in the formula below) was computed as:

recovery (%) = [Lx Lx ]/Lx 1% 100%.

recovered spiked spikes

The spiking-recovery (SR) bias was then calculated as the
recovery percentage minus 100%, and plotted on a graph.

Detection limit study

Exploration of the detection limits was performed by mea-
suring the blank (L0), the non-spiked matrix (L1), as well as
spiked levels L2 and L3, 4 times a day for 5 consecutive
days. Similar data (4 replicates a day for 5 consecutive days)
for L4 were available from the between-run replication study.

The limit of blank (LOB), determining the highest mea-
surable cortisol concentration in the blank (saline), was
determined according to the formula:

LOB = mean,, + 1.65SD.

The limit of detection (LOD), determining the lowest mea-
surable cortisol concentration without precision require-
ments, was determined according to the formula:

LOD = mean, ,, e corisot = 165 SD.
The limit of quantification (LOQ), determining the lowest

measurable cortisol concentration with precision require-
ments, was determined according to the formula:

LOQ = MeAN |,y yrine cortisol + 2SD.

Interlaboratory comparison study

The interlaboratory comparison study was performed by
selecting excess patient samples over 2 wk, already tested at
TVMDL for urine cortisol, and stored at —74°C. Samples
were sent out (overnight and refrigerated) in one batch to the
AHDC-CU for canine urine cortisol measurement (Immulite
1000, Siemens; assay initially intended for serum, and inter-
nally characterized to be reliable in urine). Over 2wk, 15
urine samples for which urine cortisol had been measured
were available. Four urine samples were excluded because of
a urine cortisol concentration beyond the reportable range
(>1,380nmol/L, >50 pg/dL), precluding comparison between
laboratories. Average bias (AB) between institutions was cal-
culated. Estimation of range-based (RB) bias was performed
by grouping various numbers of samples in slots (134243,
320-342, and 623-924 nmol/L, or 4.84-8.82, 11.6-12.4, and
22.6-33.5 ng/dL, respectively), roughly matching the slots
assessed in our study on serum,'’ when available.

A comparison graph plotting the tested method on the y-axis
against the reference method on the x-axis was performed. A
Passing-Bablok regression, for which some level of error is
expected in both compared methods,” was performed (www.
acomed-statistik.de/en-gb). Simple linear regression was also
performed with Excel 2016 for comparison.

A Bland-Altman comparison plot was manually per-
formed on Excel 2016 (y-axis: difference of our result from
the reference laboratory result; x-axis: mean of our result
and the reference laboratory result). First, the line of the
mean of the differences (M) was traced, surrounded by its
95% confidence intervals (95% CI) calculated as®:

M £¢x SE,

where ¢ was the ¢ value, taken from the -distribution table,
SE was the standard error, computed as \(SD*/n), for which
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Table 2. Types of calculated observed total error function of the different coefficient of variations (rows) and biases (columns).
Within-run CV for QCM is not applicable: we did not investigate within-run precision for QCM, given that their typical use is between-

run.

TEo calculations Spiking-recovery bias

Average bias

Range-based bias* SR, AB, RB¥

Within-run CV (used for
identifying the trend of TEo
across the concentration range)

Between-run CV (used for QC
rule validation)

TEog (L2-L10)

TEog, (L4, L8)

TEo, (L2-L10)

TEo, (L4, L8)

TEogg (equivalent L4*, L8) NA

TEogg (equivalent L4*, L8) TEoqcumsr

TEoqcm an

TEoqcmrs
(QCM1, QCM2)

AB=average bias; CV =coefficient of variation; Lx=1level x (see dilution Table 1); NA=not applicable; QCM =quality control material; RB=range-based bias; SR =spiking-

recovery bias; TEo=observed total error.

* RB bias from groups of the comparison study of the closest ranges from those spiked levels. The RB bias around L4 was approximated by the RB bias observed on samples

around L6 (closest available).

T There is no target value for urine cortisol QCM with the Immulite 2000 Xpi cortisol immunoassay; thus, to calculate TEo, we attempted the use of the 3 other types of biases:

SR and RB at a roughly similar concentration as QCM1 and QCM2, and AB.

SD was the standard deviation of the differences. The ¢ value
for urine (95%, n-1=10 degrees of freedom) was 1.81.

Then, the normality of the differences was investigated
with a D’ Agostino—Pearson normality test, with significance
set at a p value threshold of 0.3."* Because normality of the
differences could not be demonstrated for urine (p=0.004),
agreement limits could not be computed.

Intralaboratory comparison study for
derivation of IT

In December 2018, 19 canine frozen urine samples for which
the cortisol concentration had been previously measured at
TVMDL with the ImmuChem RIA kit for in vitro diagnostic
use were thawed, and urine cortisol was measured on the
Immulite 2000 (not Xpi) on a single batch. A simple linear
regression was performed to assess the constant and propor-
tional biases between methods to approximate the IT of
UCCR when cortisol is measured with the Immulite 2000
Xpi cortisol immunoassay.

Observed total error calculation

TEo was calculated according to the formula: 2CV +abso-
lute bias (%). Four types of TEo were calculated depending
on the methods used to determine bias: TEog, (spiking-
recovery), TEo, (average bias), TEog;; (range-based bias),
and TEoqy (quality control material; Table 2).

TEog; was calculated from within-run (n=4, intra-run)
precision and bias, across the entire concentration range
(L2-L10), and then plotted on a graph. TEog; was also cal-
culated with a longer-term precision (n=20, between-run: 4
samples/d for 5d) for L4 and L8 only; for the latter computa-
tions, given the increase in imprecision between within-run
and between-run data, the bias remained calculated from the
within-run study (»=4, intra-run) in order to not add some

error from imprecision, generated by sample conservation,
into the bias computation.

TEo,; was calculated from the AB of the comparison
study, using the within-run precision (L2-L10) or the
between-run precision (L4 and L8).

TEog was calculated from either the within-run (L6—
L8) or the between-run (L4 and L8) precision, and from the
concentration targeted bias of the comparison study. The
RB bias consisted of the bias observed between TVMDL
and the reference institution (AHDC-CU), in a subset of
samples grouped by similar concentration ranges. Because
there were no urine samples available in the concentration
around L4, the RB bias for L4 was approximated by using
the RB bias of L6.

TEoqcy was calculated at both QCM levels (QCM1 and
QCM2) from the between-run CV observed on the data over
one month (April 2019, n=22, one QCM lot). There is no
manufacturer-provided commercially available QCM
intended for urine cortisol on this analyzer. Because there are
no target values for urine cortisol with the QCM we used
(Liquicheck urine chemistry), the bias could not be deter-
mined. To allow for further computations (TEo and QC rule
validation), we used instead the SR bias (at a similar concentra-
tion range), the RB bias (at a similar concentration range), and
the AB bias, generating respectively TEogcy srs TEOGem rBs
and TEoqcy op- For the RB bias, QCM1 having a mean of
185nmol/L (6.7 ug/dL), the bias from the 134-243 nmol/L
(4.84-8.82 ng/dL) range was used; similarly, QCM2 having
a mean of 648nmol/L (23.5ng/dL), the bias from the 623—
924 nmol/L (22.6-33.5 ug/dL) range was used.

Quality control rule validation study

Usable QC rules were explored for both commercial QCM
levels (QCM1 and QCM2), as well as for 2 concentration lev-
els (L4 and L8). We determined the acceptable QC rules man-
ually, from normalized operational process specifications
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(OPSpec) charts, plotting each operating point determined
from the bias (as a % of TEa) on the y-axis, and the CV (as a
% of TEa) on the x-axis, as explained previously in a study of
canine serum cortisol.'" We investigated the sigma metric and
the acceptable QC rules:

e atlow TEa (20%, or TEa=TEo when TEo >20%) and
at an arbitrarily chosen high TEa (50%, or TEa=TEo
when TEo > 50%),

e at high probability of error detection (P, 90%) and
arbitrarily chosen low P_; (50%),

e at N=2 (2 levels analyzed once; results provided: all
of the results of our study are for N=2) or N=4 QC
measurements (2 levels in duplicate; results not pro-
vided),

to draw conclusions about the influence of those parame-
ters on acceptable QC rules. Because of the manual use of
OPSpec charts, the probability of false rejection (Pg;) was
fixed per QC rule in all QC combinations:

1yg: P,=0.09
1, s P.=0.03
1,¢/2,6/Ryg: P.=0.01
1y P,=0.00
1, 5 P,=0.00
Results

Reportable range study

Linearity appeared excellent based on visual examination of the
graph (Fig. 2) and on the linear regression characteristics.
Indeed, linear regression yielded a slope of 1.025 (close to 1), an
intercept of 0.706 (close to 0), and a coefficient of determination
R? 0of 0.998 (close to 1). Linearity was thus confirmed between
6.9 and 1,380nmol/L (0.25 and 50 pg/dL, respectively).

Within-run replication study

CV increased markedly (trendline: power function) with
decreasing urine cortisol concentration, remaining <3% beyond
69nmol/L (2.5 ug/dL), ~7% between 38.6 and 6.9 nmol/L (1.4
and 0.25 ng/dL, respectively), and increasing to 30% and 85%
closer to zero (Table 3; Fig. 3A). The shift of the curve hap-
pened at ~38.6nmol/L (1.4 pug/dL), with a CV of 6.29%.

Between-run replication study

Between-run CV was barely <10% for L4, barely <5% for
L8, and ~5% for QCM1 and QCM2 (Table 4). For spiked
samples, CV respected the following expected relationships:

e Between-run precision CV > within-run precision CV
e CVfrom L8 <CV from L4

60
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Figure 2. Reportable range study, with simple linear regression
for within-run spiking-recovery canine urine cortisol. The simple
linear regression slope=1.025 (close to 1), intercept=0.706 (close
to 0). The coefficient of determination R* of 0.998 (close to 1);
>0.975 indicates that the assessed range is sufficient.' Linearity was
confirmed between 0.25 and 50 pg/dL.

Recovery study

The SR bias was positive (overestimation) and increased
markedly with decreasing urine cortisol concentration; yet
the consequences on the absolute concentration values
were minor because the increasing percentages were offset
by the decreasing concentrations to which they were applied
(Table 3; Fig. 3B).

Detection limit study

The LOB on saline was 1.38 nmol/L (0.05 pg/dL). Because
the LOB was higher than the cortisol concentration of the
urine matrix (L1), determined to be 1.1 nmol/L (0.0397 ng/
dL) from the study (n=20 over 5d), it confirmed that the
endogenous cortisol concentration of L1 could be neglected.
When determined on L1 (accounting for matrix properties)
instead of saline, the LOB was 2.21 nmol/L (0.08 ng/dL).
The LOD was determined on L2 and was 15.7nmol/L
(0.57ug/dL). The LOQ was determined on L2 and was
16.6 nmol/L (0.60 pug/dL), with corresponding CV of 16.5%
and TEo of 113%.

Interlaboratory comparison study

The AB was lower than any RB bias. The Passing—Bablok
regression was good, with a slope of 0.863 (95% CI: 0.773—
1.089, including 1) and an intercept of 1.626 (95% CI: —0.089
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Table 3. Results from the linearity, within-run precision (day 1, n=4), and recovery studies across the canine urine cortisol reportable

range.
Urine

Spiked cortisol

concentration, Mean measured concentration,
Level nmol/L (ng/dL) nmol/L (pg/dL) Within-run CV (%) Recovery (%)
L10 1,380 (50) 1,424 (51.6) 2.18 103
L9 1,035 (37.5) 1,098 (39.8) 6.01 106
L8 552 (20) 662 (24.0) 1.69 120
L7 345 (12.5) 439 (15.9) 2.95 127
L6 172 (6.25) 234 (8.49) 2.56 136
L5 69 (2.5) 102 (3.68) 2.38 147
L4 38.6 (1.4) 55(1.99) 6.29 142
L3 13.8 (0.5) 23.5(0.853) 7.25 171
L2 6.9 (0.25) 12.8 (0.465) 7.55 186
L1 (matrix) 0 0.9 (0.0325%) 29.5 NA
L0 (blank) 0 0.69 (0.025) 84.9 NA

NA=not applicable.

* The intrinsic cortisol concentration of the urine matrix (0.0325 pg/dL) was neglected for the recovery and then for the bias computations.

to 2.498, including 0) (Table 5; Fig. 4). The simple linear
regression obtained very similar results, with a slope of 0.829
(close to 1) and an intercept of 2.045 (somewhat close to 0);
coefficient of determination R*=0.991 (close to 1). In the
Bland—Altman comparison graph (Fig. 5), the mean of dif-
ferences with its 95% CI was —3.86 [-32.6 to 25.1] nmol/L
(—0.14 [-1.18 to 0.91] pg/dL). The normality of the differ-
ences could not be verified according to the D’Agostino—
Pearson normality test (p=0.004; <0.05 and 0.3 taken as
ITs), hence the agreement limits and their 95% Cls could not
be calculated.

Intralaboratory comparison study for
derivation of IT

Linear regression on 19 canine urine samples between the
previous RIA results and the new Immulite 2000 results
yielded the equation: Immulite 2000=2.59 xRIA+1.15
(R?=0.909), resulting in a shift of IT from 10x10°° to
27x10°° (Fig. 6). The Immulite 2000 results were systemati-
cally higher than those obtained from the RIA.

Observed total error calculations

The within-run CV (Fig. 3A), the SR bias (Fig. 3B), and the
TEog; (Fig. 3C) increased with decreasing serum cortisol
concentration (Table 6). The AB bias was < RB bias, and the
RB bias was < SR bias regardless of the concentration level.
TEo (with within-run data) verified TEo, < TEogz < TEogg
(Table 6).

The between-run CVs for L4 & L8 and for QCM 1 &
QCM 2 were > within-run CVs (Table 7). The correspond-
ing TEo for L4 & L8 (using between-run CV but keeping

within-run bias) were highly discrepant, verifying TEo,, <
TEogg < TEog (Table 7), unlike what was observed previ-
ously in serum."’ Similarly, TEoqcy verified TEogcyp ap <
TEoqcmre < TEOgeM sk

Quality control rule validation study

Almost no QC rules were acceptable at high P, (90%) and
low TEa (Table 8), regardless of the considered level (1,4
was acceptable for L8, and QCM2,,p, but 1,5 should be
avoided given an excessively high Py of 0.09). For all levels,
decreasing P, from 90% to 50% resulted in an increased
proportion of acceptable QC rules; however, this proportion
of newly acceptable QC rules remained very limited. On the
other hand, for all levels, increasing TEa to 50% resulted in
a markedly increased proportion of acceptable QC rules.
This illustrates the major impact of the chosen TEa level,
versus the minor impact of the chosen P,

Discussion

Similar to our study on canine serum cortisol with the Immu-
lite 2000 Xpi,"" we validated the Immulite 2000 Xpi for mea-
surement of urine cortisol in dogs, and also characterized the
CV, bias, and TEo function of concentrations spanning the
reportable range, for kit lot numbers less than 550. For lots
550 and greater, the anti-cortisol capture antibody has been
recently modified by Siemens and has shown significant
negative biases in serum (average —23.1%) and urine (aver-
age —72.7%) compared to kit lots <550, whereas not
affecting the measurements in human samples. This obser-
vation (November 2020) led to the recent commercializa-
tion (January 2021) by Siemens of a “veterinary cortisol
kit” containing the new antibody but also integrating a
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Figure 3. A.Evolution of within-run (n=4) CV (%) across urine
cortisol concentrations. Spiked cortisol levels for the linearity study
were run in quadruplicate: CV remained low (1.5-2.5%) between
1,380 and 69nmol/L (50 and 2.5 pg/dL, respectively), except for
an outlier at 1,035 nmol/L (37.5 pg/dL), before increasing markedly
at lower concentrations. B. Evolution of the spiking-recovery bias
(%) across urine cortisol concentrations. Spiked cortisol levels for
the linearity study were run in quadruplicate, and the mean was
used to calculate the recovery and the bias percentages. The spiking
recovery bias increased markedly from the high end to the low end
of the reportable range. C. Evolution of observed total error (TEo;
%) across urine cortisol concentrations. Within-run CV (Fig. 3A)
and spiking-recovery bias (Fig. 3B) were combined to calculate
TEo across serum cortisol concentrations.

correction formula (historical value=(1.1 x new antibody
kit value)+4.14nmol/L), acceptably correcting serum
cortisol (AB of —8.6%), but unsuccessful in correcting
urine cortisol (AB of —61.4%). Repeating our study with
the new “veterinary cortisol kit” to investigate linearity, pre-
cision, and SR bias is warranted; independent satisfactory
analytical performance may open the door to new determina-
tion of relevant IT for this method.

Based on the simple linear regression on the spiking-
recovery study, urine cortisol exhibited excellent linearity
with the Immulite 2000 Xpi cortisol immunoassay between
6.9 and 1,380nmol/L (0.25 and 50 pg/dL, respectively).
An upper limit of the reportable range >1,380 nmol/L was
deemed unnecessary, given that the UCCR would need an
unrealistically high urine creatinine to drop below the IT;
for example, with a urine cortisol of 1,380 nmol/L, a urine
creatinine of at least 51.1 umol/L (578 mg/dL) would be
needed to drop UCCR below the IT of 27 x 10"® mentioned
below. This observation, combined with the detection limit
study results showing a LOQ of 16.6 nmol/L (0.60 pg/dL),
supports the reportable range of 28-1,380nmol/L (1-
50 pg/dL) from the manufacturer for serum cortisol as also
acceptable for urine cortisol. This LOQ is associated with
a between-run CV of 16.5%, which is slightly higher (less
precise) than the CV observed in serum'' (13%), but
remains satisfactorily low for such a low cortisol concen-
tration. On the other hand, the TEo of this LOQ was much
higher in urine (113%) than in serum'' (43%) because of a
much higher SR bias in urine (+86%) than in serum
(—6.4%) at this concentration. Yet, this high bias compared
to spiking has limited impact for clinical decisions given
the low concentration to which it is applied (6.9 nmol/L
[0.25 ug/dL] would be measured at 12.8 nmol/L [0.465 ng/
dL]). Admittedly this could be of concern provided that the
IT of UCCR is a lower limit; however, this bias should be
compensated by the determination of the IT itself, given
that the IT determination is performed based on clinical
studies, not based on spiking-recovery.

Despite an outlier (high CV of L9; Table 3, Fig. 3A), the
within-run CV, SR bias, and TEo across the reportable
concentration range reflected similar trends, increasing with
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Table 4. Within-run and between-run precision for 2 spiked canine urine cortisol levels and 2 levels of quality control material.

Precision n Days Level: nmol/L (pg/dL) CV (%)
Within-run (spiked) 20 1 L4:38.6 (1.4) 6.4

20 1 1L8: 552 (20) 2.5
Between-run (spiked) 20 5 L4:38.6 (1.4) 9.6

20 5 L8: 552 (20) 4.6
Between-run (QCM) 17 17 QCM1: 185 (6.7)* 5.4

17 17 QCM2: 648 (23.5)* 4.5

CV=coefficient of variation; Lx=level x (see dilution Table 1); n=numbers of repeats; QCM = quality control material.
* Concentrations for QCM are not target values; the manufacturer does not provide target values for urine cortisol measured with an Immulite. Instead, means are provided as an

estimate.

Table 5. Interlaboratory comparison study results for canine urine cortisol range-based bias and average bias, based on 11 urine samples.

Serum cortisol: nmol/L (pg/dL)

Increasing
concentration groups TVMDL AHDC-CU Range-based bias
Group C 924 (33.5) 1,036 (38.5) -10.7%
624 (22.6) 670 (24.3)
Group B 342 (12.4) 309 (11.2) 5.3%
328 (11.9) 284 (10.3)
328 (11.9) 367 (13.3)
320 (11.6) 292 (10.6)
Group A 243 (8.82) 226 (8.18) 8.7%
243 (8.80) 240 (8.69)
187 (6.77) 164 (5.96)
152 (5.52) 142 (5.15)
134 (4.84) 110 (4.00)
Average bias -1.1%

AHDC-CU = Animal Health Diagnostic Center of Cornell University; TVMDL =Texas Veterinary Medical Diagnostic Laboratory.
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Figure 4. Interlaboratory comparison study for canine serum
cortisol (n=11), with Passing—Bablok regression (plain line) and
its 95% CI (dotted lines). AHDC-CU=Animal Health Diagnostic
Center of Cornell University; TVMDL =Texas A&M Veterinary
Medical Diagnostic Laboratory.
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Figure 5. Bland—Altman comparison for the interlaboratory
canine urine cortisol comparison study (n=11), with simple linear
regression of the differences between laboratories. TVMDL used
the Immulite 2000 Xpi cortisol immunoassay, and AHDC-CU used
the Immulite 1000 cortisol immunoassay. There was one freeze—-thaw

(continued)
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Figure 5. (continued)

cycle for AHDC-CU; there was none for TVMDL. The simple
linear regression of the difference followed the equation: y=-—
0.1834x+2.1856. Thus, and in light of the regression curve, there
was a small positive constant bias most visible at low concentration,
and a small negative proportional bias at higher concentration;
none would significantly impact clinical interpretation. AHDC-
CU=Animal Health Diagnostic Center of Cornell University;
TVMDL =Texas A&M Veterinary Medical Diagnostic Laboratory.
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Figure 6. Intralaboratory comparison by simple linear
regression of the ImmuChem for in vitro diagnostic use
radioimmunoassay (RIA; MPBD, MP Biomedicals) and the
Immulite 2000 chemiluminescence immunoassay (Siemens
Healthineers) for canine urine cortisol. TVMDL=Texas A&M
Veterinary Medical Diagnostic Laboratory.

decreasing urine cortisol concentration. Those trends form-
ing defined patterns, as opposed to random scatter plots, sup-
port a true effect of urine cortisol concentration on CV and
bias, and then on TEo. Of note, between-run CV of L4 and
L8 in urine were < between-run CV determined in serum''
(9.6% for urine L4 was interpreted as not significantly differ-
ent from 9.5% for serum L4).

In our intralaboratory comparison of methods, the number
of compared samples was limited (n=19); however, the equa-
tion for simple linear regression of y=2.589x+1.157 is enough
to highlight the difference of methods, and to emphasize that
UCCR IT should be determined for each method individually.
After months of using the estimated UCCR IT of 27x10°
with the Immulite 2000 Xpi, it seems satisfactory in a vast
majority of cases, although sensitivity and specificity remain
to be determined in a dedicated study. Because of the UCCR
IT variation, the goal of our study was not to assess the rele-
vance of a defined UCCR IT, but rather to assess the TEo one
could consider in interpreting UCCR results.

In the literature, most of the validated assays for measur-
ing cortisol in canine urine are RIAs.*’ The IT may not be
comparable from one method to another (Table 9), as illus-
trated by a study using an ELISA® and finding a much higher
IT (60x10°® by ROC curve than those described for the
RIA*'117 (10x10°° to 30x10°°). The difference in ITs
depends on the method not only because of the type of sig-
nal (radioactivity, chemiluminescence, enzymology), but
also because of the specificity of the anti-cortisol antibody
for cortisol.”! The cortisol molecule is too small to elicit an
immune response and needs to be bound to a macromole-
cule, for example, bovine serum albumin (BSA).*' BSA
masks some haptens on the cortisol molecule at the site of
binding, and the produced antibodies are never entirely spe-
cific for pure cortisol. Depending on the site of binding of
BSA to cortisol, on C3 or C21, the specificity varies greatly;
anti-cortisol antibodies produced from cortisol bound to
BSA on C3 are much less specific than those on C21 because
many conjugations of cortisol metabolites happen on C3.
Cortisol metabolites being abundant in urine (as opposed to
serum), this analytical specificity of anti-cortisol antibodies
is much more problematic in urine samples. For this reason,
it is more correct to talk about urinary corticoids than urinary
cortisol. Of note, excreted urinary corticoids may vary
across animal species. Consequently, it is observed and
expected that urine cortisol and the resulting UCCR vary
between antibodies, those created with BSA binding in C3
(more frequent) being less specific and yielding signifi-
cantly higher values than those created with BSA binding in
C21. The type of anti-cortisol antibody in the Siemens
immunoassay is not disclosed and could also have evolved
within the new kits (lot numbers >550). Our extrapolation of
IT at 27x10°°, resulting from liner regression with our
former RIA for which the IT was 10x 10°°, closely matches
the findings from another study' using the Immulite 1000,
which determined the optimal exclusion IT by ROC curve
analysis between dogs with confirmed hyperadreno-
corticism and dogs suspect of hyperadrenocorticism at
26.5x10°°. This could suggest anti-cortisol antibody cre-
ated by binding in C3 (higher measured values given lower
analytical specificity). On the other hand, another study’
comparing 5 immunoassays including the Immulite 2000
and the in-house RIA from the University of Utrecht, known
to use antibodies produced by cortisol bound in C21 (lower
values as a result of higher analytical specificity), did not
show overtly different ranges of results between the 2 meth-
ods. Finally, the presence or absence of an organic solvent
extraction initial step is also critical in the method”' because
it removes most (not all) polar molecules (conjugated
metabolites) while leaving the hydrophobic cortisol in the
sample. A study showed that measured urinary corticoid
concentrations were significantly lower post-extraction for
both types of antibodies (anti-C3 bound or anti-C21
bound).?' Our previous RIA did include an initial trichloro-
methane extraction step, whereas the Immulite 2000 assay
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Table 6. Coefficient of variation (within-run), bias, and observed total error results across the canine urine cortisol concentration

range.
Serum cortisol Precision (%) Bias (%) TEo=Bias+2CV (%)
Level nmol/L (ng/dL)  CV (within-run) SR RB AB TEogg TEogrz TEo,g
L10 1,380 (50) 2.18 3.11 NA -1.09 7.48 NA 5.5
L9 1,035 (37.5) 6.01 6.20 NA 18.2 NA 13.1
L8 552 (20) 1.69 19.8 -10.7 23.1 14.1 4.5
L7 345 (12.5) 2.95 27.2 53 33.1 11.2 7.0
L6 172 (6.25) 2.56 35.8 8.7 40.9 13.8 6.2
L5 69 (2.5) 2.38 473 NA 52.1 NA 59
L4 38.6 (1.4) 6.29 423 8.7% 54.9 21.3* 137
L3 13.8 (0.5) 7.25 70.5 NA 85.0 NA 15.6
L2 6.9 (0.25) 7.55 86.0 NA 101.1 NA 16.2

AB=average bias; CV =coefficient of variation; Lx=1level x (see dilution Table 1); NA=not applicable; RB=range-based bias; SR =spiking-recovery bias; TEo=observed total

error.
* Using the closest available bias.

Table 7. Coefficient of variation (between-run), bias, and observed total error results for 2 canine urine cortisol concentrations and the

2 quality control material levels.

Spiked urine samples

Precision (%) Bias (%) TEo (%)
Cortisol Target values,
level nmol/L (pg/dL) Between-run CV SR RB AB TEog TEogg TEo,p
L4 38.6 (1.4) 9.55 423 8.7* -1.09 61.4 27.8 20.2
L8 552 (20) 4.60 19.8 -10.7 28.9 19.9 10.3
QCM

Precision (%) Bias (%) TEoqcym (%)
Cortisol Target values,*
level nmol/L (pg/dL) Between-run CV SR RB AB TEoqcm sk TEoqcm rp TEoqcm ap
QCM1 193 (7.0) 5.42 35.8 8.7% -1.09 46.6 19.5 11.9
QCM2 389 (14.1) 4.51 19.8 -10.7 28.7 19.7 10.1

AB=average bias; CV =coefficient of variation; Lx=level x (see dilution Table 1); RB=range-based bias; SR =spiking-recovery bias; TEo=observed total error.

* Closest available bias.

F There were no target values provided by the manufacturer of the QCM for canine urine cortisol. Means are provided to give an idea of the tested level. Because of the absence
of target values, the QCM bias could not be assessed. Instead, TEo, was calculated using the biases from the spiking recovery study (SR) and the comparison study (RB and

AB) at similar urine cortisol concentrations.

does not, which certainly accounts for at least part of the
measurement differences between those 2 techniques. Thus,
it is not good practice to accept for one method'® an IT
determined with another method' (Table 9). Especially for
UCCR, the IT is highly method-dependent.

In addition to the method, the IT is also influenced by
the elected method for IT determination (mean+xSD,
range comparison between populations, ROC curve) and
the involved populations (healthy dogs, dogs with hyper-
adrenocorticism [HAC], dogs suspected to have but not
having hyperadrenocorticism [HAC-S], dogs with non-
adrenal illness [NAI], etc.). With variation on all those
parameters, the UCCR IT is reported here from 10x 10°°
to 60x 107° (Table 9), so it is expected to be even more
laboratory-dependent than the IT for serum cortisol post-

ACTH stimulation or post-dexamethasone suppression.
Ideally, the UCCR IT should be determined by ROC curve
analysis, between HAC and HAC-S populations, with the
method of use in the laboratory. A study assessing the
UCCR diagnostic performance with the Immulite 1000
further illustrates the variation of the IT depending on the
method of calculation and on the goal; the upper limit of
the reference interval was 30.81x10°°, and the ROC
curve—optimized IT for a test of exclusion was 26.5x 10°°,
whereas the ROC curve—optimized IT for a confirmatory
test was 161.2x 10

The Bland—Altman plot used for the between-laboratory
comparison study suggested a small positive bias at low
urine cortisol concentrations and a small negative bias at
high urine cortisol concentrations. The small number of
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Table 8. Quality control (QC) rule validation for 2 cortisol concentrations (L4=38.6nmol/L=1.4 ng/dL; L8 =552 nmol/L=20 pg/dL)

and both QC material levels in canine urine.

High P, < P,90% Low P < P,;50%
Urine
cortisol Level TEo (%) TEa(%) o  Candidate QC rules | Level TEo (%) TEa(%) o Candidate QC rules
Low TEa L4 61.4 61.4 2 None L4 sr) 61.4 61.4 2 None

L4 g, 27.8 33 2.5 None L4 rp) 27.8 33 2.5 None

L4p) 20.2 33 3.3 None L4 g 20.2 33 33 1,

L8sry 28.9 28.9 2 None L8sry 28.9 28.9 2 None

L8 g, 19.9 20 2.0 None L8 kg, 19.9 20 2.0 None

L8 4 10.3 20 4.1 1, L8sp) 10.3 20 4.1 1,5 1,5 1572, /R, 15

QCMl1 (g, 46.6 46.6 2 None QCMl g, 46.6 46.6 2 None

QCMl g, 19.5 20 2.1 None QCMl g, 19.5 20 2.1 None

QCMl g 11.9 20 3.5 None QCMl g, 11.9 20 35 1,51,

QCM2 gy 28.7 28.7 2 None QCM2g, 28.7 28.7 2 None

QCM2g, 19.7 20 2.1 None QCM2g, 19.7 20 2.1 None

QCM2,p, 10.1 20 42 1, QCM2,p, 10.1 20 42 1o 1,5 1,42,/R; 15
High TEa L4, 61.4 61.4 2 None L4 sr) 61.4 61.4 2 None

L4gs 27.8 50 43 1, L4 ks, 27.8 50 43 1,5 1,50 1572, /R, 15

L4p 20.2 50 5.1 1y 1,55 132, /R | LAp 20.2 50 5.1 Al

L8sr) 28.9 50 6.6 All L8sry 28.9 50 6.6 Al

L8 g, 19.9 50 8.5 All L8 g, 19.9 50 85 All

L8 4 10.3 50 10.6 All L8sp) 10.3 50 10.6 All

QCMl1 (g, 46.6 50 2.6 None QCMl g, 46.6 50 2.6 None

QCMl g, 19.5 50 7.6 All QCMl g, 19.5 50 7.6 Al

QCMl g 11.9 50 9.1 Al QCMl g, 11.9 50 9.1 Al

QCM2 gy 28.7 50 6.7 All QCM2g, 28.7 50 6.7 All

QCM2g, 19.7 50 8.7 All QCM2g, 19.7 50 8.7 Al

QCM2,p, 10.1 50 10.9 All QCM2,p, 10.1 50 10.9 All

Bold rules are those added when switching from [Low TEa and Ped90%] to [Low TEa and Ped50%], from [Low TEa and Ped90%] to [High TEa and Ped90%], and from [High
TEa and Ped90%)] to [High TEa and Ped50%]. AB=average bias; All=includes all 4 QC rules (1,3 1,53 155 15/2,/R,); Lx=level x (see dilution Table 1); P ,=probability of
error detection (by the QCM); QCM =quality control material; RB=range-based bias; SR =spiking-recovery bias; TEa=total allowable error; TEo=observed total error.

samples for the comparison (n=11) is a major limitation, and
a more extensive study would be needed to confirm those
preliminary results. Because of the small number of samples,
the normality of the differences between methods could
not be demonstrated and agreement limits could not be
determined. We elected a threshold for the p value of the
D’ Agostino—Pearson normality test of 0.3 rather than 0.05,
in order to decrease type I error (distribution falsely deter-
mined to be Gaussian) in a clinical setting at low n."* Because
the p value of the differences between methods was 0.004,
normality would not have been demonstrated even with the
classic threshold of 0.05.

The CV for both commercial QCM levels over one month
was ~5%. The Immulite analyzers had not been validated for
urine cortisol previously, hence there is no Siemens commer-
cial QCM available for urine cortisol. Thus, we used the
Liquicheck urine QCM (Bio-Rad); it provides target values
for (human) urine cortisol with several different methods
(Table 10) but does not provide target values for the Immu-
lite analyzers. Had the target values been somewhat similar
across the different methods and analyzers within the same
level, we could have attempted to use these approximate

target values to assess the QCM bias. Yet, target values were
very diverse across the different methods and analyzers,
being scattered within 81.4-220nmol/L (2.95-7.99 ng/dL)
for QCM1 and within 422—745 nmol/L (15.3-27.0 ug/dL) for
QCM2. In light of the wide range of acceptable values across
the available methods, there was no rationale to derive appro-
priate target values for the Immulite 2000.

To overcome the challenge of the QCM bias, we attempted
to use the SR, RB, and AB biases determined previously in
urine for levels best matching the QCM level concentrations.
Because SR and RB were much higher than AB, in turn itself
2-3 times higher than the QCM bias observed in serum,'' we
believe that the best approximations (bias and resulting TEo)
for urine QCM are the AB. Thus, AB was elected for deter-
mination of QCM acceptable QC rules. Given QCM perfor-
mance of the K9CON (Immulite Systems; Siemens) for
serum cortisol used in our previous study,'' if some new
urine cortisol commercial QCM is developed, or if some tar-
get values for urine cortisol using the Immulite are deter-
mined, then the QCM bias might be as good as the AB we
used. We used 2 spiked samples (L4 and L8) to model patient
samples at 2 different cortisol concentrations (chosen similar



“ouLIN dUIUED Ul ABSSE [0S1I00 A} JO UOHEPI[eA 10} 091n0s & Sunonb ojonry §§

*QULIN dUIUED UT ABSSE [0SI1I0D ) JO UONEPI[RA dISULUI dwos Surpnjout aponry i

‘pawidjur ATy3nox A[uo oq p[nod ploysaIy) Y YOIYM WOIJ  ‘San[eA dFURI 90U2IJa1,, oY) SuLnjord eare popeys e paurejuoo 23y e $1xa) oy ul papraoid sem [ oN 4L

‘wonendod TyN oY) UI PaAISqO ST 1BYM WOIJ 10500 ST DVH 10J YN Jo Loyroads oy jo A)ijear oty 10 X "919A3s o1om [N eyl

os[e pue ‘porjdde Ajipear 00} a1om suorordsns §-)yH eyl 9q Aew suoneuedxy ‘uonemndod [y N oy ur Ko1y190ds moj oy woly ey K104 pue ‘uonendod jeutiou oy ur A31o15100ds oy woly 0s0[d A1aa ‘uonendod §-HvH oy ut ySiy yeyy Ayoyroads e puty 03 Suisuding 1Y 4
‘yoroadde st yym yonw 00y doap jou seop Ajanisuds oy uaym ‘uonendod Ayyfeay oy uo paseq uey) 19)12q 2q Aew yorym ‘suonendod TyN 10 S-DVH Y3 JO (ST +ULAU) SB UdSOYD Udaq Sey L] oYL |y

‘pantodar jou pue ssajosn st uonendod Ayyeay oy uryiim Aoyivads ay g, “uonendod Sop JyH-uou qdnd y) 01 parjdde 1] uasoys oy 0) Surp10ooe A1913103ds oY) ST SIY, #

s30p DY H-uou qdnd 03 paredwos usym Aiorjroads

Mof oyy paroxdut (Apysi[s) OABY A[aXI] PInOM YyoIyM °, 0 x 61 I8 LT 2y dn 108 dAry pnod Koyy (, 1 x 07) 20y31y A[[enuelsqns st sS0p JyH 10§ SFUEI oY) JO JuI] Jomo[ dY asnedaq WA “(, 01 x ¢ ¢ ) uone[ndod Aypeay oy jo (ST +uraur) se L] oy} SULP 0} 950Yd SIOYINY |
*DVH Jo pajoadsns Kjqeuosear Sop e ur parjdde uaym YD Ay Jo seduruniogiad oy Funoaqjal jou pue ‘sarpnys 1010 yim Suryojewsiw ‘Ayro1y10ads ySiy Suisuding §

*9J1] [BAI UI UOHEMIS ) FuN0d[Jal 10U ‘[0s1I09 ATeuLm Jo o3uel mo] A[[eroadsa ue sey pue Ayyjeay st

dnoi3 uostredwos oty se ‘poddns eyep 1eyM ST SIY) JT USAS “D[OTMIE ST} WOLJ %001, SE P1onb uaaq Ioasu sey A11o1y10ads Y, "%00] JO ANATIISUAS & MO[[E 0) [SNOUD MO] ST P[OYSAIT) A} IO "BIEP ) WO PIASLIRI 9q ULD JNq S[OTMIE AU} UI PAUOTIUSW JOU ST ANANISUIS YT, §
*1$9) UONB[NWINS dUOULIOY 0Id0I}001LI000UAIPE UE (1M UONESISOAUT POPN]OUT 0S| A[ONIE YL, L

*LSAQT © YIM uoneSnsaAul popnjoul os[e A[I1Ie Y, 4

*O11RI QUIUNBAIO[OSILIO dULIN =)D ‘AIoy19ads =dg (ANANISUIS =9G {ABSSROUNWWIOIPRI =YY {[BAIDIUI 9UAIDJAI =3 <WSIONI0d0udIpeIadAT juspuadap-Areymid yiim s30p=Hd SSu[l [RUIpe-Uuou Yim s30p=TyN 159} uoissaiddns

QUOSEIJAWEXaP 9SOP-MO[ = [ ST $POYsAIY) uonedIdiou = I | ‘wsioniodoudiperadAy oALY 10U 0) PAWLIU0d WSIoNI000uIpeIadAT Jo pajoadsns s30p=S-)VH ‘wsioniooouaiperadAy yim s3op = JHyH A[SUmey Jo poylow dLIawWoIon[j = AL ‘SMI[[ou sajaqerp =N

159 A10JRULIIFUOO © 10J ploysay) [ewndo S-J)VH 'SA DVH A0 DOY

8'86 SIS 5. 01XT 191
UoISN[OX3 JO 159 © 10J proysany ewndo §-)VH SA DVH 2AIND DO @
(473 001 5.01%5°9T
(IST+UrOW SE UONNQLISIP [BULIOU JO SFOp AY[BAY (g UO [ Y JO ywir| 1odd) o S-DVH L8 ooy 18
9 L6 0T 5 01%18°0€ ssop Ayieay g DVH 99  Paida[[0d duLn FUILIO| 0001 Uiy [e 10 1NoMsTNZ
5-01x§°T9 ploysary) [ewndo oA HOY © 5 01X TpE=UBN 5 01X P'Th T =UBN sSururow
(BLIDILIO UONOJ[OS IOYJO QATINOASUOD T JO UBdW
§¢8 001 8 5.01%09 ou) HVH moyim s3op 0z OVH 81 10 [ ‘auLm Suruion §§vsIa o B 10 uasuaf
¥T SL 4y 01x 0z MOqY IVN 6§ HAd DVH 0T auLIn SuLIoN S$vna o1 T8 10 uerdey
5 01 XTEP—€'1T 95Ul :S50p DVH YDDN *
5 01 X¥TS—LT :o8uer
5 01X 1'0€=ST+Uedw :s30p [VN YOIN ®
cxoﬁ X1'9¢—69 :o3uer
5 01X €0€=ST+uraw :s50p S-OVH YDON ©
w17 VNdg 5 01X T 1170 :8uer
o 01X 'LT=AST+uedw :s30p [eULIOU YD © TV N 910A3S 87
#56 SOV ‘ejep papraoid woy yreway S-OVH It
wal6"dS 6 201n0s ON 5.01X0€ s3op [euuou |¢ OVH ST oum Surwop Tivra , T Koqnuig
5-01%001°C-0T :08uer
5 01%X0TL F9'LEE=AS F uraw :s30p HVH 4DON *
cwoﬁ XHH 10’8 :o3uer
5 01 %% 19=ST+ueow :s50p JVH-uou qdNd YOIN *
5 01X L°L1-6°0 d8uer (A 11 Burpnjour)
5 01 X§"€1 = ST +urow :s50p [BUIoU YOI ® DVH-uou adnd €T
#eT 001 1o OTXG€T sop Ayieay 07 DVH 0F auLIn SuruIoN ivna 4 B30 UBwp[a,{
sSuruwiowr
§LL 66 ¢ Apms pajonQ 5.01°01 S-OVH LS OVH €6 9ADNDOSUOD T JO UBAN VId o T8 30 10qulTy
5 01X SET-T1 :DVH 98ueI YOO ®
5. 01%X69-T'1 :sSop [ewrrou oSurI YOO ©
5 01 %018 erep papiaoxd woly [ ] d[qronpa (ounuwr
i- 001 papiaoid JoN sSop 1od Ayyjeay ynpe g7 OVH LT ourm SuruIo -uou) ININA o Te 30 do1g
(%) ds (%) oS LI JO 901nog 1l uonendod paredwo)  wsioniooouaiperadAy yim uonemndod DON Kesse [0s1110D) REN|

's30p Ul WSIoN1000uIpeIodAl JO [ENUAIIIIP AU} IPN[OXd 0} PIOYSAIY} U0NL)dIdIoNul O1jel SUIUNIEIO:[0SI}I00 QULIN O} JO UOIIN[OAD [BOIULID) PU. JIS0[OU0IYD) 6 AqeL

1065



1066

Korchia and Freeman

Table 10. Target values for urinary cortisol for the Liquicheck QCM (lot 68530), reproduced from the one provided by the
manufacturer (Bio-Rad) for different methods and analyzers. This example illustrates how one quality control material (QCM) can have
widely different acceptable ranges for a given level of a measurand depending on the considered methods. The acceptable range for the
Immulite 2000 Xpi is not provided by the manufacturer, preventing determination of the QCM bias.

Cortisol (pg/dL)

Level 1: lot 68531

Level 2: lot 68532

Method Mean Range Mean Range

Abbott Architect iSystems 2.95 2.09-3.80 15.4 12.3-18.5
Beckman Coulter Access /2 /2i 6.63 2.54-10.7 24.1 17.8-30.3
Beckman Coulter Access UniCel Dxl 6.28 2.42-10.1 229 14.3-31.6
Ortho Vitros MicroWell Series (7) 3.49 2.41-4.57 15.3 11.7-18.9
Roche Elecsys/E170/Cobas eSystems 4.69 3.10-6.29 214 15.4-27.4
Siemens Advia Centaur CP (COR) 7.99 5.23-10.7 27.0 19.6-34.3
Siemens Advia Centaur XO Systems (COR) 6.66 3.08-10.2 17.9 12.2-23.7

to relevant serum concentration to allow for direct perfor-
mance comparison between urine and serum) and considered
their use as 2 QCM levels. When considered as QCM levels,
these 2 samples each provide biases (SR, AB, RB) and CV
allowing calculation of the corresponding TEo. As opposed
to serum, the 3 investigated types of bias (SR, AB, RB) are
markedly different in urine (AB < RB < SR) resulting in TEo
verifying TEo, < TEogy < TEogg. Yet, similarly to serum,
at P_; > 90%, the acceptable QC rules are roughly the same
within each level (L4 and L8) regardless of the considered
type of bias (except L4,;), whereas the chosen TEa goal has
a large effect on the set of acceptable QC rules. This empha-
sizes the major influence of the chosen TEa on the resulting
acceptable QC rules, further illustrating the direct relation-
ship between the usable QC rules and the quality goal quanti-
fied by TEa. On the other hand, similarly to what was already
demonstrated in serum,'’ our study highlights the limited
influence of P, on acceptable QC rules; P4 needs to be
maintained >90%."

For L4,,, more QC rules were acceptable given a low AB
achieved by averaging multiple RB biases and thus provid-
ing an illusion of a better-performing test than that which
occurs when various concentrations of cortisol are consid-
ered separately. Especially in endocrinology, the analytical
performance (precision and accuracy) should be assessed at
clinically relevant concentrations to avoid the pitfall of error
averaging that may occur when errors vary with concentra-
tions of clinical interest.

The most relevant type of bias to consider is certainly
worth further discussion; however, it is important to realize
that the considered type of bias has less impact on the accept-
able QC rules (homogeneity of QC rules within one level
regardless of the considered type of bias) than the considered
level of TEa (heterogeneity of acceptable QC rules within
one level depending on the amount of TEa). The bias of most
relevance is the SR bias. It shows a marked positive bias with
the Immulite 2000 Xpi cortisol immunoassay, especially at
lower urine cortisol concentration. If the corresponding TEo

(61.4% at 38.6nmol/L, and 28.9% at 552nmol/L) cannot
verify TEo < TEa, this method may need to be rejected.
However, first, a consensus recommendation for TEa cur-
rently does not exist for urine cortisol in veterinary medicine.
Second, provided that the assay has demonstrated satisfac-
tory linearity in urine across the reportable range and that the
precision in urine is roughly similar to that in serum, the
interpretation of the test can consider the identified positive
bias by an adapted IT. In our study, comparison of the Immu-
lite 2000 with the RIA that we used previously for urine cor-
tisol reflected that adaptation by increasing the IT of UCCR
from 10x 10 ®t0 27 x 107°. The fact that the pre-spiking urine
cortisol concentration was nearly 0 confirms that the positive
bias identified after pure cortisol spiking cannot be attributed
to measurement of other urinary corticoids, but is indeed
related to the urine matrix. On the other hand, the negative
bias observed with the new Siemens cortisol assay (lot num-
bers >550) in veterinary urine cortisol values in dogs (and
cats) compared to values obtained with the assay used in our
study (lot numbers <550)" may result from higher specificity
of the new antibody for cortisol versus urinary corticoids.
Third, the SR bias is not always available, given that many
hormones from veterinary species are not available for spik-
ing, and it is not always possible to obtain a matrix depleted
of the hormone of interest as we achieved here. Additionally,
the TE concept is most commonly used to compare a result
to a given IT for clinical interpretation, and this IT has been
determined by studies using previous methods. One could
then argue that the comparison with the previous method
provides a more relevant bias, rather than a SR bias, specifi-
cally for interpretation purposes, at least until new studies
determine the best IT with the newer method.

In light of these observations, we cannot yet provide rec-
ommendations for the use of specific QC rules, as those rules
depend mostly on the TEa, for which there is currently no
consensus in veterinary medicine. However, a “reverse
approach” to determine the level of total error that could
be controlled with a simple QC rule, N=2 QCM levels,



Validation of urine cortisol in dogs

1067

P, > 0.90, and P;; < 0.05, is conceivable.'” These specifica-
tions for QC are considered reasonable for most veterinary
laboratories based on QC expense, time involved in technical
training for QC, and time spent on QC analysis, documenta-
tion, and troubleshooting.

We took extensive precautions to minimize limitations in
our study; however, some limitations could not be overcome
and require acknowledgment. The SR bias was calculated
from a limited number of samples (n=4); TEogy results are
approximate. Similarly, because the RB bias was generated
from limited numbers of samples, TEog results are approxi-
mate and would definitely benefit from further investigation
with larger numbers of samples approximating those concen-
tration levels tested in 2 different laboratories. Our study
does not focus on a defined IT for UCCR interpretation when
urine cortisol is measured with the Immulite 2000 Xpi corti-
sol immunoassay, but rather on the TEo one should be aware
of for the measurement of canine urine cortisol used in the
calculation of UCCR. The characterized TEo may also be of
benefit in the determination of a future consensus about
UCCR TExa in dogs. In addition, knowledge of biologic vari-
ation of UCCR is not currently available but would be a valu-
able contribution to our understanding of this parameter. It is
certainly a limitation to use an older version of the method as
a reference method for assay validation. On the other hand,
the Immulite 1000 assay has been used satisfactorily for a
long time to measure urine cortisol and to calculate the
UCCR in a clinical setting. Furthermore, despite the marked
negative bias identified in new kits from Siemens for
“veterinary cortisol” (lot numbers >550), it would be worth
investigating the linearity of the new kit to determine if it
could qualify for clinical studies aimed at determining the
most relevant IT from scratch. Finally, the absence of target
values for the commercial QCM prevented the computation
of the QCM bias and thus of TEoq; QCM bias was approx-
imated primarily by the AB from the comparison study,
which is certainly debatable, but might consist of a realistic
approximation if the QCM bias of a future urine cortisol
commercial QCM turns out to be as small as the one observed
in serum. Investigation to determine optimal simple QC
rules function of desired TEa, is also warranted.
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