
Title Validation of a point-of-care quantitative immunoassay for total bile acid measurement in dogs
and cats

Author(s) Chiku, Hiroyuki; Asai, Tomohito

Citation Japanese Journal of Veterinary Research, 69(2), 89-98

Issue Date 2021-05

DOI https://doi.org/10.14943/jjvr.69.2.89

Doc URL https://hdl.handle.net/2115/81813

Type departmental bulletin paper

File Information JJVR69-2_89-98_HiroyukiChiku.pdf, 本文

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



1) Medical Systems Research and Development Center, Research and Development Management Headquarters, FUJIFILM
Corporation, Amagasaki-shi, Hyogo, Japan

2) In Vitro Diagnostics Division, Medical System Business Division, FUJIFILM Corporation, Minato-ku, Tokyo, Japan

Received for publication, June 1, 2020; accepted, January 5, 2021

JJVR
REGULAR PAPER Experimental Research

Validation of a point-of-care quantitative immunoassay 
for total bile acid measurement in dogs and cats

Hiroyuki Chiku1,*) and Tomohito Asai2)

Abstract
Total bile acid (TBA) concentrations in the blood are measured using an enzymatic method and an 
automated chemistry analyzer to evaluate liver function in dogs and cats. This study aimed to validate 
the results of FUJI DRI-CHEM IMMUNO AU in the measurement of TBA concentrations (FDC v-BA; 
FUJIFILM Corporation, Tokyo, Japan). Serum and plasma samples from dogs and cats were analyzed 
using FDC v-BA; intra- and interassay precision, accuracy, correlation, and linearity were evaluated. 
The correlation between FDC v-BA and an automated chemistry analyzer was also statistically assessed. 
Intra-assay (between 0.8% and 1.34%) and interassay (1.22%) coefficients of variation were determined, 
and the linearity of canine and feline serum samples showed excellent correlations (correlation 
coefficient for dogs and cats: R = 1.00 and 1.00). Analysis results of the canine and feline plasma samples 
by using FDC v-BA were highly correlated with those obtained using the enzymatic method (R = 0.976 
for dogs and 0.979 for cats). The cross-reactivity of FDC v-BA with ursodeoxycholic acid was lower 
than with the enzymatic reagent. FDC v-BA was used to determine the reference intervals. The fasting 
reference intervals were ≤7.9 μmol/L for dogs and ≤4.7 μmol/L for cats, and the postprandial values 
were ≤26.2 μmol/L for dogs and ≤9.1 μmol/L for cats. TBA concentrations in dogs with a portosystemic 
shunt exceeded the reference range when measured with FDC v-BA, demonstrating the validity of our 
reference ranges. Thus, FDC v-BA can be a useful point-of-care test for clinical diagnoses in dogs and 
cats.
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Introduction

Bile acids synthesized from cholesterol in 
hepatocytes are secreted into bile and stored 
in the gallbladder4). After food consumption, 
bile acids are secreted into the duodenum and 
promote the decomposition and absorption of 
fat4). The synthesized bile acids are conjugated 

in the liver4). Primary bile acids, namely, cholic 
acid and chenodeoxycholic acid, are synthesized 
in the liver; metabolism of these bile acids by 
enterobacteria produces deoxycholic acid and 
lithocholic acid as secondary bile acids4). Taurine-
conjugated bile acids are predominant in dogs 
and cats20). Approximately 95% of bile acids are 
absorbed in the terminal ileum and subsequently 
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return to the liver via portal circulation4). 
Serum bile acids are often used to assess liver 
function and indicated for the further evaluation 
of persistently increased serum liver enzyme 
activities7). Some studies have shown that serum 
bile acid concentrations are useful for diagnosing 
hepatobiliary disease in dogs and cats5,6). The 
sensitivity of tests can be increased by submitting 
a fasting sample and a 2-h postprandial sample19).

In dogs and cats, bile acid concentrations 
are useful for diagnosing a portosystemic 
shunt (PSS)21). A PSS is a vascular anomaly 
that allows the blood from portal circulation 
to bypass the liver and directly be transported 
into the systemic circulation21). Regardless of 
shunt type, postprandial bile acid concentrations 
increase in nearly all (99.3%) patients with an 
extrahepatic congenital PSS; therefore, this test is 
the most sensitive biochemical screening test for 
extrahepatic congenital PSS12).

At present, bile acids are measured via an 
enzymatic method that involves the use of an 
automated chemistry analyzer, such as a Hitachi 
chemistry analyzer. Bile acids can be commercially 
measured in an external laboratory, although 
few systems can be used in-house. For example, 
a FUJI-DRICHEM IMMUNO AU cartridge v-BA 
(FDC v-BA), recently released by FUJIFILM 
Corporation (Tokyo, Japan), is a quantitative 
bile acid measurement system that can rapidly 
obtain results in-house for dogs and cats. The 
total bile acid (TBA) concentration combines 
the concentrations of individual bile acids; the 
major bile acids that comprise >98% of the TBA 
concentration in dogs and cats are taurocholic 
acid (TCA), taurodeoxycholic acid (TDCA), and 
taurochenodeoxycholic acid (TCDCA)20). The 
principle of FDC v-BA involves surface plasmon-
enhanced fluorescence2, 22). In this process, three 
types of anti-bile acid monoclonal antibodies 
reacting with TCA, TDCA, and TCDCA are used.

This study aimed to validate FDC v-BA 
analytically by evaluating its intra- and interassay 
precision, accuracy, recovery, linearity, and 
correlation. Cross-reactivity with substances with 

a bile acid-like structure was also examined. The 
reference ranges of FDC v-BA for dogs and cats 
were established, and their clinical availability 
was assessed by measuring the TBA concentration 
of dogs and cats with PSS.

Materials and Methods

Animals and samples: For the intra-assay, 
interassay, linearity, and cross-reactivity tests, 
50 serum samples from each healthy dog and cat 
were pooled and used. The method for adjustment 
of bile acid concentration is described in the 
method validation.

For the correlation and reference interval test, 
plasma samples were collected from dogs and cats 
in the Veterinary Medical Centre at the University 
of Tokyo, Japan. For the reference interval test, 
samples with liver enzyme activities outside the 
normal range (shown in brackets) were considered 
unhealthy and were excluded: blood alkaline 
phosphatase ([dogs] (≥ 1 year) 47–254 U/L, (< 1 
year) 69–333 U/L), [cats] (≥ 1 year) 38–165 U/L), 
(< 1 year) 77-358 U/L), alanine aminotransferase 
([dogs] 17–78 U/L, [cats] 22–84 U/L), γ-glutamyl 
transpeptidase ([dogs] ≤ 14 U/L, [cats] ≤ 10 U/L), 
and aspartate aminotransferase ([dogs] 17–44 U/
L, [cats] 18–51 U/L). These items were measured 
with a FUJI DRI-CHEM 7000.

For the measurement of PSS samples, plasma 
from the blood samples of dogs and cats with a 
PSS was used if the PSS was confirmed through 
a contrast computed tomography examination. 
Of 32 dogs (21 measured preprandially only, 
three measured postprandially only, and eight 
measured both preprandially and postprandially), 
21 were males (neutered, seven) and 11 were 
females (neutered, three). Their ages ranged 
between 0.3 and 11 years (median, 3.5 years). Of 
eight cats (six preprandial only and two measured 
both preprandially and postprandially), three 
were males (neutered, 0) and five were females 
(neutered, three); their age range was 0.4–12 
years (median, 4.5 years).
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After blood col lection,  the serum and 
plasma were separated and stored at −20°C 
until measurement. All the procedures were 
approved by the Animal Welfare Committee of 
the Pharmaceutical and Healthcare Research 
Laboratories in FUJIFILM Corporation (Number: 
I27I004NPI27010 and I27I003NPI27006) before 
the study commenced.

Measurement of TBA: Fasted specimens were 
obtained in a state in which an animal received no 
food for more than 12 h. Postprandial specimens 
were obtained 2 h after a meal. Blood bile acid 
concentrations were measured using FDC v-BA 
with a FUJI DRI-CHEM IMMUNO AU10V 
analyzer (FUJIFILM Corporation, Tokyo, Japan). 
An Aqua-auto Kainos TBA (Kainos TBA) test kit 
(Kainos Laboratories, Inc., Tokyo, Japan) run on 
a Hitachi 7180 chemistry analyzer (Hitachi, Ltd., 
Tokyo, Japan) served as the reference method.

Method validation: Intra- and interassay 
coefficients of variation, accuracy, linearity, and 
correlation were evaluated through analytical 
validation. Intra-assay validation shows within-
run precision, whereas interassay validation 
presents between-run precision. Accuracy is 
defined as the closeness of a measured value to 
the true value. Linearity indicates the properness 
of a measurement range. Correlation is described 
as the relationship between FDC v-BA and the 
Hitachi 7180 chemistry analyzer.

Intra-assay validation was conducted as 
follows: a mixture consisting of TCA sodium salt 
hydrate (Sigma-Aldrich, St. Louis, MO, USA), 
sodium taurochenodeoxycholate (Sigma-Aldrich), 
and sodium taurodeoxycholate hydrate (Sigma-
Aldrich) at a ratio of 62:11:27 was added to 
the canine pooled serum. Control liquids were 
prepared with high (≥40 μmol/L), medium (≥20 
μmol/L to <40 μmol/L), and low (<20 μmol/L) 
concentrations of bile acids. The control liquids 
were measured 10 times each and evaluated in 
terms of standard deviation (SD) and coefficient of 
variation (CV). Interassay variation was assessed 

to measure the control liquid containing the 
medium concentration of bile acids (≥20 μmol/
L to <40 μmol/L) twice daily for 10 days. The 
interassay was conducted by using the difference 
between the mean of 10 measurements of the 
control liquid (composed of each different assay) 
and the mean of the control material measured 
with the Hitachi 7180 chemistry analyzer. 
Linearity was assessed by diluting the canine 
serum pools with high concentrations of bile 
acids (approximately 180 μmol/L) containing 
TCA, TCDCA, and TDCA at a ratio of 62:11:27 
with the pooled serum from 50 healthy dogs 
treated with activated carbon14). The linearity of 
the serum was evaluated from the mean of three 
measurements for each serum sample (undiluted 
high-concentration serum at ratios of 4:1, 3:2, 2:3, 
and 1:4 from the undiluted pooled serum of dogs 
treated with activated carbon). The pooled serum 
of cats was similarly evaluated. Correlation was 
examined by measuring and comparing dog and 
cat plasma examined with the Hitachi 7180 
chemistry analyzer and FDC v-BA.

Cross-reactivity with substances with a 
bile acid-like structure: Cross-reactivity with 
substances with a bile acid-like structure11) 
and ursodeoxycholic acid (UDCA), which is 
a hydrophilic bile acid with poorly defined 
hepatocyte-protective properties16), was evaluated. 
Cortisol (276 μmol/L; National Institute of 
Standards and Technology, MD, USA), cholesterol 
(259 μmol/L; Sigma-Aldrich), testosterone (35 
μmol/L; Sigma-Aldrich), and UDCA (100 μmol/L; 
Sigma-Aldrich) were added to the pooled serum 
from 50 healthy dogs, and they were measured 
three times each by using FDC v-BA and the 
Kainos TBA test kit.

Cross-reactivity is the ratio of the reacted 
cross-reactive substance, which can be calculated 
using the following formula:

[(bile acid concentration measured after 
adding the cross-reactive substance − bile 
acid value measured before adding the cross-
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reactive substance)/concentration of the 
added cross-reactive substances] × 100.

Establishment of the reference interval of TBA: 
The dog and cat plasma samples in which four 
biochemical items were within the normal range 
(as described in the “Animals and samples” section 
above) were measured to set the reference range 
of FDC v-BA. The lower and upper limits of the 
reference range were calculated as follows: (1) all 
measured values were logarithmically converted, 
and outliers were excluded; (2) mean and SD were 
derived from logarithms; (3) logarithms in the 95% 
interval were determined with mean ± 1.96 × SD; 
and (4) logarithms were exponentiated to obtain 
the lower and upper limits18).

Statistical analysis: The CV of the measurements 
was calculated by dividing the SD by the means 
of the measured values and multiplying them 
100 times. The linearity of serum was calculated 
using Excel 2007 (Microsoft Corp., Redmond, 
WA). Bland–Altman difference plot and Deming 
regression analyses were conducted with a 
comparison method using XLSTAT (Addinsoft, 
Okayama, Japan).

Results

Method validation
As shown in Table 1,  the intra-assay 

precision ranged from 0.80% (minimum) to 1.34% 
(maximum). As a result of analyzing the control 
liquid with the medium bile acid concentration for 

7 days, the mean ± the SD interassay precision 
was 34.61 ± 0.42 μmol/L, and the CV was 1.22%.

The differences in the measured values of the 
control liquid with high (97.9 μmol/L), medium 
(35.2 μmol/L), and low (10.0 μmol/L) concentrations 
of bile acids from the values measured using the 
Kainos TBA test kit were 0.9%, 1.9%, and 5.0%, 
respectively.

The results of the two linearity experiments 
of the canine and feline lithium heparin plasma 
samples are shown in Figs. 1A and 1B. The 
expected and measured results were highly 
correlated. The correlation coefficient for the 
dogs and cats was 1.00. For FDC v-BA, linearity 
was presented up to the highest bile acid 
concentrations assessed with a mean of 180.3 
μmol/L (for dogs) and 179.6 μmol/L (for cats).

Furthermore, canine and feline plasma 
samples analyzed with FDC v-BA were highly 
correlated with the enzymatic method (i.e., the 
Kainos TBA test kit; Figs. 2A and 2B). The 
correlation coefficients for dogs (n=55) and cats 
(n=45) were 0.976 and 0.979, respectively.

The Bland–Altman plot revealed a positive 
bias for dogs (1.2 µmol/L; Fig. 3A) and a negative 
bias for cats (0.4 µmol/L; Fig. 3B). The correlation 
between the Kainos TBA test kit and FDC v-BA 
was described using the following equation:

For dogs: FDC v-BA value = 1.043 (95% 
confidential interval [CI], 0.851 to 1.234) × Kainos 
TBA + 0.082 (95% CI, −3.547 to 3.711; Fig. 3A)

For cats: FDC v-BA value = 0.930 (95% CI, 
0.739 to 1.122) × Kainos TBA + 0.084 (95% CI, 
−0.975 to 1.143; Fig. 3B)

Bile acid immunoassay for dogs and cats

Table 1. Intra-assay repeatability of assays for the detection of high (≥40 μmol/L), medium (≥20 μmol/L to <40 μmol/L), and 
low (<20 μmol/L) concentrations of bile acids

Test High concentration Medium concentration Low concentration

(≥40 μmol/L) (≥20 μmol/L to <40 μmol/L) (<20 μmol/L)

   Mean ± SD 98.72 ± 0.79 34.91 ± 0.40  10.04 ± 0.13

CV (%) 0.80 1.14 1.34

Mean, standard deviation (SD), and coefficient of variation (CV) are calculated from 10 replicate measurements for each 
concentration.
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Cross-reactivity with substances with a bile 
acid-like structure

No cross-reactivity with cortisol, cholesterol, 
or testosterone was detected with FDC v-BA or the 
Kainos TBA test kit. The cross-reactivities with 
UDCA were 31% with FDC v-BA and 84% with 
the Kainos TBA test kit (Table 3).

Establishment of the reference interval of TBA
The specimens for the reference interval were 

90 dogs (22 males [7 neutered]; 68 females [7 

neutered]) and 219 cats (89 males [42 neutered]; 
130 females [39 neutered]; Supplemental Tables 
S1 and S2). They were collected from veterinary 
hospitals in Japan. For the preprandial test, 90 
dogs and 144 cats were used. For the postprandial 
tests, 88 dogs and 144 cats were used (Table 2, 
Supplemental Table S1 and S2).

The mean ± SD concentrations were 3.2 
± 2.3, 2.0 ± 1.6, 10.0 ± 5.0, and 3.9 ± 1.8 μmol/
L for the fasted dogs, fasted cats, postprandial 
dogs, and postprandial cats, respectively. The 
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Fig. 1. Linearity of canine and feline serum samples 
with high bile acid concentrations. 
(A) Linearity under dilution for measuring canine pool serum 
samples containing 200.6 μmol/L bile acids. (B) Linearity 
under dilution for examining feline pool serum samples 
containing 176.1 μmol/L. A serial dilution was performed for 
both groups to achieve six bile acid concentrations from the 
original concentration as follows: 1.0, 0.8, 0.6, 0.4, 0.2, and 0 
parts.

Fig. 2. Deming regression analysis for bile acid as 
determined using the FDC v-BA versus the Kainos 
TBA test kit.  
Samples were obtained from (A) dogs and (B) cats. The 
solid black line illustrates the regression equation with its 
95% confidence interval (solid gray line). The black dotted 
line represents the identity line, which is consistent with a 
perfect correlation of the two methods.
FDC v-BA, FUJI DRI-CHEM IMMUNO AU cartridge v-BA; 
Kainos TBA, Aqua-auto Kainos TBA.
Note: FUJI DRI-CHEM IMMUNO AU cartridge v-BA is 
produced by FUJIFILM Corporation (Tokyo, Japan), and 
Aqua-auto Kainos TBA test kit is produced by Kainos 
Laboratories, Inc. (Tokyo, Japan).
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concentration ranges were 0.7–13.9, 0.5–10.2, 
1.1–22.6, and 0.3–9.8 μmol/L for the fasted dogs, 
fasted cats, postprandial dogs, and postprandial 
cats, respectively. The measured values of the 
fasted and postprandial dogs and cats were 
logarithmically converted. After the abnormal 
values were excluded, the following results 
(average ± SD) were obtained: 0.430 ± 0.238, 0.227 
± 0.227, 0.938 ± 0.245, and 0.538 ± 0.215 for the 
fasted dogs, fasted cats, postprandial dogs, and 
postprandial cats, respectively. Based on these 
values, the results of calculating with a 95% CI 
were as follows: −0.036 to 0.897 for the fasted 
dogs, −0.21 to 0.672 for the fasted cats, 0.459 to 
1.418 for the postprandial dogs, and 0.116 to 0.960 
for the postprandial cats. These values were then 

converted to real numbers. The values for the 
fasted dogs, fasted cats, postprandial dogs, and 
postprandial cats with their corresponding 95% 
CIs were 0.9–7.9, 0.6–4.7, 2.9–26.2, and 1.3–9.1 
μmol/L, respectively. The upper limit of each 
CI was set as the reference range. The fasting 
reference range was ≤7.9 μmol/L for dogs and ≤4.7 
μmol/L for cats, and the postprandial values were 
≤26.2 μmol/L for dogs and ≤9.1 μmol/L for cats.

TBA concentrations in canine and feline 
patients with PSS

The TBA concentrations of all the plasma 
samples of dogs with PSS in the fasting and 
postprandial states exceeded the reference range 
set in this study (Fig. 4). The median (range) 

Bile acid immunoassay for dogs and cats

Table 2. Specimen characteristics for the reference interval

Dogs Cats

Characteristics Preprandial Postprandial Preprandial Postprandial

Sex, n [%]

Neutered Male 7 [8%] 7 [8%] 11 [8%] 36 [25%]

Neutered Female 7 [8%] 7 [8%] 15 [10%] 32 [22%]

Intact Male 15 [17%] 15 [17%] 39 [27%] 21 [15%]

Intact Female 61 [68%] 59 [67%] 79 [55%] 55 [38%]

Age, year, median (range) 2.6 (0.5–13.8) 2.5 (0.5–13.8) 2.8 (0.4–18.3) 3.7 (0.1–17.0)

Alanine aminotransferase, U/L, median (range) 45 (27–78) 45 (27–78) 46 (22–84) 50 (24–84)

Aspartate aminotransferase, U/L, median (range) 27 (18–44) 27 (18–44) 23 (18–47) 26 (18–51)

γ-Glutamyl transpeptidase, U/L, median (range) 4 (2–9) 4 (2–9) 1 (0.5–3) 1 (1–10)

Alkaline phosphatase, U/L, median (range) (≥1 year) 149 (74–254) 149 (74–254) 93 (43–165) 97 (49–165)

  (<1 year) 175 (124–321) 175 (124–321) 205 (70–358) 217 (111–358)

*Percentages may not total 100 due to rounding.

Table 3. Cross-reactivity with compounds with a bile acid-like structure and ursodeoxycholic acid

Bile acid-like 
compound

Bile acid 
concentration

Bile acid-
like structure 
concentration

FDC v-BA Kainos TBA test kit

Bile acid 
concentration Cross-reactivity

Bile acid 
concentration Cross-reactivity

(μmol/L) (μmol/L) (μmol/L) (μmol/L)

Cortisol 9.8 276 10.1 0% 9.7 0%

Cholesterol 9.8 259 9.4 0% 9.7 0%

Testosterone 9.8 35 9.9 0% 9.7 0%

UDCA 9.8 100 40.8 31% 93.4 84%

FDC v-BA, FUJI DRI-CHEM IMMUNO AU cartridge v-BA (by FUJIFILM Corp. Tokyo, Japan); UDCA, ursodeoxycholic acid.
Note: FUJI DRI-CHEM IMMUNO AU cartridge v-BA is produced by FUJIFILM Corporation (Tokyo, Japan); Kainos TBA test 
kit is produced by Kainos Laboratories, Inc. (Tokyo, Japan). 
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of bile acid concentrations in the preprandial 
specimens from dogs with PSS was 76.1 μmol/
L (10.6 µmol/L to >150 μmol/L), and the median 
(range) of the bile acid concentrations in the 
postprandial samples was 146.3 μmol/L (82.3 
µmol/L to >150 μmol/L). In eight dogs measured 
pre- and postprandially, all postprandial TBA 
concentrations increased from their preprandial 
levels.

The TBA concentrations of all the plasma 
samples from cats with PSS in the fasting and 
postprandial states also exceeded the reference 
range set in this study. The median (range) 

of bile acid concentrations in the preprandial 
specimens from cats with PSS was 69.7 μmol/
L (10.8–119.9 μmol/L), and the median (range) 
of bile acid concentrations in the postprandial 
specimens was 54.6 μmol/L (37.6–71.5 μmol/L). 
All the measured specimens of PSS from animals 
in the pre- and postprandial states deviated from 
the reference range. In the two cats measured 
pre- and postprandially, all the postprandial 
TBA concentrations increased compared to their 
preprandial levels.

Discussion

This study aimed to confirm the validity 
of FDC v-BA by evaluating its intra- and 
interassay precision, accuracy, recovery, linearity, 
and correlation. Based on these evaluations, 
we confirmed the validity of FDC v-BA as a 
quantitative immunoassay of TBA. FDC v-BA was 
confirmed to have an adequately satisfactory CV 
within 20%, which is the acceptable range of intra-
assay precision for quantitative measurement17). 
The accuracy test using the mixtures with pure 
bile acid yielded accuracy errors within 15%, 
which confirmed that FDC v-BA can accurately 
measure bile acids17). Standard substances were 
originally used in the accuracy test. However, 
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Fig. 3. Bland–Altman difference plot for bile acid 
concentrations. 
The concentrations were measured in the canine plasma 
samples with Kainos TBA and FDC v-BA for (A) dogs and 
(B) cats. The black line indicates the mean bias and its 95% 
confidence interval (black dotted line). The black dotted 
line is consistent with the 1.96-fold standard deviation (SD) 
line of the mean absolute bias, which indicates the limits 
of agreement. FDC v-BA, FUJI DRI-CHEM IMMUNO AU 
cartridge v-BA; Kainos TBA, Aqua-auto Kainos TBA.

Fig. 4. Bile acid concentrations in fasting (29) and 
postprandial (11) dogs with a portosystemic shunt. 
The dotted line indicates the reference values. It is connected 
by a straight line between the fasting and postprandial 
values from the same dog (five dogs).
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considering the absence of a standard substance 
for dog and cat bile acids, we used TCA, TDCA, 
and TCDCA (i.e., the main bile acids in dogs and 
cats) as substitutes20). Recovery was confirmed 
to be between 80% and 120%, which were 
within the acceptable range of recovery rates17). 
Correlation analysis revealed an acceptable 
correlation coefficient15), and the Bland–Altman 
analysis demonstrated an acceptable bias3). 
The 95% CI of the Deming analysis equation 
included “0” in the intercept and “1” in the slope, 
indicating that the two methods provide the same 
analytical results9). These results suggest that 
FDC v-BA can accurately measure the bile acid 
concentrations of dogs and cats in either serum 
or plasma. Linearity and correlation analyses 
showed that the different bile acid concentrations 
of the samples collected from dogs and cats can 
be accurately determined. Moreover, because it 
has been confirmed that the addition of bilirubin, 
chyle, or cholesterol to canine pooled serum has 
little effect on FDC v-BA, it is considered that 
any effect of jaundice and hyperlipidemia would 
be small (Table 3 and Supplemental Table S3). 
UDCA is a hydrophilic bile acid that is usually in 
a relatively low concentration in dogs and cats. 
It has the emission function of bile acids and the 
replacement function of a hydrophobic bile acid. 
UDCA affects biliary stasis and is used to treat 
a variety of hepatobiliary diseases in dogs and 
cats1,16). No cross-reactivities with substances 
with a bile acid-like structure except UDCA were 
observed. The cross-reactivity was 31% for FDC 
v-BA and 84% for the Kainos TBA test kit, but the 
cross-reactivity of the former was lower than that 
of the latter. The Kainos TBA test kit is a general 
bile acid measurement method that measures 
3α-hydroxy bile acid concentrations by using an 
enzymatic method4). Therefore, if UDCA exists 
in the blood, the Kainos TBA test kit measures 
it as a bile acid. By contrast, FDC v-BA is based 
on an immunoassay method that uses antibodies 
reacting to TCA, TDCA, and TCDCA; thus, the 
reactivity with UDCA is expected to be low8). 
FDC v-BA has an advantage over the Kainos 

TBA test kit in terms of UDCA interference. 
This feature may be important because UDCA 
is commonly used in veterinary medicine. When 
UDCA is used at a typical dosage for dogs (10 mg/
kg), it has been reported that the serum UDCA 
concentration reaches a maximum concentration 
of approximately 5 μmol/L (1.98 μg/mL) 1 h 
after oral administration and then decreases4,13). 
When 5 μmol/L UDCA is measured using the 
Kainos TBA kit, a value of approximately 4 μmol/
L bile acid is expected based on the results of 
cross-reactivity experiments. As a result, even if 
normal before UDCA administration, the total 
bile acid concentration in the fasted state may 
exceed the reference range. On the other hand, 
even if 5 μmol/L UDCA is measured using FDC 
v-BA, the measured value is estimated to be only 
approximately 1.5 μmol/L. Therefore, it is unlikely 
that the reference range will be exceeded.

The reference range of the FDC v-BA set 
in this study corroborates the data reported in 
previously published work10). We confirmed that 
all PSS samples from the animals in the fasting 
and postprandial states exceeded the reference 
interval that was set in this study. We could 
not evaluate liver diseases other than PSS in 
dogs and cats. Thus, further studies should be 
conducted to confirm the clinical usefulness of 
FDC v-BA for these diseases.

In this study, FDC v-BA, an automated 
f luorescence immunoassay analyzer,  was 
evaluated to measure TBA concentrations 
in dogs and cats. It is an easy-to-use point-
of-care test instrument that can quickly and 
precisely measure the concentrations of bile 
acids in serum and plasma samples. Although 
multiple measurements cannot be performed 
simultaneously using this point-of-care test, it 
correlates well with the enzyme measurement 
method involving the use of an automated 
chemistry analyzer at a testing center. Its 
linearity is good within the assessed range, and 
its clinical usability is confirmed in the diagnosis 
of PSS. With FDC v-BA it is possible to quickly 
obtain the test results in the clinic, meaning 
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treatment can be started earlier. As a result, since 
early treatment initiation reduces the period of 
suffering for dogs and cats, FDC v-BA may help 
improve the quality of life of dogs and cats.

Acknowledgments

We thank Dr .  Ko ich i  Ono ,  Assoc iate 
Professor of Department of Veterinary Internal 
Medicine, Graduate School of Agricultural and 
Life Sciences, The University of Tokyo (Tokyo, 
Japan) and all the veterinarians of Toyoshina 
Inter-Animal Hospital (Nagano, Japan) and 
Higashiyama Animal Hospital (Tokyo, Japan) for 
their cooperation in this study.

Supplemental data

Supplemental data associated with this 
article can be found, in the online version, at 
http://dx.doi.org/10.14943/jjvr.69.2.89

References

  1)	 Abraham LA, Charles JA, Holloway SA. Effect 
of oral ursodeoxycholic acid on bile acids 
tolerance tests in healthy dogs. Austral Vet J 
82, 157-160, 2004.

  2)	 Arima Y, Teramura Y, Takiguchi H, Kawano 
K, Kotera H, Iwata H. Surface plasmon 
resonance and surface plasmon field-enhanced 
fluorescence spectroscopy for sensitive 
detection of tumor markers. In: Biosensors 
and Biodetection, Rasooly A, Herold KE. eds. 
Humana Press, New York. pp. 3-20, 2009.

  3)	 Bland JM, Altman D. Statistical methods for 
assessing agreement between two methods of 
clinical measurement. Lancet 327, 307-310, 
1986.

  4)	 Center SA. Serum bile acids in companion 
animal medicine. Vet Clin North Am Small 
Anim Pract 23, 625-657, 1993.

  5)	 Center SA, Baldwin BH, Erb HN, Tennant 
BC. Bile acid concentrations in the diagnosis 
of hepatobiliary disease in the dog. J Am Vet 
Med Assoc 187, 935-940, 1985.

  6)	 Center SA, Erb HN, Joseph SA. Measurement 
of serum bile acids concentrations for 
diagnosis of hepatobiliary disease in cats. J 
Am Vet Med Assoc 207, 1048-1054, 1995.

  7)	 Chapman SE, Hostutler RA. A laboratory 
diagnostic approach to hepatobiliary disease 
in small animals. Vet Clin North Am Small 
Anim Pract 43, 1209-1225, 2013.

  8)	 Chiku H, Nakamura K, Kasagi N, Nakamura 
K .  Deve l opment  o f  the  quant i t a t i ve 
immunoassay reagent for measuring BA (bile 
acids) levels in dog and cat “Fuji Dri-Chem 
Immuno AU Cartridge v-BA”. FUJIFILM 
RESEARCH & DEVELOPMENT 62, 60-65, 
2017.

  9)	 Cornbleet PJ, Gochman N. Incorrect least-
squares regression coefficients in method-
comparison analysis. Clin Chem 25, 432-438, 
1979.

10)	 Counsell LJ, Lumsden JH. Serum bile 
acids: reference values in healthy dogs and 
comparison of two kit methods. Vet Clin 
Pathol 17, 71-74, 1988.

11)	 Demers LM, Hepner G. Radioimmunoassay 
of bile acids in serum. Clin Chem 22, 602-606, 
1976.

12)	 Fukushima K,  Kanemoto  H,  Ohno K, 
Takahashi M, Fujiwara R, Nishimura 
R, Tsujimoto H. Computed tomographic 
morpho logy  and  c l in i ca l  f ea tures  o f 
extrahepatic portosystemic shunts in 172 dogs 
in Japan. Vet J 199, 376-381, 2014.

13)	 Kobayashi S. Ursodeoxycholic acid tolerance 
in jaundiced dogs after release of biliary 
obstruction. Juntendo Medical Journal 37, 63-
75, 2014.

14)	 Krasopoulos JC, De Bari VA, Needle MA. The 
adsorption of bile salts on activated carbon. 
Lipids 15, 365-370, 1980.

15)	 Lin  Ll -K.  A note  on  the  concordance 
correlation coefficient. Biometrics 56, 324-325, 

Hiroyuki Chiku and Tomohito Asai 97



2000.
16) Meyer DJ, Thompson MB, Senior DF. Use of

ursodeoxycholic acids in a dog with chronic
hepatitis: effects on serum hepatic tests and
endogenous bile acid composition. J Vet Inter
Med 11, 195-197, 1997.

17) Muñoz-Prieto A, Tvarijonaviciute A, Escribano
D, Martínez-Subiela S, Cerón JJ. Use of
heterologous immunoassays for quantification
of  serum proteins:  the case of  canine
C-reactive protein. PLoS ONE 12, e0172188,
2017.

18) Pavlov IY, Wilson AR, Delgado JC. Reference
interval computation: which method (not) to
choose? Clin Chim Acta 13, 1107-1114, 2012.

19) Schlesinger DP, Rubin SI. Serum bile acids
and the assessment of hepatic function in dogs
and cats. Can Vet J 34, 215-220, 1993.

20) Washizu T, Ikenaga H, Washizu M, Ishida T,
Tomoda I, Kaneko JJ. Bile acid composition of
dog and cat gall-bladder bile. Nihon Juigaku
Zasshi 52, 423-425, 1990.

21) Winkler JT, Bohling MW, Tillson DM, Wright
JC, Ballagas AJ. Portosystemic shunts:
diagnosis, prognosis, and treatment of 64
cases (1993–2001). J Am Anim Hosp Assoc 39,
169-185, 2003.

22) Yu F, Yao D, Knoll W. Surface plasmon field-
enhanced fluorescence spectroscopy studies of
the interaction between an antibody and its
surface-coupled antigen. Anal Chem 75, 2610-
2617, 2003.

Bile acid immunoassay for dogs and cats98


