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ABSTRACT.	 This study established the precision and accuracy of a modified latex agglutination 
turbidimetric immunoassay (LATIA) reagent, and evaluated the ability of the measurement of 
serum amyloid A (SAA) compared to haptoglobin and α1-acid glycoprotein, which are acute phase 
proteins (APPs), for diagnosis of clinical mastitis. Concentrations of APPs in cows with mastitis 
were significantly higher than those in healthy cow. Only the plasma SAA concentration in cows 
with clinical mastitis (44.90 mg/l; n=15) was significantly higher than that in those with subclinical 
mastitis (10.70 mg/l; n=16), enabling their diagnosis in contrast to other APPs. Thus, the SAA 
assay using a LATIA reagent is useful in assessing mastitis severity due to its higher sensitivity and 
specificity than other APP assays.
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Bovine mastitis is a major cause of economic loss in the dairy industry [12, 13]. A diagnostic tool for mastitis that is quick and 
easy to apply is necessary because the severity of inflammation affects the prognosis of cows. A diagnosis of prognosis is important 
because acute mastitis can be fatal due to severe inflammation. Additionally, subclinical mastitis causes milk losses due to persistent 
inflammation, but it is difficult to assess the extent of inflammation and subsequent productivity by clinical signs. If an efficient 
acute phase proteins (APPs) assay is available in bovine practice, the severity of inflammation of mastitis can be estimated.

APPs, such as C-reactive protein (CRP), haptoglobin (HPT), α1-acid glycoprotein (AGP) and serum amyloid A (SAA), are well 
used as markers to estimate the severity of inflammation in human and companion animal practice [6, 7, 15]. CRP is generally 
not considered an APP in bovine practice because it does not change due to inflammation in cows [24]. On the other hand, the 
usefulness of HPT and AGP in the evaluation of inflammation severity was previously reported in bovine mastitis [10].

SAA is clinically applied as an inflammatory marker in horses [23] and cows [4, 14, 19, 21]. SAA responded most rapidly to 
infection; therefore, the plasma SAA concentration has potential as a marker to distinguish the severity of mastitis [2, 3, 8, 9, 22]. 
It is known that there are four SAA protein isoforms (SAA1, SAA2, SAA3 and SAA4) in human, and classic proteins for acute 
phase response is SAA1. Bovine SAA proteins are SAA 1 to 4, like humans, and bovine SAA 1 and 2 are proteins for acute phase 
response [4].

In bovine SAA assays, the ELISA system is mainly used, but time and cost may be disadvantages of this method for general 
purposes use as a bovine biomarker. A latex agglutination turbidimetric immunoassay (LATIA) has advantages in that measurement 
is quick using an automated clinical chemistry analyzer, regardless of the number of samples. When LATIA was applied to cows, 
a human-specific reagent was used for evaluation of bovine SAA because a cow-specific reagent for the SAA assay using LATIA 
was not commercially available. However, accurate evaluation of inflammation was difficult because the human-specific reagent 
was less sensitive for bovine mastitis. Accordingly, a modified reagent for bovine SAA assay using LATIA was prepared for 
accurate and quick measurement of bovine samples.
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To apply this new reagent in bovine practice, a study comparing SAA measured by the modified reagent with that measured by 
other APP assays previously validated in cattle is needed. Therefore, the aim of this study was to clarify the usefulness of the modified 
reagent for bovine SAA, and to evaluate the diagnostic ability of the SAA assay of mastitis in comparison with HPT and AGP.

This animal study was performed in accordance with the Guide for the Care and Use of Laboratory Animals of the School 
of Veterinary Medicine at Rakuno Gakuen University (Approval#: VH18C10). Seventy-four Holstein-Friesian lactating cows 
consisting of 43 healthy and 31 mastitic cows kept at 4 commercial dairy farms in Japan were enrolled in this study. All cows were 
milked twice daily and fed total mixed rations and provided free access to water.

Blood samples (10 ml) were withdrawn from the jugular vein, and stored in serum separator and heparine-2K-coated vacuum 
tubes. Serum and plasma were obtained after centrifugation at 1,500 × g at room temperature for 15 min, and stored at −80°C until 
assay to avoid repeated thawing and freezing. Refrozen samples were not used in the SAA assay because the SAA concentration is 
affected by freeze-thaw cycles.

The SAA concentration was measured using an automated LATIA assay kit for animal SAA. This assay kit is a modified 
human SAA assay kit (LZ test ‘Eiken’ SAA, Eiken Chemical Co., Tokyo, Japan) and has improved specificity for bovine SAA 
by changing the antibody. The homologies of amino acid sequences between human SAA 1 and, bovine SAA 1 or 2 is low as the 
homology are 53.1 or 76.2%. This is due to the deletion of some amino acid sequences in human SAA 1 relative to bovine SAA 1 
and 2. However, the homology in other regions is high. In this study, the antibody prepared to targeting the 80th to 90th from the 
N-terminus of amino acid sequence in the human SAA1 protein and its corresponding amino acid sequences in bovine SAA1 and 
2 proteins. Therefore, its accuracy and validation were assessed and performed before the clinical trial. The assay was performed 
using an automated clinical chemical analyzer (Hitachi 7170S, Hitachi Ltd., Tokyo, Japan) [5].

The detection limit (DL) of the LATIA, which was estimated as the mean ± 2.6 standard deviation (SD) of SAA determination of 
blank samples, was 2.90 mg/l (P<0.01). Linearity under dilution was investigated by linear regression model analysis. The Pearson 
correlation coefficient was used to assess the strength and direction of association.

Precision was assessed by inter-assay and dilution linearity test. For the inter-assay test, validation was assessed by the 
coefficient of validation (CV) from the mean and SD of 10 replicate determinations of three pooled bovine sera. The mean SAA 
concentrations of three bovine sera used in the inter-assay were 11.61, 55.83 and 168.57 mg/l, respectively. The CV ranged from 
1.08 to 1.31%.

The dilution linearity test was performed as serial dilutions of two pooled bovine sera, which were diluted to obtain sample 
volume percentages of 20, 40, 60, 80 and 100%. Expected concentrations of SAA were calculated by dividing the maximum 
measured value with the modified reagent by the dilution ratio. The mean SAA concentrations of them were 11 and 158 mg/l. 
Observed concentrations by the modified SAA assay correlated well with the expected concentration. The regression equations and 
r2 of the two concentration ranges were as follows; y=0.96 × −0.45 and 0.988, and y=0.98 × −8.68 and 0.979, respectively.

To evaluate the effects of blood sample types, the correlation of bovine SAA concentration measured by the modified SAA assay 
between serum and plasma samples was evaluated by linear approximation. Bovine SAA concentrations of serum and plasma 
samples were well positively correlated. The regression equation and r2 were y=0.97 × −0.23 and 0.992, respectively, which 
suggests that both serum and plasma can be used for the measurement and compared. Since plasma samples are generally used in 
biochemical exams, plasma was used for assays in the study.

Based on the results of the physical examination and modified California Mastitis Test (CMT; P.L tester, Nippon Zenyaku Kogyo 
Co., Ltd., Fukushima, Japan), cows with and without abnormality were designated as the mastitis group (n=31) and control group 
(n=43), respectively. The mastitis group was further divided into subclinical (n=16) and clinical mastitis (n=15) groups according to 
the absence and presence of clinical symptoms such as fever, anorexia, udder swelling, redness and/or hardness [20]. No symptoms 
suggesting diseases other than mastitis were observed. All cows were examined more than 10 days after parturition and APP levels 
were not considered to be affected by parturition based on reports of APP levels being higher the week after calving [11].

The milk bacterial test was also carried out for all mastitic milk harvested from cows in the mastitis group in accordance with 
previously published guidelines [17]. The breakdown of bacteria in each group was as follows: the subclinical group: Staphylococcus 
aureus (7/16), Streptococcus spp. (3/16), coagulase-negative staphylococci (1/16), Streptococcus uberis (1/16), Corynebacterium 
bovis (1/16), others (2/16) and not detected (1/16); the clinical mastitis group: Klebsiella pneumoniae (7/15), Escherichia coli (3/15), 
Trueperella pyogenes (2/15), Streptococcus spp. (1/15), Enterobacter cloacae (1/15) and unknown species (1/15).

As APPs are produced mainly in the liver, blood biochemical tests were carried out to evaluate liver function. The results 
of blood biochemical tests are summarized in Table 1, with no significant difference between the groups. The plasma HPT 
(Bovine Haptoglobin ELISA, Immunology Consultants Laboratory, Inc., Portland, OR, USA) and AGP (Bovine α1-glycoprotein 
ELISA, Immunology Consultants Laboratory, Inc.) concentrations were measured using commercial ELISA kits according to the 
instructions. The plasma SAA concentration was measured as above.

All statistical analyses were performed by IBM SPSS Statistics, v.23 (IBM Co, Somers, NY, USA). The normally distributed and 
non-normally distributed data are expressed the means ± SD and medians [minimum-maximum], respectively. Differences between 
groups were analyzed with the Mann-Whitney U test. A proposed cut-off value of each APP concentrations to diagnose mastitis 
was determined using a receiver operating characteristic (ROC) curve. The optimal cut-off point for each APP was calculated by 
the Youden index [1, 16]. The significance level was P<0.05.

Concentrations of plasma HPT, AGP and SAA in control groups were 0.25 [0.10–0.80] µg/ml, 0.32 [0.16–0.72] mg/ml and 1.00 
[0.10–8.00] mg/l, respectively (Table 1). In the mastitis group, APP concentrations were significantly higher than those in control 
group in plasma HPT (P<0.001), AGP (P<0.05) and SAA (P<0.001). The proposed diagnostic cut-off points for plasma HPT, AGP 
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and SAA concentrations to identify dairy cattle with mastitis based on analyses of ROC curves were set at >0.96 µg/ml, >0.34 mg/
ml and >6.60 mg/l, respectively. All APPs were able to diagnose mastitis. The reason for the significant changing in APPs values 
despite the unchanged biochemical test results were considered to be due to the lack of strong systemic inflammation of mastitic 
cattle used in this study.

The plasma SAA concentration was significantly higher in the clinical group (44.90 [7.40–157.50] mg/l) than in the subclinical 
group (10.70 [0.80–59.90] mg/l, P<0.001, Fig. 1A), although no significant differences between subclinical and clinical groups 
were observed in plasma HPT and AGP concentrations. The proposed diagnostic cut-off point for plasma SAA concentrations to 
identify dairy cattle with clinical mastitis based on analyses of ROC curves was set at >14.05 mg/l (Fig. 1B). The results of this 
study are consistent with a previous study using an ELISA system to demonstrate significant differences in the blood SAA level by 
severity of inflammation [18].

In the present study, plasma HPT, AGP and SAA concentrations in cows with mastitis were significantly higher than those in 
healthy cows, and these APP levels reflect inflammation caused by mastitis. Furthermore, the plasma SAA concentration was able 
to distinguish subclinical and clinical mastitis. Thus, the plasma SAA concentration using a modified reagent for animals was 
superior in assessing the severity of inflammation in mastitis due to its higher sensitivity and specificity than other APP assays. 
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Table 1.	 Concentrations of acute phase proteins and blood biochemistry in control and mastitis groups

Parameter Unit Control Mastitis P-value Cut-off value Sensitivity Specificity AUC(n=43) (n=31) (%) (%)
SAA (mg/l) 1.00 [0.10–8.00] 20.70 [0.80–157.50]  <0.001 6.60 mg/l 80.6 95.3 0.931
HPT (µg/ml) 0.25 [0.10–0.80] 32.15 [0.07–303.25]  <0.001 0.96 µg/ml 80.6 100 0.871
AGP (mg/ml) 0.32 [0.16–0.72] 0.35 [0.18–0.88] 0.019 0.34 mg/ml 71.0 60.5 0.661
ALT (U/l) 29.5 ± 10.2 25.6 ± 9.9 0.078 - - - -
AST (U/l) 85.0 [52.0–175.0] 7.0 [48.0–204.0] 0.097 - - - -
γGTP (U/l) 29.0 [16.0–60.0] 26.0 [14.0–60.0] 0.383 - - - -
BUN (mg/dl) 12.0 [6.3–17.2] 13.1 [3.7–26.7] 0.095 - - - -
CRE (mg/dl) 0.72 [0.55–0.98] 0.73 [0.52–1.36] 0.961 - - - -
T-Bil (mg/dl) 0.05 [0.00–0.15] 0.05 [0.00–1.47] 0.493 - - - -

The normally distributed and non-normally distributed data are expressed the means ± SD and medians [minimum-maximum], respectively. SAA: serum 
amyloid A, HPT: haptoglobin, AGP: α1-acid glycoprotein, ALT: alanine transaminase, AST: aspartate aminotransferase, γGTP: γ-glutamyltransferase, 
BUN: blood urea nitrogen, CRE: creatinin, T-Bil: total bilirubin, AUC: area under the curve.

Fig. 1.	 Comparison of serum amyloid A (SAA) concentrations of subclinical and clinical mastitis groups. A: The plasma SAA concentration in the 
subclinical and clinical groups. The horizontal line in each box represents the median value. The boxes represent the interquartile range (25 to 75 
percentiles). *Values with asterisks are significantly different between groups (P<0.05). B: The receiver operating characteristic (ROC) curves 
of the plasma SAA concentration to identify dairy cattle with clinical mastitis.
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Therefore, the plasma SAA concentration measured by LATIA is useful to asses bovine mastitis quickly and accurately than other 
APP assays. Furthermore, the plasma SAA concentration measured by the present LATIA may assist in assessing the outcomes of 
cows with mastitis.
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