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Background: In Veterinary Medicine biochemical investigation of serum is widely used to aid diagnosis and treatment. However,
delays usually happen between sampling and analysis. As a result, the serum is stored in refrigerators. In this regard, information on
the effects of temperature and storage duration on the stability of the analyte is incomplete in general and its effect in sheep and goat
serum is not described. Therefore, the objective of this study was to examine the stability of selected biochemical analytes from sheep
and goat serum following storage at —20°C for 2 months.

Methods: Serum from 20 apparently healthy male 2-2.5 year-old sheep and goats was obtained and aliquots of serum from each
sample were kept in three tubes. The first tube is for baseline (T0), which is done within an hour, while the other two (T1 and T2) are
stored at —20°C for 1 and 2 months, respectively. Total protein, albumin, urea, total cholesterol, and triglycerides were assayed.
Results: The results revealed that storage temperature and duration for up to 2 months had no significant effect on any analytes except
for urea in goats. The changes in terms of total observed error (TE,) for total protein; albumin and urea were greater than the
acceptable values in both animals.

Conclusion: Thus, further studies are required to assure alteration of analyte at various storage temperatures and duration. In addition,
implementation of quality systems to achieve quality targets for analytes with greater TE, as compared to the established TE, is
needed.
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Introduction

Biochemical investigation is widely used to aid the diagnosis and treatment of animals; however, a delay usually occurs between
sampling and analysis.' Samples are usually stored in refrigerators due to various reasons including the use or re-use of samples is
needed due to delay in the analysis procedure; to confirm or to check a previously obtained value, to add new quantifications of
missing analytes and when samples are transferred to distant places.” Hence, stability of analytes following storage should be
noted as it is an important pre-analytical factor that determines the accuracy of results.*

It is difficult to apply recommendations from the World Health Organization (WHO) and Clinical Laboratory Standard
Institute (CLSI) in routine practice as the analyte stability described is often not compatible with the time taken to transport blood
samples from the place of collection to the laboratory.® There is variation among analytes instability; therefore, different storage
conditions may apply depending on their nature of storage.” Stability studies of analytes after storage compared with the fresh
sample values, with an estimation of recovery rates, are important to determine the effects of storage. Recovery rates may increase
or decrease after storage.® Thus, storage temperature and duration are the essential parameters that must be considered in order to
maintain the composition and integrity of representative samples during the pre-analytical phase.”'°

Published literature pertaining to chemical analyte stability has addressed many issues related to samples but largely on human
serum.”'®"? There is limited information available regarding the stability of analytes in animals in particular to sheep and goat
serum.'*'® Therefore, the present study examined the effect of storage on the stability of five selected biochemical analytes in

serum following storage at —20°C for 2 months.
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Materials and Methods
Study Animals and Sampling Technique

Twenty adult male sheep and goats of 2-2.5 years of age were recruited from the farm of the College of veterinary medicine and
Agriculture. The study animals were apparently healthy and blood samples were collected. Animals with a history of medication
were excluded due to the possible impact of drugs on biochemical analysis. The use of animals for study and sampling was
approved by the institutional animal research ethics committee at the Addis Ababa University College of veterinary medicine and
agriculture (Certificate No VM/ERC/04/14/022).

Collection and Processing of Blood Samples

Serum was obtained from sheep and goats following collection of 5 mL blood samples by a veterinarian from the jugular vein.
Blood was left to clot at room temperature for 30 minutes. Clotted blood was centrifuged at 1,200xg for 10 minutes and aliquots of
serum were divided into three labeled Eppendorf Safe-Lock tubes as TO, T1, and T2. The two Eppendorf safe-locks (T1 and T2)
were stored in a refrigerator at —20°C while the TO was used for day one (baseline), which stipulated analysis within an hour. The
samples stored at —20°C (T1, and T2) were analyzed after bringing them to room temperature for approximately 1 hour until
completely thawed, and then mixed properly with automatic pipettes before analysis.

Laboratory Methods

Biochemical parameters were analyzed by semi-automated chemistry analyzer EMP-168 Chengdu Empsun Medical Technology
Co., Ltd (AMP Diagnostics, USA). The methods utilized for biochemical analysis include total protein by end point biuret,
albumin by end point bromocresol green (BCG), urea by kinetic urease/GLDH (Glutamate dehydrogenase), total cholesterol by
end point cholesterol peroxidase4-aminophenazone (CHOD-PAP), and triglycerides by end point enzymatic determination by
glycerol phosphate oxidase and peroxidase (GPO/PAP).'” Quality control (QC) was made each day before (Jouri labs diagnostic
reagent and stains Addis Ababa Ethiopia) running the samples.

Data Analysis

The stability of analytes was assessed using statistical parameters and comparison to established allowable total error for
biochemical analytes. IBM SPSS V.20 was used for statistical analysis. The normality of the data was tested using the
Kolmogorov—Smirnov, and data obtained at the TO, T1, and T2 were analyzed using repeated measures ANOVA to compare
the overall difference between the means at storage times TO, T1, and T2. The results are expressed as means£SD. A P-value of
less than 0.05 was considered as statistically significant. Post-hoc analysis was assessed with a Bonferroni adjustment to ensuing
a significance level at P<0.017 (0.05/3=0.017) was set for each analyte regarding time interval (TO, T1, and T2).

For total allowable error (T,); bias (%) for T1 and T2 was calculated from percentage change from baseline (T0) values and the
%CV for each analyte was calculated by finding the SD of results TO and T1, TO and T2, dividing that by the duplicate mean and
multiplying by 100. The average of the individual CVs reported as the intra CV. TE, (%) was calculated as 2CV (%) + bias (%).
The TE, (%) used in the current study were adopted from the American Society of Veterinary Clinical Pathology (ASVCP)
guidelines: allowable total error guidelines for biochemistry. If TE,, (%) is less than TE, (%), the quality requirement passes and no
further action is needed.'®

Results

The study demonstrated the effect of storage on the stability of some biochemical analytes in serum harvested from sheep and
goats. Five analytes, namely total protein, albumin, urea, total cholesterol, and triglycerides, were studied. Baseline values (T0)
and later, following storage at —20°C for 1 month (T1) and 2 months (T2), the analytes were determined. Repeated measures
ANOVA were utilized to describe the overall difference between the means at TO, T1, and T2 time points. To this effect Mauchly’s
test was done and if P>0.05 it meet the assumption of sphericity and its value taken. While those violated the assumption of
sphericity, P-value from Greenhouse-Geisser correction was taken. As shown below all parameters except urea in goats and total
cholesterol in both animas were not statistically significant (Table 1).
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Table | Repeated Measures of ANOVA Values for Analytes in Sheep and Goat

Analytes Animal N Values of Analytes MeantSD F-Value P-value
TO TI T2

Total Protein (g/dL) Sheep 20 6.95+0.69 6.79+0.67 6.63+0.82 8.548 0310
Goat 20 6.49+0.87 6.310.69 6.21+0.48 2.542 0.119

Albumin (g/dL) Sheep 20 3.30+0.20 3.37+0.24 3.52+0.21 10.584 0.358
Goat 20 3.47+0.39 3.32+0.45 3.29+0.47 1.592 0.223

Urea (mg/dL) Sheep 20 33.2446.60 31.96+5.95 32.58+6.44 3213 0.145
Goat 20 40.67+4.92 38.10+6.53 37.28+5.74 5.377 0.016

Total Cholesterol (mg/dL) | Sheep 20 34.71£9.41 35.32+10.41 | 37.79+10.25 3.855 0.030
Goat 20 50.26+10.26 | 48.26+9.36 49.03+9.75 3.530 0.039

Triglycerides (mg/dL) Sheep 20 35.04+£9.94 36.43£9.66 36.25+£8.27 1.394 0.068
Goat 20 37.18+18.52 | 35.90+17.88 | 37.72£18.10 1.957 0.155

For parameters with statistical significance, a post-hoc pairwise comparison using the Bonferroni correction showed
decreased stability of total cholesterol with no statistical significance between TO and T1 (50.27 vs 48.26,
respectively), P=0.051 and, while between TO and T2 (50.27 vs 49.04, respectively), P =0.384 were observed in goat.
In sheep there was decreased stability with no statistical significance between TO and T1 (34.71 vs 35.32,
respectively), P =1.000, and between TO and T2 (34.71 vs 37.79 respectively), P=0.040 were noted. For urea; statistical
significance between TO and T1 (40.67 vs 38.10, respectively), P=0.016 and between TO and T2 (40.67 vs 37.28,
respectively), P=0.010 was noted in goat samples.

The study also demonstrated the changes of analyte values after storage in terms of TE, (%) adopted from the
American Society of Veterinary Clinical Pathology (ASVCP) guideline: allowable errors for biochemical analytes. The
observed changes or total observed errors (TE,) were estimated by adding the random error (% CV) from intra-assay of
TO-T1 and TO-T2, while systematic error (bias%) from percentage change of T1 and T2 from baseline values (TO).
A comparison of the current findings with the published values of allowable error'® indicated that total cholesterol and
triglycerides of both species were within an acceptable range. Albumin was also within an acceptable range only in goat
samples. Other parameters were not within an acceptable range (Table 2).

Discussion

In laboratory testing, the pre-analytical phase is the most critical part of the analytical process that has an impact on
results.'” One of the factors in the pre-analytical phase is storage.”’' Although the use of freshly collected serum is
recommended, delay in the testing process, reuse of samples for missing results, and when samples are transferred from
distant places is inevitable.?” Therefore, this study was undertaken to examine the stability of some biochemical analytes,
namely total protein, albumin urea, total cholesterol, and triglycerides following storage of sheep and goat serum at —20°
C for different periods; TO (baseline), T1 (1 month), and T2 (2 Months). The study demonstrates that all except urea were
stable for up to 2 months when stored at —20°C, which is in line with the recommendation of long-term storage of
analytes storage —20°C.>* To the author’s knowledge, the study was the first report in the veterinary laboratory setting in
Ethiopia that studied the stability of biochemical analytes in sheep and goat serum following storage at —20°C. Published
literature pertaining to analyte stability has addressed limited information regarding the stability of analytes in animals, in
particular to sheep and goat serum. The term “Instability” of biochemical analytes in plasma during storage does not
always suggest a reduction in concentrations of the analytes, in some cases rather unexplained increases may happen and
mechanisms for such changes need to be explored further.**
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Table 2 Changes of Analyte Values After Storage in Terms of TE, (%) in Sheep and Goat

Analytes Animal N Percentage Change From Baseline TE., (%)
TI T2
CV (%) | Bias (%) | TE, (%) CV (%) | Bias (%) TE, (%)

Total Protein(g/dL) Sheep 20 2.14 2.30 6.58 4.18 4.60 12.96 10%
Goat 20 2.49 2.77 7.75 4.75 431 13.81

Albumin (g/dL) Sheep 20 342 2.12 8.96 5.00 6.66 16.66 15%
Goat 20 8.77 432 21.86 9.63 5.18 24.44

Urea (mg/dL) Sheep 20 427 3.85 12.39 5.02 1.98 22.06 12%
Goat 20 7.00 6.32 20.32 8.02 8.33 24.37

Total Cholesterol (mg/dL) | Sheep 20 1.66 8.08 11.40 1.88 6.13 9.89 20%
Goat 20 4.50 3.98 12.98 4.47 2.45 11.39

Triglycerides (mg/dL) Sheep 20 6.89 3.97 17.75 8.08 345 19.61 25%
Sheep 20 5.26 3.44 13.96 7.26 1.45 15.97

Abbreviations: TE,, Observed total error; TE,, Allowable total error.

Different reports have mentioned the analyte stabilities in similar or different ways. Contrary to the current study,
Cuhadar et al*® noted significant variations of total protein in sera stored until 3 months. On the other hand, Kovacevié
et al*® described the stability of total protein up to 6 months when stored at —20°C. Similar to the current study,
significant variations of urea in sera stored until 3 months were observed by Cuhadar et al.*®> On the other hand,
Kovacevié et al*® described the stability of urea till 5 and 6 months when stored at —20°C. The stability of total
cholesterol and triglycerides was mentioned by Paltiel et al 2’ and Comstock et al.*® Kovacevié et al*® also noted that
total cholesterol and triglycerides were stable at —20°C for 5 months and 4 months, respectively, regardless of pre-
analytical factors. Similar to our findings, the stability of albumin was also noted by Maxwell et al*’ weekly over
a 5-week period. Kovacevi¢ et al*® also described the stability of albumin for 6 months when stored at —20°C. However;
significant variability of albumin after storage at —20°C from month to 6 months was noted by Pawlik-Sobecka et al.**

In clinical medicine, veterinarians are interested to have valid data on laboratory results. Thus, it is good to have
knowledge about the accuracy and impression of the results, which combined as TE,.*! The current revealed that most
were not within an acceptable range and as no adequate and published reports in veterinary medicine in these regard, we
are unable to discuss the findings of the current study. The allowable total error suggested in ASVCP guidelines is
general and, thus, it might not reflect the acceptable biological and analytical range suitable for sheep and goats; hence,

determination of species-based allowable total error is needed.

Conclusion

Storage of serum is unavoidable when needing to confirm previous results or perform additional analysis. There are
differences among the studies in analyte stability and our findings which might be due to differences in sample type,
serum separation, storage temperatures, storage duration, and test methodologies. This study is the first report on the
stability of biochemical analytes in sheep and goat serum in a veterinary laboratory setting in Ethiopia. All analytes
except urea in goats under the study were stable for 2 months when stored at —20°C. However, further studies are
necessary to assure any alterations in the results of biochemical analytes when stored at —20°C and at various storage
temperatures and durations. In addition, implementation of quality systems and risk management guidelines to achieve
quality targets for those analytes (total protein, albumin and urea) with greater TE, as compared to the established TE,
are needed.
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Limitations of the Study
e The study was unable to conduct stability studies in a wide range of temperatures and durations. Only some
biochemical parameters were studied due to a lack of test kits.
e The study used apparently healthy animals aged 2-2.5 years and it would be good to also assess the stability from
sick animals of different pathological conditions across different ages and a broader analytical range.

Abbreviations

AAU, Addis Ababa University; ANOVA, Analysis of Variance; ASVCP, American Society of Veterinary Clinical
Pathology; CLSI, Clinical Laboratory Standard Institute; SD, Standard Deviation; SPANA, Society for Protection of
Animals Abroad; TE,, Total Allowable Error; TE,, Total Observed Error; WHO, World Health Organization.
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