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Abstract : Reference interval is critical for interpreting laboratory results, monitoring response to therapy and predicting
the prognosis of the patients in clinical settings. The aim of the present study was to update established reference
intervals for routine hematologic and serum chemistry values for a population of clinically healthy dogs (range, 1-
8 years) seen in an animal hospital. Blood was obtained by venipuncture while animals were physically restrained,
and samples were analyzed for 9 chemistries on MS9-5H (Melot Schloesing Lab, France) and 6 hematology on Vet
Test 8008 (IDEXX, USA). Data from 105 dogs (52 males and 53 females) for hematology and 113 dogs (37 males
and 76 females) for chemistry were used to determine reference intervals using the parametric, nonparametric and
bootstrap methods. Prior to analysis, all parameters were tested for normal distribution using Anderson-Darling criterion.
Of the 9 biochemical analytes, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, creatinine,
total protein, and glucose concentrations did not fit normal distribution for both original and transformed data. All
but eosinophil count satisfied normal distribution for either original or transformed data. Parametric method can be
used for original cholesterol concentrations, RBC, WBC, and neutrophil counts. This technique can also be used for
power-transformed values of blood urea nitrogen concentrations and for logarithm of lymphocyte and monocyte counts.
Non-parametric or bootstrap method was the preferred choice for the remaining 7 biochemical parameters and eosinophil
count as they did not follow normal distributions. All three statistical techniques performed in similar reference intervals.
When establishing reference intervals for clinical laboratory data, it is essential to assess the distribution of the original
data to increase the accuracy of the interval, and non-parametric or bootstrap methods are of alternative for the data

that do not fit normal distribution.
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Table 1. Demographic characteristics of the dogs
Serum chemistry Hematology
(n=113) (n=105)
Sex
Male 35 37
Castrated 2 15
Female 67 44
Spayed 9 9
Weight (kg)
<5 62 63
5-10 45 29
10-15 5 9
15-20 3 4
SAHEA
NAETE AAEEE U2 FE g Fke 3

o BFAAE ARt 95% AlE|kem FAst
(10). AEEE 24 e ARE 74 (normality)S &
17171 918te] Amsks Alwatar ek 2As7 A4t
F=5 o] Apgel tiste] B4ARQl Mo R o
A3 TH(7,8,16). B EGH2] WO 2= percentiled
ootstrap-2 AFE3FATH(18,22). HH3E Box-Cox W
S ARESte] AAAEE AR EE wisksia wske
kgl thete] B4FQl Wo g ks AA s
259 A7 AES Anderson-Darling A4 SAHS AR
sto] frelstEol 0,055 & w Rshe Zlos dhdsls]
o}, & Atol|A] a7k CBstat (Version 5.1, Wex tech
system, USA) F71A& ARg-ate] Fd3130tt.
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Table 2. Summary of normality testing for serum chemistry analytes

Transformed
Untransformed Log Power
Normality (p > 0.05) Cholesterol Cholesterol Cholesterol, BUN
ALP, ALP, AST ALP, ALT, AST .
Non-normality (p <0.05) BUN, creatinine, total protein BUN, creatinine, total protein ALP, ALT? AST, creatinine
e I total protein, glucose
glucose, bilirubin glucose, bilirubin

BUN = blood urea nitrogen, AST = aspartate aminotransferase, ALT =alanine aminotransferase, ALP = alkaline phosphatase, bilirubin =
total bilirubin.

Table 3. Reference intervals estimated by parametric, non-parametric and bootstrap methods for serum chemistry analytes

Parametric

Analyte Untransformed Log Power Non-parametric Bootsrap
ALP(U/L) 35-202 35-197

ALT(U/L) 10-132 10-130

AST(U/L) 4-94 5-88

BUN(mg/dl) 7-32 6-32 7-33

Bilirubin(mg/dl) 0.1-0.5 0.1-0.5

Cholesterol(mg/dl) 102-298 117-320 113-307 114-304 116-300
Creatinine(mg/dl) 0.4-1.5 0.5-1.4

Glucose(mg/dl) 57-158 58-154

Total protein(g/dl) 5.7-8.0 5.6-8.4

Refer to Table 2 for abbreviations.

Table 4. Summary of normality testing for hematological analytes

Transformed
Untransformed Log Power
Normality (p > 0.05) RBC, WBC, neutrophil RBC, lymphocyte RBC, lymphocyte, neutrophil
Non-normality (p <0.05) Eosinophil, monocyte, lymphocyte =~ WBC, neutrophil, monocyte WBC, monocyte

Table 5. Reference intervals estimated by parametric, non-parametric and bootstrap methods for hematological analytes

Paramertic

Analyte Untransformed Log Power Non-parametric Bootstrap
RBC(10%ul) 5.5-82 5.6 -84 5.6 - 83 5.5-84 5.5-83
WBC(10%/ul) 64 -172 6.0 -17.8 6.1 -17.6
Neutrophil(10*/ul) 29 -113 33-11.6 30-11.8 3.1 -11.7
Eosinophil(10*/ul) 0.0 - 0.2 0.0 - 0.3
Monocyte(10*/ul) 0.5-1.7 05-1.6
Lymphocyte(10*/ul) 20-59 20-59 20-60 20 - 60
RBC, WBC, neutrophil +3|x= HAIALE] theh 242 W et B o R AAS Fuks A o Ahell
¥, lymphocyte?} monocyte X TS 2FFo] gk Z-g3led Fa7k Yol &3l 7iA|1 9 ]EX}O](% dliference)
X2 W, eosinophil AT E4A Q] WHol AR & E43% Ax= Fig 13 2ok @98 g5 A

lymphocyte 6%, monocyte 2-4%, 7B} &= 1-2%2] Z}Olg
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Fig 1. Comparison of classification of dogs established by
three reference intervals for hematologic (A) and serum chemical
values (B). Creat = creatinine, TP = total protein, Glu = glucose,
Chol = cholesterol, Bil = total bilirubin. Refer to Table 2 for
other abbreviations.

[

i

ArATE st Sxke] e
£ Wrkebr] flated o] ddele ks AEs
EE ARSI AT o] o] Zhe ojm|of AR,
Agdel #AA 5 A 2. o e 1
sk ek Faprke o]E2Ho® 747 JAHERE f=
AR o]F ehHEHA FHehs Zlo] off7] wite] Aolw
Aol ARdErt obd MAIE tdeRE SRR ols B3
ol tigt 5] WIs) 8E ) FuytewA VHXE
A}, wEba] Fd7)so] g w249 Uit
Solert S7RHAY ByTEe] 5/40] olEHW =HstE ¥
shEl= AselMe ks AT Fart drk10,14,
15,22). 52¢]3F HololiE RE @9lo) thetk JFuye A
AalloF shz ofEol AL Wk oz}t U AHolA] A
Alete =g el igh Aol s Qe AdE A

A373E ukddity B = Qivks HollA

= [e]
54s

2 AFolMs gl 9l Follstel AR tiste] Al
At Rarske Fe WA S ZdEe A
AR A A2 RS okt vlwgko g -
7F AL Feds HESIT 715 Fat AR
AR AT A el Agate] Fart o iE
EF5E /fA9] ¥]& Zo]= AST, BUN, ALT, glucose,
lymphocyte, monocyte &=ollA Atz og & Xfo|& Ho
ol5 &l tisixe IS AEIEE Hevt e A
o8 FAHACKFig 1). a7kl wE vjExel7} Arke
2 omg Fu7e ARSkEA] wet Skl iR
7t G| AL 58] JFAEE Qske Al s A
B e} 5o Aze d3F mE F ] o
oll Fart7k Aol vlg- Foslthe s AT &
ArellMe 54 Aule] Faggtel] ik AB7RE AlEd
Zlo|Bg olgjgl o5 UnksAd F= AT theket &
A el tiaiM e LT Mo R Juks AHEAS
= WS HAEY et IS Ao=E Alsdrh

FaF7ks ARsker A48 ¢ e A JAae
uf$- 237(5,7-10,12,14,16,18) IFCC (International Federation
of Clinical Chemists)?} CLSI (Clinical and Laboratory
Standards Institute)ol A= A2 7tol=21-& AAlstaL
ATk At oR HEA7|7F Ao FRhe] vl oA A
g0 AT FEA7)7} 60(R5E W) 32 120(H)
2 W) olAto] H| H|wE Fe p7ke] HAEI 7k

F4Y = AtK10). 53] BHEEE TEA ¥ AR
B, 97 9 AN B g2 wiiged At
5] S8l TR RS AR 5 ok Ak A
e TES] At i, Alg, 9 Hdke AlEshe]
el A57F A Es S50 vigkE ApEdd dtiske

Q1 WS ARgshH, WSk 57t s8] HE9S
o-

_

-

S

fo 2 e o o (1 oo

-
ES
3R] ko™ H]ESAQ1 percentileH S ARE-SITH(18). ©]
He AAEE AeoR FIET T 975 FHAEKL
Fehe w25 HAlERA adehe whe Farke]
Fka) sletgho 2 ARg-sl= Mol Bootstrap< HAIAE
BollA Z717F Rl BEE Addtsie] HAERLS] A, &k 3t
= 78 F o] e AL, BdFEFHOE A FLE
A719] FEE A¥ete] AL S FH8e AHS vk
Aow At RhEo] FRE= AFAA A, sk #HAl
Elde] P BEZHE 90% A7 FY5= RS
Al Wgolt}. o] WHE HEIAVE oF 10% Ax= s
AA FERY] AEES F7E Fes A o
FEAZ7F A= 1007 o dd wl FHETHO).
FAF7E ot A9 7 7EA] SHA siHE = 9l
ok ARl SAH 2 AESE WEed o AAE 1%
g AR Adehs Aotk & Fake AAske ol
oal] 203]% 13 e Hlojd 5 Jon 3] o
27} A, 8kl 5%l slEe Y 7FsAdol e Aol
2 olfie AETH AE Hrlsle B A & HE
o] Fof| Hre] Aol UAR U7F HFo| IS we

:<I>(='OE r'EI

ok

o
)
:
2



70 4

of
Ho

AT S48 PR, 2B F TR 29 ©
A e e 2 5l) dgelc), i A o
o] gl AR Adsle Ao o] w Fojd e Fa
TR ok Holuks A% o Fes 2g 4
= = z%o]r;} Z Ao a A7}t 7Hx1]a1rt ZAAVEE
o met FupztlA kel F7ht A B § 9]
@l ol

- ﬁ—?oﬂ/ﬂt 1-841¢] A5 20 kg ool HARES A
slo] Basiglont PF Tl AW, BF, AREE 52
Egele i el te] RE0e AAs 4]
oz AWslke A7t Bag os ARED. FaT
2e GAANE AgRow s s1zel 71wl
AAA OALAA FAA] HS-
vk Aol 7738 WA E ool ek AelAL o)l
e AAE AP B BRke g Aastew
= Alag #4lo]l a7H

oy

:‘.‘5?
i fo 2

)

Mo 1» Lo

[¢]
o

T

§

K]
kJ
Ao
re

1. Brun-Hansen HC, Kampen AH, Lund A. Hematologic values
in calves during the first 6 months of life. Vet Clin Pathol
2006; 35: 182-187.

2. Ceriotti F, Hinzmann R, Panteghini M. Reference intervals:
the way forward. Ann Clin Biochem 2009; 46: 8-17.

3. Chan MK, Seiden-Long I, Aytekin M, Quinn F, Ravalico T,
Ambruster D, Adeli K. Canadian Laboratory Initiative on
Pediatric Reference Interval Database (CALIPER): pediatric
reference intervals for an integrated clinical chemistry and
immunoassay analyzer, Abbott ARCHITECT ci8200. Clin
Biochem 2009; 42: 885-891.

4. Concordet D, Geffré A, Braun JP, Trumel C. A new approach
for the determination of reference intervals from hospital-
based data. Clin Chim Acta 2009; 405: 43-48.

5. Hansen AM, Garde AH, Eller NH. Estimation of individual
reference intervals in small sample sizes. Int J Hyg Environ
Health 2007; 210: 471-478.

6. Kaneco JJ, Harvey JW, Bruss ML. Clinical biochemistry of
domestic animals. 5th ed. New York: Academic press. 1997:

1=

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

)]
=4

1-20.

. Linnet K. Two-stage transformation systems for normalization

of reference distributions evaluated. Clin Chem 1987; 33:
381-386.

. Linnet K. Testing normality of transformed data. Appl Statist

1988; 37: 180-186.

. Linnet K. Estimation of the limit of detection with a

bootstrap-derived standard error by a partly non-parametric
approach. Application to HPLC drug assays. Clin Chem Lab
Med 2005; 43: 394-399.

Lumsden JH. Normal or reference values: questions and
comments. Vet Clin Pathol 1998; 27: 102-106.

Michael DW, Harold T. Small animal clinical diagnosis by
laboratory methods. 4th ed. New York: Saunders. 2004: 96-97.
NCCLS (National Committee for Clinical Laboratory
Standards). How to define and determine reference intervals
in the clinical laboratory. Approved guidelines NCCLS
document C28-A, NCCLS. Villanova. 1995.

Nelson RW, Couto CG. Small animal internal medicine. 2nd
ed. New York: Mosby. 2003: 1160-1173.

Petitclerc C, Solberg HE. Approved recommendation (1987)
on the theory of reference values. Part 2. Selection of
individuals for the production of reference values. J Clin
Chem Clin Biochem 1987; 25: 639-644.

Petitclerc C. Normality: the unreachable star? Clin Chem Lab
Med 2004; 42: 698-701.

Reed AH, Wu GT. Evaluation of a transformation method for
estimation of normal range. Clin Chem 1974; 20: 576-581.
Ruan C, Wu Y, Okada T, Motoi S, Kondo T, Jiang M, Xin X,
Peng L, Ichihara K, Ikeda Y. Studies on reference intervals for
platelet counts in three cities in China and one in Japan.
Thromb Haemost 2002; 88: 111-114.

Solberg HE. Approved recommendations (1987) on the theory
of reference values. Part 5. Statistical treatment of collected
reference values. Determination of reference limits. J Clin
Chem Clin Biochem 1987; 25: 656-656.

Solberg HE, Grésbeck R. Reference values. Adv Clin Chem
1989; 27: 1-79.

Solberg HE. The IFCC recommendation on estimation of
reference intervals. The RefVal program. Clin Chem Lab Med
2004; 42: 710-714.

Thienpont LM, Van Uytfanghe K, De Leenheer AP. Reference
measurement systems in clinical chemistry. Clin Chim Acta
2002; 323: 73-87.

Trowbridge EA, Reardon DM, Bradey L, Hutchinson D,
Warren CW. Automated haematology: construction of
univariate reference ranges for blood cell count and size. Med
Lab Sci 1989; 46: 23-32.



