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ABSTRACT. Hematologic investigation is essential for the evaluation of health status of companion animals.
Appropriate and accurate reference intervals (RIs) are required for the interpretation of laboratory results. Thus, the
primary aim of the present study was to establish canine complete blood count (CBC) RIs using Advia 120, a widely
used in veterinary medicine automated hematology analyzer. Additional objectives were to evaluate sex as a partitioning
factor of RIs and to investigate the effect that breed size has on CBC RlIs. Reference individuals were selected by indi-
rect sampling method from the medical records of a veterinary teaching hospital. The reference population comprised
284 adult dogs of both sexes and various breeds. The reference individuals were allocated into 3 groups based on breed
size (small-sized, medium-sized and large-sized breeds). Complete blood count results from the dogs that met the inclu-
sion criteria were used for the nonparametric calculation of RIs. Statistical and nonstatistical criteria were employed in
order to decide whether sex-specific Rls are needed. Depending on the data distributions, mean or median comparisons
were used to determine the effect of breed size and lifestyle on CBC results. Nine outliers were detected based on CBC
results. The estimated RIs were generally comparable to those previously reported in the literature. Sex-dependent parti-
tioning of Rls was indicated by the statistical criteria for a few analytes. From a clinicopathologic point of view though,
sex-dependent partitioning of Rls is questioned and seems not to be required. Breed size appears to have an effect on
CBC RIs. The Rls determined in the present study can be used as a guide for the interpretation of CBC results in dogs
and can potentially be adopted by veterinary laboratories using Advia 120. Finally, based on the results of this study,
breed size should probably be considered when interpreting CBC results.
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INEPIAHYH. H yevikn eéétoon tov aipotog (TEA) Bswpeiton peilovoc onuaciog yio v eKtiunon tov emumédon
vyelog tov {bwv cuvipogldc. 2otdc0, Yo TNV opd| epunveia TV EPYUCTNPOKOV ATOTELEGUATOV amattodvTal akpBelg
TIHEG OVAPOPAG. XTO TAAIGIO OVTO, O TPMTOPYIKOG GTOYOG TNG TOPOVCOS EPYUTIOG NTav 1 EE0ymYN TW®AV avaQOpiG Yo
T1g mapapérpous s [EA otov orvro, pe ) fondeta tov Advia 120, gvag, evpémc YPNOLLOTOLOVUEVOL GTNV KTNVINTPIKY|,
OVTOUATOV OLUOTOAOYIKOD OVOALTY. AEVTEPEVOVTMG, DIEPEVVICULE EAV ATOLTEITOL AUYDPIGUOG TOV TIUAV OVOPOPAS
™g ['EA pe Bdon 1o ¢Oro tov okdrwv, kabng kot av to péyefog g UANG Hmopel vo ennpediost Tig TES ovapopas
g [EA. Ta {®o emhéyOniay and 10 10Tptkd apyeio TG MAVETGTNIIONKAG KAWVIKNG (Ddov cuvipoetdg Tov Tunpotog
Kmviatpkng tov AIL.®. Tov mapandve minbooud amotelovoav 284 apoevikol kot Bnivkol GKOAOL S10POPOV QUAMV.
To chvoro TV okOA@V TaSvopndnke og 3 opddeg pe Paon to péyebog g ELANG (Lkpov, pecaiov, peydiov). Ot Tég
aVOQOPAG VIOAOYIGTNKOV N TOPAUETPIKE, ypnolpomowmvtas ta anotelécpata ™ IEA tov okdlov mov mtAnpovcav
T Kprrnptlo Evtaéng ot peAétn. TIpokepévon va omoQactoTel €AV AmALTEITOL O JUYMPIGHOG TOV TV OvapPOpdisg TG
T'EA pe Bdon 10 VA0, EQAPUOGTNKAV TOCO GTOTIOTIKG OGO KO LN GTOTIOTIKA KPuTiple.. AVAAOYO e TNV KOTOVOUY TOV
dedopévav Tpaypatonomonke chykpion péowv 1 dopécwv, pe okond vo greyydel n mbavy emidpacn tov peyébovg g
ovMg ot tipég g FEA. Evwéa {da amoxdieiocnkay and ) pelétn, Aoym g dmaping eavepds akpainv T®mv ot
T'EA. Xg yevikéc ypapés, ot TES avapopds oV VIOAOYIGTNKAY GTNV TOPOVCH EPYAGIN EIVOL TAPOUOIES HE OVTEG TOV
avapépovtor otn dedvr Bifloypapio. Emmiéov, pe Bdon v Qoproyn TOV CTOTIGTIKOV KPLTHPIi®V, DITOJEKVOETOL
oTL Yo, Kamoteg mopopéTpovg g TEA amattodvton SopopeTikés TIEG avopopds yio To. 000 @OAa. ITapdro avtd, omd
KAVIKOEPYOGTNPLOKNG OTOWENDG, O SYMPICHOS TOV THAV avoeopds apeiofnteital kot mbavmg dev etvor avorykaios.
Enidpaon tov peyéboug tng puAng mapatmpndnke otig tipég avapopdg e FEA. Ot tyég avagopds mov mapovstdovrol
GTNV TAPOVGA £PYAGia UTOPovV Vo XpNooromBody g odnyog ywo v epunveia tov anotedecpdtov s IEA otoug
OKVAOLG Kot Vo «0100etB00v» amd KIVINTPUKE EPYACTNPLO. TOV YPTCLLOTOIOVY TOV OLaToAoYKd avolvt Advia 120.
Téhog, pe Paon ta anoteréopatd pag, to péyebog g euANG Ba tpénet, mBavdg, vo Aappdvetar v’ dyv Katd v epun-
veio Tov anotelecpdtov g EA.

Keywords: complete blood count; dog; partitioning; reference values, breed size; sex

INTRODUCTION

Complete blood count (CBC) is a routinely per-
formed blood test for the evaluation of overall health
status in companion animal medicine. As for every
laboratory test, interpretation of the CBC results is
highly dependent on appropriate and accurate refer-
ence intervals (RIs). The latter also facilitate the
implementation of external quality assurance prac-
tices. Siemens Advia 120 is a widely used in vet-
erinary medicine automated hematology analyzer that
employs laser flow cytometry technology. However,
to our knowledge, there is only one study report-
ing CBC RIs in dogs using Advia 120 (Moritz et
al., 2004). In that study, the reference population
was comprised of 46 dogs. According to ASVCP
Quality Assurance and Laboratory Standards (QALS)

Committee guidelines for the determination of Rls in
veterinary species though, the reference individuals
should be ideally >120, in order the nonparametric
method to be implemented for the calculation of Rls
(Friedrichs et al., 2017). Hence, the primary objective
of the present study was to establish RIs for hemato-
logic analytes in a thus large population of adult dogs
using Advia 120. The secondary objectives were: i) to
investigate whether sex-specific RIs are required in
dogs, similarly to humans, and ii) to further examine
the effect of breed size on CBC Rls.

MATERIALS AND METHODS

Reference individuals were selected by a posterio-
ri method. The medical records of the Companion
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Animal Clinic, School of Veterinary Medicine,
Faculty of Health Sciences, Aristotle University of
Thessaloniki, Greece between 2012-2016 were retro-
spectively reviewed for dogs that have been presented
for a routine health examination, castration or minor
dental problems. The inclusion criteria were the fol-
lowing: no lactation, no history of illness or medica-
tion in the near past, age+~ >6 months, complete vac-
cination and deworming, absence of abnormal find-
ings during physical examination, CBC performed
within the same day of sampling.

In our laboratory, blood samples are routinely being
centrifuged after the completion of hematologic anal-
ysis and the plasma is macroscopically examined for
the presence of hemolysis or lipemia. Additionally,
when thrombocytopenia (defined in our laboratory
as platelets count <200,000/uL) is identified, a blood
film is always evaluated for the presence of plate-
let clumps. Thus, medical records reporting either
hemolysis/lipemia or pseudothrombocytopenia were
excluded from the study.

A total of 284 dogs fulfilled the defined inclusion
criteria. The reference population was comprised
of 110 male and 174 female dogs. The mean age of
dogs was 6.0 years (range: 0.5-16.0 years), while the
mean body weight was 14.9 kg (range: 1.6-52.0 kg).
The exact distribution of canine breeds in the refer-
ence population of the study is presented in Table 1.
The reference individuals were categorized into 3
groups based on breed size; 133 small-sized breeds,
80 medium-sized breeds and 71 large-sized breeds.
Mixed breed dogs were allocated into the aforemen-
tioned categories based on their body weight, as pre-
viously described (Taylor et al., 2010): small-sized
breeds: <10 kg, medium-sized breeds: 10-19.9 kg and
large-sized breeds: >20 kg. Out of 284 dogs, 194 had
an indoor lifestyle, whereas 90 were housed outdoors.

Blood samples were collected into K,EDTA con-
taining tubes (Deltalab, Barcelona, Spain). All hema-
tologic analyses were performed on Advia 120 auto-
mated hematology analyzer (Siemens Healthcare
Diagnostics, Deerfield, USA) with the canine setting
of the multispecies software. The analytes that were
available in all medical records were the following:
red blood cells (RBC) count, hemoglobin (HGB)
concentration, hematocrit (HCT), mean corpuscu-
lar volume (MCV), mean corpuscular hemoglobin

Table 1: Distribution of canine breeds in the reference
population of this study

In reference population

Canine breed Number Percentage
Akita Inu 2 0.7
Basset Hound 1 0.4
Beagle 6 2.1
Boxer 3 1.1
Canadian Shepherd 1 0.4
Cane Corso 1 0.4
Caucasian Shepherd 2 0.7
Cavalier King Charles Spaniel 1 0.4
Chow Chow 2 0.7
Cocker Spaniel 7 2.5
Collie 2 0.7
Dachshound 1 0.4
Doberman 2 0.7
Dogo Argentino 3 1.1
English Bulldog 2 0.7
Epagnuel Breton 1 0.4
French Bulldog 6 2.1
Golden Retriever 4 14
Greek Pointer 5 1.8
Griffon 1 0.4
German Shepherd 6 2.1
Husky 4 1.4
Jack Russel 3 1.1
Kurzhaar 1 0.4
Labrador Retriever 4 1.4
Lasa Apso 2 0.7
Malinois 1 04
Maltese 12 4.2
Mongrel 124 43.7
Pekingese 6 2.1
Pinscher 11 3.9
Pitbull 7 2.5
Pointer 2 0.7
Pomeranian 2 0.7
Poodle 8 2.8
Pug 2 0.7
Rottweiler 2 0.7
Schnauzer Miniature 1 0.4
Schnauzer Standard 1 04
Setter 5 1.8
Shih Tzu 3 1.1
Spitz 3 1.1
Tsihuahua 3 1.1
West Highland Terrier 4 1.4
Yorkshire Terrier 14 49
Total 284 100

(MCH), mean corpuscular hemoglobin concentra-
tion (MCHC), red cell distribution width (RDW),
white blood cell (WBC) count, differential WBC
count (neutrophil, lymphocyte, monocyte, eosinophil
and basophil counts), large unclassified cell (LUC)
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count, platelet (PLT) count and mean platelet volume
(MPV). At least one control (Siemens Healthcare
Diagnostics, Deerfield, USA) was run daily and prior
to blood sample analysis to ensure the good internal
quality control.

The statistical software package SPSS 19 (SPSS
Inc., Chicago, USA) was used for the calculation of
descriptive statistics and comparison studies between
breed-specific subgroups. Depending on the raw and
transformed data distribution, mean or median com-
parison was used in order to determine the effect of

breed size on CBC results. The RIs were determined
using the statistical language R (R Foundation for
Statistical Computing, Vienna, Austria) and the pack-
age referencelntervals. Outliers were detected using
Horn’s method. The nonparametric and bootstrapping
methods were used for the determination of reference
and confidence intervals, respectively. Calculated RIs
were at the 95th percentile, while confidence intervals
were at the 90th percentile.

In order to determine whether sex-specific Rls are
required in dogs, both distance and proportion statis-

Table 2: Descriptive statistics and reference intervals for hematologic analytes in dogs (n=275), using Advia 120.

Analyte Unit N Mean Median SD Min Max Data 2.5th Percentile 97.5th
distri- (90% ClIs) Percentile
bution (90% Cls)

Red blood 10%/uL 275 6.9 6.9 0.8 495 927 G 5.36 (5.06-5.53)  8.67 (8.40-8.80)
cells
Hemoglobin g/dL 275 15.8 15.8 1.9 1.5 208 G 12.2 (11.6-12.6)  19.4 (18.9-19.6)
Hematocrit % 275 47.5 47.4 5.7 33.1 62.2 G 37.2(34.9-37.7)  58.7(57.3-59.5)
L/L
MCV fL 275 68.9 69.2 34 584 788 G 61.6 (59.5-62.9)  75.6 (74.5-77.4)
MCH pg 273 229 23.0 1.2 18.8 265 NG 20.1(19.3-20.4)  25.1 (24.9-26.5)
MCHC g/dL 274 332 333 0.9 302 364 G 31.4(30.5-31.7)  34.9(34.8-35.7)
RDW % 275 13.5 13.4 0.9 11.5 16.9 NG 12.0 (11.8-12.1)  15.7 (15.3-16.0)
White blood 10%/uL 274 9.6 9.4 2.5 4.4 17.1 NG 5.5(4.8-5.7) 15.8 (15.1-17.0)
cells 10°/L
Neutrophils % 275 63.3 64.2 9.5 293 83.0 NG 42.4 (37.4-46.0)  78.8 (77.5-81.3)
Neutrophils 10%/uL 273 6.1 5.8 1.9 2.8 12.3 NG 3.2(2.9-3.3) 11.1 (10.5-12.3)
Lymphocytes % 274 24.8 229 8.4 8.6 54.2 NG 11.6 (10.5-12.5)  44.4 (43.6-49.3)
Lymphocytes 103/uL 273 2.3 22 0.9 0.7 5.9 NG 1.0 (0.8-1.1) 4.7 (4.5-5.9)
Monocytes % 274 54 4.9 2.1 2.0 16.1 NG 2.7 (2.4-2.9) 11.9 (10.2-15.9)
Monocytes 10%/uL 274 0.5 0.5 0.2 0.1 1.8 NG 0.2 1.2 (1.0-1.6)
Eosinophils % 273 4.9 4.4 3.4 0.1 18.1 NG 0.3 (0.2-0.5) 13.6 (13.1-18.1)
Eosinophils 10%/uL 273 0.47 0.40 0.36 0.01  2.06 NG 0.03 (0.02-0.05)  1.45 (1.40-2.06)
Basophils % 275 0.5 0.4 0.4 0 2.8 NG 0.1 1.5(1.2-1.9)
Basophils 10%/uL 275 0.04 0.04 0.03 0 0.29 NG 0.01 0.14 (0.11-0.16)
LuC % 275 1.0 0.8 1.0 0 6.9 NG 0(0-0.1) 4.0 (3.3-4.9)
LUC 10%/uL 275 0.10 0.07 0.10 0 1.04 NG 0 0.37 (0.27-0.42)
Platelets 10%/uL 273 354 330 115 149 844 NG 193 (170-206) 661 (630-844)
MPV fL 274 11.7 11.1 23 8.2 22.5 NG 8.9 (8.5-9.0) 17.5(17.0-21.8)

ClIs, confidence intervals; G, Gaussian; LUC, large unclassified cells; Max, maximum; MCH, mean corpuscular hemoglobin; MCHC,
mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; Min, minimum; MPV, mean platelet volume; NG,
non-Gaussian; RDW, red cell distribution width; SD, standard deviation.
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Figure 1. Boxplots of the red blood cell (RBC), hemoglobin (HGB), and hematocrit (HCT) values of the different
breed size-specific subgroups. In the upper row, boxplots of RBC, HGB, and HCT values of small-, medium-, and

large-sized dogs breeds with indoor lifestyle are depicted. In the lower row, boxplots of RBC, HGB, and HCT values

of small-, medium-, and large-sized dogs breeds with outdoor lifestyle are presented. The lines represent the main

body of data, whereas the dot represents an observed outlying point. The boxes represent the interquartile ranges;
they are bisected by a line, which stands for the mean value. *P < 0.10, **P < 0.05, ***P < 0.01.

tical criteria previously proposed were applied (Lahti
et al., 2002; Lahti et al., 2004). However, for the final
decision, non-statistical criteria were employed, lay-
ing emphasis on the clinical relevance of the reported
differences between the sex-specific Rls.

RESULTS

Nine dogs were excluded from the study based on
profoundly abnormal CBC results (moderate to
severe leukopenia [n=1], moderate to severe leukocy-
tosis [n=1], severe monocytosis [n=1], severe eosino-
philia [n=2] and severe thrombocytopenia [n=3]).
Few outliers (n=1-2) were identified for some ana-
lytes using Horn’s method. The results of the statisti-
cal analysis and calculated CBC RlIs are presented in
Table 2.

Sex-dependent partitioning of RIs was statistically
indicated for lymphocytes count (based on distance

statistical criteria) and monocytes count (based on
proportion statistical criteria). Statistically significant
differences were noted between small-, medium- and
large-sized dog breeds in the following analytes:
RBC count (ANOVA, p=0.010), HGB concentration
(ANOVA, p<0.001), HCT (ANOVA, p<0.001), MCV
(ANOVA, p=0.020), eosinophils count (Kruskal-
Walis Test, p=0.020) and PLT count (ANOVA,
p<0.001). However, only the differences in RBC
count, HGB concentration, and HCT were proven
statistically significant between the different breed-
specific subgroups with the same lifestyle (Figure 1).
Specifically, among the dogs with indoor lifestyle,
statistically significant differences were observed
between small-, medium-, and large-sized dog breeds
in RBC count (ANOVA, p=0.020), HGB concen-
tration (ANOVA, p=0.004), and HCT (ANOVA,
p=0.002). Among the dogs with outdoor lifestyle,
statistically significant differences were documented
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between the three breed size subgroups in HGB con-
centration (ANOVA, p=0.021) and HCT (ANOVA,
p=0.007), while marginally insignificant difference
was noted in RBC count (ANOVA, p=0.064).

DISCUSSION

In the present study, CBC RIs in dogs were calcu-
lated using Advia 120 by extracting the reference
individuals from the medical records of a veterinary
teaching hospital. Although the a posteriori determi-
nation of Rls is not considered ideal, it is acceptable
by the ASVCP QALS Committee (Friedrichs et al.,
2017). The main advantage of this method, compared
with the a priori method, is the capacity to include
a large reference population, whereas the primary
disadvantage is the limited control of some preana-
lytic and analytic factors. In an attempt to overcome
the aforementioned limitation, strict inclusion and
exclusion criteria were set. Moreover, in the context
of the present study, it was investigated whether sex-
dependent partitioning of CBC RIs is necessitated or
not, while the effect of breed size on CBC RIs was
also assessed.

In general, our CBC RlIs are in agreement with
those previously reported by Moritz et al. (2004).
From a clinical point of view, the most significant
differences are noted in RIs for RBC count, HGB
concentration, HCT and WBC, neutrophils and lym-
phocytes counts. Specifically, our RIs for RBC count,
HGB concentration and HCT are generally shifted
downwards. The upper reference limit of WBC count
and the lower reference limit of lymphocytes count
are also shifted downwards in the present study. In
terms of neutrophils count, our Rls are wider than
those of Moritz et al. (2004). The observed differ-
ences between our RIs and those reported in the lit-
erature (Moritz et al., 2004) may be attributed, first
and foremost, to preanalytic factors (notably the size,
the demographic characteristics and the selection
method of the reference population) and secondarily
to analytic factors (e.g. statistical analysis).

The need for partitioning of RIs is increasingly
discussed in veterinary medicine (Reynolds et al.,
2010; Lavoué et al., 2013; Lawrence et al., 2013;
Paltrinieri et al., 2014; Hegstad-Davies et al., 2015;
; Oikonomidis et al., 2018)). The rationale behind

partitioning is the decrease of the variability of the
reference population, which eventually leads to the
narrowing of Rls. The reference population should
comprise a minimum of 40 animals in order to be
considered for partitioning of Rls (Friedrichs et al.,
2017). Since the aforementioned criterion was met
in our study, we investigated whether sex-dependent
partitioning of RIs is necessitated. Based on previ-
ously proposed statistical criteria for Gaussian and
non-Gaussian data distributions (Lahti et al., 2002;
Lahti et al., 2004), partitioning was warranted only
for lymphocytes and monocytes counts. From a clin-
icopathologic point of view though, sex-depend-
ent partitioning of RIs is questioned and seems
to not be required for any of the aforementioned
analytes, in accordance with the relevant literature
(Bourgés-Abella et al., 2011). In that study, sex-
specific RIs were required for HCT and PLT count
(Bourgés-Abella et al., 2011), this is not confirmed
by our results. However, on the grounds of the well-
known effect that breed has on hematologic analytes
(Lawrence et al., 2013), we suggest that sex should
be investigated as a partitioning factor in dogs of the
same breed. The need for breed-dependent partition-
ing of RIs was not investigated in the present study,
due to the insufficient number of individual canine
breeds.

Several differences were observed between small-,
medium- and large-sized breeds; a rather expected
finding, based on the existing literature (Lawrence
et al., 2013). However, when the breed size-specific
subgroups were compared in the context of the same
lifestyle, the differences were proven statistically sig-
nificant only for RBC count, HGB concentration, and
HCT, with the larger breed dogs having generally
lower values.

Some limitations are recognized in the present
study. Our RIs were determined a posteriori, by
extracting the reference individuals from a database
of medical records. Despite the fact that the inclu-
sion criteria were strict, they were not set before
sampling, as ideally should have been. Additionally,
although the preanalytic and analytic procedures
are well standardized in our laboratory, we cannot
exclude a minor effect of preanalytic and analytic
factors on the calculated CBC RIs. Finally, a limi-
tation concerning the RIs for PLT count is recog-
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nized, since data of the microscopic evaluation of
platelets in the blood film were available only for
dogs that had platelets count <200,000/puL. In this
context, dogs with platelets count >200,000/uL and
platelet clumps were inevitably included in our ref-
erence population, while dogs with platelets count
<200,000/uL and evidence of platelet clumps in the
blood film were indiscriminately excluded from our
study. Thus, our platelets count RIs should be consid-
ered somewhat biased.

CONCLUSIONS

Complete blood count RIs using Advia 120 were
established based on a large reference canine popu-
lation with pre-existing CBC results and in accord-
ance with ASVCP QALS Committee guidelines for
the determination of Rls in veterinary species. In
addition, the necessity of sex-dependent partition-

ing of RIs was investigated, using both statistical
and non-statistical criteria, while the effect of breed
size of dogs on CBC RIs was also assessed. Our
RIs can potentially be adopted by veterinary labo-
ratories using Advia 120 after a proper validation.
Sex-dependent partitioning of Rls seems to not be
required, while the effect of breed size of the dogs
should be taken into consideration when evaluating
CBC results. Finally, the present study can also be
used as a paradigm for the a posteriori determina-
tion of RIs based on the official ASVCP QALS
Committee guidelines.
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