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Reference Intervals, Intraindividual and
Interindividual Variability, and Reference
Change Values for Hematologic Variables in
Laboratory Beagles

Nathalie H Bourges-Abella,">" Thierry D Gury,® Anne Geffré,"? Didier Concordet,* Kevin C Thibault-Duprey,® Arnaud
Dauchy,?® and Catherine Trumel’?

In research and development studies for human and veterinary medicine, relevant comparators for interpreting clinical
pathology results are matched with concurrent control animals. However, reference intervals (RI) provide a comparator
database and important aids for interpreting clinical pathology data, especially in laboratory beagle dogs. Furthermore, RI
incorporate biologic variation, which includes analytical, intraindividual, and interindividual variation. No studies to date
have established RI and studied the effect of biologic variation on hematologic variables in a large group of laboratory dogs.
The purpose of this retrospective study was to establish hematologic RI for laboratory beagles according to international
recommendations and estimate the effect of biologic variation in routinely measured hematologic analytes by using the
databank at a pharmaceutical center. Blood specimens from 340 healthy beagles (age, 9 to 36 mo) were evaluated by using a
flow-cytometry-based hematology analyzer. RI and their 90% confidence intervals were established by using a nonparametric
method. Effects of sex, age, and weight were investigated. Weight had no effect on any analyte. RBC, Hgb, Hct, MCV, MCH,
RBC distribution width, and platelet count increased with age, whereas WBC count decreased. The only clinically relevant
effect of sex was observed for platelets, which were lower in male beagles than in female and warranted 2 different RI. The
calculated index of individuality showed that population-based RI were appropriate for almost all hematologic analytes, as

might be expected for a homogeneous group of laboratory beagles.

Abbreviations: CLSI, Clinical and Laboratory Standards Institute; RCV, reference change value; R, reference intervals.

Routine hematology is a basic examination that is performed
in laboratory beagles to monitor health and evaluate the toxi-
cologic potential of various drugs, pollutants, or treatments. A
recent statistical survey showed that 3000 laboratory dogs were
used for scientific purposes in 2010 in France,? half of them for
toxicological studies and the other half for safety evaluations.
The interpretation of clinical pathology results primarily is
based on the statistical comparison of results from controls with
those of treated animals. This constitutes only a crude use of the
data, because it does not take into account basic knowledge of
reference intervals (RI) and inter- and intraindividual factors
of variation of the analytes.

Recently, population-based RI for hematologic variables have
been determined according to international recommendations
in various breeds of companion dogs by using modern cell
counters, which are partially or completely based on flow
cytometry.#0283 These efforts demonstrated an occurrence
of breed effects, which had not been previously established.
Paradoxically, similar studies involving modern hematology
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analyzers and techniques for determining RI in laboratory
beagles have not been published. Today, the most frequently
cited hematologic canine RI*" are taken from textbooks pub-
lished in the 1960s and 1970s,%!"® and the reference values were
obtained from both mongrels and beagles, both kept under
laboratory animal conditions. Similarly, previous studies done
on large populations of beagles used for biomedical research
were focused on blood reference values obtained from animals
of different age classes.!*13263543 To our knowledge, the latest
report of comprehensive hematology and chemistry analyte RI
in laboratory beagles was published in 1986* and involved a
now-outdated analyzer. In consequence, none of these studies
meets the currently available international recommendations of
the International Federation of Clinical Chemistry and Clinical
and Laboratory Standards Institute,® because the preanalytical
and analytical conditions, animal population characteristics,
and statistical procedures are not fully documented. Because
laboratory beagles typically are young animals, with low ge-
netic variability and bred under fully controlled conditions, we
surmised that the RI of other breeds would not be transferrable
and that interindividual variability would be lower than that
in companion dogs.

Moreover, information regarding the biologic variation of
an analyte is important to consider before reference values are
determined. If the intraindividual variability is considerably
less than the interindividual variability, a population-based RI
is not sufficiently sensitive to detect changes in a subject over
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time.2* Although biologic variation has been acknowledged and
accommodated in human medicine over the last 15 y, %17 cor-
responding data in veterinary medicine remain scant.*’ A Danish
team interested in animal biologic variation, particularly in
dogs,??*# published a study 16 y ago on the variability of some
hematologic analytes, especially in beagles.?? The conclusions
were that population-based RI were relevant for RBC count, Hct,
Hgb, and WBC count and that subject-based RI consequently
were unnecessary.?2

We therefore performed the current study to investigate the
biologic variation of hematologic analytes from laboratory bea-
gles by using the database of control dogs of a pharmaceutical
company. The objectives were: to establish an a posteriori proce-
dure for the determination of population-based RI according to
the American Society of Veterinary Clinical Pathology'? and the
International Federation of Clinical Chemistry and Clinical and
Laboratory Standards Institute;? to estimate indexes of individu-
ality; to consider the use of population-based compared with
subject-based reference values; and to estimate the reference
change value (RCV) to identify the significance of any change
between consecutive results.

Materials and Methods

Experimental design and animals. This retrospective study
was designed to obtain population-based and subject-based
reference values, and was performed using the database of
routine hematology measurements in control beagle dogs dur-
ing acclimation or wash-out periods. The data were compiled
by the Sanofi research center (Alfortville, France) between 2007
and 2012. Population-based RI were established by using the a
posteriori procedure recommended by the American Society of
Veterinary Clinical Pathology'? and the International Federation
of Clinical Chemistry and Clinical and Laboratory Standards
Institute;® subject-based RI were generated from repeated
analyses in some of the beagles. These data also were used to
determine inter- and intraindividual variability and the RCV
(critical difference) for each analyte.

The Sanofi center complies with the European Directive
2010/63/EU* on the protection of animals used for scientific
purposes, is accredited by AAALAC, and is in compliance with
good laboratory practices (Organization for Economic Coopera-
tion and Development principles on good laboratory practices).
This site is licensed by the French authorities as an institution
for experimental animal housing (agreement no. E94-002-4).
All procedures were approved by the ethics committee for the
protection of laboratory animals (Comité no. 21) registered by the
French Ministére de I'Enseignement Supérieur et de la Recherche.

The male and female beagle dogs included were all younger
than 3 y and provided by Marshall Farms (North Rose, NY).
They were housed either individually or in groups of 2 or 3,
were provided daily and individually with 250 g of a certified
pelleted feed for 2 h (Extruded Dog Maintenance Diet 326,
Aston Pharma, London, United Kingdom), and supplied with
water ad libitum.

The animals’ health status was checked regularly by the
support staff and veterinary management. Dogs were excluded
when they had any sign of illness or had been treated 1 mo be-
fore or after a time of sampling. In addition, animals in which
an in-dwelling catheter had been inserted before sampling were
excluded from the study population.

Blood sampling and analysis. Between 0800 and 1100, over-
night-fasted dogs were gently taken individually from their
cages into a neighboring room, to minimize possible stress. They
were kept under minimal physical restraint while experienced

animal technicians obtained blood from the jugular vein by us-
ing a 21-gauge needle and syringe and placed it into a 1.2-mL
EDTA-K, tube (Monovette EDTA-K; Sarstedt, Haute-Saone,
France). The tubes were gently homogenized, identified, and
stored at room temperature until analyzed within 1 h.

Analyses were performed by using an automated hematol-
ogy analyzer with a veterinary module (ADVIA 2120, Siemens
Healthcare Diagnostics, Saint-Denis, France) and by using
the settings for canine blood (software version 5.9, Siemens).
Because canine control solutions and specimens were not com-
mercially available, analyses of human low-, medium-, and
high-levels controls were performed daily before analysis of the
canine samples (ADVIA 3-in-1 [Siemens Healthcare Diagnos-
tics] for normal and low control levels and Eurocell Control H
[Eurocell Diagnostics, Noyal chatillon-sur-Seiches France] for
the high control level). Routine measurements included the
following variables: RBC count, Hgb, Het, MCV, MCH, MCHC,
RBC distribution width, and WBC, neutrophil, eosinophil,
lymphocyte, monocyte, and platelet counts. Basophils and large
unstained cell counts were not reported, given that they have
been shown to be unreliable in canine specimens.?>3

The CV for analyzer imprecision was determined in ac-
cordance with CLSI guidelines, by performing duplicate
measurements of human low- and high-level controls in the
morning and afternoon for 5 consecutive days.”

Statistical analysis. When multiple specimens had been collected
from the same animal, only the first was used for the population-
based RI determination. Histograms were visually inspected
to detect possible outliers, which were confirmed by using the
Dixon test. Normality of the distributions was tested by using the
Anderson-Darling test. Reference limits and their 90% CI were
determined according to recommendations from the American
Society of Veterinary Clinical Pathology and the International
Federation of Clinical Chemistry and Clinical and Laboratory
Standards Institute®'? by using the nonparametric method pro-
vided through the Reference Value Advisor freeware.'*

Effects of sex, age, and weight on results were tested by us-
ing a general linear model. When significant effects of sex were
observed, the relevance of partitioning was tested by using
the Harris-Boyd test. Significant effects of age or weight were
studied by regression-based analysis.?’ Effects were considered
as significant when the P value was less than 0.005.

The following mixed-effects model was used to estimate
inter- and intraindividual variabilities:

Yij =a+bx Ageij + Dog, + &

where:

Y, is the analyte concentration measured on the it dog at
age Age b is the population effect of age on the analyte; Dog,
is the random effect of the i subject (which is assumed to be
distributed according to a N(0;SD 2) distribution; and g is a
residual term that is assumed to be N (0; SD?)- distributed. The
variances SD? and SDH2 are, respectively, the intraindividual
and interindividual variances after removing a possible effect
of age on the variables.

Intraindividual variability was estimated from repeated
measurements in the same animal, whereas the entire reference
sample group was used to estimate interindividual variability.
These variabilities were expressed as CV (%) =1 SD / mean x
100% by using the overall mean for each variable.

The index of individuality was calculated as (CV? + CV 2)05
/ CV where CV, is the CV of intraindividual variability, CV_
is the' CV for analyzer imprecision, and CV is the CV of mter-
individual variability.
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The RCV (also known as the critical difference) was estimated
as:

0.5

RCV = 196 x [2(CV7+ Cvj)]o'S =277 (QVZ+ QV )

Calculations were performed by using Systat 13 (IBM, Chicago,
IL), Analyse-It (Leeds, United Kingdom), and the Reference
Value Advisor freeware.

Results

Demographic characteristics of the reference sample group.
Of the 527 laboratory beagles represented in the database, 147
female and 193 male dogs were included in the study popula-
tion according to the previously defined criteria. Of these 340
animals, 106 underwent 2 to 7 blood samplings over 23 to 378 d.

The age of the beagles (mean, 13.1 mo; range, 9.4 to 34.7 mo)
did not differ according to sex, and most animals were younger
than 18 mo (299 of 340, 88%). Male beagles weighed significantly
(P < 0.001) more than did female beagles (male: median, 8.9 kg;
range, 5.6 to 15.2 kg; female: median, 7.6 kg; range, 4.1 to 12.8 kg).
Weight increased moderately but significantly (P <0.018) with age.

Population-based RI. RI for hematologic variables from our
laboratory beagle population are provided in Table 1, and the
corresponding histograms in Figure 1. Most distributions were
significantly different from Gaussian. The medians and means
were very close to each other, but most distributions were
skewed toward higher values (Figure 1).

Weight did not significantly affect any variable. Significant
effects of sex did not warrant the use of 2 different RI, accord-
ing to the Harris-Boyd test (z > z*) for any parameter except
the platelet count, which was higher in female than in male
beagles (Table 1).

RBC count, Hgb, Het, MCH, MCHC, and RBC distribution
width increased with age (Figure 2). Platelet counts increased
with age and increased similarly in male and female beagles.
WBC counts decreased with age due to decreases in lymphocyte
and monocyte counts, whereas eosinophils increased moder-
ately. The average age-associated changes in the hematologic
variables of 9- and 36-mo-old laboratory beagles are summa-
rized in Table 2.

Variability, index of individuality, and RCV. Analytical vari-
ability was very low, that is, < 2.6%, except for those associated
with the lymphocyte, monocyte, and eosinophil counts (Table
3). Intraindividual variability was low (CV < 6.2%) for RBC
variables and indexes; moderate (7% to 14%) for the monocyte,
lymphocyte, and platelet counts; intermediate (20% to 30%)
for the WBC and neutrophil counts, and very high (almost
100%) for the eosinophil count. Interindividual variability was
slightly lower than intraindividual variability for RBC, HGB,
Hct, MCHC, and WBC and neutrophil counts, whereas inter-
individual variability was slightly higher than intraindividual
variability for the other variables. The eosinophil, monocyte,
and lymphocyte counts demonstrated high interindividual
variability. Most indexes of individuality were 0.5 to 1.5, except
for MCHC and the WBC and neutrophil counts, for which they
were higher than 1.5, and the monocyte and eosinophil counts,
for which indexes of individuality were lower than 0.5. RCV
were low (less than 20% of mean value) for the RBC variables
and indexes but higher than 20% for the platelet, WBC, and
WBC differential counts.

Hematologic reference values and biologic variation in beagles

Discussion

This study is the first evaluation of the biologic variation of
hematology variables in clinically healthy laboratory beagles by
using the latest generation of analyzers. The study revealed that
the population-based reference values are close to those previously
reported for canine species; that almost all of the hematologic ana-
lytes exhibit low intraindividual and interindividual variability,
such that subject-based reference values are of limited interest.

RI in laboratory beagles, in accordance with international
recommendations, have not been established previously.
These recommendations advocate that prospective studies be
performed whenever possible, to limit possible factors of varia-
tions.'?15 In the case of laboratory animals bred in the standard
environment of a controlled experimental center, a retrospective
study can be based on a large amount of reliable data, with the
possibility of eliminating outliers (limited to 3 specimens in
the current study).

The beagles included in our study ranged in age from 9 to
36 mo, which is the most common age range of dogs at phar-
maceutical experimental centers. Despite this range, relatively
few dogs were older than 2y, a factor that limited the relevance
of age-related observations, at least for dogs older than 24 mo.

For most of the variables, analytical variability was very low,
as can be expected with most modern hematology analyzers.
However, the WBC differential count, even with these instru-
ments, was less precise when leukocyte concentrations were
low. Between-day imprecision was within the range specified by
the manufacturer but was tested with human controls, because
stabilized control specimens of canine blood are unavailable
commercially.

Many distributions, especially of RBC count and the derived
variables, were quite symmetrical and close to Gaussian, as
noted visually and confirmed by comparing the means and
medians. Normality testing was somewhat biased and not fully
relevant, because most variables showed significant effects
(mostly increases) of age. These effects may have led to the
skewing toward high values noted for some variables, includ-
ing neutrophil, monocyte, eosinophil, and platelet counts and
broadening of the confidence interval for the upper limit of
the RI, which exceeded 20% of the RI, the limit suggested by
CLSL8 Given that this retrospective study was based on rou-
tine hematologic analyses to monitor the health of control or
untreated beagles, analyses were limited to routine hematologic
analytes according to the internal procedure of the pharmaceuti-
cal center. Moreover, the differential count of the analyzer we
used included a cell type designated as ‘large unstained cells,’
which we did not report because it did not represent a known
cell type in the official hematologic nomenclature. Finally, the
basophil count was not evaluated, because this variable has not
been validated in dogs.?>3®

As shown in Table 1, we obtained only moderate differences
between the RI for the laboratory beagles in this study and those
previously reported for various breeds of companion dogs and
obtained by using similar analyzers.#?%? The width of the RI
for the RBC count and derived analytes was slightly narrower
than those in previous studies. For example, the width of the
RI for Hgb was 50 g/L in the current study and ranged from
60 to 67.5 g/L in previous studies.*202830

This difference may partly be explained by the homogeneous
genetics and living conditions of laboratory beagles, although
this trend was not as marked for WBC and platelet counts.
Older literature data for beagle blood RI had not been obtained
in accordance with the new recommendations, thus preclud-
ing truly meaningful comparisons. However, high similarity
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Hematologic reference values and biologic variation in beagles
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Figure 1. Histograms of reference values for routine hematologic variables in laboratory beagles. The curved pink line represents the fitted dis-

tribution; vertical bars are reference limits, with their 90% confidence intervals as dotted lines.

between current and previous means for Hct, Hgb, and RBC
count!®2643 and ranges for RBC count, Hgb, Hct and WBC
count!'® were observed.

Effects of age on canine hematologic variables have already been
reported. Increases in RBC count, Hgb, and Hct during the first to
second year of life and decreases in WBC counts, particularly lym-
phocyte counts, were reported in beagles.>*16263¢ Most age-related
variations associated with the narrow age range of the beagles in
the current study (9 to 36 mo) were moderate, with changes for
most variables (except for monocytes and RBC distribution width)

accounting for less than 10% of the RCV over 6 mo. Accordingly,
the short-term age-related changes in hematologic variables can
likely be considered as negligible in laboratory beagles.
Sex-associated effects on canine hematology have been
investigated only infrequently. Various authors have reported
slightly higher RBC counts and derived variables!??¢ and
slightly lower leukocyte values in male than female dogs.? In
the current study, sufficient numbers of animals were available
to permit the use of parametric procedures to determine any
effects of sex. This partitioning was relevant only for platelets,
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Figure 2. Regression-based reference limits (pink line, mean) and their 90% confidence intervals for hematologic variables that are significantly

affected by age in laboratory beagles.

Table 2. Average changes (range) in routine hematologic variables of
laboratory beagles between 9 and 36 mo of age

Unit axn b
RBC x10'2/L 0.016 (0.008— +6.81 (6.68—
0.023) 6.95)
Hgb g/L  0.504 (0.337- +156.8
0.670) (153.7-159.8)
Hct L/L 0.093 (0.045-1.14) +45.2 (45.0—
46.7)
MCH pg 0.008 (-0.012— +23.2(22.9-
0.029) 23.5)
MCHC g/L 0.364 (0.233— +432.7
0.295) (340.3-345.1)
RBC distribution width % 0.033 (0.021- +12.2 (12.0-
0.045) 12.4)
WBC x10%/L  -0.037 (-0.065— + 10.1 (9.6-10.6)
0.010)
Lymphocytes x10°/L -0.021 (-0.029—  +2.90 (2.76-
0.014) 3.05)
Monocytes x10°/L  -0.007 (-0.009—  + 0.57 (0.53~
0.005) 0.61)
Eosinophils x10%/L 0.011 (0.007- +0.28 (0.21-
0.015) 0.35)
Platelets x10%/L 1.227 (0.306— +309.6
2.148) (292.5-326.6)

Concentration at age n (in months) = a xn +b; 95% confidence intervals
in parentheses

warranting 2 separate RI for platelet counts from male and
female beagles. The increased platelet counts in female dogs
had already been reported for a population of beagles with
the same age range.® In the current study, the intraindividual
variability was slightly lower than or close to the interindi-
vidual variability for most of the hematologic variables. The
intraindividual variability that we obtained for RBC count,
Hct, and Hgb was similar to that determined over 10 mo in the
previously mentioned study, which involved 23 beagles (age, 1
to 7 y), where coefficients of variation of intraindividual vari-
ability were 5.4%, 6.4%, and 5.9% respectively.?? Paradoxically,
however, intraindividual variability for WBC count was higher
in the current study, even though the population of beagles
in the present study was larger and more homogeneous than
that previously.??

“A [...] test will contribute to individuality only if the
combination of personal and analytic variance components
is substantially less than inter-individual variability.”1® This
concept is expressed by the index of individuality as defined
earlier, for which arbitrary limits of less than or equal to 0.6
and greater than or equal to 1.4 were proposed to be used
preferably with subject-based and reference-based RI, respec-
tively.*? In the present study, most indexes of individuality
were close to or higher than 1.4, thus confirming the relevance
of population-based RI for these variables.*’ Exceptions were
sometimes observed for lymphocyte and monocyte counts and,
to a lesser extent, eosinophil count and MCH, suggesting that

22



Table 3. CV (%), RCV (%), and index of individuality (Iol) for routine
hematologic variables in 9- to 36-mo-old laboratory beagles

Hematologic reference values and biologic variation in beagles

likely will facilitate more efficient monitoring when repeated
samplings in the same dog are possible.

Unit Cva CVg CVi RCV IJol
RBC x102/L 1.8 4.8 60 172 13 References
Hgb g/L 15 4.4 61 175 14 1. Andersen AC, Gee W. 1958. Normal blood values in the beagle.
Vet Med 53:135-156.
Het L/L 21 43 62 181 15
¢ / 2. Andersen AC, Schalm OW. 1970. Hematology, p 261-284. In:
MCV fL 14 2.6 21 70 10 Andersen AC, editor. The beagle as an experimental dog. Ames
MCH Pg 1.2 3.3 1.6 55 0.6 (IA): Iowa State University Press
MCHC g/L 2.1 1.1 26 92 29 3. Berger J. 1981. Hematology reference values for dogs of beagle
RBC distribution width % 10 60 40 114 07 . ;tOCk- z \firbSlllih?\Iheg(df 53:3&7 8(—:283- 4ot D, Braun JP, Trumel C
9 . Bourges-Abella N, Geffre A, Concordet D, Braun JP, Trumel C.
WBC ] x10°/L 22 118 196 547 17 2011. Canine reference intervals for the Sysmex XT-2000iV hema-
Neutrophils x10°/L 11 140 259 718 18 tology analyzer. Vet Clin Pathol 40:303-315.
Lymphocytes x10°/L 43 402 111 329 03 5. Bulgin MS, Munn SL, Gee W. 1970. Hematologic changes to 4
Monocytes x10°/L 7.0 475 7.0 275 02 and 1/2 years of age in clinically normal beagles. ] Am Vet Med
Eosinophils x10°/L 7.6 1911 964 2678 05 Assoc 157:1064-1070.
P ’ ’ ’ ’ ’ 6. Campora C, Freeman KP, Lewis FI, Gibson G, Sacchini F,
Platelets x10°/L 26 152 140 396 09

a, analytical; g, interindividual; i, intraindividual

subject-based RI would be more sensitive for detecting changes
in subjects.?#4° Moreover, interindividual variability was high
for eosinophil and monocyte counts due to their low concentra-
tions. Surprisingly, we obtained high interindividual variability
for lymphocyte counts in the current study, which could not
be compared with previous studies. Nevertheless, in human
clinical pathology, a coefficient of interindividual variability of
35.3% is reported for lymphocyte count.!

Arbitrary limits were accepted for the index of individual-
ity. However, “the algebra indicates that the normal range will
tend to be slightly less sensitive than expected to departures
from the individual’s own normal mean.”” This is one reason
why individual follow-ups are used as often as possible in
both experimental and clinical settings. In such cases, the main
criterion of interest is the “reference change, defined as that
difference between two consecutive test results in an individual
that is statistically significant in a given proportion of all similar
persons”*—that is, the value accounting for analytical and in-
traindividual variability. In practical terms, the RCV “may help
to judge whether the difference between two serial test results
may be safely ascribed to natural variation or not.”?> However,
in the present study, most of the variables were affected signifi-
cantly, even if only mildly, by age. Therefore, it was necessary to
calculate RCV without the possible influence of age, which is an
intraindividual factor of variation for which the average effect
can be evaluated. However, the RCV thus calculated were almost
identical to those previously reported in laboratory beagles for
RBC count, Het, and Hgb but slightly higher for WBC count.??
Accordingly, for example, an increase or decrease of more than
17% in 2 consecutive RBC results can be ascribed to treatment
or disease. For RBC indexes, the RCV were less than 10% of the
average values. In contrast, the RCV for WBC subpopulations,
especially for neutrophil and eosinophil counts, tended to be
greater than 10% of the means, likely because of the low cellular
counts, which led to high intraindividual variability. These RCV
estimated from healthy animals were, in general, also relevant to
diseased animals, as was shown in humans.!!

Laboratory beagles are, as expected, a homogenous group of
animals exhibiting low intra- and interindividual variability for
most hematologic analytes. Therefore, population-based Rl are
relevant for monitoring the possible effects of a test compound
or procedure on the dogs” health status. The coefficients of vari-
ation of intraindividual variability and RCV that we established
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