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Abstract

Many feline breeds have been generated from a small number of ancestors. Thus, breed-specific peculiarities can
be expected, which could include haematological and biochemical measurements. Despite this, there are only a few
reports on breed-specific reference intervals (RI). This information is essential in routine practice where results from
individual patients are usually compared with an RI. The aim was to compare haematological and biochemical data
from clinically healthy Abyssinian, Holy Birman, Norwegian Forest and Siberian cats with published Rls to assess
whether the published Rls are acceptable in these breeds. Comparison with established Rls using guidelines from
the National Committee for Clinical Laboratory Standards and the American Society of Veterinary Clinical Pathology,
revealed a number of breed-related clinicopathological differences. New Rls were established, but in most cases
the new Rls overlapped with published Rls, and the use of the breed-specific data would minimally affect the
clinical interpretation of laboratory results. Important differences that could result in misinterpretation of laboratory
results were as follows: microcytosis and high a,-globulin concentrations in Abyssinian cats; high serum creatinine,
a,-globulin and glucose concentrations in Holy Birman cats; high serum alkaline phosphatase activity and calcium
and phosphate concentration in Norwegian Forest cats; low B,-globulin and y-globulin concentrations in Norwegian
Forest and Siberian cats. Breed-specific Rls should be used for these analytes. In addition, care should be taken in

interpreting clinicopathological data in purebred cats for which specific Rls have not been established.

Accepted: 5 July 2013

Introduction

In routine practice, interpretation of laboratory data from
individual patients is based on comparison with refer-
ence intervals (RIs). RIs are representative when the pop-
ulation they refer to is composed of healthy subjects.!
This usually occurs when the reference population is
wide enough to minimise the effect of inter- and intra-
individual variability or of analytical variability.? This is
not necessarily the case in veterinary medicine, as it can
be difficult to sample large numbers of animals, and mul-
tiple pre-analytical factors may influence the Rls. The
National Committee for Clinical Laboratory Standards
(NCCLS) and the American Society of Veterinary Clinical
Pathology (ASVCP) released guidelines to determine Rls
on small-sized samples.3* The use of population-based
RlIs has recently been questioned, and it has been pro-
posed that they only be used for analytes with a high
‘index of individuality” (ie, the ratio of intra- to inter-indi-
vidual biological variation).> Conversely, subject-based
Rls are recommended when the index of individuality is
low. However, this approach also has limitations, as there

are cost and owner compliance issues. As a compromise,
RlIs specific for subgroups of animals with similar physi-
ological features may be used.! Therefore, breed-specific
RIs may be recommended for breeds that have peculiar
metabolic or physiological patterns. These patterns may
arise from the adaptation to environmental conditions, to
a specific aptitude (ie, racing horses or dogs) or to the
‘additive’ effect of the generation of new breeds from pre-
existing breeds.®

In dogs, many breed-specific peculiarities have been
described (eg, macrothrombocytopenia in Cavalier King
Charles Spaniels,” microcytosis in Japanese dogs,® high
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Table 1 Summary of the demographic information of cats included in the study

Breed Number of catteries
Abyssinian 8 3-8
Holy Birman 23 2-5
Norwegian Forest 11 2-6
Siberian 6 4-14

M = male; F = female; Min = minimum; Max = maximum

serum concentration of bile acids in Maltese dogs’ and
several clinicopathological peculiarities in Greyhounds!?).
Theoretically, breed-specific peculiarities should occur
more frequently in cats, where many breeds were gener-
ated from a small number of ancestors, and breed initia-
tion occurred more recently than in dogs.! This has
resulted in a high incidence of heritable disease (eg, poly-
cystic kidney disease in Persian cats, hypertrophic cardi-
omyopathy in Norwegian Forest and Siberian cats,
amyloidosis in Abyssinian and Siamese/Oriental cats,
pyruvate kinase deficiency in several breeds).!? It is thus
possible that breed-specific haematological or biochemi-
cal difference occur, but only a few reports on breed-spe-
cific feline Rls are available.!®

The aim of this study was to compare haematological
and biochemical data from clinically healthy cats of
feline breeds (Abyssinian, Holy Birman, Norwegian
Forest, Siberian) with published feline RlIs to determine
whether published Rls can be validated or rejected in
these breeds, and to establish breed-specific Rls.

Materials and methods
Selection of cases and samplings
This study used blood samples collected from intact clin-
ically healthy cats aged 1-9 years. Details of the study
population are summarised in Table 1. Samples were
from a research project on Holy Birman cats funded by
the Winn Feline Foundation or submitted by veterinari-
ans involved in plans of health monitoring through peri-
odical wellness visits promoted by breed associations.
Based on our regulations, formal ethical approval was
not needed, as cats were sampled with the informed con-
sent of the owners during routine check-up visits.

Strict inclusion and exclusion criteria were fixed a
priori as recommended by NCCLS.3 Specifically, the
inclusion criteria were as follows:

e Cats living in single- or multicat households,
receiving a normal diet based on commercially-
available feline food, regularly submitted to vet-
erinary visits and periodically tested for feline
immunodeficiency virus [enzyme-linked immu-
nosorbent assay (ELISA) test], feline leukaemia

Number of cats per cattery Number of cats

Age range
min-max (median)

Total M F

45 17 28 1-8 (3)
91 44 47 1-9 (4)
50 22 28 1-9 (4)
47 23 24 1-6 (2)

virus (ELISA test), feline coronavirus (FCoV)
(anti-FCoV serology by indirect immunofluores-
cence test);

e No recent history of diseases or of pathophysio-
logical conditions potentially affecting blood
results (eg, tumours, severe infectious diseases,
oestrus, pregnancy, lactation, etc);

e Regular worming and vaccination;

e No medications administered in the 3 months
before sampling;

e No clinical signs before sampling or in the 3
months following.

Exclusion criteria were as follows:

e Cats that did not fulfil the inclusion criteria;

e Cats younger than 1 year were excluded as several
pre-analytical factors (growth, frequency of vacci-
nations, etc) can affect haematological and bio-
chemical variables;

e Samples characterised by lipaemia, haemolysis or
icterus.

Blood (approximately 3 ml) was collected from
animals fasted at least for 12 h and transferred into
plain tubes and/or into glass tubes containing
K3-ethylenediamine tetra-acetic acid (EDTA) (Venoject,
Terumo Italia). When possible, both the tubes were
filled to their maximum capacity. When the blood vol-
ume was low, only one tube was filled by the refer-
ring veterinarian.

Samples were submitted to the laboratory, stored at
4°C and processed within 12 h. Anti-coagulated tubes
were immediately used to perform routine haematology.
Plain tubes were centrifuged (1800 g for 8 min) to obtain
serum, to be stored at -20°C until biochemical analyses,
performed within 1 month of collection.

Haematology

Haematology was performed using a laser haematology
analyser (Sysmex XT-2000iV; Sysmex), validated for
feline blood,'* equipped with a multispecies software.
The parameters listed in Table 2 were recorded. Sysmex
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Table 2 Summary of the number of samples available for each analyte in the four breeds included in this study

RBC = red blood cells; Hb = haemoglobin; Ht = haematocrit; MCV = mean cell volume; MCH = mean cell haemoglobin; MCHC = mean cell
haemoglobin concentration; WBC = white blood cells; GOD-POD = glucose oxidase peroxidase; IFCC = International Federation of Clinical

Chemistry

XT-2000iV applies two different technologies for the
platelet (PLT) counts: one based on impedance channel
of the instrument, potentially affected by PLT clumps
and PLT activation; and the other based on laser technol-
ogy (less affected by PLT clumping). Based on the fre-
quency of pre-analytical artifacts observed in impedance
counts of feline blood,!' only the results of laser counts
were included in this study to avoid spurious thrombo-
cytopenias. Quality control and calibration were periodi-
cally performed with e-check Xe (Sysmex). The
differential leukocyte count and the PLT estimate were
evaluated on May-Griinwald Giemsa-stained smears.
The PLT estimate was considered adequate when at least
eight PLTs per high power field (HPF) were present. PLT
clumping was scored as suggested in a previous study:!®
samples with a score >2 (aggregates of 2—4 PLTs calcu-
lated on the mean of the 10 values observed on HPF ran-
domly selected at the edge and tail of the film) were
excluded from the establishment of Rls, independently
of the result reported by the instrument.

Clinical chemistry

Biochemistry was performed using an automated spec-
trophotometer (Cobas Mira; Roche) with reagents pro-
vided by Real Time. The analytes listed in Table 2 were
measured. When the volume of serum was low, not all
biochemical tests were performed (see Table 2).

Agarose gel electrophoresis was performed using an
automated analyser (Hydrasis; Sebia Italia) and the manu-
facturer’s reagent kit (Hydragel B,-B,; Sebia). After migra-
tion (7 mins, 800 V), gels were stained with amidoschwarz,
destained, dried, scanned and densitometrically analysed

using specific software (Phoresis; Sebia). Absolute protein
concentrations (g/1) for each electrophoretic fraction were
calculated based on total serum protein and on the per-
centage of the area under each peak.

Comparison with published feline Rls
For each analyte, results obtained in each breed were
compared with Rls published in veterinary textbooks!718
using specific software (Analyse-it v 2.21) after removal
of data that, according to the Tukey rule, behave as outli-
ers interpretable as aberrant observations.?

The comparison with RIs was based on the following
steps:

1 Data were ordered using the RAND function of
Microsoft Excel

2 The first 20 items were selected and compared
with the published Rls

3 Published RIs were validated if <10% of data
(n = 2) was outside the published RI

4 Published RIs were rejected if >25% of data
(n =5) was outside the RI

5 If 10-25% of data (n = 3 or n = 4) were outside the
published RIs, the next 20 items in the list were
selected and compared with the Rls as described
above, using the threshold of 10% of data outside
the RIs (n = 2) to validate or reject the Rls.

Establishment of new breed-specific Rls

A breed-specific RI was generated using an Excel
spreadsheet with the Reference Value Advisor (v 2.0)
set of macroinstructions.!” The software performs the
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following computations recommended by the
International Federation of Clinical Chemistry-Clinical
and Laboratory Standards Institute:? descriptive statis-
tics (eg, mean, median, SD, minimum and maximum
values); tests of normality (Anderson-Darling with his-
tograms and Q-Q plots and Box—Cox transformation);
outlier analysis. Both Dixon—Reed and Tukey tests were
used, and outliers classified as ‘suspected’ were retained,
as recommended by the ASVCP guidelines,* while far
outliers were removed from the analysis. RIs were calcu-
lated using standard and robust methods on both non-
transformed and transformed data. The software
indicates the best method to define the RI based on data
distribution. A non-parametric bootstrap method was
used to calculate the 90% confidence interval.

Partitioning of Rls

For each analyte and within each breed, results from
male and female cats were compared using the Mann—
Whitney U-test and results of young cats (<3 years),
adult cats (3—6 years) and old cats (>6 years) using a
Kruskall-Wallis test with Bonferroni correction.

Resulits

Comparison with published RIs and establishment

of new Rls

The distribution of data recorded for each analyte is dis-
played in Figures 1-3. The percentage of observations
falling outside the published Rls is reported in Table 3,
which also includes the new Rls generated in this study.
According to the ASVCP guidelines,* details of the new
Rls are also reported (see Supplementary Material). As
shown in the Supplementary Material, several published
RIs were rejected and new RIs were established.
Specifically, the following species-specific RIs were
determined.

Abyssinian cats New RI were established for 19 ana-
lytes: red blood cell count (RBC); total protein; albumin;
total and a,-globulin; cholesterol; calcium (higher refer-
ence limit); mean corpuscular volume (MCV); PLT; a-,
B,-and y-globulin; phosphate (lower reference limit);
mean corpuscular haemoglobin concentration (MCHC);
lymphocytes; albumin/globulin (A/G) ratio; glucose;
urea; alkaline phosphatase (ALP) (wider RI).

Holy Birman cats New Rls were established for 16 ana-
lytes: haematocrit (Ht); MCV; reticulocytes; total protein;
albumin; o,-globulins; urea; creatinine; alanine amino-
transferase (ALT) (higher reference limit); PLT; a-, f,-
and y-globulin (lower reference limit); MCHC; glucose;
cholesterol (wider RI).

Norwegian Forest cats New Rls were established for 17
analytes: reticulocytes; A/G ratio (higher reference

limit); PLT; total-, a,-, B,- and y—globulin (lower refer-
ence limit); RBC; Ht; MCHC; albumin; o, globulin; urea;
cholesterol; ALP; phosphate; calcium (wider RI).

Siberian cats New Rls were established for 21 analytes:
reticulocytes; albumin; A/G ratio; phosphate; calcium
(higher reference limit); PLT; total-, a;-, B;, B, and
y—globulin (lower reference limit); Ht; MCV; MCHC;
total protein; glucose; urea; creatinine; cholesterol; ALT;
ALP (wider RI).

Partitioning based on sex and age

The few significant sex- or age-related differences
recorded are displayed in Figure 4. In all these cases, how-
ever, median, minimum and maximum values recorded
in the different groups were very similar to each other.

Discussion
This study demonstrated breed-specific peculiarities in
four feline breeds. It is unlikely that this was a result of
environmental factors or composition of groups, as all
the cats were housed in similar environments and
received balanced commercial diets, and the age distri-
bution and numbers of male and female did not differ
between the breeds. In addition, partitioning revealed
only a few significant age- or sex-related differences that
were not clinically relevant, as results of different groups
were very similar to each other. With respect to partition-
ing regarding age, the lack of significant differences may
be owing to the fact that the three age groups are not
biologically different to each other. Age-related peculi-
arities usually occur in kittens or in cats older than 10
years and neither were present in our caseload.
Theoretically, RIs generated ‘in house’ from a refer-
ence population of healthy individuals using the same
instruments and methods of validation as those in this
study should have been used for comparison;>* how-
ever, other studies have also used previously established
textbooks ranges.?’ We preferred to follow this approach
as, with a few exceptions, Rls from textbooks are usually
very similar to those generated by any laboratory from
the general hospital population, unless some patient
peculiarity (eg, breed, age range, aptitude) exists.
Nevertheless, this approach may have induced some of
the observed discrepancies because the reference popu-
lation may be different from that of this study (eg, our
RIs have been generated from intact cats, younger than 9
years, while the general hospital population usually
comprises neutered and/or aged animals), or because
different test methods or instruments have been used.
The latter information is rarely detailed in textbooks but
it is likely that different, and possibly older, methodolo-
gies have been used. This is clearly seen in Figures 1-3,
where in some cases it is evident that values were out-
side the Rls reported in textbooks for all four breeds.
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This is likely the case for reticulocyte percentages, as
laser-based analysers are more analytically sensitive
than manual counts and provide higher percentages
than those reported in textbooks.?! It may also be true for
electrophoretic fractions, which, in the current study,
were often lower than the reference Rls in all the breeds
(eg, ay, B, and y-globulins), as a previous study showed
that Rls reported in older textbooks were probably not
adequate.?? Similarly, discrepancies between measured
urea, cholesterol and phosphate concentrations and Rls
could have been owing to different analytical or statisti-
cal methods.

Automated PLT counts in cats may be falsely low
owing to PLT clumps, unless anticoagulants, such as cit-
rate, are used, or prostaglandin is added to the sam-
ple.?32* Samples in this study were collected in EDTA: to
minimise the influence of falsely low PLT count, there-
fore, samples with evident clumping, scored as proposed
in another study,'® were excluded. Nevertheless, indi-
vidual cats still had low PLT counts despite an adequate
PLT estimate. PLT estimates have been shown to be more
reliable than automated counting;?® therefore, the Rls
determined in the study will underestimate PLT counts
in the breeds.
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The RIs reported in the literature for the other haema-
tological parameters are so wide, possibly reflecting a
more varied population being used to establish the text-
book Rls, that most of the values recorded in the present
study fell within published Rls. In some cases, the distri-
bution of data reported in Figure 1 shows evidence of a
narrower range than Rls from textbooks. This sometimes
occurred for all the breeds (eg, mean corpuscular haemo-
globin), but it was occasionally seen for a specific param-
eter in a single breed (eg, MCV of Norwegian Forest cat).
In our opinion, this is a limitation of the transference
methods for RIs, which allows classification of differ-
ences from the claimed RI only if one, or both, observa-
tions is outside the reference limits.

The breeds included in this study were selected for
two main reasons. First, collaboration with breeders and
breeding associations allowed us to collect a sufficient

number of samples to apply strict inclusion criteria and
have enough residual data to establish Rls as recom-
mended;>* second, RlIs are needed in these breeds, as
three of them are prone to diseases that need veterinary
visits and eventual blood testing (amyloidosis for
Abyssinian cats, feline infectious peritonitis for Holy
Birman cats, hypertrophic cardiopathy for Norwegian
Forest cats).® Siberian cats have recently become popu-
lar; thus, the rate of inbreeding is likely to have increased.
Breed-specific haematological RIs have not been investi-
gated in these four breeds. Breed-specific biochemical
RIs have previously been determined for Holy Birman
cats.13

The validation of published Rls revealed that for a
variable proportion of analytes, breed-specific Rls
should be designed. In most cases, however, the differ-
ence between published and new RIs was minimal
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(ie the reference limits of the two RIs were very close to
each other) and likely due to the limitations of the Rls
published in textbooks, as mentioned previously. In
this case, it would be more correct to use the new RlIs,
but the use of published RIs would minimally affect
clinical decisions. Conversely, if one or both limits of
the new RI are very different from the published Rls
and only a partial overlapping exists, a new RI would
be recommended.

It is worth discussing some of the breed peculiarities
in more detail. Abyssinian cats tend to have microcytic
RBC. In other species, this may depend on iron defi-
ciency.?® Iron concentrations and markers of iron defi-
ciency were not measured in this study, but no signs of
iron deficiency were recorded. Microcytosis occurs in
canine breeds with abnormal RBC membrane pumps?®
or in humans with peculiar haemoglobin phenotypes.?”
This latter hypothesis may also apply to cats, as they
have a polymorphic B-globin system;?8 this merits fur-
ther investigation. Abyssinian cats also had surpris-
ingly high concentrations of a,-globulins and
cholesterol. The former may suggest a ‘hyper-reactive’
innate response, even in the absence of clinically evi-
dent inflammation. This hypothesis is supported by an
observation (SP) of severe increases of acute phase pro-
teins (APP), including serum amyloid A (SAA), in
Abyssinian cats with different diseases. In turn, this
‘hyper-reactivity’” might justify the predisposition of
this breed to systemic amyloidosis, which is sustained
by the increased SAA observed in Abyssinian cats.??30
The trend to hypercholesterolaemia may also be associ-
ated with the predisposition to amyloidosis, as SAA
interacts with cholesterol-rich, high-density lipopro-
teins.3! However, the upper RI of cholesterol in all four
breeds is increased, so the apparent increase in choles-
terol could just reflect different test methodology from
the textbook RI. Nonetheless, the association of high
o,-globulins, cholesterol and amyloidosis merits inves-
tigation in future studies.

Holy Birman cats did not have haematological peculi-
arities. Conversely, biochemistry confirmed the high
concentration of creatinine and urea reported in previ-
ous studies.'®3? The high concentration of urea may
depend on the inadequacy of RIs published in textbooks.
High serum creatinine concentrations, attributed to
increased muscle mass has been reported in
Greyhounds.!? Increased muscle mass is not the case in
Holy Birman cats. Independently of this aspect, the find-
ing of high creatinine may have a significant effect on
clinical decisions, especially when renal failure is sus-
pected, as the current staging system proposed by the
International Renal Interest Society classify any cat with
serum creatinine concentrations >140 umol/1,33 which
are actually normal in this breeds, as affected by renal
azotaemia (stage II-1V).

High concentrations of glucose have been previ-
ously reported for this breed and attributed to stress
or a predisposition to diabetes mellitus.!® In our study,
glucose concentration for this breed had a wide distri-
bution of data, rather than a higher RI. Similarly, the
high upper reference limit for ALT was due to the
skewed distribution of data, with results for most of
the cats falling within the RI. Similarly to Abyssinian
cats, Holy Birman cats had high serum concentrations
of a,-globulin, owing, possibly, to increased concen-
trations of APP, which migrate in the a, fraction,? or
reflecting issues with the textbook reference interval,
as previously discussed for electrophoretograms.??
Clinical signs of inflammation were not detected in
these cats. A severe increase of APPs is a hallmark of
feline infectious peritonitis (FIP), and Holy Birman
cats are highly susceptible to FIP.35 However, APPs
increase also in other conditions® and the RI of
y-globulins, which would be expected to increase in
cats with FIP, was lower than the published RI. It is,
however, worth noting that all four breeds had
y-globulins less than the textbook RI, suggesting issues
with this standard. Thus, a relationship between the
high a,-globulin concentration and the high preva-
lence of FIP in this breed cannot be established by the
present study.

In Norwegian Forest cats, the RIs for f,- and
y-globulin were lower, perhaps suggesting decreased
immune responsiveness.’” However, all four breeds,
again, had decreased RIs for these analytes, so it is
more likely to reflect issues with the textbook RI than
inadequate immune response, especially as there are
no reports of increased infectious disease susceptibil-
ity in these cats. Norwegian Forest cats had increased
ALP activity, and calcium and phosphate concentra-
tions. Kittens were excluded from this study; there-
fore, this finding cannot be owing to the bone
remodelling typical of young animals.3® However, it
may suggest an active bone metabolism in adult
Norwegian Forest cats, possibly owing to their larger
body size compared with other breeds. This hypothe-
sis, not supported by data from the literature, merits
further investigation.

Low concentrations of ,- and y-globulins could also
suggest decreased immune responsiveness in Siberian
cats; however, this has not been noted in the literature
and, again, it more likely reflects issues with the text-
book RI used for comparison. Wide Rls for creatinine,
urea (similar in all four breeds), cholesterol (similarly in
the other breeds) and glucose concentrations were found
in this breed. It is interesting to note the similarities of
the electrophoresis results in Norwegian Forest and
Siberian cats. While this could suggest a genetic relation-
ship between these breeds, this is not supported by phy-
logenetic analyses of feline DNA.%
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Conclusions

This study demonstrated many clinicopathological
peculiarities in Abyssinian, Holy Birman, Norwegian
Forest and Siberian cats compared with Rls reported in
veterinary textbooks. Within each breed, new Rls were
established for many analytes, but, in most cases, the
new Rls overlapped with the published Rls and the
use of the latter does not affect the clinical interpreta-
tion of laboratory results. However, some breed pecu-
liarities warranting a specific RI were found. These
included RBC microcytosis and a high serum concen-
tration of a,-globulin in Abyssinian cats; high concen-
trations of creatinine, o,-globulin and, to a lesser
extent, glucose in Holy Birman cats; high concentra-
tions of calcium and phosphate, and increased ALP
activity in Norwegian Forest cats; and low concentra-
tions of B,- and y-globulin in Norwegian Forest and
Siberian cats, although the decrease of these electro-
phoretic fractions should be carefully considered as it
may have been affected by the inadequacy of the Rls
published in textbooks and used for comparison.
Further studies are needed to elucidate the pathophys-
iology of these peculiarities or the possible association
with hereditary diseases typical of each breed.
However, this study highlights that breed-specific RlIs
should be used for some analytes to avoid misinterpre-
tation of laboratory results in these breeds.
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