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Abstract

Background The health and welfare of pigs used in biomedical research is essential to research quality and com-
pliance with the 3Rs (replacement, reduction, and refinement). Hematological variables are objective markers

to quantitatively determine health issues and evaluate physiological differences before and after experimental
procedures. There are no recent validated hematologic reference intervals (RIs) published for Danish crossbred Lan-
drace Yorkshire Duroc (LYD) pigs to aid researchers and veterinarians in their decision-making. The objective of this
study was to establish hematologic Rls for LYD pigs used for biomedical research. Blood samples were collected
from healthy female LYD pigs (35-65 kg) and analyzed using the in-house ProCyte Dx Hematology Analyzer. Means
with 90% confidence intervals for lower and upper limits were calculated according to guidelines by the American
Society of Veterinary Clinical Pathology.

Results Inspection of 141 pigs led to 133 blood samples available for analyses after exclusions due to clinical signs
of disease, inadequate tube filling or presence of macroscopic clots. Thirty-two samples reported platelet abnor-
malities and upon further investigation these samples were excluded when calculating Rls for platelets and platelet
indices. Other measurements were not affected. The Rl for red blood cells, hemoglobin, hematocrit and white blood
cells were 5.10-7.00x 1 06/pL, 9.36-12.29 g/dL, 30.46-40.47%, and 11.73-25.00x 1 03/pL, respectively.

Conclusions Our study provides Rls for hematological variables in LYD pigs, revealing significant differences

from published Rlis of other breeds. These findings highlight the influence of factors like age, breed and health status
on measurements, emphasizing the importance of using breed-specific Rls. This research supports the 3Rs, guiding
better animal care and enhancing overall research quality.
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Background

The pig is extensively used in biomedical research and for
surgical training purposes due to the comparative nature
of its organs [1]. In the European Union and Norway,
approximately 73,500 pigs were utilized for scientific pur-
*Correspondence: poses in 2020, with global figures estimated to be signifi-
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refinement—governing the ethical use of animals in
research [3, 4]. Clinical laboratories play an indispen-
sable role in this context, providing objective data that
assist in the evaluation, monitoring, and decision-making
processes of an animal’s fate. Reliable and accurate Rls
for laboratory analyses are crucial to quantitatively and
unbiased identify health issues, make informed deci-
sions on the inclusion or exclusion of animals, and assess
physiological changes before and after experimental pro-
cedures, [5, 6]. These RIs support the 3Rs by facilitating
reduction—using the fewest animals necessary—and
refinement—minimizing or eliminating pain and distress
while enhancing welfare during experiments.

In Denmark, the production of Danish crossbred
LYD pigs exceeds 30 million annually, with 14 million
exported and approximately 24,000 used for scientific
purposes within the country [7, 8]. Despite widespread
use in research, information on up-to-date hematologic
RIs according to guidelines seems to be missing or appear
outdated in LYD crossbred pigs. While hematologic ref-
erence values are available for miniature pigs [9-13]
and for other breeds of domestic pigs [14—25], these can
only be applied cautiously due to potential differences
in breed, age, and gender [26]. To date, only one recent
study describes hematologic RIs in LYD sows at mid-
gestation [27]. In research, however, juvenile animals are
primarily used and hematologic Rls of gestating animals
is not applicable. No recent updated and validated hema-
tologic RIs for LYD pigs are retrievable in the literature.
Hence, benchmarking new Rls is warranted.

The objective of this study was to establish hematologic
reference values according to established guidelines for
healthy LYD pigs used for biomedical research or surgical
training purposes.

Methods

This study was conducted from March 2022 until
November 2022 at the Department of Clinical Medicine
at Aarhus University. Blood samples were obtained from
pigs used for surgical training courses approved by The
Animal Experimental Council in Denmark, license num-
ber 2021-15-0201-00966. The study protocol for blood
sampling followed the guidelines of the American Society
of Veterinary Clinical Pathology (ASVCP), the Interna-
tional Federation of Clinical Chemistry (IFCC), and the
Clinical and Laboratory Standards Institute (CLSI) on
the de novo establishment of RIs [28—31].

Animals

All pigs (Sus scrofa domesticus) included were female
gender and crossbred LandraceX Yorkshire x Duroc
breed. They were retrieved from a farm that screens
for seven specific pathogens as part of a national farm
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health-monitoring program (SPF) [32]. At day four of
age, pigs received an intramuscular injection of glepto-
ferron combined with the anticoccidial toltrazuril for
the simultaneous prevention of piglet coccidiosis and
iron deficiency anemia (Forceris, CEVA Animal Health
A/S, Vejle, Denmark). Pigs were additionally vacci-
nated for porcine circovirus (Ingelvac CircoFLEX,
Boehringer Ingelheim Animal Health Nordics A/S,
Copenhagen, Denmark) and for lawsonia intracellula-
ris (Porcilis Lawsonia ID Vet., MSD Animal Health A/S,
Copenhagen, Denmark). Upon arrival on the research
farm, the pigs were housed in groups according to the
Institution’s Animal Welfare Policy that complies with
national legislation on animal experimentation. Hous-
ing has been described previously [33]. Briefly, pigs are
housed indoors with photoperiods 12:12 h light:dark,
and room temperature at 20+4 °C. Straw bedding is
used in all pens and sprinklers are available to moist the
pens if needed. Pigs are fed with a standard diet with
extra fibres twice daily according to weight and have
free access to water and hay.

Selection of reference pigs

The pigs were examined twice for clinical signs of disease.
The day after arrival, the pigs were visually inspected
by a veterinarian at rest and in locomotion. The weight
of the pigs was measured, and an identification num-
ber was given to each pig. Inclusion criteria were as fol-
lows: pigs weighing between 35 and 65 kg (estimated age
range 3—4 months), bright, alert, and responsive, normal
skin color, body condition, and activity. Exclusion cri-
teria were any visible health concerns such as infected
skin lesions, abscesses, tail bites, diarrhea, coughing, or
abnormal gait/lameness.

On days 2-6, included pigs were subjected to an
additional clinical examination that comprised a vis-
ual inspection at rest and in locomotion, and a physical
examination after deep sedation by intramuscular injec-
tion of a solution of 1 mL/10 kg bodyweight of Zoletil
(1.56 mg/kg Zoletil 50 Vet, Virbac, Denmark) dissolved
in 1.56 mg/kg ketamine (Ketaminol Vet 100 mg/mL,
Intervet, Denmark), 1.56 mg/kg xylazine (Rompun Vet
20 mg/mL, Bayer, Denmark) and 2.5 mg/kg butorphanol
(Torbugesic Vet 10 mg/mL, Zoetis, Denmark). Measure-
ments of body temperature, heart rate and rhythm, res-
piratory frequency and lung sounds were then obtained.
Pigs were excluded if any of the following were present:
body temperature above 40 degrees Celsius, arrhythmia,
or abnormal lung sounds. Just after the examination,
blood samples for RI determination were obtained from
all included pigs. The selection process is presented in
Fig. 1.
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Fig. 1 Study selection process of reference pigs for reference interval determination

Blood collection and handling

A tourniquet was positioned at the base of the ear and the
skin disinfected. Venipuncture was performed in the left
or right marginal ear vein by use of an intravenous can-
nula (BD Venflon Pro, 18GA 1.1 x32 mm, Becton Dick-
inson Infusion Therapy, Helsingborg, Sweden) connected
to a blood tube holder (Vacuette, Holdex, Single-Use
Holder PP, Greiner Bio-One, Kremsmiinster, Austria).
Blood samples for hematological analysis were collected
into 2 mL tubes containing ethylenediamine tetraacetic
acid (EDTA) (BD Vacutainer®, K2EDTA 3.6 mg, 2 mL
13x75 mm, Becton, Dickinson and Company, Frank-
lin Lakes, NJ, USA). Immediately after collection, tubes
were gently inverted 10 times to ensure thorough mixing
of the additive with the blood. Incorrectly filled tubes or
tubes with macroscopic clots were excluded. All sam-
ples were identified and transported to the university
research laboratory while stored at room temperature.
The median time between sample collection and analy-
sis was 2:39 h (ranging from 1:30 to 4:54 h). A previously
described semi-quantitative method of scoring, ranging
from 1-4 (representing low to high difficulty in filling the
tube), was used to evaluate sampling [34].

Hematological analyses
After being inverted 10 times, blood samples were
analyzed using the in-house Procyte Dx Hematology

Analyzer (IDEXX Laboratories, Inc., Westbrook, Maine
04092, USA) with a species-specific setting for pigs.
Complete blood cell counts (CBCs) included red blood
cell (RBC) count, hemoglobin (HGB), hematocrit (HCT),
mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin con-
centration (MCHC), reticulocyte count (absolute count
and percentages), RBC distribution width standard devi-
ation (RDW-SD), RBC distribution width as a coefficient
of variation (RDW-CV), white blood cell (WBC) count,
and the leukocyte differential count (absolute count and
percentages). All samples were analyzed in duplicates
and the average value of the duplicates was used. Blood
films from each EDTA blood sample were prepared, air-
dried, stained with Hemacolor (Hemacolor® Rapid stain-
ing of blood smear, Merck KGaA, 64,271 Darmstadt,
Germany), fixed and stored. Blood films were examined
by a trained medical laboratory technician in a blinded
manner. The number of single platelets and platelets in
clumps were calculated in eight high power fields and an
estimated error in the total platelet count was calculated
as "number of platelets in clumps"/"total counted number
of platelets” (Additional file 1). Data were extracted from
the Procyte Dx Hematology Analyzer and loaded into
Excel (MS office, version 2016, Microsoft Corp., USA).
To ensure the stability of the analyzer, quality control
was performed daily according to the manufacturer’s
instructions. The mean value, standard deviation (SD)
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and the coefficient of variation (CV) of the quality con-
trols are shown in an additional file (Additional file 2).

Statistical analysis

Reference intervals were determined using the add-in
software Analyze-It for statistical analyses in Microsoft
excel (Analyze-It Version 3.0; Analyze-It Software, Leeds,
UK). The data distribution of each hematological variable
was assessed by visual inspection (q-q plots and histo-
grams) and by the Shapiro—Wilks test with a significance
level of 5%. Data showing a non-Gaussian distribution
were transformed, if possible. Outliers were detected by
the 1.5 interquartile range (IQR) method and removed
[5, 31]. For Gaussian variables, the 2.5th, 50th and 97.5th
percentiles with 90% confidence intervals (Cls) were esti-
mated using parametric statistics (normal quantile) as
recommended by the ASVCP for de novo determination
of RIs in veterinary species [31, 35]. Variables with a non-
Gaussian distribution were calculated non-parametri-
cally (bootstrap quantile method) and the 2.5th, 50th and
97.5th percentiles with 90% confidence intervals were
estimated.

Results

A total of 141 pigs were inspected. Four pigs were
excluded due to lameness (1), coughing (1), abnormal
lung sounds (1), or unsuccessful anesthesia (1). Four
blood samples were excluded before analysis because of
inadequate tube filling (3) or presence of macroscopic
clots (1). Thus, 133 blood specimens were available for
RI determination (Fig. 1). Outliers, sample sizes and Rls
with 90% CIs for lower and upper limits are shown in
Table 1. Baseline variables of all included pigs are pre-
sented in Table 2. The data distribution for hematological
parameters is visualized in Additional file 3.

A “platelet abnormal distribution” flag was generated
by the analyzer in 32 of the blood specimens. The degree
of platelet aggregation in these samples was compared
with a random sample of specimens without a flag, by
examining blood films from the specimens. No difference
in percent estimated error in the total platelet count was
observed between blood films with and without platelet
flagging. Furthermore, no correlation was found between
sampling difficulty and samples with a flagging of plate-
lets (Additional file 1).

The platelet flagging effect on the hematological param-
eters was evaluated by comparing RIs calculated with and
without blood specimens with a flag for abnormal distri-
bution of platelets. For RBCs and derived parameters and
for WBCs variables, no effect was observed. For platelets
(PLT-O and PLT-I) and to a lesser extend platelet indi-
ces (PDW, PPV-O, P-LCR and PCT), an effect could be
seen reflected by a lowering of the lower reference limit
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if specimens with an abnormal platelet distribution were
included in the RIs. Based on this investigation, the
flagged specimens were excluded in the RI determination
of platelet count and platelet indices but included in the
determination of the remaining Rls.

Discussion

The objective of this study was to establish hematologic
reference values for commonly measured hematological
parameters in healthy LYD pigs utilized for biomedical
research or surgical training.

When we compared our findings to reference intervals
of other porcine breeds such as the Norwegian grower
pigs and juvenile Yorkshire pigs, slight variations were
noticed [19, 25]. For instance, the Rls for red blood cells
were RBC (5.10-7.00x 10%/uL), HGB (9.36-12.29 g/dL),
and HCT (30.46-40.47%) whereas the RIs published for
Norwegian grower pigs were (6.4-8.8x10°/uL, 10.5-
13.5 g/dL, and 0.34—0.44%, respectively) and for juvenile
Yorkshire pigs (4.80-7.11x10%/uL, 8.20-11.7 g/dL, and
25.38-38.77%, respectively). The differences highlight
the importance of establishing reference intervals for
the specific breed and underscores the fact that there are
variations in hematological variables among pigs of dif-
ferent breeds and ages [9-12, 14-25, 27]. In this regard
it is worth noticing that the LYD pigs in this study were
females and 3—-4 months old based on weight. This life
stage is characterized by rapid growth and significant
physiological changes. Blood volume increases and the
intake of essential nutrients, such as iron, is vital [26].
Notably, the RI for HGB in our study were significantly
higher compared to piglets not treated with iron (3.56—
7.74 g/dL) [16]. This reflects the iron supplementation
the pigs in our study received and is consistent with pre-
vious findings of lower erythroid values in younger pigs
without iron supplementation [36].

Comparison of RIs for WBC also revealed differences
[14-17]. We noticed that the reference limits for WBC
reported for Danish sows (Landrace-Yorkshire) at mid-
gestation (8.67-23.64x 10°/L) were lower compared to
our findings. This finding highlights the importance of
considering age and gestational status when interpret-
ing hematological data [22]. Also, when comparing our
results to small pig breeds, we noticed that these breeds
had narrower RIs with lower limits, e.g., female minia-
ture pigs (0-17.44x10%/L) and female minipigs (8.90-
13.40x 10°/L) [9, 13]. This may be due to genetic factors,
but biosecurity and health status may also influence the
results.

We thoroughly examined the health of the included
pigs to ensure that the RIs generated were not inadvert-
ently skewed by inclusion of sick animals [37]. WBC val-
ues in particular may vary considerably in the presence of
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Table 2 Weight, temperature, pulse, respiration and SpO2 of reference pigs, estimated age 3-4 months
Variable

Weight (Kilogram) Body temperature (°C) Pulse (bpm*) Respiration (bpm*¥*) Sp02 (%)
n 133 133 129% 128" 133
Mean+£SD 47,77 £9,63 3893+0,38 89,45+16,00 52,80£1533 94,50+2,72

*Beats per minute; **breaths per minute; Sp02, oxygen saturation; #four measurements missing; fFive measurements missing

some pathogens manifesting as inflammation and infec-
tion [37]. The two-step clinical examination included
both observations at rest and during locomotion as well
as temperature, respiratory and cardiovascular examina-
tions. Hence, we are confident that we did not overlook
clinical illness. We notice that some studies state that
animals are deemed healthy upon appearance without
further mentioning of clinical examinations. Other stud-
ies in particularly in pets describe a thorough examina-
tion process that also tests for common species-specific
subclinical infections [34]. The animals in this study were
part of a large national pathogen screening program and
this further decreases the risk of including animals with
subclinical disease.

Leukocytosis is also a common response to stress [26].
The stress associated with handling and restraint affects
the leukogram [38, 39]. In this study, pigs were anesthe-
tized during blood collection to minimize stress-related
alterations in WBC parameters. Anesthesia itself may,
however, also alter hematological parameters, thus there
is no gold standard and one must always consider how
the animals were handled during sampling [38].

We investigated female animals as this gender is used at
the research facility. Gender influences RIs and must be
kept in mind when interpreting these data. Sex hormones
are e.g. known to influence erythropoiesis [40]. The ani-
mals in this study were, however, not sexually mature. It
would be interesting to pursue this further and disclose if
and how much difference there may be between genders
at this life stage and whether it is necessary to divide Rls
based on gender at such an early age. We notice that in
3-week-old Ontario nursing pigs representing both sexes,
the reference interval is almost equivalent to our find-
ings for WBC (93.0-136.0 g/L) [14—17]. Overall, when
comparing our findings to other studies, the impact of
age, breed, housing and husbandry, sexual maturity, ges-
tation and disease on hematological variables must be
considered.

A rigorous methodology was employed to ensure
the accuracy of the generated RIs and avoid skewing
and confounding factors. Pre-analytical factors such as
the use of anticoagulants, sample collection and han-
dling, and storage conditions can affect the integrity of
blood samples [38, 41]. RIs were established using blood

samples collected from the marginal auricular vein, as
this site offers easy accessibility, is well-suited for cath-
eterization without influencing preanalytical variability,
and particularly advantageous for collecting small blood
volumes. Proper needle selection is critical to maintain
sample integrity and minimize preanalytical variability
[42]. To ensure adequate blood flow and minimize shear
stress, reduce the risk of hemolysis, platelet activation,
and clot formation an 18-gauge needle was employed
for blood collection in this study. Blood samples were
collected in EDTA tubes according to the user manual
for the dedicated hematology analyzer and advice from
Idexx’ technical support. EDTA tubes effectively prevent
clot formation by chelating calcium ions [41]. However,
EDTA may induce platelet aggregation and potentially
lead to pseudothrombocytopenia [41, 43—50]. Alternative
tubes e.g., coated with citrate, theophylline, adenosine,
and dipyridamole (CTAD) reduce platelet aggregation
in feline samples and may offer similar benefits for por-
cine blood [34]. The use of CTAD tubes in the current
hematology analyzer was strongly discouraged by Idexx.
Observations from previous studies do however suggest
that porcine plasma is hypercoagulable [51, 52]. Hence,
it would be interesting to analyze porcine blood on an
analyzer capable of analyzing blood collected in CTAD
tubes. If this decreases the number of platelet flagging, it
is worth considering if the ability to analyze CTAD tubes
should be a prerequisite for hematological analyzers ded-
icated to analyses of porcine samples.

Hematological analyzers combine methods such as
impedance and/or optical cell counting. Each method has
its capabilities and limitations [53]. Impedance counters
measure cell size and are affected by platelet aggregates.
Optical cell counters utilize light scattering patterns that
are less influenced by platelet aggregation but are, how-
ever, not immune to these errors [53]. The ProCyte Dx
Haematology Analyzer used in this study combines laser
flow cytometry, optical fluorescence, and laminar flow
impedance. This combination provides more accurate
separation between red blood cells and platelets and an
enhanced WBC differential [54]. The analyzer software
contains a “flagging system’, which indicates poten-
tial sources of errors in cellular identification. “Platelet
abnormal distribution” was flagged in 32 out of 133 blood
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specimens. This flag indicates abnormal distribution of
platelet size, shape, or number, or too few platelets avail-
able for accurate assessment. To investigate this further,
we performed a microscopic evaluation of peripheral
blood films as suggested in the Idexx Operators’ Guide
[54]. We found no difference in percent estimated error
in the total platelet count between blood films with and
without platelet flagging. No trend was observed, and
no correlation was found between sampling difficulty
and samples with an abnormal distribution of platelets.
Platelet aggregates can interfere with impedance count-
ing by altering perceived cell size, leading to underesti-
mation of platelet counts and a false increase in other cell
types [53]. Platelet clumping has been reported to spu-
riously elevate leukocyte counts and influence specific
leukocyte populations across species, e.g. eosinophils and
neutrophils in dogs and basophils and eosinophils in cats
[55-57]. Our study found no significant differences in
erythrocyte or leukocyte values with and without abnor-
mal platelet flagging, indicating that platelet aggregation
specifically impacted platelet counts rather than other
cell types. Recent advancements in automated platelet
counting methods, based on fluorescent labeling and
flow cytometry, provide a more accurate platelet count
[58]. These technologies may represent the next step
forward in veterinary hematology, potentially overcom-
ing the challenges we experienced with platelet flagging.
Nevertheless, our experience from this study highlights
the importance of sampling collection techniques, and
indeed the type of hematological analyzer used. There is
however no doubt about the fact that the susceptibility
to platelet aggregation in pigs is influenced by complex
factors beyond sample handling and preparation. Future
research should continue to explore this. Additionally,
objective and standardizing methods for assessing plate-
let aggregation and investigating the behavior of por-
cine thrombocytes under various storage conditions will
further enhance the accuracy and reliability of hemato-
logical assessments, ultimately improve the quality and
applicability of the results.

Conclusions

Our study discloses differences in reference values of
several hematological parameters for LYD pigs in com-
parison to published RIs for other pigs, highlighting the
influence of pre-analytical conditions, laboratory meas-
urement techniques, and factors such as age, breed, ges-
tation, and health status on hematological parameters.
The findings emphasize the need for laboratories to
establish laboratory-specific reference values for hema-
tological parameters in pigs of different breeds and ages,
adhering to stated pre-analytical procedures and using
the available hematological analyzer. While our results
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may not perfectly translate to every pig breed, they
offer a robust general reference that is useful to improve
health assessments and physiological monitoring in both
biomedical and veterinary contexts. Additionally, the
LYD-specific RIs generated in this study serve as a vital
tool for post-operative welfare monitoring and accurate
interpretation of experimental outcomes. This step rep-
resents a significant 3R advancement toward refinement
of experimental protocols and ethical use of animals in
research. By providing these physiological standards, our
work supports the broader aim of improving both sci-
entific rigor and animal welfare in translational research
and may find relevance in several settings such as disease
modelling and xenotransplantation.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513028-025-00798-6.

Additional file 1. Estimated error (%) in the total platelet count. The
number of single platelets and platelets in clumps were calculated in
eight high power fields and an estimated error in the total platelet count
was calculated as "number of platelets in clumps"/"total counted number
of platelets".

Additional file 2. Quality controls. The mean value, standard deviation
(SD) and the coefficient of variation (CV) of the quality controls.

Additional file 3. Scatter plots. The data distribution for hematological
parameters.

Acknowledgements

The authors sincerely thank Frank Skov Jensen, Department of Clinical Bio-
chemistry, Aarhus University Hospital, Aarhus, Denmark, for examining blood
films and calculating the percent estimated error in the total platelet count.

Author contributions

K.F.P.and BSK. designed the study and collected samples. K.F.P.and AW.L. pro-
cessed and analyzed the samples and data. KFP. and B.SK. drafted the manu-
script. All authors have read and accepted the final version of the manuscript.

Funding

This study was funded by a grant from Anna & Dagny Hjerrilds Foundation at
Aarhus University. The funder had no role in study design, data collection and
analyses, decision to publish or preparation of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The animals were handled according to high ethical standards and national
legislation. The study was approved by The Animal Experimental Council in
Denmark (license number 2021-15-0201-00966.) and performed in accord-
ance with the guidelines by the American Society of Veterinary Clinical
Pathology.

Consent for publication
Not applicable.

Prior publication
Data have not been published previously.


https://doi.org/10.1186/s13028-025-00798-6
https://doi.org/10.1186/s13028-025-00798-6

Praestegaard et al. Acta Veterinaria Scandinavica

(2025) 67:11

Competing interests
The authors declare that they have no competing interests.

Received: 14 August 2024 Accepted: 13 February 2025
Published online: 24 February 2025

References

1.

2.

20.

21.

Gutierrez K, Dicks N, Glanzner WG, Agellon LB, Bordignon V. Efficacy of the
porcine species in biomedical research. Front Genet. 2015;6:293.
European Commission. Animals Used for Scientific Purposes: EU Statisti-
cal Reports on the Use of Animals for Scientific Purposes. 2024. https://
environment.ec.europa.eu/topics/chemicals/animals-science_en.
Accessed 25 Feb 2024.

Smith AC, Swindle MM. Preparation of swine for the laboratory. llar j.
2006;47:358-63.

Swindle M. Swine in the Laboratory: Surgery, Anesthesia, Imaging and
Experimental Techniques, 3rd Edition, Boca Raton: CRC Press, 2015.

Horn PS, Pesce AJ. Reference intervals: an update. Clin Chim Acta.
2003;334:5-23.

Geffré A, Friedrichs K, Harr K, Concordet D, Trumel C, Braun JP. Reference
values: a review. Vet Clin Pathol. 2009;38:288-98.

Ministry of Food, Agriculture and Fisheries of Denmark. The Animal Exper-
iments Inspectorate. Experimental animal use 2022. 2024. https://dyref
orsoegstilsynet.dk/indberetning/statistik/2022. Accessed 26 Jun 2024.
Danish Agriculture & Food Council. Pigmeat Statistics 2022. 2024. https://
agricultureandfood.dk/statistics/annual-statistics/pigmeat-statistics-
2022/. Accessed 26 Jun 2024.

Yeom SC, Cho SY, Park CG, Lee WJ. Analysis of reference interval and age-
related changes in serum biochemistry and hematology in the specific
pathogen free miniature pig. Lab Anim Res. 2012;28:245-53.

Kawaguchi H, Yamada T, Miura N, TakahashiY, Yoshikawa T, Izumi H, et al.
Reference values of hematological and biochemical parameters for the
world smallest microminipigs. J Vet Med Sci. 2012;74:933-6.

. ChenY,Qin S, Ding Y, Li S, Yang G, Zhang J, et al. Reference values of

biochemical and hematological parameters for Guizhou minipigs. Exp
Biol Med (Maywood). 2011;236:477-82.

Rispat G, Slaoui M, Weber D, Salemink P, Berthoux C, Shrivastava R.
Haematological and plasma biochemical values for healthy Yucatan
micropigs. Lab Anim. 1993,27:368-73.

Ellegaard L, Jorgensen KD, Klastrup S, Hansen AK, Svendsen O. Haema-
tologic and Clinical Chemical values in 3 and 6 months old Géttingen
minipigs. Scand J Lab Anim Sci. 1995;22:1.

Li C, Wang F, Li R, Ishfag M, Chen H, Liu F, et al. Hematologic and bio-
chemical reference intervals for 1-month-old specific-pathogen-free
Landrace pigs. Vet Clin Pathol. 2021;50:76-80.

Li R, Wang F, Zhang Y, Li C, Xia C, Chen H, et al. Comparison of hema-
tologic and biochemical reference values in specific-pathogen-free
1-month-old Yorkshire pigs and Yorkshire-Landrace crossbred pigs. Can J
Vet Res. 2019;83:285-90.

Ventrella D, Dondi F, Barone F, Serafini F, EImi A, Giunti M, et al. The
biomedical piglet: establishing reference intervals for haematology and
clinical chemistry parameters of two age groups with and without iron
supplementation. BMC Vet Res. 2017;13:23.

Perri AM, O'Sullivan TL, Harding JC, Wood RD, Friendship RM. Hematology
and biochemistry reference intervals for Ontario commercial nursing pigs
close to the time of weaning. Can Vet J. 2017,58:371-6.

Cooper CA, Moraes LE, Murray JD, Owens SD. Hematologic and biochem-
ical reference intervals for specific pathogen free 6-week-old Hampshire-
Yorkshire crossbred pigs. J f Anim Sci Biotechnol. 2014;5:5.

Klem TB, Bleken E, Morberg H, Thoresen SI, Framstad T. Hematologic and
biochemical reference intervals for Norwegian crossbreed grower pigs.
Vet Clin Pathol. 2010;39:221-6.

Brockus CW, Mahaffey EA, Bush SE, KruppDespain W. Hematologic and
serum biochemical reference intervals for Vietnamese potbellied pigs
(Sus scrofa). Comp Clin Path. 2005;13:162-5.

Faustini M, Bronzo V, Maffeo G, Russo V, Munari E, Vigo D. Reference inter-
vals and age-related changes for platelet count, mean platelet volume

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 8 of 9

and plateletcrit in healthy pre-weaning piglets in Italy. J Vet Med Ser A.
2003;50:466-9.

Faustini M, Munari E, Colombani C, Russo V, Maffeo G, Vigo D. Haematol-
ogy and plasma biochemistry of Stamboek pre-pubertal gilts in Italy:
reference values. J Vet Med A Physiol Pathol Clin Med. 2000;47:525-32.
Friendship RM, Lumsden JH, McMillan |, Wilson MR. Hematology and
biochemistry reference values for Ontario swine. Can J Comp Med.
1984,48:390-3.

Egeli AK, Framstad T, Morberg H. Clinical biochemistry, haematology and
body weight in piglets. Acta Vet Scand. 1998;39:381-93.

Dimitrakakis N, Waterhouse A, Lightbown S, Leslie DC, Jiang A, Bolgen
DE, et al. Biochemical and Hematologic Reference Intervals for Anes-
thetized, Female, Juvenile Yorkshire Swine. J Am Assoc Lab Anim Sci.
2022;61:21-30.

Thorn CE, Bowman AS, Eckersall D. Hematology of Pigs. Schalm'’s Veteri-
nary Hematology; https://doi.org/10.1002/9781119500537.ch1132022. p.
1019-25.

Bhattarai S, Framstad T, Nielsen JP. Hematologic reference intervals of
Danish sows at mid-gestation. Acta Vet Scand. 2019;61:16.

CLSland IFCC. C28-A3 document. Defining, establishing, and verifying
reference intervals in the clinical laboratory: approved guideline-third
edition. 2008;28:1-76.

Solberg HE. Approved recommendation (1987) on the theory of refer-
ence values. Part 5. Statistical treatment of collected reference values
Determination of reference limits. Clin Chim Acta. 1987;170:513-S32.
Friedrichs KR, Harr KE, Freeman KP, Szladovits B, Walton RM, Barnhart

KF, et al. ASVCP reference interval guidelines: determination of de novo
reference intervals in veterinary species and other related topics. Vet Clin
Pathol. 2012;41:441-53.

American Society for Veterinary Clinical Pathology. Guidelines for the
Determination of Reference Intervals in Veterinary Species. 2024. https://
www.asvcp.org/page/QALS_Guidelines. Accessed 27 May 2021.

SPF-sus. SPF-Health Regulations. 2025. https:/spfsus.dk/. Accessed 12
Feb 2025.

Thomsen AF, Kousholt BS. Transition of farm pigs to research pigs using
a designated checklist followed by initiation of clicker training - a refine-
ment initiative. J Vis Exp. 2021. https://doi.org/10.3791/62099.

Granat F, Geffré A, Bourgés-Abella N, Mortier J, Théron M-L, Fauchon E,
et al. Feline reference intervals for the Sysmex XT-2000iV and the ProCyte
DX haematology analysers in EDTA and CTAD blood specimens. J Feline
Med Surg. 2014;16:473-82.

Linnet K. Nonparametric estimation of reference intervals by simple and
bootstrap-based procedures. Clin Chem. 2000;46:867-9.

Czech A, Grela E, Klebaniuk R, Katarzyna O, Samoliriska W. Polish cross-
bred pigs’blood haematological parameters depending on their age and
physiological state. Ann Warsaw Univ Life Sci. 2018;56:185-95.

Golinar Oven |, Nemec Svete A, Hajdinjak M, Plut J, Stukelj M. Haema-
tological profiles of pigs of different age in relation to the presence or
absence of porcine reproductive and respiratory virus, porcine circovirus
type 2 and hepatitis E virus. Ital J Anim Sci. 2022;21:1287-96.
Humann-Ziehank E, Ganter M. Pre-analytical factors affecting the results
of laboratory blood analyses in farm animal veterinary diagnostics. Ani-
mal. 2012;6:1115-23.

Rosochacki SJ, Piekarzewska AB, Potoszynowicz J, Sakowski T. The influ-
ence of restraint immobilization stress on the concentration gf bioamines
and cortisol in plasma of Pietrain and Duroc pigs. J Vet Med A Physiol
Pathol Clin Med. 2000;47:231-42.

Warren AM, Grossmann M. Haematological actions of androgens. Best
Pract Res Clin Endocrinol Metab. 2022,36: 101653.

Banfi G, Salvagno GL, Lippi G. The role of ethylenediamine tetraacetic acid
(EDTA) as in vitro anticoagulant for diagnostic purposes. Clin Chem Lab
Med. 2007;45:565-76.

Lippi G, Salvagno GL, Montagnana M, Poli G, Guidi GC. Influence of the
needle bore size on platelet count and routine coagulation testing. Blood
Coagul Fibrinolysis. 2006;17:557-61.

Bizzaro N. EDTA-dependent pseudothrombocytopenia: A clinical and epi-
demiological study of 112 cases, with 10-year follow-up. Am J Hematol.
1995;50:103-9.

Casonato A, Bertomoro A, Pontara E, Dannhauser D, Lazzaro AR, Girolami
A. EDTA dependent pseudothrombocytopenia caused by antibodies


https://environment.ec.europa.eu/topics/chemicals/animals-science_en
https://environment.ec.europa.eu/topics/chemicals/animals-science_en
https://dyreforsoegstilsynet.dk/indberetning/statistik/2022
https://dyreforsoegstilsynet.dk/indberetning/statistik/2022
https://agricultureandfood.dk/statistics/annual-statistics/pigmeat-statistics-2022/
https://agricultureandfood.dk/statistics/annual-statistics/pigmeat-statistics-2022/
https://agricultureandfood.dk/statistics/annual-statistics/pigmeat-statistics-2022/
https://doi.org/10.1002/9781119500537.ch1132022
https://www.asvcp.org/page/QALS_Guidelines
https://www.asvcp.org/page/QALS_Guidelines
https://spfsus.dk/
https://doi.org/10.3791/62099

Praestegaard et al. Acta Veterinaria Scandinavica (2025) 67:11

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

against the cytoadhesive receptor of platelet gpliB-IlIA. J Clin Pathol.
1994;47:625-30.

Lippi G, Plebani M. EDTA-dependent pseudothrombocytopenia: further
insights and recommendations for prevention of a clinically threatening
artifact. Clin Chem Lab Med. 2012;50:1281-5.

Nagler M, Keller P, Siegrist D, Alberio L. A case of EDTA-dependent pseu-
dothrombocytopenia: simple recognition of an underdiagnosed and
misleading phenomenon. BMC Clin Pathol. 2014;14:19.

Hinchcliff KW, Kociba GJ, Mitten LA. Diagnosis of EDTA-dependent pseu-
dothrombocytopenia in a horse. J Am Vet Med Assoc. 1993;203:1715-6.
Norman EJ, Barron RCJ, Nash AS, Clampitt RB. Evaluation of a citrate-
based anticoagulant with platelet inhibitory activity for feline blood cell
counts. Vet Clin Pathol. 2001;30:124-32.

Wills TB, Wardrop KJ. Pseudothrombocytopenia secondary to the effects
of EDTA in a dog. J Am Anim Hosp Assoc. 2008;44:95-7.

ErkensT,Van den Sande L, Witters J, Verbraeken F, Looszova A, Feyen

B. Effect of time and temperature on anticoagulant-dependent
pseudothrombocytopenia in Gottingen minipigs. Vet Clin Pathol.
2017,46:416-21.

Roussi J, André P, Samama M, Pignaud G, Bonneau M, Laporte A,

et al. Platelet functions and haemostasis parameters in pigs: Absence

of side effects of a procedure of general anaesthesia. Thromb Res.
1996;81:297-305.

Alstrup A, Kornerup Hansen A, Jespersen J, Marckmann P, Bladbjerg E-M.
The pig as a model in blood coagulation and fibrinolysis research. Scand
JLab Anim Sci. 1999;26:214-24.

DeNicola DB. Advances in Hematology Analyzers. Top Companion Anim
Med. 2011,26:52-61.

IDEXX Hematology. ProCyte Dx Operator’s Guide 2021. 2025. https://
www.idexx.com/en/veterinary/analyzers/hematology/hematology-resou
rces/. Accessed 11 Feb 2025.

Zandecki M, Genevieve F, Gerard J, Godon A. Spurious counts and spuri-
ous results on haematology analysers: a review Part I: platelets. Int J Lab
Hematol. 2007;29:4-20.

Zandecki M, Genevieve F, Gerard J, Godon A. Spurious counts and spuri-
ous results on haematology analysers: a review. Part II: white blood cells,
red blood cells, haemoglobin, red cell indices and reticulocytes. Int J Lab
Hematol. 2007,29:21-41.

IDEXX Hematology. Interpreting dot plots. 2024. https://www.idexx.com/
en/veterinary/analyzers/hematology/hematology-resources/dot-plots/.
Accessed 8 Aug 2024.

Wada A, Takagi Y, Kono M, Morikawa T. Accuracy of a New Platelet Count
System (PLT-F) Depends on the Staining Property of Its Reagents. PLoS
ONE. 2015;10:e0141311.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9


https://www.idexx.com/en/veterinary/analyzers/hematology/hematology-resources/
https://www.idexx.com/en/veterinary/analyzers/hematology/hematology-resources/
https://www.idexx.com/en/veterinary/analyzers/hematology/hematology-resources/
https://www.idexx.com/en/veterinary/analyzers/hematology/hematology-resources/dot-plots/
https://www.idexx.com/en/veterinary/analyzers/hematology/hematology-resources/dot-plots/

	Hematological reference intervals for Danish crossbred Landrace Yorkshire Duroc (LYD) pigs used in biomedical research
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	Animals
	Selection of reference pigs
	Blood collection and handling
	Hematological analyses
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


