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Abstract
Blood analysis is a very important and powerful diagnostic tool in animal health and
welfare control. It is routinely performed in higher vertebrates, for which reference values
are well established, but fish hematology still needs further research. Many intrinsic and
environmental factors have profound impact on fish hematological values, making deter-
mination of reference values difficult. Additionally, fish blood usually requires the addi-
tion of an anticoagulant agent, because of short clotting times. The choice of anticoagulant
is vital for obtaining reliable blood test values. In the present study, the impact of two
common anticoagulants, K2EDTA (1.8 mg/ml) and lithium heparin (18 I.U./ml), on
hematological values of farmed brown trout Salmo trutta spawners during the spawning
season was investigated. Results of basic hematological analysis, such as packed cell
volume (PCV), hemoglobin concentration (HGB), red blood cell count (RBC), mean
corpuscular hemoglobin (MCH), mean corpuscular volume (MCV), mean corpuscular
hemoglobin concentration (MCHC), and white blood cell count (WBC), were compared
between these two compounds. Statistically significant differences were observed in PCV,
MCV, and MCHC, whereas HGB, RBC, MCH, and WBC showed no such differences.
These results suggest that lithium heparin gives more reliable results, because red blood
cells in K2EDTA-treated samples have a tendency to swell. It is worth noting that
ethylenediaminetetraacetic acid salt did not induce sample hemolysis in the present study.
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Abbreviations
EDTA Ethylenediaminetetraacetic acid
PCV Packed cell volume (hematocrit)
HGB Hemoglobin concentration
RBC Red blood cell count
MCH Mean corpuscular hemoglobin
MCV Mean corpuscular volume
MCHC Mean corpuscular hemoglobin concentration
WBC White blood cell count

Introduction

The brown trout (Salmo trutta) belongs to the Salmonidae family, together with Atlantic
salmon (Salmo salar), Arctic charr (Salvelinus alpinus), rainbow trout (Oncorhynchus mykiss),
common whitefish (Coregonus lavaretus), and grayling (Thymallus thymallus) (Frank-
Gopolos et al. 2015). There are several ecological forms of brown trout—few of which show
facultative migratory character (Bagliniere and Maisse 1999). It can utilize various water-
courses, lakes, estuaries, and sea coastal zones (Jonsson and Jonsson 2011). Variability of
ecological forms and the ability to adapt to new environmental conditions are the main reasons
for its wide geographical distribution (Klemetsen et al. 2003). Among introduced salmonid
species, brown trout achieved the greatest success in establishing stable populations outside of
its native range (Bagliniere and Maisse 1999).

Brown trout is native to Western Europe, from the coast of Portugal to the White Sea,
including the Baltic Sea and Iceland. It was introduced to many European countries (mostly in
rivers and estuaries along the northern coast of the Mediterranean, Black, and Caspian Sea),
both North and South America, Southern and Eastern Africa and Asia, Australia, and New
Zealand (Freyhof 2011). It is considered as a game fish throughout its entire range of
distribution (Klemetsen et al. 2003; Frank-Gopolos et al. 2015). Brown trout is also caught
commercially at sea, but market statistics are not available (Frank-Gopolos et al. 2015).

Fish in hatcheries are mainly produced for restocking of natural populations exploited by
recreational anglers (Frank-Gopolos et al. 2015). Hatcheries have to maintain excellent welfare
of the animals used in the hatching process. Thus, the management of the physiological
condition of brood stock fish is of great concern (Wedemeyer 2002).

The easiest, most comprehensive way to assess animal condition is to perform blood tests.
Hematological indices are of great diagnostic value in veterinary medicine due to several
reasons. Blood transports nutrients, oxygen, and metabolites in the body. It is essential in
maintaining water and electrolyte balance, body temperature, and proper function of the
immune system. Thus, changes in blood constituents reflect any deviation from the normal
physiological state of the animal. Blood is also relatively easy to obtain (via venipuncture) and
to test (Voigt and Swist 2011). Fish diagnostic hematology is much more challenging than it
mammalian counterpart is. Review of the available literature shows disparities, among others,
in the taxonomy and in fish blood cell functions. Nucleated red blood cells and leukocytes
have similar size, so cell count can only be determined by manual methods. The diversity of
ecological forms, ecologic functions, and the number of fish species makes generalization
about this group almost impossible (Weiss and Wardrop 2010). Moreover, blood cell count in
fish shows seasonal variability and is influenced by many environmental factors, inter alia
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water temperature and oxygen concentration. Age, sex, reproductive, and nutritional status can
also produce variation in results (Řehulka and Adamec 2004; Witeska 2013).

Sexual maturation in salmonids is known to cause lymphocytopenia, which suppresses
immunological response to various pathogens (Pickering 1986; Pickering and Pottinger 1987).
This feature increases fish susceptibility to fungal and bacterial infections which are a serious
threat to animals raised in aquaculture (Pickering and Pottinger 1987). Thus, spawning season
is one of the most critical phases in trout lifecycle. Maintenance of fish welfare during this time
is the key to success in breeding.

Fish blood usually requires treatment with an anticoagulant due to the large number of
thrombocytes, causing rapid formation of clot (compared to other vertebrates) (Maqbool et al.
2013). The addition of an anticoagulant to the blood sample is helpful so long as it does not
alter results which can lead to misinterpretation of the data (Lippi et al. 2006). Many authors
believe that the choice of anticoagulant for fish hematology is species specific (Weiss and
Wardrop 2010), but reports describing appropriate anticlotting agents for particular species are
scarce and often contradictory.

The salts of ethylenediaminetetraacetic acid (EDTA) are recommended as an anticoagulant
of choice for hemocytometry by the International Council for Standardization in Hematology
(ICSH) and the Clinical and Laboratory Standards Institute (CLSI) (Turgeon 2012). EDTA
acts as a chelator of Ca2+ and Mg2+ ions. It binds calcium, essential for enzymatic reactions in
the coagulation cascade, causing anticoagulant effect (Harr et al. 2005; Gilor and Gilor 2011;
Witeska and Wargocka 2011). It causes complete anticoagulation with minimal effect on the
morphology of the cells (Turgeon 2012; Greer et al. 2014). EDTA allows the most dependable
preservation of cells on stained blood films (Thrall et al. 2012). It is commonly used in routine
hematology tests in humans, mammals, and other vertebrates (Voigt and Swist 2011; Turgeon
2012; Greer et al. 2014; Campbell 2015). It has also found some success in fish (Blaxhall
1972; Blaxhall and Daisley 1973; Řehulka et al. 2004; Ishikawa et al. 2010; Maqbool et al.
2013; Campbell 2015). Standard test tubes with EDTA salts in concentrations appropriate for
hematologic tests are commercially available and relatively cheap (Maqbool et al. 2013).
However, EDTA salts have some drawbacks. In some cases, they can cause blood hemolysis,
especially in specimens anesthetized with unbuffered tricaine methanesulfonate (MS 222)
(Korcock et al. 1988; Campbell 2015).

Heparin salts are mainly used for clinical biochemistry (Gilor and Gilor 2011; Thrall et al.
2012). It prevents prothrombin conversion into thrombin (factor II), thus inhibiting conversion
of fibrinogen into fibrin (Harr et al. 2005; Gilor and Gilor 2011; Witeska and Wargocka 2011).
Heparin use has been recommended in hemocytometry of animals with nucleated erythrocytes,
based on scarce reports of hemolysis in EDTA-preserved blood samples from some reptiles
and birds (Gilor and Gilor 2011). For this reason, many authors have used heparin as the
anticoagulant of choice in fish hematology (Hesser 1960; Hattingh 1975; Smit et al. 1977;
Korcock et al. 1988; Maqbool et al. 2013). However, heparin does not completely stop
clumping of white blood cells and thrombocytes, which can lead to sample clotting, and also
produces blue background staining of Wright-stained blood film (Gilor and Gilor 2011;
Turgeon 2012; Greer et al. 2014; Campbell 2015; Bain et al. 2016). It is also more expensive
than other anticoagulants (Banfi et al. 2007).

We decided to evaluate the effects of two common anticoagulants, dipotassium EDTA and
lithium heparin, on basic hematological parameters including packed cell volume (PCV),
hemoglobin concentration (HGB), red blood cell count (RBC), white blood cell count
(WBC), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean
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corpuscular hemoglobin concentration (MCHC) of captive mature brown trout (S. trutta)
spawners during the spawning season.

Based on available literature, we assume that there are differences in hematologic param-
eters related to the choice of anticoagulant used.

Materials and methods

All samples were collected on 1 day in November 2017 from 35 mature spawners of
freshwater brown trout S. trutta (mean mass 1.53 ± 0.57 kg, mean length 55.68 ±
5.70 cm). All specimens originated and were provided by Dąbie Fish Hatchery (54°
12′ 23.4″ N 17° 28′ 05.8″ E), Northern Poland. Fish were held in a concrete recirculating
raceway (125 m3) and fed with commercial pellets (Aller Rep Ex, Aller Aqua). Water
temperature at the time of sampling was 6 °C. Before artificial spawning, fish were
anesthetized in a bath containing 2-phenoxyethanol (Sigma-Aldrich) at 0.5 ml/l. Imme-
diately after artificial spawning fish were euthanized by manual application of blunt force
trauma to the head followed by pithing. Blood and other tissues were collected for
further examination afterwards.

The blood for analysis was drawn from the caudal vein by means of an 18G needle
and 5-ml syringe. Blood was then transferred to standard, commercially available, test
tubes containing K2EDTA (1.8 mg/ml K2EDTA for 2 ml of blood) and lithium heparin
(18 I.U./ml heparin for 2.5 ml of blood) (Medlab Products). This allowed two blood
samples to be collected from each specimen. The blood samples were analyzed imme-
diately after collection.

For PCV, known also as hematocrit, blood was transferred to non-heparinized capillary
tubes (75 μl, Medlab-Products) and centrifuged at 12,000 RPM for 3 min. The percentage of
blood cells to blood plasma was determined (Turgeon 2012).

HGB was determined with Drabkin’s (Drabkin 1945) cyanmethemoglobin method. Twenty
microliters of blood was added to the test tube containing 5 ml of Drabkin’s reagent (Stamar)
and stirred thoroughly. The solution was stored for 20 min and was then centrifuged at
3000 RPM for 5 min to separate nuclei and cell membranes. Supernatant was transferred to
a standard plastic spectrophotometer cell. Solution absorbance against the cyanmethemoglobin
standard (Stamar) was measured using UV-VIS spectrophotometer (λ = 540 nm) (Prove 300,
Merck). The formula below was used to calculate HGB.

HGB g=dl½ � ¼ sample absorbance

cyanmethemoglobin standard absorbance
� cyanmethemoglobin standard concentration g=dl½ �

RBC was determined with a Bürker hemocytometer using a Natt and Herrick (1952) stain.
Twenty microliters of blood was added to the test tube containing 4 ml of stain (1:200
dilution). After 15 min of continuous stirring, 20 μl of solution was discharged to the
hemocytometer counting chamber and left for 2 min to settle. Red blood cells were counted
in 80 small squares under 400 × magnification (MT5300, Meiji). The formula below was used
to calculate RBC.

RBC T=l½ � ¼ RBC in 80 small squares� dilution 200ð Þ � diluent volume 4000 μlð Þ
number of counted squares 80ð Þ

Red blood cell indices were calculated in accordance with Greer et al. (2014).
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MCV, an average erythrocyte volume, was calculated using the formula:

MCV fl½ � ¼ PCV l=l½ �
RBC T=l½ �

MCH, an average weight of hemoglobin in an average erythrocyte, was calculated with the
formula:

MCH pg½ � ¼ HGB g=l½ �
RBC T=l½ �

MCHC, an average HGB per erythrocyte volume unit, was calculated with the formula:

MCHC g=dl½ � ¼ HGB g=dl½ �
PCV l=l½ �

WBC was determined using the same method as RBC. White blood cells were counted in the
whole Bürker counting chamber field under 400 × magnification (MT5300, Meiji). The
formula below was used to calculate WBC.

WBC k=μl½ � ¼ WBC in whole chamber � dilution 200ð Þ
chamber volume 0:9 mm3ð Þ � 1000

Statistical analysis was performed to identify significant differences in hematological param-
eters obtained from different anticoagulants. We used Student’s t test for dependent samples.
The differences in two parameters (HGB, MCHC) were not distributed normally, so Wilcoxon
signed-rank test was used for these. Statistica 12.5 application (StatSoft 2006) was used for
statistical analysis.

Results

A comparison of hematological parameters of the blood samples treated with K2EDTA and
lithium heparin is presented in Table 1.

Table 1 Hematological parameters of brown trout, Salmo trutta (n = 35), treated with dipotassium EDTA
(1.8 mg/ml of blood) and lithium heparin (18 I.U./ml of blood). Values are mean ± SD. Means with different
superscript between treatments are significantly (P < 0.01) different

Variable PCV [%] HGB [g/dl] RBC [T/l] MCV [fl] MCH [pg] MCHC [g/dl] WBC [k/μl]

K2EDTA 49.04a ± 7.51 9.45 ± 1.22 1.20 ± 0.15 410.44a ± 46.17 87.31 ± 9.20 21.31a ± 1.20 11.19 ± 4.53

Lithium Heparin 44.59b ± 6.82 9.39 ± 1.23 1.22 ± 0.17 368.52 b ±55.08 85.63 ± 11.99 23.30b ± 1.32 10.92 ± 4.66

Student’s t test

result (P
value)

15.210 (0.0001) – –0.776 (0.443) 4.943 (0.0001) 0.860 (0.396) – 0.747 (0.461)

Wilcoxon signed-

rank test result

(P value)

– 0.752 (0.452) – – – 4.881 (0.0001) –

PVC, packed cell volume; HGB, hemoglobin concentration; RBC, red blood cell count; MCV, mean corpuscular
volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; WBC,
white blood cell count
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Statistically important differences (P < 0.01) between anticoagulants were observed in three
hematological indices: PCV (P = 0.000001), MCV (P = 0.00002), and MCHC (P = 0.000001).
PCVand MCV indices were higher in samples treated with K2EDTA, whereas greater MCHC
values were observed in lithium heparin samples. There were no significant statistical differ-
ences (P > 0.05) between investigated anticoagulants in HGB, RBC, MCH, and WBC.

Discussion

In the present study of farmed brown trout spawners, significant differences between some
hematological parameters values were obtained using two different anticoagulants.

Several authors observed that EDTA salts have a tendency to elevate PCV in various
fish species (Blaxhall 1973; Korcock et al. 1988; Walencik and Witeska 2007; Witeska
and Wargocka 2011; Maqbool et al. 2013). Elevation of this parameter has a profound
impact on the indices calculated with mathematical formulas. MCV values rise propor-
tionally to PCV; on the other hand, MCHC has an inverse relationship to the hematocrit,
hence an increase in PCV produces a decrease in this parameter. Our results indicate that
cell swelling in samples treated with K2EDTA occurs, and that the concentration of this
anticoagulant has a hypotonic effect (Nemec et al. 2005). Concentrations beyond 2 mg/ml
of blood are reported to produce significantly lower values of PVC and higher MCHC,
which indicates cell shrinkage and morphological degeneration (Bain et al. 2016). An
increase in red blood cell volume is thought to be a response to stress due to a variety of
factors (Adeyemo et al. 2009). Calcium in the nucleated erythrocyte extracellular envi-
ronment is vital for the maintenance of membrane integrity (Witeska and Wargocka 2011).
EDTA salts produce their anticoagulant effect by chelation of Ca2+ and Mg2+ ions, thus
disrupting the coagulation cascade (Harr et al. 2005; Gilor and Gilor 2011). Low level of
Ca2+ ions in the cell surroundings increases membrane permeability, especially to Na+

ions, thus increasing water uptake leading to swelling (Lagunes et al. 1999). Erythrocyte
swelling is also linked with high pCO2 and acidification caused by the acidic EDTA salt
(Smit et al. 1977). An increase in cell size was observed by Walencik and Witeska (2007)
in a study of the anticoagulant effect on blood morphology of Cyprinus carpio (L.). They
noticed that a similar anticoagulant, Na2EDTA, in concentrations up to 1 mg/ml, induced
anisocytosis, anisonucleosis, and hemolysis of blood cells in common carp. It also
increased erythrocyte osmotic fragility. Na2EDTA is also reported to alter PCV, HGB,
RBC, MCV, and MCHC in O. mykiss by causing hemolysis and cell membrane distortion
affecting the parameters mentioned above (Maqbool et al. 2013).

There are no statistically significant differences between the anticoagulants we used, in
HGB, RBC, MCH, and WBC, in the present study. Some authors observed significant
differences in HGB and RBC obtained from EDTA and heparin salts (Korcock et al. 1988;
Maqbool et al. 2013); however, simultaneously, they reported hemolysis of EDTA-treated
samples. The hemolytic effect of EDTA on fish blood has been described by several authors
(Smit et al. 1977; Van Vliet et al. 1985; Korcock et al. 1988; Walencik and Witeska 2007;
Witeska and Wargocka 2011). However, this effect was not observed in the present study of
brown trout. In our opinion, since hemolysis was not recorded, cell counts, HGB, and MCH
should not show significant differences between anticoagulants. The insignificant differences
in the means in these parameters in the current study are most likely due to inaccuracy of the
manual methods.
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In our opinion, lithium heparin is more suitable for hematologic assessment of farmed
brown trout spawners, than dipotassium EDTA. Heparin does not influence the size of the
red blood cells, thus reducing possibility of hemolysis to a minimum (Bain et al. 2016).
Although results obtained in this study show statistically important PCV increase in
K2EDTA-treated blood, authors do not consider this anticoagulant to be totally unsuitable
for fish blood tests. There are reports suggesting that EDTA salts can be used for
hematologic assessment if heparin is not available (Hesser 1960). Blood cell counts and
HGB are not affected by salts of EDTA (Ahmed and Maqbool 2014). In addition, several
authors reported that blood smears made with EDTA-treated blood have superior quality
compared to those from heparin (Campbell 2015; Bain et al. 2016). Furthermore, the
general availability and low cost of standard test tubes spray-coated with this compound
make it easier for fish culturists to obtain them. Based on the present study, we suggest
that K2EDTA can be used, with caution, for the determination of blood cell counts and
HGB. Further research is required to better understand the effect of anticoagulants on
hematological parameters. The analysis of blood collected without any anticoagulant
could be of help in this process.

Our results can serve as reference values for mature brown trout during spawning
season, but specific farming and environmental conditions should be taken into account.
Temperature is especially important—seasonal variations in this parameter have a direct
impact on some hematological indices, such as PCV and HGB (Campbell 2015). Blood
parameters may also vary in relation to life cycle phase. Prolonged lymphocytopenia in
brown trout during spawning season is documented (Pickering 1986; Pickering and
Pottinger 1987).

Monitoring the condition of farmed fish is crucial for efficient fish production. Blood tests
proved to be easy to obtain, and are a comprehensive tool for health assessment in higher
vertebrate species bred in captivity (Weiss and Wardrop 2010; Thrall et al. 2012; Campbell
2015). In the light of the recent occurrence of potentially lethal ulcerative dermal necrosis
(UDN)-like disease in Poland’s rivers (Kazuń et al. 2011; Grudniewska et al. 2012), monitor-
ing and maintaining the welfare of cultured brown trout is vital for the future of salmonid
aquaculture and the sustainability of hatcheries in Poland.
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