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Summary

The increasing prevalence of yellow-bellied sliders (Trachemys scripta scripta) as

pets in the European Union and also its utilization as animal models for exper-

imental purposes makes crucial an accurate classification of their blood cells.

The aim of this work was to provide a morphologic classification based on the

cytochemical characteristics of the blood cells of 15 yellow-bellied sliders. Cyto-

chemical stains included benzidine peroxidase, chloroacetate esterase, alpha-

naphthyl butyrate esterase (with and without sodium fluoride), acid phos-

phatase (with and without tartaric acid), Sudan black B, periodic acid–Schiff
and toluidine blue. Nuclear and cellular dimensions were also measured based

on quick Romanowsky-type stained smears. Besides erythrocytes and thrombo-

cytes, five types of white blood cells were identified: heterophils, eosinophils,

basophils, lymphocytes and monocytes. The cytochemical patterns of hetero-

phils, eosinophils and basophils were unique compared to those described for

other chelonians. This paper provides a useful guideline for clinical settings

and further haematological studies of this species.

Introduction

The increasing importance of reptiles as pets makes cru-

cial a better knowledge of their anatomic and physiologic

characteristics. That includes a complete description and

characterization of the blood cells and the establishment

of their normal haematological parameters. However, the

classification of blood cells in reptiles is controversial

because cellular lineages are uncertain and/or variable cri-

teria have been used to categorize cells (Work et al.,

1998). That is why recent studies on reptiles have incor-

porated cytochemical staining techniques and electron

microscopy to obtain more homogenous and accurate

results (Work et al., 1998; Mart�ınez-Silvestre et al., 2005;

Salakij et al., 2002, 2014). Even though, many reptile

haematological aspects remain unknown and many

species have not been subject to proper and structured

studies.

The blood cells of several clinically uncommon fresh-

water turtles have been cytochemically characterized

(Azevedo and Lunardi, 2003; Chung et al., 2009; Chansue

et al., 2011). However, although the ultrastructural char-

acteristics of blood cells of yellow-bellied slider turtles

(Trachemys scripta scripta) have been recently described

(Hern�andez et al., 2016), no previous cytochemical char-

acterization of blood cells of turtles of the genus Trache-

mys has been reported.

The yellow-bellied slider (Trachemys scripta scripta

Schoepff, 1792) is a chelonian belonging to the suborder

Cryptodira and to the family Emydidae. The Trachemys

genus includes 15 species, all of them distributed by the

American continent, bound to freshwater environments.

The species Trachemys scripta includes three different but

closely related subspecies (T. scripta elegans, T. scripta

scripta and T. scripta troostii), being all of them semi-

aquatic and mainly carnivorous/omnivorous (Ernst and

Barbour, 1989; Frank and Ramus, 1995; Boyer and Boyer,

2006; Fritz and Havas, 2007). The yellow-bellied slider is

native to the southeastern United States (Fritz and Havas,

2007).
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The classification of blood cells from the yellow-bellied

slider is relevant mainly given: (1) the increasing preva-

lence of these reptiles as pets and as patients at the veteri-

nary hospitals around the world due to the ban on the

import of red-eared sliders (Trachemys scripta elegans)

into the European Union as a potentially invasive species,

after which the pet turtle farming industry partly shifted

to T. scripta scripta (IUCN, 2017); and (2) the recent and

intensive study of both subspecies in captivity in clinical

settings and research trials (Li et al., 2010; Guirlet and

Das, 2012; Mans et al., 2012; Allender et al., 2013; Kri-

voruchko and Storey, 2013; Joyce and Wang, 2014; Kitana

and Callard, 2014).

This paper provides a cytochemically-based morpho-

logical classification of the blood cells of the yellow-bel-

lied slider (Trachemys scripta scripta) as a useful reference

for clinical settings and haematological studies of this spe-

cies.

Materials and Methods

Animals

Seven male and eight female adult yellow-bellied sliders

(mean straight carapace length, SCL: 15.79 � 4.36 cm;

mean weight: 0.83 � 0.56 kg) were used. All the speci-

mens were obtained from private collections from Gran

Canaria Island; turtles had been maintained in outdoor

facilities under natural conditions and fed mainly with

commercial diets. The animals were treated according to

the guidelines specified by the Spanish Ministry of Agri-

culture, Food and Environment and under the control of

the ethical commission of Veterinary Medicine of the

University of Las Palmas de Gran Canaria (agreement

MV-2014/06).

Blood obtaining and cytochemical stains

Blood samples (0.5 ml) were collected from the dorsal

coccygeal vein, avoiding the extraction of lymphatic liq-

uid and discarding the contaminated samples (L�opez-

Olvera et al., 2003; Innis et al., 2007). Anti-coagulants

were not used to avoid altering cell morphology or stain-

ing properties (Muro et al., 1998). Blood smears were

prepared immediately after blood collection and air-dried.

Two blood smears of each turtle were stained with a

quick Romanowsky-type stain (Diff-Quick, Panreac

Qu�ımica SAU, Barcelona, Spain; Casal and Or�os, 2007).

For each turtle, twenty erythrocytes and at least ten of

each other cell type were measured (area, perimeter, max-

imum length and minimum length) using an image anal-

ysis program (Image-Pro Plus Software v4.5, Media

Cybernetics, Rockville, MD, USA).

Two blood smears from each turtle were also stained

with the following cytochemical stains: benzidine peroxi-

dase (PER), chloroacetate esterase (CAE), alpha-naphthyl

butyrate esterase with sodium fluoride (NBEF) and with-

out sodium fluoride (NBENF), acid phosphatase with tar-

taric acid (ACPT) and without tartaric acid (ACPNT),

Sudan black B (SBB), periodic acid–Schiff (PAS) and

toluidine blue (TB; Casal and Or�os, 2007), using com-

mercial kits (Sigma-Aldrich Inc., St Louis, MO, USA) and

following the protocols given by the manufacturers except

for NBEF (Vives and Aguilar, 1988) and TB (Caballero

et al., 1993). Healthy human blood smears were used as

controls to ensure that the staining procedure was per-

formed correctly.

Statistical analysis

The means and standard deviations (SD) of the cell

dimensions and a mixed-effect model that compared the

cells between the sexes (Laird and W€are, 1982) were

obtained using R statistical software, version 3.1.0 (R

Development Core Team, Vienna, Austria).

Results

Dimensions of the blood cells for both sexes of yellow-

bellied sliders are shown in Table 1

Erythrocytes were oval with a pale blue–purple cytoplasm

and a dark violet–blue oval or round nucleus. Immature

erythrocytes had a more rounded shape, bigger nucleus

and increased cytoplasmic basophilia. Immature erythro-

cytes were typically smaller than mature ones, but the size

depended on the maturation stage of the cell. Some ery-

throcytes had small basophilic intracytoplasmic inclu-

sions, usually a single inclusion near the nucleus.

Erythrocytes were positive for PAS (Fig. 1), NBE (with

and without sodium fluoride) and ACP (with and with-

out tartaric acid; Table 2).

Heterophils were round cells with an eccentric, dark

purple oval or round nucleus with clumped chromatin.

Some heterophils had a lobulated nucleus. The abundant

cytoplasm was filled with eosinophilic and fusiform or

pleomorphic granules (Fig. 2). Heterophils were positive

for all the cytochemical stains except TB (Table 2, Fig. 3).

Eosinophils were very similar to heterophils in shape

and size, with an eccentric, purple oval or round nucleus

with clumped chromatin. The cytoplasm was pale pink to

weak purple, with a moderate number of small round

pink–red granules (Fig. 4a). These cells were positive for

ACP (with and without tartrate; Fig. 4b), NBE (without

sodium fluoride), CAE and PAS and moderately positive

for SBB (Table 2).
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Table 1. Mean and standard deviation, separated by sex, of the dimensions of the blood cells of yellow-bellied sliders (Trachemys scriptas cripta)

on blood smears (all dimensions are shown in lm, except area, in lm2)

Cell Variable Global n = 15 Males n = 7 Females n = 8 P

Erythrocytes Maximum length cytoplasmica 18.42 � 1.53 18.49 � 1.53 18.36 � 1.52 .731

Maximum length nucleara 5.45 � 0.47 5.52 � 0.43 5.38 � 0.49 .329

Minimum length cytoplasmica 11.46 � 0.95 11.51 � 0.97 11.78 � 0.91 .393

Minimum length nucleara 4.57 � 0.39 4.58 � 0.40 4.55 � 0.38 .806

Cytoplasmic area 176.9 � 22.47 175.6 � 22.4 178.2 � 22.53 .696

Nuclear area 19.97 � 2.84 20.35 � 2.77 19.64 � 2.87 .498

Cytoplasmic perimeter 48.43 � 3.31 48.42 � 3.25 48.45 � 3.38 .971

Nuclear Perimeter 15.86 � 1.22 16.04 � 1.22 15.70 � 1.20 .416

Heterophils Maximum length cytoplasmica 12.41 � 1.94 12.26 � 2.25 12.54 � 1.63 .751

Maximum length nucleara 7.61 � 0.9 7.65 � 0.95 7.58 � 0.85 .633

Minimum length cytoplasmica 11.36 � 1.73 11.28 � 1.94 11.43 � 1.54 .857

Minimum length nucleara 4.95 � 0.99 4.83 � 1.13 5.05 � 0.84 .319

Cytoplasmic area 113.2 � 33.47 111.8 � 38.21 114.5 � 28.95 .875

Nuclear area 29.19 � 7.59 28.60 � 8.62 29.71 � 6.59 .498

Cytoplasmic perimeter 37.48 � 5.66 37.13 � 6.55 37.79 � 4.77 .804

Nuclear Perimeter 19.96 � 2.41 19.83 � 2.68 20.08 � 2.16 .619

Eosinophils Maximum length cytoplasmica 13.56 � 1.54 13.28 � 1.34 13.80 � 1.66 .412

Maximum length nucleara 7.57 � 1.11 7.62 � 1.16 7.53 � 1.07 .757

Minimum length cytoplasmica 11.62 � 1.32 11.92 � 1.41 11.36 � 1.18 .251

Minimum length nucleara 4.76 � 1.12 4.55 � 1.09 4.95 � 1.11 .413

Cytoplasmic area 123.8 � 22.5 126.6 � 25.34 121.3 � 19.46 .531

Nuclear area 28.39 � 8.1 27.53 � 8.09 29.15 � 8.09 .648

Cytoplasmic perimeter 39.9 � 3.66 40.04 � 3.85 39.78 � 3.49 .856

Nuclear Perimeter 20.0 � 2.99 19.77 � 3.19 20.21 � 2.80 .738

Basophils Maximum length cytoplasmica 8.69 � 0.98 8.68 � 1.03 8.70 � 0.93 .942

Maximum length nucleara 6.33 � 0.88 6.29 � 0.84 6.36 � 0.91 .804

Minimum length cytoplasmica 7.89 � 0.84 7.86 � 0.88 7.92 � 0.82 .820

Minimum length nucleara 5.63 � 0.88 5.62 � 0.85 5.65 � 0.90 .933

Cytoplasmic area 54.39 � 11.54 54.51 � 11.90 54.28 � 11.27 .965

Nuclear area 29.06 � 8.03 28.72 � 7.79 29.37 � 8.27 .804

Cytoplasmic perimeter 26.16 � 2.81 26.16 � 2.94 26.15 � 2.71 .987

Nuclear Perimeter 18.82 � 2.64 18.73 � 2.53 18.90 � 2.74 .864

Lymphocytes Maximum length cytoplasmica 9.25 � 1.33 9.00 � 1.21 9.47 � 1.39 .032b

Maximum length nucleara 8.05 � 0.95 7.83 � 0.94 8.24 � 0.92 .062

Minimum length cytoplasmica 8.04 � 0.99 7.97 � 0.96 8.11 � 1.01 .501

Minimum length nucleara 6.84 � 0.83 6.74 � 0.89 6.93 � 0.76 .226

Cytoplasmic area 58.21 � 13.62 55.99 � 13.06 60.20 � 13.87 .109

Nuclear area 43.89 � 9.58 42.08 � 10.13 45.50 � 8.81 .107

Cytoplasmic perimeter 27.67 � 3.42 26.67 � 3.24 27.80 � 3.50 .046b

Nuclear Perimeter 23.62 � 2.64 23.03 � 2.66 24.15 � 2.53 .055

Monocytes Maximum length cytoplasmica 12.57 � 1.63 12.48 � 1.54 12.65 � 1.70 .558

Maximum length nucleara 9.58 � 1.04 9.39 � 0.95 9.74 � 1.10 .252

Minimum length cytoplasmica 10.59 � 1.23 10.51 � 1.16 10.66 � 1.29 .494

Minimum length nucleara 7.08 � 0.82 6.92 � 0.82 7.22 � 0.81 .101

Cytoplasmic area 104.3 � 21.87 103.65 � 20.99 104.87 � 22.72 .796

Nuclear area 53.64 � 8.97 51.84 � 8.78 55.21 � 8.89 .153

Cytoplasmic perimeter 36.57 � 4.0 36.23 � 3.67 36.96 � 4.27 .427

Nuclear Perimeter 27.04 � 2.73 26.43 � 2.30 27.57 � 2.98 .187

Standard thrombocytes Maximum length cytoplasmica 15.08 � 2.31 14.80 � 2.33 15.43 � 2.26 .479

Maximum length nucleara 8.96 � 0.9 9.08 � 0.79 8.82 � 1.02 .305

Minimum length cytoplasmica 5.76 � 0.82 5.76 � 0.83 5.76 � 0.82 .971

Minimum length nucleara 4.43 � 0.53 4.44 � 0.57 4.42 � 0.48 .870

Cytoplasmic area 71.15 � 16.55 70.62 � 17.93 71.79 � 14.89 .889

Nuclear area 32.97 � 5.47 33.57 � 5.67 32.25 � 5.20 .513

Cytoplasmic perimeter 35.4 � 4.91 34.75 � 4.97 36.19 � 4.78 .449

Nuclear Perimeter 22.23 � 1.89 22.46 � 1.72 21.95 � 2.05 .416
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Basophils were smaller than heterophils and eosinophils

and they were round with a central-to-eccentric rounded

nucleus. The usually scarce cytoplasm contained numer-

ous round basophilic granules of different sizes, which

often masked the nucleus. Basophils were positive for TB

(Fig. 5), PAS, CAE and weakly positive for ACP (with

and without tartrate). Basophils showed metachromatic

granules after NBE staining (with and without sodium

fluoride; Table 2).

Lymphocytes ranged from small to medium–large sized

cells, with a rounded shape and a round purple–blue
nucleus containing highly clumped chromatin. The scant,

pale blue cytoplasm surrounded the nucleus (Fig. 6a).

The visually estimated nucleus:cytoplasm area ratio was

0.75. Proportionally, bigger lymphocytes had more cyto-

plasm than smaller ones, and some of the measurements

were bigger in females than in males (Table 1). Lympho-

cytes were positive for ACP (with and without tartrate)

and weakly positive for NBE (with and without sodium

fluoride), CAE and PAS (Table 2).

Table 1. (continued)

Cell Variable Global n = 15 Males n = 7 Females n = 8 P

Pleomorphic thrombocytes Maximum length cytoplasmica 7.31 � 1.02 7.28 � 1.05 7.33 � 1.00 .829

Maximum length nuclear a 6.30 � 0.76 6.30 � 0.80 6.29 � 0.73 .929

Minimum length cytoplasmica 5.82 � 830 5.72 � 0.72 5.90 � 0.91 .449

Minimum length nucleara 5.01 � 0.67 4.96 � 0.66 5.04 � 0.68 .723

Cytoplasmic area 33.19 � 7.66 32.36 � 7.08 33.91 � 8.11 .473

Nuclear area 24.94 � 5.13 24.64 � 5.08 25.20 � 5.19 .759

Cytoplasmic perimeter 20.83 � 2.54 20.61 � 2.46 21.02 � 2.61 .579

Nuclear Perimeter 17.97 � 1.92 17.88 � 1.99 18.04 � 1.86 .836

aDiameter.
bA difference between males and females was considered significant when P < 0.05.

Fig. 1. Several Trachemys scripta scripta erythrocytes showing small

PAS-positive inclusions. Bar = 9.2 lm.

Table 2. Cytochemical staining characterization of blood cells of yel-

low-bellied sliders (Trachemys scripta scripta)

Blood cell

Cytochemical stains

ACPa

PER

NBEb

CAE SBB PAS TBT NT F NF

Erythrocyte +/� +/� +/� � +/� � � +/� �
Heterophil + + + + + + + + �
Eosinophil + + � � + + � + �
Basophil � � � + + + � + +

Lymphocyte + + � � � � � � �
Monocyte + + � � + + � + �
Thrombocyte � � � + + � � + �

ACP, acid phosphatase; PER, benzidine peroxidase; NBE, alpha-

naphthyl butyrate esterase; CAE, chloroacetate esterase; SBB, Sudan

black B; PAS, periodic acid–Schiff; TB, toluidine blue.

+, positive; �, negative; �, moderately positive; +/�, some positive,

some negative.
aTwo ACP stains were made. (T): with tartaric acid and (NT): without

tartaric acid.
bTwo NBE stains were made. (F): with sodium fluoride and (NF): with-

out sodium fluoride.

Fig. 2. Heterophil (arrow) of T. scripta scripta stained with Diff-Quick.

Note the fusiform/pleomorphic eosinophilic granules. Bar = 7.8 lm.
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Monocytes were bigger than lymphocytes, very often

being round. The nuclei were purple-blue, with a less

clumped chromatin pattern than in lymphocytes, and fre-

quently fusiform, kidney-like or indented. The cytoplasm,

which was more abundant than in lymphocytes, was pale

blue and sometimes contained tiny basophilic and eosino-

philic granules (Fig. 6b). The visually estimated nucleus:-

cytoplasm area ratio was approximately 0.5. Monocytes

were positive for ACP (with and without tartrate), NBE

(without sodium fluoride, CAE and PAS; Table 2).

In this study, two types of thrombocytes were identi-

fied: standard thrombocytes and pleomorphic or reactive

thrombocytes. Standard thrombocytes had an oval shape,

with an oval dark violet-blue nucleus with clumped chro-

matin. Pleomorphic thrombocytes were rounded and

small, with a rounded and more basophilic nucleus. The

cytoplasm was pale blue, sometimes transparent, and

(a) (b)

Fig. 3. (a) Heterophil (arrow) of T. scripta scripta showing positive chloroacetate esterase stain. Bar = 7.8 lm. (b) Heterophil (arrow) of T. scripta

scripta showing positive Sudan black B stain closely to a thrombocyte (arrowhead) not stained. Bar = 6.5 lm.

(a) (b)

Fig. 4. (a) Eosinophil (arrow) of T. scripta scripta stained with Diff-Quick. Note the cytoplasmic tinny pink granules. Bar = 7.8 lm. (b) Eosinophil

(arrow) showing positive acid phosphatase without tartaric acid stain. Bar = 9.2 lm.

Fig. 5. Two basophils (arrows) of T. Scripta scripta showing positive

toloudine blue stain. Bar = 6.9 lm.
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scarce in the pleomorphic thrombocytes. In the elongated

forms, the cytoplasm showed rounded and refractive

structures, possibly vacuoles, at both sides of the nucleus.

In many blood smears, pleomorphic thrombocytes were

aggregated. Both thrombocyte types stained strongly with

PAS and NBE (with and without fluoride; Fig. 7a,b), and

in the elongated cells, the reaction was stronger in the

areas where the refractive structures had been detected by

Romanowsky staining (Table 2).

Discussion

The morphologic characteristics of erythrocytes from yel-

low-bellied sliders in this study were similar to those

reported in other chelonians (Sypek and Borysenko, 1988;

Alleman et al., 1992; Work et al., 1998; Casal and Or�os,

2007; Innis et al., 2007; Chung et al., 2009; Chansue

et al., 2011; Arizza et al., 2014). It was the biggest blood

cell in this species, with a mean area of 176.9 lm2, very

similar to that reported in other chelonian species (Frye,

1991), including sea turtles (Work et al., 1998; Casal and

Or�os, 2007) and other emydids (Frye, 1991; Innis et al.,

2007; Chung et al., 2009; Chansue et al., 2011; Arizza

et al., 2014). Immature erythrocytes had the typical mor-

phology described in other reptiles (Alleman et al., 1992;

Campbell and Ellis, 2007; Irizarry, 2010; Chansue et al.,

2011). The small basophilic intracytoplasmic inclusions

observed in some erythrocytes have been described

(a) (b)

Fig. 6. (a) Small lymphocyte (arrow) of T. scripta scripta stained with Diff-Quick. Note the scarce blue cytoplasm. Bar = 7.3 lm. (b) Monocyte (ar-

row) of T. scripta scripta stained with Diff-Quick. Note the presence of eosinophilic and basophilic dust-like granules in the cytoplasm.

Bar = 6.1 lm.

(a) (b)

Fig. 7. (a) Thrombocyte (arrow) of T. scripta scripta showing positive periodic acid–Schiff stain. Note that the main staining is concentrated in the

nuclear edges. Bar = 7.8 lm. (b) Pleomorphic thrombocyte (arrow) of T. scripta scripta showing positive alpha-naphthyl butirate esterase (without

sodium fluoride) stain. Note the presence of an erythrocyte with a positive inclusion (*). Bar = 6.9 lm.
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previously in other reptiles and are believed to be a nor-

mal and physiologic finding in healthy chelonians (Alle-

man et al., 1992; Work et al., 1998; Campbell and Ellis,

2007; Casal and Or�os, 2007; Basile et al., 2011; Chansue

et al., 2011). Some authors identified these inclusions as

degenerating organelles (Work et al., 1998; Casal et al.,

2007; Chung et al., 2009), while others described them as

haemoglobin precipitates (Basile et al., 2011). Davis and

Holcomb (2008) stated that the development of these

inclusions in the painted turtle (Chrysemys picta picta)

was associated with the cell maturation process.

The positive reactions for PAS, NBE and ACP in yel-

low-bellied sliders’ erythrocytes were not described before

in other chelonians (Work et al., 1998; Casal and Or�os,

2007; Chung et al., 2009). The similar shape and intracy-

toplasmic location suggest that these positive granules

correspond to the basophilic inclusions detected after

Romanowsky staining.

Based on the results obtained during this study, and

according to the ultrastructural characteristics previously

published (Hern�andez et al., 2016), we classified five types

of white blood cells in yellow-bellied sliders: heterophils,

eosinophils, basophils, lymphocytes and monocytes, simi-

lar to those described in members from the family Emy-

didae (Innis et al., 2007; Chung et al., 2009; Arizza et al.,

2014) and in sea turtles (Work et al., 1998; Casal and

Or�os, 2007).

Light microscopy showed that heterophils from yellow-

bellied sliders were morphologically similar to those

described for other reptiles (Sypek and Borysenko, 1988;

Bounous et al., 1996; Campbell and Ellis, 2007; Salakij

et al., 2014). This leucocyte was a big sized cell, but its

average area (113.2 lm2) was smaller than the eosinophil

area in this species, and similar to those described in

other related species (Innis et al., 2007; Chansue et al.,

2011; Arizza et al., 2014); however, the heterophil from

Asian yellow pond turtles (Ocadia sinensis) was the big-

gest leucocyte for that species (Chung et al., 2009). The

cytochemical pattern of the heterophils from yellow-bel-

lied sliders was different from the cytochemical patterns

reported for other reptiles because heterophils stained

with all the cytochemical stains except for TB. Hetero-

phils from other freshwater turtles had different enzymes:

heterophils from Asian yellow pond turtles stained with

PER (Chung et al., 2009); heterophils from black-bellied

slider turtles (Chrysemys dorbignih) stained with non-spe-

cific esterase, peroxidase and phosphatases (Azevedo and

Lunardi, 2003); and heterophils from yellow-headed tem-

ple turtles (Hieremys annandalii) stained with peroxidase,

SBB, acid and alkaline phosphatases, a-naphthyl acetate

esterase and PAS (Chansue et al., 2011). Heterophils from

green turtles (Chelonia mydas) stained only with NBE

and PAS (Work et al., 1998), and heterophils from

loggerhead turtles (Caretta caretta) stained with ACP,

PER, CAE and SBB and moderately with PAS (Casal and

Or�os, 2007). The different enzymes present in different

chelonian heterophils could indicate different response

pathways in the course of acute inflammation.

Eosinophils from yellow-bellied sliders were homoge-

neous in size, unlike eosinophils from green turtles

(Work et al., 1998) and Kemp’s Ridley turtles (Lepi-

dochelys kempi; Cannon, 1992), which are large as well as

small. Eosinophils were the biggest leucocytes in yellow-

bellied sliders with an average area of 123.8 lm2, similar

to other chelonians (Casal and Or�os, 2007; Innis et al.,

2007), but opposed to yellow-headed temple turtles, in

which the eosinophil was the smallest granulocyte with a

diameter of 10.61 lm (Chansue et al., 2011). In our

study, eosinophils were stained with ACP, NBE without

sodium fluoride, CAE, PAS and moderately with SBB.

This cytochemical pattern was different than those

described for other members of the family Emydidae,

which had peroxidase-positive eosinophils (Azevedo and

Lunardi, 2003; Chung et al., 2009; Chansue et al., 2011);

however, it was similar to that reported for loggerhead

sea turtles, except for the NBE staining (Casal and Or�os,

2007).

Basophils were abundant in yellow-bellied slider blood,

similar to those described in desert tortoises (Gopherus

agassizii; Christopher et al., 1999) and head-started

northern red-bellied cooters (Pseudemys rubriventris; Innis

et al., 2007), but the opposite of those described in sea

turtles (Cannon, 1992; Work et al., 1998; Casal and Or�os,

2007). Basophils were the smallest leucocytes in yellow-

bellied sliders with an average area of 54.39 lm2.

Although basophils from most emydids (Innis et al.,

2007; Chung et al., 2009; Chansue et al., 2011) were big-

ger than those reported in our study, the cytoplasmic and

nuclear measurements of this cell in Sicilian pond turtles

(Emys trinacris; Arizza et al., 2014) were very close to

those observed in our study. Although basophils were

morphologically similar to those described in other rep-

tiles (Campbell and Ellis, 2007), their cytochemical pat-

tern was unique among reptile species (Alleman et al.,

1992; Work et al., 1998; Mart�ınez-Silvestre et al., 2005;

Chung et al., 2009; Casal and Or�os, 2007; Chansue et al.,

2011).

Small and large lymphocytes from yellow-bellied sliders

were morphologically similar to those reported in other

reptiles (Sypek and Borysenko, 1988; Irizarry, 2010), and

as seen in this investigation, many chelonian species have

shown dimension variability in their lymphocytes

(Mart�ınez-Silvestre, 1994; Wilkinson, 2004). In our study,

lymphocytes from female turtles were significantly bigger

than those from males. Arizza et al. (2014) did not report

cell size differences between male and female Sicilian
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pond turtles. After Romanowsky staining, small lympho-

cytes were sometimes difficult to distinguish from pleo-

morphic thrombocytes, as described in other reptile

species (Alleman et al., 1992; Bounous et al., 1996; Iri-

zarry, 2010). Lymphocytes stained strongly with ACP and

weakly with NBE, CAE and PAS. This cytochemical pat-

tern was similar to that of yellow-headed temple turtles

(Chansue et al., 2011), but different from those of other

chelonians (Work et al., 1998; Casal and Or�os, 2007;

Chung et al., 2009).

Monocytes from yellow-bellied sliders were similar to

those described in sea turtles (Work et al., 1998; Casal

and Or�os, 2007). With an average area of 104.3 lm2, it

was the third leucocyte in size after eosinophils and het-

erophils, very similar to that described in other chelonian

species (Innis et al., 2007; Casal and Or�os, 2007; Chung

et al., 2009; Arizza et al., 2014; Carrascal-Vel�asquez et al.,

2014). A small percentage of monocytes showed eosino-

philic and basophilic dust-like intracytoplasmic granules,

making them partially compatible with the description of

azurophil given by some authors (Campbell and Ellis,

2007; Strick et al., 2007; Irizarry, 2010). Despite this fact,

because the cytochemical pattern for all monocytes both

the ‘regular’ and ‘dust-like cytoplasm’ cells was the same,

both cells were classified as monocytes. Although there

are descriptions of azurophils in chelonians (Keller et al.,

2004), those were not based on cytochemical studies.

When a cytochemical characterization was performed,

azurophils were not identified in most chelonians (Can-

non, 1992; Work et al., 1998; Casal and Or�os, 2007),

except for yellow-headed temple turtles (Chansue et al.,

2011). Monocytes stained with Romanowsky stain can be

misidentified as big lymphocytes, even when working

with fresh blood smears to avoid morphological alter-

ations (Work et al., 1998). Although monocytes shared

many cytochemical characteristics with lymphocytes, the

key to differentiating between them is that the NBE stain

with sodium fluoride was inhibited in monocytes. The

cytochemical pattern of monocytes from yellow-bellied

sliders was very similar to that reported for green turtles

(Work et al., 1998).

We considered the two types of thrombocytes identi-

fied in our study as different activation stages of the same

cell. Light microscopy showed thrombocytes from yellow-

bellied sliders to be similar to those reported for other

reptiles (Campbell and Ellis, 2007). Pleomorphic or

rounded cells were found, typically in aggregates, even

when using fresh samples; these are believed to be reac-

tive or activated forms that could develop during the

blood extraction (Pellizzon et al., 2002; Campbell and

Ellis, 2007; Irizarry, 2010) and are the smallest blood cells

with an average area of 33.19 lm2. Standard thrombo-

cytes showed similar shape and size than those described

in other emydids (Innis et al., 2007; Carrascal-Vel�asquez

et al., 2014). Sometimes, round and small thrombocytes

were difficult to distinguish from small lymphocytes after

Romanowsky staining, even though their nuclei had a

more clumped chromatin pattern than lymphocytes and

also had a less coloured cytoplasm. Unlike lymphocytes,

however, thrombocytes only stained with NBE and PAS,

as occurs in other reptiles (Work et al., 1998; Alleman

et al., 1999; Harr et al., 2001).

In conclusion, this study provides the first cytochemical

classification of blood cells of the yellow-bellied slider

(Trachemys scripta scripta) and may serve as a useful

guideline for clinical settings and further haematological

studies of this species.
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