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Blood smears stained with Diff Quick are the initial tool for cytological diagnosis of
Haemaogregarina spp. However, the development of sensitive and specific molecular
methods enabled the detection and identification of parasites in the sample and to
clarify the evolutionary relationships of adeleorinid parasites within the Apicomplexa.

The current study was attempted in order to perform cytological investigation and
molecular identification of the hemoparasites in thirty European pond turtles (Emys
orbicularis) from the quarantine section at Belgrade Zoo, which have been found in poor
health condition with massive skin hemorrhages, based on intraerythrocytic parasitic
forms on hematological smears and 18S tDNA sequence, respectively.

Different life cycle stages of the Haemogregarina sp. were noticed within the erythrocytes
in the peripheral blood. Biochemical analysis indicated lower values of AST and iron in
most of the infected turtles while hematological analysis showed a changed hematocrit
value, a decrease in the number of red blood cells and low hemoglobin levels.
Amplifications of the 18S tDNA sequence of Haemogregarina were detected in 30/30
(100%) turtles with clinical symptoms. The identity of PCR products was confirmed
by direct DNA sequencing. Future research concerning H. stepanowi in Serbia should be
applied to its definitive host-the leech.
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INTRODUCTION

Genus Haemogregarinainfects turtles living within or nearby freshwater habitats. Infected
turtles are in poor health condition, with general weakness, low motility and anorexia.
Necrotic ulcerations of the shell and skin as well as massive skin hemorrhages are
common macroscopic findings [1]. Among reptiles, genus Haemogregarina Danilewsky,
in 1885 included in Phylum Apicomplexa, Class Sporogoasida, Order Adeleina, Suborder
Aldeleorina, Family Haemogregarinidae was recorded in turtles 2], lizards [3,4] and
crocodiles [5]. Haemogregarina species infect lower vertebrates as intermediate hosts
and leeches as definitive hosts. The pattern of sporogony followed by merogony and
migration of merozoites to the salivary tissue prior to infecting the next host appears
to be common to all haemogregarines that utilize leeches as their definitive hosts [0].
An infected leech feeding on reptiles injects merozoites into the bloodstream initiating
the preerythrocytic merogony in the lungs, liver and spleen of the reptile host,
producing about 18 merozoites. Secondary merogony takes place in the erythrocytes
where different parasitic stages including the gamonts are formed [2,7-9].

The most important tools to learn about the physiological adaptations of reptiles
to special environmental conditions are haematology and blood cytology [10].
Blood smears stained with Diff Quick are the initial tool for cytological diagnosis
of Haemogregarina spp. However, the development of sensitive and specific molecular
methods (e.g. PCR) enabled the detection and identification of parasites in the sample,
as well as the investigation and elucidation of the evolutionary relationships of
adeleorinid parasites within the Apicomplexa [11,12].

No previous work has been conducted on the prevalence and intensity of parasitemia,
as well as on cytological and molecular identification of haemogregarines in protected
species of Buropean pond turtle (Ewys orbiculars) in Serbia. The current study is aimed
to the cytological investigation and molecular identification of the hemoparasites in
E. orbicularis from the quarantine section at Belgrade Zoo, based on intraerythrocytic
parasitic forms and 18S rDNA sequence, respectively, showing poor health condition
and massive skin hemorrhages.

MATERIAL AND METHODS

Animals

Thirty (15 male and 15 female) European pond turtles (E. orbicularis) aged from 5 to 15
years, seized in transit through Serbia and temporarily held in the quarantine section at
Belgrade Zoo, have been found in poor health condition, with general weakness and
anorexia. Clinical signs consisted also of necrotic ulcerations of the shell and skin, as
well as massive skin hemorrhages. In addition six adult clinically healthy European
pond turtles (3 male and 3 female) served as control animals in this investigation.
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Each tested turtle was marked with a unique identification number stamped on the
marginal scute. After clinical investigation, which included inspection and palpation,
as well as detailed macroscopic examination of the skin, plastron and carapace, blood
samples were taken for cytological, hematological and biochemical analysis as well as
for molecular identification (PCR).

Blood smears

Blood samples (2-3 ml) from all 36 European pond turtles (E. orbicularis) were
collected from the subvertebral vein sinus using 23 G X 1 Luer needles. Blood smears
were prepared immediately on microscopic slides and air-dried at 18 - 20°C for 1 hour.
Air dried and fixed hematological smears were stained with Diff Quick (Hemacolot®™
Merck). The stained slides were examined with the immersion objective on Olympus
BX51® microscope (Olympus, Japan). Pictures were taken with Olympus Color View
II1* digital camera (Olympus, Japan).

Biochemical and hematological analysis

Whole blood was placed in heparinized tubes, centrifuged immediately, than plasma was
frozen (-20°C) and analysed within 24 hours using an automated analyser (Biosystems
A15, Biosystems, Spain) for total protein (TP), glucose, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), phosphorus (P), calcium (Ca) and iron (Fe).

Haematocrit was measured by microhaematocrit tubes. Haemoglobin (Hb) and
total red and white cell counts were determined by analyser ADVIA 120 (Siemens,
Germany).

Molecular investigation

DNA extraction

From each turtle, 200 pl of blood was used for DNA extraction. The extraction
was performed using the commercial set “Gene]ET Whole Blood Genomic DNA
Purification Mini Kit” (Thermo Scientific, USA; Cat. No K0781) according to

manufacturet’s instructions.

PCR

For PCR amplification we used primers (EI': 5-GAAACTGCGAATGGCTCATT-3
and ER: 5-CTTGCGCCTACTAGGCATTC-3’) designed by Kvicerova et al. (2008)
[13] and amplifying up to 1500 bp long fragments of 18S rRNA gene sequence of
Haemogregarina. Amplifications were performed in 25 pl reactions containing: 1 x
reaction buffer, 0.5 mM MgCl,, 200 uM dNTP, 0.02 U/uL Tag polimerase (Kapa
Biosystems, USA) and 0.4 pM of each primer. The reaction was performed with 3 uLL
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of DNA tamplate. For all amplifications, MultiGene Gradient PCR thermocycler
(Labnet International Inc, USA) was used. The thermal protocol consisted of an
initial denaturation step at 95°C at 4 min, followed by 35 cycles of denaturation (95°C,
30 sec), annealing (58°C, 30 sec) and DNA extension (72°C, 90 sec) with the final
extension step at 72°C for 10 min. DNA obtained from Haemogregarina stepanowi was
used as a positive control for PCR, while DNA/RNA free water was used as negative
control. After PCR amplification, the PCR products were visualized with UV light after
staining the 2% agarose gel with ethidium bromide. A commercial O’RangeRulerTM
100bp DNA Ladder (Fermentas, Lithuania) was used as a molecular size marker.

DNA sequencing

Obtained PCR products were directly sequenced in two directions using the BigDye®
Terminator method in an ABI 3730XL automatic DNA sequencer (Macrogen Europe,
The Netherlands). Sequence similarity analysis was performed using the BioEdit
version 7.2.5 [14] and Clustal W software.

Ethics

All European pond turtles (E. orbicularis) as protected animal species were examined
according to the national law on the care and considering all ethical requirements.
The investigation was done with permission of the Ministry of Agriculture and
Environmental Protection of the Republic of Serbia and the blood samples were
obtained for analyses under permission code 119-01-13-2-2015-09.

RESULTS

Clinical investigation

Infection of BEuropean pond turtles (E. orbicularis) with Haemogregarina sp. was present
in 30/30 (100%) examined animals. All 30 turtles included in this study were found with
severe shell necrosis on the plastron and carapace, as well as massive skin hemorrhages
mostly in the inguinal regions (Figures 1). No Haemogregarina sp. were present in the
blood of 6 clinical healthy control turtles. In addition, no leeches were detected on
Haemogregarina-positive or clinically healthy turtles.
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Figure 1. Macroscopic changes, a) Shell necrosis on the plastron; b) Massive skin hemorrhages
in the inguinal region

Blood smears cytology

On the blood smears of all 30 animals, infected erythrocytes showed signs of alteration
in shape and size. Altered red blood cells often were elongated, curved, pear-shaped

with eccentric and atrophic nuclei. Parasite species and their characteristics were
identified according to Telford [15].

Premeront (Figure 2a) and U-shaped gamont (Figure 2b) of the Haemogregarina sp.
were noticed inside the erythrocytes in the peripheral blood.

No infected erythrocytes were found in 6 clinically healthy turtles from the control
group.

X
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Figure 2. European pond turtle blood smear, a) Premeront of the Haemogregarina stepanowi
(arrow); b) U-shaped gamont of Haemogregarina stepanowi (arrow) with eccentric nucleus of the
erythrocyte, Diff Quick

Biochemical and hematological analysis

Biochemical analysis indicated lower values of AST, ALT and iron concentration
in most of the infected turtles while hematological analysis showed changes of
hematocrit, decrease in the number of red blood cells and low hemoglobin levels in
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the blood (Table 1). The other parameters and values obtained by analyzing samples
originating from 6 clinically healthy turtles were within the normal range.

Table 1. Some biochemical and hematological values of turtles infected with Haenogregarina
Stepanowi

Erythrocyte Hemoglobin Hematocrit ALT AST Fe
x 10°cell/ml (%) (%) IU/L 1IU/L pmol/L
v:{helf;s 0.5-1.5 5-8.4 18-25 2.9-20.3 81.2-197.2 8.96-18.27
1 0.3 3.4 12.0 5.6 71.0 6.9
2 0.5 5.8 22.0 121 494.4 0.9
3 0.6 6.2 24.0 3.8 37.8 8.5
4 0.4 4.0 15.0 35 46.3 5.2
5 0.7 7.7 28.0 4.2 92.4 8.3
6 0.6 6.0 23.0 4.7 103.0 8.9
7 0.5 4.9 9.0 2.0 96.4 5.9
8 0.3 3.0 10.5 3.5 49.2 1.9
9 0.3 3.1 12.0 6.5 118.3 15.3
10 0.4 3.7 13.0 5.1 82.2 0.3
11 0.4 3.9 15.0 0.1 19.5 9.8
12 0.6 6.0 23.0 0.9 37.9 114
13 0.4 4.2 15.0 4.8 96.1 7.9
14 0.6 6.5 24.0 3.7 90.8 12.8
15 0.4 3.4 12.0 4.2 93.1 15.0
16 0.4 4.0 15.0 3.9 65.7 2.3
17 0.4 42 16.0 33 69.0 11.9
18 0.3 33 13.0 4.0 90.3 12.5
19 0.3 3.1 12.0 2.3 28.7 0.1
20 0.3 2.7 11.0 7.9 96.4 74.1
21 0.5 53 19.0 2.4 73.5 12.8
22 0.5 53 19.0 9.1 65.9 8.9
23 0.3 3.0 10.5 2.9 232 2.2
24 0.4 3.5 12.0 2.9 76.2 7.9
25 0.1 1.0 5.0 5.0 59.0 3.3
26 0.1 1.5 7.0 3.0 36.1 12.3
27 0.1 1.7 8.0 4.3 48.3 0.3
28 0.3 32 15.0 4.4 70.9 5.2
29 0.3 33 15.0 5.1 80.2 0.3
30 0.5 35 16.0 3.5 90.2 5.2
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Molecular investigation (PCR)

The amplifications of 18S rDNA sequence were detected microscopically in 30/30
(100%) Haemogregarina-positive turtles. All PCR products were of the same size as the
amplicon of H. stepanowi that was used as a positive control (Figure 3).

M 1 2 3 4 5 6 7 8 9 K+

Figure 3. PCR amplicons of Haemogregarina 185 rDNA sequence; M — Ladder, 1-9 — Tested
samples, K+ Positive control

In addition, 18S rDNA sequences from our study were identical for all samples
[GenBank Accession Number KT749877; http://www.ncbi.nlm.nih.gov], showing
100% nucleotide similarity with 18S rRNA gene sequence of H. stepanowi |GenBank
Acc. No KF257927; http:/ /www.ncbi.nlm.nih.gov]. No amplifications were observed
in 6 clinically healthy turtles from the control group.

DISCUSSION

Water pollution is known to play an important role in the pathogenesis of a number
of plastron, carapace and skin diseases in European pond turtles (E. orbicularis). Due to
the wet habitat, a number of bacteria can invade the organism via mechanical lesions
of the shell [16] and mycoses were often described to be the cause of shell necroses
[17,18]. The alterations in haematocrit, number of erythrocytes and haemoglobin
concentration, basophilia, ecosinophilia, heterophilia, and azurophilia can be regarded
as typical of turtles suffering from chronic infections, undernourishment and chronic
stress [19]. Furthermore, different environmental characteristics could affect the
occurrence, prevalence and intensity of haemoparasites in turtles.

No previous work has been conducted on the prevalence and intensity of parasitemia
of haemogregarines in protected species of Huropean pond turtles in Serbia. In our
study thirty European pond turtles E. orbicularis aged from 5 to 15 years, from the
quarantine section at Belgrade Zoo, have been found in poor health condition, with
anemia, general weakness and anorexia. No significant difference on the prevalence of
Haemogregarina sp. was detected between males and females. However, in some studies
females were found to be more prone to haemogregarine infection than males [20]. All
thirty infected turtles from the quarantine section at Belgrade Zoo were found with
severe shell necrosis on the plastron and carapace as well as massive skin hemorrhages
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mostly in the inguinal region. The infected turtles were adults aged from 5 to 15
years. The larger size of adults promote them as a better target to leech attachment
because of their larger surface area and also turtles with a longer life span were more
exposed to leeches [21]. Therefore, the lower prevalence of haemogregarine infection
in basking species could be attributed to a reduction in leech exposure, and an increase
in the host immune response.

Some of the most important tools to learn about the physiological adaptations of
reptiles to special environmental conditions are hematology and blood cytology. The
biological cycle of the parasite causes the destruction of the infected erythrocytes,
potentially leading to blood regeneration [10]. However, our results on the blood
smears of all 30 infected European pond turtles show altered red blood cells.
Erythrocytes were elongated, curved, pear-shaped with eccentric and atrophic nuclei.
Different life cycle stages of the Haemogregarina sp. were noticed inside the erythrocytes
in the peripheral blood. These protozoa had an intracellular location, therefore the
affected erythrocytes had a marginalized nucleus and increased cell size. The parasites
according to disposition, aspect, shape and morphology, cytological identification of
the species were concordant with Genus Haemogregarina, Family Haemogregarinidae [15].

It has been stated that chelonians are extremely hardy animals and can be normally
active even when they have a severe anemia [22]. The analysis of the hematological
values shows that animals infected with H. stgpanowi have lower values of hematocrit,
hemoglobin and red blood cell count comparing to the reference values which are
expected based on the results of Thrall et al. (2004) [23] and Stacy et al. (2011) [24] who
stated that blood parasites are commonly found in reptiles and are usually associated
with anemia.

Our results show lower values of AST, ALT and iron concentrations than values
obtained by authors who sampled healthy turtles [25]. Unfortunately, there are no
other results related to turtles infected by hemoparasites so any comparison was not
possible. However, since hemoparasites affect the general condition of the animals
[24] it can be assumed that they have an impact on blood enzymes values.

However, definitive identification via molecular testing was performed in order to
obtain the molecular and genetical identification of Haemogregarina sp. in European
pond turtles investigated in the current study. Using PCR, we detected amplifications
in 30/30 (100%) turtles with clinical symptoms. In addition, all obtained sequences
were 100% identical to the previously published 18S tDNA sequence of H. stepanow:
(GenBank Acc. No KF257927). Detection of this haemoparasite species in European
E. orbicularis from the current study is in line with results of Mihalca et al. (2002, 2008)
[26,27] who also reported 100% prevalence in the same host species from Romania.
In addition, Dvordkova et al. (2014) [12] found that haemogregarines detected in
four western Palearctic hard-shelled freshwater turtle species were conspecific with
H. stepanowi, with the highest prevalence observed in E. orbicularis (86.7%). The high
prevalence of infected turtles in our study could be the result of analyzing individuals
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from an isolated turtle population with visible clinical signs. However, the high
prevalence of Haemogregarina infection does not need to be correlated to the health
condition of the reptile hosts, since Mihalca et al. (2008) [27] reported 100% prevalence
in turtles without any clinical signs. Consistency between the results obtained by blood
smear microscopy and PCR in the current study suggests the same sensitivity of both
applied diagnostic methods, as it was previously reported in the study of Dvofakova
et al. (2014) [12].

Bielecki et al. (2012) [28] observed the close association of Placobdella costata (the leech
species vectoring H. stepanowi) and E. orbicularis, with intensity of leech invasion being
related to the host size and body weight. Although no leeches were found infesting
turtles in our study, high prevalence of H. stepanowi infection in intermediate hosts
indicates the presence of the leech vector at the same collection site. Moreover,
Haemogregarina sp. was considered to be low host-specific crossing the family level of
its intermediate hosts [12]. However, future research concerning H. stepanowi in Serbia
should give the answer if the same conclusion can also be applied to its definitive host
i.e. the leech.
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CITOLOSKA I MOLEKULARNA IDENTIFIKACIJA
HEMOPARAZITA HAEMOGREGARINA STEPANOWI U KRVNIM
RAZMAZIMA BARSKIH KORNJACA (EMYS ORBICULARIS)
POREKLOM IZ KARANTINA U ZOO VRTU BEOGRAD

OZVEGY Jozsef, MARINKOVIC Darko, VUCICEVIC Milos, GAJIC Bojan,
STEVANOVIC Jevrosima, KRNJAIC Dejan, ALEKSIC-KOVACEVIC Sanja

Krvni razmazi bojeni Diff Quick metodom predstavljaju inicijalni korak u postavlja-
nju dijagnoze kod infekcije izazvane hemoparazitom Haemogregarina sp. Razvoj senzi-
tivnih i specificnih molekularnih tehnika omogucava detekciju i identifikaciju parazita
u uzorcima i blizu evolutivhu povezanost sa podredom Adeleorina 1 poziciju unutar-
razdela Apicomplexa. Cilj ovih istrazivanja bio je citoloska i molekularna identifikacija
hemoparazita kod trideset barskih kornjaca (Emys orbicularis) priviemeno smestenih
u karantinu Zoo-vrta Beograd, a koje su imale klinicke simptome opste slabosti, ma-
sivna krvavljenja u kozi i nalaz razli¢itih razvojnih stadijuma intraeritrocitnih parazita
u krvnom razmazu. Biohemijske analize ukazale su na nize vrednosti AST i gvozda,
kod veéine inficiranih kornjaca dok je hematoloskim analizama uoc¢ena promena vred-
nosti hematokrita i pad broja eritrocita i nivoa hemoglobina u krvi. Amplifikacijom
18s tDNK sekvence hemogregarine, patazit je detektovan kod 30/30 (100%) kornjaca
sa navedenim klinickim simptomima. Svi PCR produkti bili su iste velicine kao 1 am-
plifikat H. stepanowi koji je upotrebljen kao pozitivna kontrola. Buducéa ispitivanja H.
stepanowi u Stbiji treba da se izvedu na definitivnom domacdinu - pijavicama.
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