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Hammondia isolated from dogs and foxes are
genetically distinct
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SUMMARY

Hammondia heydorni is regarded as a protozoan parasite that uses canids, e.g. dogs and foxes, as definitive hosts, but clinical
signs of infection are rare. This study therefore took advantage of the opportunity to study an oocyst population from
the faeces of a dog suffering from intermittent bouts of diarrhoea. Oocysts from the naturally infected dog were shown to be
H. heydorni by using the polymerase chain reaction combined with DINA sequencing as a diagnostic tool.T A comparison
of the first internal transcribed spacer (I'T'S1) sequence of ribosomal DNA obtained with those from other dog and fox
oocysts, previously regarded as H. heydorni, showed these oocysts contained identical I'T'S1 sequences. However, the
oocyst DNA from the fox and dog differed by the presence/absence of a 9 bp insertion/deletion within intron 1 of the alpha
tubulin gene, and this difference was conserved across a number of different oocyst populations from the 2 species of host.
A PCR assay was established that takes advantage of this insertion/deletion and is able to differentiate between the
2 oocyst populations. This study therefore provides evidence that H. heydorni oocysts from dogs and foxes represent
2 distinct genetic lineages that can be differentiated using a PCR, which targets the alpha tubulin locus.
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INTRODUCTION Hammondia heydorni is closely related to other
coccidian parasites, such as Toxoplasma gondii, Neo-
spora caninum and Hammondia hammondi. However,
there is still considerable controversy about the
taxonomy and phylogenetic relationships of these

Hammondia heydorni is a cyst-forming coccidian
parasite with an obligatory 2-host life-cycle
(Heydorn, 1973; Fayer, 1974; Dubey and Fayer,
1976). In addition to dogs, also foxes and coyotes
are regarded as definitive hosts in the parasite’s
life-cycle, whereas various herbivores were ident-
ified as intermediate hosts (Dubey et al. 2002a).
Experimental data on a fox-derived Hammondia
isolate suggest that infection of the definitive host
occurs by ingestion of raw body tissues (e.g. raw
meat) containing tissue cysts and leads to the shed-
ding of unsporulated oocysts (Schares et al. 2003).
Sporulation of oocysts can be detected within 3 days
after their excretion in faeces (Blagburn et al. 1988),

species and the taxonomic status of H. heydorni
and N. caminum (see Ellis et al. 1999b; Dubey et al.
2002 a; Heydorn and Mehlhorn, 2002).

In order to learn more about the biology of
H. heydorni, new sensitive and specific methods
such as serological tests and PCR are required
(Slapeta et al. 2002a; Dubey et al. 2002a). PCR is
a useful tool for the detection and identification
of the cyst-forming coccidia (Ellis, 1998). In par-
ticular, the internal transcribed spacers (I'TS) of

. . . : . DNA or the alpha tubuli h tl
and intermediate hosts become infected by ingestion r of the alpha tubuln sequence have recently

of the infective sporulated oocysts (Schares et al.
2002 ; Mohammed et al. 2003).

been reported as valuable genetic markers for the
study of this species (Ellis et al. 1999b; Siverajah
et al. 2002 ; Slapeta et al. 2002 a). These sequences
display reasonably high levels of conservation, yet
there is sufficient sequence variation among related
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compared with H. heydorni obtained from dogs.
In contrast to the comparison of the I'T'S1, a com-
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and dogs showed them to be genetically different
from each other (Schares et al. 2002; Mohammed
et al. 2003). Although the number of nucleotide
differences was low, these observations imply that
either there may be considerable genetic diversity
among H. heydorni isolates, as recently shown by
Sreekumar et al. (2004), or that more than one
species may exist within the taxon known as H.
heydorni.

The present study describes
characterization of oocysts shed by a naturally
infected dog. The study, using PCR and sequencing
of the I'T'S1, showed them to be consistent with
H. heydorni. Partial sequencing of the alpha tubulin
locus from these parasites was also performed,
and the sequence obtained was compared with that
derived from 2 oocyst populations obtained from

the molecular

experimentally infected foxes (designated Fox 2000/
1, Schares et al. 2002; and HhO, Mohammed et al.
2003); as well as from another naturally infected
dog (Siverajah et al. 2002 ; Ellis and Pomroy, 2003).
The data show the oocysts from dog and from fox
to be genetically distinct within intron 1 of the alpha
tubulin gene. A PCR is also described, which takes
advantage of an insertion/deletion found at this
site that allows for the differentiation of the fox-
from the dog-derived Hammondia oocysts. This
test should prove useful in the study of the preva-
lence and host distribution of these two parasite
lineages, which are currently called H. heydorni.

MATERIALS AND METHODS
Case study

In October 2003, a dog (5-year-old, neutered female
Hungarian Vizsla; body weight 26 kg) with signs
of haemolytic anaemia was presented in the
Department of Veterinary Science of the University
of Melbourne. Laboratory findings confirmed the
clinical diagnosis and the dog was given immuno-
suppressive treatment (prednisolone (20 mg), cyclo-
sporine (100 mg) twice per day and azothiaprine
(50 mg) once daily) and supportive therapy for
10 days. During this time amoxycillin (500 mg)
was also administered twice per day for 7 days.
Subsequently, the dog was administered long-
term treatment with azothiaprine and prednisolone.
After discharge from hospital, the dog developed
cystitis and recurrent bouts of diarrhoea. Bacterial
culture of urine (obtained by cystocentesis) revealed
Escherichia coli, and the cystitis was treated with
therapeutic doses of enfloxacin. To investigate
causative agents involved in the diarrhoea, copro-
scopical examinations were conducted. Examination
by light microscopy revealed the presence of cocci-
dian oocysts, which were subsequently purified by
flotation on saturated zinc sulphate using standard
methods.
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The oocysts obtained (called HhM) from the
dog were allowed to sporulate for 1 week in 2:5%
potassium dichromate (K,CrO4), washed in
phosphate-buffered saline (PBS) and then examined
for ultraviolet autofluorescence (wavelength: 330—
385 nm) employing an Olympus BX51 microscope
as described previously (Lindquist et al. 2003).

Twenty oocysts were examined by light micro-
scopy and measured by standard procedures. The
remaining oocysts were washed and resuspended
in PBS, ruptured by vortexing them in an
Eppendorf tube with glass beads (710-1180 um,
Sigma) followed by multiple cycles of freeze/thaw.
Subsequently, the sample was centrifuged and the
supernatant transferred to a fresh tube, and an
equal amount of lysis buffer (10 mm Tris pH 8,
100 mm EDTA pH 8, 1% SDS) with Proteinase K
(100 ug/ml) added. The sample was then incubated
for 2 h at 56 °C, after which it was extracted twice
with a standard mix of phenol/chloroform/isoamyl
alcohol (25:24:1), and once with chloroform. The
DNA was precipitated with ethanol, washed once
with 70% ethanol, and then resuspended in sterile
10 mm Tris-lmm EDTA and stored at —20°C
for analysis.

Other DN As included in this study

Genomic DNA obtained from oocysts shed by
experimentally infected foxes (Fox 2000/1, Schares
et al. 2002; HhO, Mohammed et al. 2003), a nat-
urally infected dog (HhINZ; Ellis and Pomroy, 2003)
and an experimentally infected dog (Giessen-1999;
Schares et al. 2005) were also used in this study
for comparative purposes. Genomic DNA from
N. caninum (NC-1 strain) and 7'. gondii (RH) were
included as controls.

PCR and DNA sequencing

Purified genomic DNA was used as a template in the
PCR. The I'TS1 region was amplified as described
previously (Ellis et al. 1999b; Ellis and Pomroy,
2003), using the primers TIM3 and TIM11.

For the amplification of a small fragment of the
alpha tubulin gene spanning intron 1, primers AT9
(5'TGGCTGAGTAAGCACGGATTTTTC) and
AT264 (5'GTGTCCTGTTCCCGCGTGTTG-
AT) were designed from gene sequence data
reported by Siverajah et al. (2002). The specificity
of the primers was evaluated using genomic DNA
from Hammondia, N. caminum and T. gondii. A
control containing no DNA was also performed,
in order to exclude cross-contamination of any
reagents. The PCR reaction contained 1x PCR
250 um of each dNTP, 1U
Dynazyme II F-501L polymerase (Finzyme),
20 ug/ml of bovine serum albumin (Fluka) in a
volume of 25 ul. The PCR products were subjected

buffer (Finzyme),
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Fig. 1. Hammondia heydorni oocysts (HhM) shed by the
naturally infected dog. Bar represents 10 um. (A)
Unsporulated oocyst in water. (B) Sporulated oocyst
containing 2 sporocysts in water.

to agarose (1:5%) gel electrophoresis in T'ris borate-
EDTA buffer. For sequencing gel-purified (Qiagen
gel extraction kit) amplification products were
used. In the case of the Giessen-1999 isolate, un-
purified amplification products were used. Ampli-
cons were sequenced at least twice both directions.
The PCR cycling conditions were 94 °C for 5 min,
followed by 50 cycles of 56 °C for 1 min, 72 °C for
1 min and 94 °C for 1 min. The PCR was finished
with 56 °C for 1 min and a final extension at 72 °C
for 5 min.

The program AssemblyLign™ (International
Biotechnologies) was used to align I'T'S1 or tubulin
sequences, and the consensus sequences obtained
were compared against sequences deposited in the
NCBI (National Centre of Bioinformatics) database
using the program Blast N.

RESULTS
Case study

Microscopical examination of the faeces from the
dog revealed oocysts consistent with H. heydorni
or N. caninum, based on morphological charac-
teristics. In water the thick-walled oocysts were
11:44+0-5%x12:3+0:6 um in size (mean+standard
deviation) and contained 2 sporocysts (and 4 sporo-
zoites in each sporocyst) after sporulation (Fig. 1).
This morphology was consistent with that de-
scribed for N. caninum, H . heydorni and T. gondii (see
Lindsay, Upton and Dubey, 1999). The oocysts
showed autofluorescence under ultraviolet light.

The I'TS1 region amplified from HhM oocyst
DNA was ~600 bp in size. The PCR product was
sequenced and an investigation of present sequence
databases with the consensus sequence (475 bp
GenBank Accession number DQ183058) revealed
100 % identity with/to previous I'T'S1 sequences from
H. heydorni from canids (GenBank Accession no.
AY189897, Giessen-1999; AF508030, HhNZ).

The species specificity of primers AT'9 and AT264
was assessed by PCR using genomic DNA from
Hammondia, N. caminum and T. gondii. A PCR
product was only obtained from Hammondia oocysts
under the conditions tested (Fig. 2). The partial
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TIM3-TIM11
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AT9-AT264
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Fig. 2. PCR of genomic DNA from cyst-forming
coccidia using 3 different primer pairs. HY, H. heydorni
Giessen-1999; HV, Hammondia sp. Fox-2000/1; TG,
Toxoplasma gondii (RH strain); NC, Neospora caninum
(NC-1 strain); BU, No DNA negative control; M,
molecular weight marker comprising a 100 bp ladder. All
DNAs produce a PCR product with primers TIM3/
TIM11 (A), while only Hammondia DNA gives a
product with primers A'T'9 and A'T264 (B). DNA derived
from Hammondia oocysts shed by foxes produce a PCR
product with primers HhGF and HhGR (C).

alpha tubulin sequence (Accession no. DQ183059)
obtained from HhM PCR products (using AT9 and
A'T264) was the same as that determined previously
(Accession no. AY169962). This DNA was extracted
from oocysts found in the faeces of a naturally
infected dog from New Zealand (HhNZ; Siverajah
et al. 2002; Ellis and Pomroy, 2003). An identical
sequence was obtained for the alpha tubulin gene
spanning intron 1 from H. heydorni Giessen-1999
(Accession number DQ022687). Based on these
PCR and DNA sequencing data results, the evidence
shows the oocyst sample HhM is genetically con-
sistent with H. heydorni.

Comparison of tubulin sequences

Comparison of the 3 partial alpha tubulin sequences
obtained from dog oocysts (samples HhM, HhINZ
and Giessen-1999) with those determined from
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FOX2000/1 CGCGTACCATTTACCATGCACTCCATGCACACATATGCAT
HhO CGCGTACCATTTACCATGCACTCCATGCACACATATGCAT
HhM CGCGTACCATTTACCATGCAC ACATATGCAT
HhNZ CGCGTACCATTTACCATGCAC ACATATGCAT
Giessen-1999 CGCGTACCATTTACCATGCAC ACATATGCAT

Fig. 3. Comparison of partial a tubulin gene sequences from 5 isolates of Hammondia heydorni (HhIM, oocysts from
this study; HhNZ from Ellis and Pomroy (2003); Fox 2000/1 described by Schares et al. (2002); HhO described by
Mohammed et al. (2003); Giessen-1999 described by Schares et al. (in preparation). The repetitive sequence is in bold
and underlined. The fox sequences contain 2 copies of this repeat, whereas the dog sequences contain only 1. Sequence

orientation is 5 to 3.

2 populations of fox oocysts (HhO and FOX
2000/1) showed that both of the latter sequences
contained a 9-bp insertion (TCCATGCAC) (Fig. 3).
This difference in size was detectable upon agarose
gel (1-5%) electrophoresis of the PCR products
(not shown). Eight of the bases found in this insertion
were also present in the sequence present immedi-
ately following the site of insertion. In order to
confirm the presence/absence of the insertion/
deletion amongst the isolates, PCR primers were
designed (HhGF, 55CGCATTCAAAAAGTGCC-
ACAATTG; HhGR, 5’ACTCCATGCACACAT-
ATGCAT) which should exclusively produce a
PCR product from DNA of fox oocysts because
HhGR bridges the region corresponding to the
insertion/deletion. As shown in Fig. 2, a PCR
product was obtained exclusively from Fox 2000/1
DNA only. No PCR products were amplified
from H. heydorni DNA extracted from dog-derived
oocysts, T'. gondii, N. caninum or from the no-DNA
control.

DISCUSSION

Clinical cases of hammondiosis in dogs are rare.
This study therefore took advantage of the oppor-
tunity to study an oocyst population from the
faeces of a dog suffering from intermittent bouts of
diarrhoea. This dog had previously been treated
for haemolytic anaemia, and it is interesting to note
that others have previously suggested that the
immunosuppressive treatment for this disease had
rendered another dog susceptible to toxoplasmosis
(Webb et al. 2005).

The purified, sporulated oocysts obtained were
11-44+0-5%x12:3+0:6 um in size, when measured
in water, contained 2 sporocysts and had a thick,
colourless wall. These morphological features are
consistent with the morphology of oocysts of
T. gondii (from felids), H. heydorni (from canids)
and N. canminum (from canids) (Lindsay et al. 1999).
Similar-sized oocysts from these species (12-6 x
11-°9um and 10-14-1x9-2-13-1 um respectively)
respectively are indistinguishable by light micro-
scopy (Heydorn, 1973; Blagburn et al. 1988). The
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structure of the sporulated oocysts is also similar
among all 3 species, containing 2 sporocysts and
4 sporozoites/sporocyst.

A great deal of discussion about the taxonomic
status of H. heydorni and N. caninum arose from
the discovery of N. caninum oocysts in the faeces
of dogs (McAllister et al. 1998; Mehlhorn and
Heydorn, 2000; Heydorn and Mehlhorn, 2002).
However, it is now generally accepted that at least
2  Hammondia-/Neospora-like species with mor-
phologically similar oocyst stages but with distinct
biological, immunological, ultrastructural and
molecular features use the dog as definitive host
(reviewed by Dubey et al. 2002 a,b). Nevertheless,
doubts remain as to whether studies on H. heydorni-
like oocysts conducted before 1998 were
performed using a homogeneous population of
parasites. For instance, Miller et al. (2001) verified
by PCR methodologies that the isolate originally
designated as H. heydorni-Berlin-1996 contained
N. caninum.

Molecular tools can assist in making a specific
identification of a species of a parasite present in
clinical specimens (Ellis, 1998). The I'T'S1 rDNA
region has repeatedly proven useful for the specific
identification of coccidian species (Holmdahl and
Mattson, 1996; Payne and Ellis, 1996 ; Buxton et al.
1998; Ellis et al. 1999a; Slapeta et al. 2002a,b;
Ellis and Pomroy, 2003; Mohammed et al. 2003).
Thus this locus was therefore amplified and se-
quenced from the oocyst sample HhM. Database
searches revealed that the sequence determined
herein was identical to that obtained from 2 other
H. heydorni isolates (AY189897, AF508030). The
I'TS1 sequence was therefore consistent with H.
heydorni. These findings were supported by the
analysis of partial alpha tubulin sequences, which
upon database searches also showed complete
identity to a sequence from another H. heydorni
isolate from a naturally infected dog (AY169962)
(Siverajah et al. 2002; Ellis and Pomroy, 2003). As
shown in the present study, the alpha tubulin
gene spanning intron 1 from another dog-derived
H. heydorni isolate (Giessen-1999) was also identical
to both that of HhM and HhINZ.
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Genetic analysis of the large subunit of rDNA
from oocysts found in the faeces of an Arabian red
fox (Mohammed et al. 2003) confirmed the identifi-
cation of sequence divergence in the rDNA of
Hammondia reported by Schares et al. (2002). As the
latter sequence is considered to be highly conserved
between species, analysis of another conserved
locus, the alpha tubulin gene, was also included in
this present study. Although the precise structure
of the Hammondia alpha tubulin gene is unknown,
by comparison to the N. caminum gene, the region
analysed spans what is predicted to be intron 1
(Siverajah et al. 2002). The alpha tubulin sequence
obtained from the dog oocysts (samples HhM,
HhNZ and Giessen-1999) were compared with
those obtained from 2 oocyst populations obtained
from foxes (Schares et al. 2002; Mohammed et al.
2003). Analysis by agarose gel electrophoresis
revealed that the PCR products were slightly dif-
ferent in size. Subsequent sequencing confirmed
this finding by showing that the sequences gen-
erated from the two different oocyst populations
obtained from foxes both had an insert of 9 bp
(TCCATGCAC) when compared with that obtained
from the dog oocysts. PCR of oocyst DNA using a
primer spanning the region of the insertion/deletion
gave a product for the oocysts from fox but not
from the oocysts from dog thereby confirming the
presence of the deletion. Taken together, the results
of the present study suggest that H. heydorni-like
oocysts from dogs are genetically different from
those shed by foxes. A large-scale evaluation in-
cluding extended sets of isolates from dog and fox
need to be examined to test the present proposal.

A recent study of sequence polymorphisms found
in a variety of introns (including those of the alpha
tubulin locus) among different isolates of T. gondii
concluded these polymorphisms correlated with
distinct clonal lineages (Su et al. 2003). This con-
sideration may also apply to these H. heydorni-like
organisms, which during speciation may have
evolved into 2 genetically distinct lineages: one uses
dogs as definitive dogs and one employing foxes.
Nevertheless, before conclusions regarding the
existence of another species of Hammondia can be
made, further research should focus on establishing
whether biological, ecological and epidemiological
differences exist between them.

Part of this work was carried out by J.A. as an
undergraduate research project for the University of
Regensburg, while at the University of Technology,
Sydney. We thank Andrea Birwald for technical assist-
ance. We thank Leonie Richards (Melbourne University)
for referring this case to us.
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