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Background: Sarcocystosis in South American camelids (SAC) is an important parasitic
disease which results in economical loss due to carcass condemnation. Meat products
from camelids are significant source of animal protein in several American countries.
Sarcocystis spp. producing macroscopical cysts in these animals have been nominated as
S. aucheniae, S. tilopodi, and S. guanicoecanis. The aim of the present study was to
characterize morphologically and molecularly Sarcocystis spp. producing macroscopical
cysts in guanacos (Lama guanicoe).
Methods: Samples of macroscopical cysts were dissected from guanaco muscles slaughtered in Santa Cruz province, Argentina. The samples were processed by transmission
electron microscopy, polymerase chain reaction (PCR), cloning and sequencing studies.
Results: Cyst wall villar protrusions were irregular with a “tree” or “cauliflower-like”
shape which measured 3-4.5 µm height by 2.5-3.5 µm width. A consensus 18S rRNA full
gene sequence of 1875 bp was obtained and showed the highest identity (≥ 99 %) with
sequences of S. aucheniae reported in GenBank. The ultra structure of the cyst wall from
macroscopical cysts and 18S rRNA gene obtained from guanacos were identical and
consistent with the descriptions of S. aucheniae.
Conclusion: This study confirms that guanacos are infected by the same Sarcocystis
spp. affecting other SAC, named S. aucheniae, and reinforce the suggestion that nomination of new species should contain morphological and molecular data to reach validity.
In future, this data could be useful to obtain proper identifications in post-mortem inspection and helpful to improve meat safety.
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Introduction
Sarcocystosis is a worldwide distributed parasitic
infection caused by apicomplexan protozoans from genus
Sarcocystis (Fayer, 2004). These intracellular parasites
have a heteroxenous obligate two-host life cycle, where
most Sarcocystis spp. use carnivores or omnivores as
definitive hosts (DH) and herbivores as intermediate
hosts (IH). The infection of IH is generally asymptomatic
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and chronic where parasites reproduce asexually producing muscle cysts or sarcocysts (Dubey et al., 2015). The
DH expels oocysts within its feces as a source of infection for the IH. When a suitable IH ingests the oocysts,
after some developmental stages, sarcocysts are produced
in musculature organs e.g. diaphragm, intercostal muscle,
esophagus, heart, tongue, etc. (Hajimohammadi et al.,
2014a; More et al., 2011; Obijiaku et al., 2013; Oryan et
al., 2011; Xiang et al., 2009). Several herbivore species
have been found infected with high prevalence closer
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to 90-100% in all over the world (Bottner et al., 1987;
Bucca et al., 2011; Dubey et al., 2015; Fukuyo et al.,
2002; Hajimohammadi et al., 2014b; Jehle et al., 2009;
Latif et al., 1999; More et al., 2011; Valinezhad et al.,
2008).
South American camelids (SAC) are an important
source of animal protein in several American countries,
especially in small communities from rural regions.
Sarcocystosis in SAC is an important parasitic disease
which results in economical loss due to carcass condemnation (Leguia, 1991; Rooney et al., 2014). Among SAC,
guanacos (Lama guanicoe) are particularly high concentrated in Argentina, distributed mainly in the south and
west regions of the country. Sarcocystosis in guanacos
has been reported as caused by S. tilopodi (syn. S. guanicoecanis), which produces macroscopical sarcocysts and
consequent meat condemnation or depreciation (Dubey et
al., 2015; Quiroga et al., 1969). However, most of the
original studies nominated the species from guanacos
without proper morphological descriptions and comparisons with other described Sarcocystis spp. in SAC, like S.
aucheniae from llamas (Gorman et al., 1984; Quiroga et
al., 1969; Rooney et al., 2014; Schnieder et al., 1983).
Most Sarcocystis spp. have a particular cyst wall ultra
structure as well as differences on sequences of 18S
rRNA and cox-1 genes which made plausible proper identifications (Dubey et al., 2015; Gjerde, 2013; More et al.,
2013; Odening, 1998).
The aim of the present study was to characterize
morphologically and molecularly (18S rRNA gene)
Sarcocystis spp. producing macroscopical cysts in
guanacos from Argentina.
Materials and methods
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Samples and microscopy
Macroscopical cysts were dissected from guanaco
muscles slaughtered in Santa Cruz province, Argentina.
The samples were transported to laboratory refrigerated
at 4 ºC and were further processed by light microscopy,
fixed in 2% glutaraldehyde for transmission electron
microscopy (TEM) and conserved at -20 ºC for DNA
extraction and molecular studies. TEM studies were
conducted as previously for sarcocysts obtained from
cattle samples (More et al., 2011).
PCR, cloning and sequencing of 18S rDNA
Two individual cysts from
submitted to DNA extraction
(Wizard genomics, Promega),
instructions. Samples of DNA
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different animals were
with a commercial kit
according manufacturer
were amplified by PCR

to reach the full length of the 18S rRNA gene, purified,
cloned into plasmids and sequenced as previously (More
et al., 2013). Briefly, primers ERIB1 and B were used
with the following thermo cycler program: 94 °C (4 min),
40 cycles of 94 °C (40 s), 58 °C (1 min), 72 °C (2 min)
and final extension of 72 °C (5 min). Amplification
products were purified using the QIA quick purification
kit (Qiagen, Germany). Purified products were cloned
with a TA Cloning® kit (Invitrogen, USA) using One
Shot® TOP10 chemically competent Escherichia coli
according to the manufacturer’s instructions. White
colonies for each transformation were grown overnight at
37 °C in 4 ml luria bertani (LB) medium with ampicillin,
and DNA was extracted from 2 ml of LB with Invisorb®
Spin Plasmid Mini Two kit (Stratec Molecular GmbH,
Germany), according to the manufacturer’s instructions.
Samples of 5 µl of each plasmid DNA preparation were
submitted for sequencing with 6 primers to the light run
service of GATC biotech as previously described by
More et al. (2013).
Obtained sequences were aligned and analyzed with the
GENEIOUS software. Finally, the sequences were
compared by BLASTn function from NCBI (Altschul et
al., 1997).
Results
Macroscopical cysts measured 2-7 mm and some were
surrounded by a laminar layer or “capsule” of about 4060 µm. Each sarcocyst contains about 10-15 million
bradyzoites. By TEM, the sectioned cysts evidenced a
solid package of bradyzoites within septa in the peripheral area, and fluid-like material without bradyzoites in
the centre. The total thickness of cyst wall measured up
to 10 µm including the ground substance layer (gs) which
measured 3-5 µm and form the thick septa of about 2-3
µm. Cyst wall villar protrusions (vp) were irregular with
a “tree” or “cauliflower-like” shape which measured 34.5 µm height by 2.5-3.5 µm width (Fig. 1). Bradyzoites
measured 13-18 µm x 3-5 µm. Each bradyzoite contains
several elongated micronemes (100 nm x 500 nm), dense
granules (400-600 nm in diameter) and amylopectin
granules (200-400 nm in diameter).
The PCR targeting, the full 18S rRNA gene evidenced a
strong product in both cyst samples as illustrated in
Fig. 2. A total of two clones from each sample were
sequenced and consensus sequences obtained (n=4) were
identical. A complete gene sequence of 1875 bp was
obtained and BLASTn comparison showed the highest
identity (≥ 99%) with sequences of S. aucheniae reported
in GenBank (KF3832666-KF3832668). The sequence
obtained in the present study was registered in GenBank
under the accession number KT382799.
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Fig. 1: TEM examination of the cyst wall from a macroscopical
sarcocyst in guanaco (Lama guanicoe). Note villar protrusions (vp),
a thick ground substance layer (gs), sectioned bradyzoite (br) and
metrocyte (mt). Also, note the irregular distribution of the muscle
proteins from muscle host cell (hc)

carcasses condemnation, remaining as an important
economical lost in several South American countries
(Leguia, 1991; Rooney et al., 2014). The production of
macroscopical cysts has been attributed to S. aucheniae
in llamas, alpacas and vicugnas and S. tilopodi or S.
guanicoecanis in guanacos. However, molecular and
morphological studies are lacking. Moreover, the validity
of these species names as well as other poorly described
Sarcocystis spp. is under discussion (Dubey et al., 2015).
In the present study, the ultra structure of the cyst wall
from macroscopical cysts obtained from guanacos was
almost identical and consistent with the descriptions of S.
aucheniae sarcocysts from llamas (Dubey et al., 2015;
Schnieder et al., 1983). Additionally, the comparison of
18S rRNA gene sequences from macroscopical cysts
showed a high sequence identity (≥ 99%) with the
sequences reported on the GenBank as S. aucheniae from
llamas (KF383266-KF3832668) from Argentina and an
alpaca (AF017123) in Australia (Carletti et al., 2013;
Holmdahl et al., 1999). Altogether, this study suggests
that there is only one valid species producing macroscopical cysts in all SAC, which should be nominated as
S. aucheniae. Therefore, the proposed nomenclature of S.
tilopodi from Argentinean guanacos (Quiroga et al.,
1969) and S. guanicoecanis should be replaced by S.
aucheniae. According experimental infection results, this
species use dogs as DH (Gorman et al., 1984; Schnieder
et al., 1983). However, when analyzed phylogenetically,
S. aucheniae aligned in a separated branch from other
Sarcocystis spp. which used canids as DH (Carletti et al.,
2013; Holmdahl et al., 1999; More et al., 2014).
Therefore, more studies are needed in order to identify
naturally infected DH of S. aucheniae.
Conclusion
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Fig. 2: Gel electrophoresis of samples amplified by PCR. Lanes 1
and 2: the amplification macroscopical cysts from guanaco muscles,
the amplicons of ≈ 1850 bp in both samples. Lane 3: negative
control. M: 100 bp DNA ladder (double concentrated bands
correspond to 600 bp and 2000 bp)

This study confirms that guanacos are infected by the
same Sarcocystis species affecting other SAC, named S.
aucheniae, and reinforce the suggestion that nomination
of new species should contain morphological and
molecular data to reach validity. In future, this data could
be useful to reach proper identifications in post-mortem
inspection and also helpful to improve meat safety and
quality.

Discussion
Meat and meat products from SAC are important
sources of animal protein in the Andes and Patagonian
regions from South America. Some farmers, zoo technical and veterinary practitioners related with SAC
production as well as SAC meat consumers are aware
about the sarcocystosis, mainly referred as the presence
of macroscopical cysts (Rooney et al., 2014). The
detection of macroscopical cysts caused meat and
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