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ABSTRACT

The wild vicufia (Vicugna vicugna) is one of the four species of native South American
camelids (SACs) in addition to the wild guanaco, and their domesticated counterparts,
alpaca and llama, respectively. Serological data have indicated the presence of group A
rotaviruses (RVA) specific antibodies in all 4 members of the SAC, and so far, RVA has been
detected from alpacas, llamas and guanacos. A total of 59 fecal samples from healthy wild
newborn and juvenile vicufias, raised in captivity in Jujuy, Argentina were collected and
analyzed by ELISA to detect RVA antigen. Two samples (3%) were found to contain G8 RVA
strains and one strain (RVA/Vicufia-wt/ARG/C75/2010/G8P[14]) was selected for further
genome analyses, revealing the G8-P[14]-12-R2-C2-M2-Ax-N2-T6-E3-Hx genotype con-
stellation. Unfortunately, no sequence data could be obtained for NSP1 and NSP5. Except
for the E3 NSP4 genotype, this partial genotype constellation is reminiscent to bovine RVA
strains and bovine-like RVA strains isolated from sheep, guanaco, antelope and humans.
This relationship was confirmed phylogenetically, providing further evidence of the
widespread presence of this genotype constellation in animals belonging to the
artiodactyls. In particular, a close phylogenetic relationship was found between C75
and guanaco RVA strain RVA/Guanaco-wt/ARG/Chubut/1999/G8P[14] for at least 5 gene
segments, suggesting a partial conservation of the genotype constellation of RVA strains
infecting different species of SACs, even though nowadays their natural habitats are not
overlapping. The further monitoring of the sanitary health of wild newborn and juvenile
vicufias is essential to improve the management practices applied in their sustainable
exploitation.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The wild species vicuia (Vicugna vicugna) and guanaco
(Lama guanicoe), and the domestic species llama (Lama
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glama) and alpaca (Vicugna pacos) are the four species of
camelids native from South America. South American
camelids (SACs) used to be widely distributed all along the
Andes, but at present wild vicufias are restricted to the
Northern Andean Puna (between 3200 and 4700 m above
sea level) of Peru, Bolivia, Chile and Argentina, whereas
wild guanacos live in the Southern Patagonia region of
Argentina and Chile (Baigun et al., 2008). The vicufias are
recognized to have one of the finest fibers in the world

Tel.: +54 11 4621 9050; fax: +54 11 4481 3006.
E-mail addresses: vparreno@cnia.inta.gov.ar,
g_marcoppido@yahoo.com.ar (V. Parrefio).

0378-1135/$ - see front matter © 2012 Elsevier B.V. All rights reserved.

http://dx.doi.org/10.1016/j.vetmic.2012.07.035

(Wheeler et al., 2000), but the systematic killings of
vicuias to harvest their wool caused a severe reduction in
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their population. Vicuilas have been on the verge of
extinction since the latter part of the twentieth century
(1975-1997) and have consequently suffered a strong
reduction in their genetic diversity. After more than 20
years of effective protection laws the numbers of wild
vicufias in Argentina started to increase again from 1997.
Due to the increase in the population of wild vicufias in the
Jujuy province, as well as the vicufia populations raised in
captivity and distributed by the experimental station Abra
Pampa of the Institucion Nacional de Tecnologia Agrope-
cuaria (INTA) to the local farmers, vicufia were re-classified
under the appendix II of the Convention of International
Trade of Endangered Species (CITES). At present two
management practices are applied to promote the
sustainable exploitation of the species, allowing the
harvesting of fiber from live shorn animals raised under
captivity or from wild vicufias (Baigun et al., 2008; Vila and
Lichtenstein, 2006). For both management practices
serological surveys were conducted to identify potential
pathogens circulating among these wild SAC species
(Marcoppido et al., 2010, 2011; Wheeler et al., 2000).

The experimental station of INTA Abra Pampa, has a
population of 1400 wild vicufias in captivity. Intensive
prophylactic and sanitary programs are in place including
vaccination, treatment against parasites and shaving of
adult males every six months. Taking advantage of this
management practice blood and feces samples are taken
from both adult and juvenile animals to detect the
circulation of etiological agents of infectious diseases,
including agents causing infectious gastroenteritis, which
is an important pathology in the young of SACs (Cebra et al.,
2003; Lopez et al., 2011; Marcoppido et al., 2010; Parrefio
etal., 2001). A high prevalence of antibodies against group A
rotavirus (RVA) has been described in all 4 SACs, suggesting
the wide spread occurrence of this pathogen (Marcoppido
et al, 2010, 2011; Marin et al, 2009; Parrefio and
Marcoppido, 2006; Puntel et al., 1999; Rivera et al., 1987).
However, while RVA has been detected in feces of young
guanacos, alpacas and llamas with diarrhea in Argentina,
Peru and Chile, respectively (Berrios, 1988; Cebra et al.,
2003; Lopez et al.,, 2011; Parrefio et al., 2001, 2004), there
have been no reports of RVA isolated from vicuias to date.

RVAs belong to the genus rotavirus in the family of the
Reoviridae and are icosahedral non-enveloped viruses,
possessing a genome of 11 segments of dsRNA. The two
outer capsid proteins, VP7 and VP4, independently elicit
neutralizing antibodies and are used to differentiate RVA
strains into G-types (Glycoprotein) and P-types (Protease-
sensitive), respectively (Ciarlet and Estes, 2002). Currently,
27 G-genotypes and 35 P-genotypes are recognized
(Matthijnssens et al., 2011). A uniform sequence-based
genotyping system encompassing all eleven RVA gene
segments was developed using the following descriptor to
classify RVA strains: Gx-Px-IX-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx
(Matthijnssens et al., 2008a). This classification system is
maintained and updated by the Rotavirus Classification
Working Group (RCWG) (Matthijnssens et al., 2008c),
which recently also developed a uniform naming scheme
for rotaviruses (Matthijnssens et al., 2011).

According to this classification system the complete
genomes of two guanaco RVA strains and a single bovine

RVA strains isolated in Argentina were shown to possess
the following genotype constellations: G8-P[1]-12-R5-C2-
M2-A13-N2-T6-E12-H3 for RVA/Guanaco-wt/ARG/Rio_-
Negro/1998/G8P[1], G8-P[14]-12-R5-C2-M2-A11-N2-T6-
E12-H3 for RVA/Guanaco-wt/ARG/Chubut/1999/G8P[14]
and G15-P[11]-I12-R5-C2-M2-A13-N2-T6-E12-H3 for RVA/
Cow-wt/ARG/B383/1998/G15P[11], respectively (Mat-
thijnssens et al., 2009). No other complete RVA genome
data are available for any member of the SACs. However,
partial sequence data of a RVA strain (RVA/Camel-wt/
KUW/21S-10/2010/G10P[15]) detected in a dromadary
(Camelus dromedarius, family Camelidae) in Kuwait,
revealed the following genotype constellation: G10-
P[15]-Ix-R1-C2-Mx-Ax-N2-T6-E15-H3 (Papp et al.,, 2011).
In 2004, the experimental station of INTA Abra Pampa
started epidemiological studies on the presence of RVA in
animals housed at the station, and found positive serology
in 100% of the sampled vicufias, llamas and cattle
(Marcoppido et al, 2010). The present work is a
continuation of this study and represents the first
detection and molecular characterization of RVA in vicufias
(Vicugna vicugna) from the Andean Puna, Argentina.

2. Materials and methods
2.1. Sample collection

The INTA experimental station of Abra Pampa is located
in the Andean Puna, within the Jujuy province at 3500 m
above sea level. The sun radiation levels are extremely high
in the region and the weather is cold and dry, with average
temperatures of 9-14°C in the summer and 4 °C in the
winter season. The experimental station has 1400 wild
vicufias in captivity living in a large area of 350 ha. Twice
per year animals of all ages are gathered as previously
described (Parrefio and Marcoppido, 2006), to monitor
their general heath in a prophylactic and sanitary program,
which include vaccination, treatment against parasites and
shaving of adult males. During this practice blood and feces
samples are collected and subsequently used to study the
circulation of potential pathogens associated with neona-
tal diarrhea, and with reproductive and respiratory
syndromes (Sandra Romero, personal communication).
Fecal samples from 59 juvenile vicufias under one year of
age (newborn and juveniles) and without symptoms of
gastroenteritis or other diseases were collected for the
analysis of viral agents.

2.2. Antigen detection

The samples were cooled on ice and sent to the Virology
Institute, INTA Castelar, were they were analyzed for RVA
using a double sandwich ELISA capture antigen test (KERI-
INTA) (Cornaglia et al., 1989), and confirmed with two
commercial immunoassays (Pathfinder, BIORAD and
Megacore strip test, La Coquette, France).

2.3. Sequence analyses

Viral RNA was extracted using a QlIAamp viral RNA mini
kit (QIAGEN/Westburg, The Netherlands) according to the
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manufacturer’s instructions. The extracted RNA was
denatured at 95 °C for 2 min and RT-PCR was carried out
using the Qiagen OneStep RT-PCR Kit (Qiagen/Westburg).
The RT-PCR reaction was carried out with an initial reverse
transcription step at 50 °C for 30 min, followed by PCR
activation at 95 °C for 15 min, 35 cycles of amplification,
and a final extension of 10 min at 72 °Cin a Biometra T3000
thermocycler (Biometra, Westburg B.V., The Netherlands).
The cycle conditions for the amplification of VP1, VP2, VP3,
and VP4 were 30 s at 94 °C,30s at 50 °C, and 4 min at 72 °C;
for the other genome segments the conditions were 30 s at
94°C, 30s at 45°C, and 3 min at 72 °C. The PCR products
were purified with the MSB® Spin PCRapace kit (Invitek,
Germany), and sequenced using the dideoxy-nucleotide
chain termination method with the ABI PRISM® BigDye
Terminator Cycle Sequencing Reaction kit (Applied Bio-
systems Group) on an ABI PRISM® 3130 automated
sequencer (Applied Biosystems Group). Sequencing was
performed with the forward and reverse primers used for
the RT-PCR. Primer walking sequencing was performed to
cover the complete sequence of the respective fragments
on both strands.

2.4. Phylogenetic analysis

Phylogenetic and molecular evolutionary analyses were
conducted using MEGA 5 (Tamura et al., 2011). Genetic
distances were calculated using the Kimura-2 correction
parameter at the nucleotide level, and the phylogenetic
trees were constructed using the neighbor-joining method
with 1000 bootstrap replicates.

2.5. Genotype assignment

The genotypes of each of the 11 genome segments for
all the RVA strains under investigation were determined
according to the genotyping recommendations of the
Rotavirus Classification Working Group (RCWG) (Mat-
thijnssens et al., 2008b) using the RotaC online classifica-
tion tool (http://rotac.regatools.be/) (Maes et al., 2009).

2.6. Accession numbers

GenBank accession numbers (VP1-VP4, VP6, VP7,
NSP2-NSP4) for each individual genome segment can be
found in Table 1.

3. Results

Fifty-nine stool samples of captive newborn and
juvenile vicufas (below one year of age) from the
experimental station of INTA Abra Pampa, Jujuy, were
investigated using a double sandwich antigen capture
ELISA test for RVA detection. Two samples were positive
for RVA (RVA/Vicuiia-wt/ARG/C69/2010/G8P[X] and RVA/
Vicuiia-wt/ARG/C75/2010/G8P[14]), as confirmed by two
commercial strip test assays. RT-PCR amplification of the
VP7 gene was strongly positive for C75, but only weakly
positive for C69, and only sample C75 resulted in a RT-PCR
product for the VP8* portion of VP4 protein. Sequence
analyses revealed a G8 genotype for both samples and a

Table 1
Length, genome position and accession numbers of sequence obtained for
RVA/Vicufia-wt/ARG/C75/2010/GSP[14].

Viral proteins Genotype Length Position® Accession
number

VP7 G8 979 bp 59-1037 JX070052
VP4 P[14] 2220bp 1-2220  ]X070050
VP6 12 1193 bp 90-1282 JX070051
VP1 R2 908 bp 50-957 ]X070047
VP2 2 846 bp 44-889 ]X070048
VP3 M2 863 bp 39-901 JX070049
NSP1 Ax - - -

NSP2 N2 970 bp 44-1013 JX070053
NSP3 T6 990 bp 43-1032 JX070054
NSP4 E3 700 22-721 JX070055
NSP5 Hx - -

2 Position with respect to RVA/Guanaco-wt/ARG/Chubut/1999/
G8P[14].

P[14] genotype for C75. Sample C75 was selected for
further molecular characterization. Attempts to amplify
the complete genome of RVA strain C75 were only partially
successful. The (near) complete coding region could be
determined for VP7, VP6, VP4, NSP2, NSP3 and NSP4.
Partial sequences (~900 bp) could be obtained for VP1, VP2
and VP3 and unfortunately no sequence data could be
obtained for NSP1 and NSP5 (Table 1). The lack of more
viral RNA prevented us from performing further attempts
to obtain the missing sequences. The resulting genotype
constellation for C75 was G8-P[14]-12-R2-C2-M2-Ax-N2-
T6-E3-Hx. Table 2 shows the comparison of the genotype
combination of RVA strain C75 with completely sequenced
RVA reference strains. Except for the NSP4 E3 genotype,
which has been previously detected in feline, canine,
simian and some unusual human RVA strains, the
genotype constellation of C75 is typical for bovine or
bovine-like RVA strains isolated from guanacos, goats,
antelope, buffalo, sheep and humans (Ciarlet et al., 2008;
Ghosh et al., 2010; Matthijnssens et al., 2009; Banyai et al.,
2009, 2010; El Sherif et al., 2011). C75 shared 8 out of the 9
known genotypes (G8-P[14]-12-R2-C2-M2-N2-T6) with
RVA strain RVA/Sheep-tc/ESP/OVR762/2002/G8P[14] iso-
lated in Spain from a sheep and the unusual human RVA
strain RVA/Human-wt/HUN/BP1062/2004/G8P[14] iso-
lated in Hungary (Banyai et al.,, 2010; Matthijnssens
et al,, 2009). In addition, a guanaco (RVA/Guanaco-wt/
ARG/Chubut/1999/G8P[14]), an antelope (RVA/Antelope-
wt/ZAF/RC-18/2008/G6P[14]) and several bovine-like
human P[14] RVA strains (Banyai et al., 2009; Matthijns-
sens et al.,, 2009) share 7 out of 9 known genotypes
(Table 2).

The VP7 gene segment of RVA strain C75 clusters
closely with G8 strains isolated from guanacos: Chubut
(P[14]) and Rio_Negro (P[1]) (97.9-98.0% identity on the
nucleotide level). Other closely related G8 RVA strains
were of ovine (OVR762, P[14]), simian (RVA/Rhesus-tc/
USA/PTRV/1990/G8P[1]) and human (RVA/Human-tc/
KEN/B12/1987/G8P[1]) origin, but all possessed typical
bovine-like genotype constellation (Table 2) (Ghosh et al.,
2011; Matthijnssens et al., 2009, 2010). The VP4 gene
segment of C75 was again most closely related to guanaco
RVA strain Chubut (94.0%), and more distantly related to a


http://rotac.regatools.be/

250 A. Badaracco et al./Veterinary Microbiology 161 (2013) 247-254

Table 2

RVA genotype constellations of the RVA/Vicufia-wt/ARG/C75/2010/G8P[14] compared to selected RVA reference strains.

RVA strain names VP7 VP4 VP6 VPl VP2 VP3  NSPI  NSP2 NSP3  NSP4  NSP5
RVA/vicufia-wt/ARG/75/2010/GSP[14] G8 P[14] 12 R2 (@) M2  Ax N2 T6 E3 Hx
RVA/Sheep-tc/ESP/OVR762/2002/G8P[14] G8 P[14] 12 R2 2 M2  All N2 T6 E2 H3
RVA/Human-wt/HUN/BP1062/2004/G8P[14] G8 P[14] 12 R2 2 M2  All N2 T6 E2 H3
RVA/Guanaco-wt/ARG/Chubut/1999/G8P[14] G8 P[14] 12 R5 (@) M2 All N2 T6 E12 H3
RVA/Antelope-wt/ZAF/RC-18/2008/G6P[14] G6 P[14] 12 R2 2 M2  All N2 T6 E2 H3
RVA/Human-tc/ITA/PA169/1988/G6P[14] G6 P[14] 12 R2 2 M2 A3 N2 T6 E2 H3
RVA/Human-wt/ITA/111-05-27/2005/G6P[14] ~ G6 P[14] 12 R2 2 M2 A3 N2 T6 E2 H3
RVA/Human-wt/BEL/B10925/1997/G6P[14] G6 P[14] 12 R2 (@) M2 A3 N2 T6 E2 H3
RVA/Human-wt/HUN/Hun5/1997/G6P[14] G6 P[14] 12 R2 2 M2  All N2 T6 E2 H3
RVA/Human-tc/AUS/MG6/1993/G6P[14] G6 P[14] 12 R2 2 M2  All N2 T6 E2 H3
RVA/Human-wt/HUN/BP1879/2003/G6P[14] G6 P[14] 12 R2 (@) M2 All N2 T6 E2 H3
RVA/Cow-tc/KOR/KJ19-2/2004/G6P[7] G6 P[7] 12 R2 2 M2 A3 N2 T6 E2 H3
RVA/Guanaco-wt/ARG/Rio_Negro/1998/G8P[1]  G8 P[1] 12 R5 2 M2  Al3 N2 T6 E12 H3
RVA/Rhesus-tc/USA/PTRV/1990/GSP[1] G8 P[1] 12 R2 2 M2 A3 N2 T6 E2 H3
RVA/Human-tc/KEN/B12/1987/G8P[1] G8 P[1] 12 R2 (@) M2 A3 N2 T6 E2 H3
RVA/Human-tc/GBR/A64/1987/G10P11[14] G10  P[14] 12 R2 2 M1 A3 N2 T6 E2 H3
RVA/Cow-tc/FRA/RF/1982/G6P[1] G6 P[1] 12 R2 2 M2 A3 N2 T6 E2 H3
RVA/Cow-tc/USA/NCDV/1967/G6P6[1] G6 P[1] 12 R2 2 M2 A3 N2 T6 E2 H3
RVA/Goat-tc/BGD/G034/1999/G6P[1] G6 P[1] 12 R2 2 M2  All N2 T6 E2 H3
RVA/Cow-tc/USA/WC3/1981/G6P[5] G6 P[5] 12 R2 2 M2 A3 N2 T6 E2 H3
RVA/Cow-tc/CHN/DQ-75/2008/G10P[11] G10  P[11] 12 R2 (@) M2 A3 N2 T6 E2 H3
RVA/Cow-wt/ARG/B38 3/1998/G15 P[11] G15  P[11] 12 R5 2 M2  Al3 N2 T6 E12 H3
RVA/Human-wt/ITA/PAI58/1996/G3P[9] G3 P[9] 12 R2 2 M2 A3 N2 T6 E2 H3
RVA/Cow-tc/GBR/UK/1973/G6P7[5] G6 P[5] 12 R2 2 M2 A3 N2 T7 E2 H3
RVA/Cow-wt/] PN/Azuk-1/2006/G21P [29] G21  P[29] 12 R2 2 M2  Al3 N2 T9 E2 H3
RVA/Human-tc/USA/DS-1/1976/G2P1B[4] G2 P[4] 12 R2 2 M2 A2 N2 T2 E2 H2
RVA/Human-wt/CHN/TB-Chen/1996/G2P[4] G2 P[4] 12 R2 2 M2 A2 N2 T2 E2 H2
RVA/Human-wt/USA/LB2744/2005/G2P[4] G2 P[4] 12 R2 2 M2 A2 N2 T2 E2 H2
RVA/Simian-tc/USA/RRV/1975/G3P[3] G3 P[3] 12 R2 c3 M3 A9 N2 T3 E3 H6
RVA/Dog-tc/USA/CU-1/1982/G3P[3] G3 P[3] 13 R3 2 M3 A9 N2 T3 E3 H6
RVA/Cat-tc/AUS/Cat97/1984/G 3P [3] G3 P[3] 13 R3 (@) M3 A9 N2 T3 E3 H6
RVA/Human-tc/ISR/Ro1845/1985/G3P[3] G3 P[3] 13 R3 2 M3 A9 N2 T3 E3 H6
RVA/Human-tc/JPN/AU-1/1982/G3P3[9] G3 P[9] 13 R3 c3 M3 A3 N3 T3 E3 H3
RVA/Rhesus-tc/USA/TUCH/2002/G3P[24] G3 P[24] 19 R3 c3 M3 A9 N1 T3 E3 H6

Genotypes which are identical to the corresponding genotype of the vicufia RVA strain are gray shaded. “x” indicates that the genotype is not known, as

sequencing has not been performed.

plethora of bovine-like human and animal P[14] RVA
strains all found in combination with typical bovine G-
genotypes: G6, G8 or G10 (Fig. 1). The VP6 gene segment of
C75 clustered rather distantly to known RVA strains
belonging to genotype 12 (82.7-93.6%), but again most
closely to RVA strains with a bovine-like genotype
constellation isolated from a variety of host species
(Fig. 1 and Table 2). In the phylogenetic tree of VP1, C75
clustered with the unusual Japanese bovine RVA strain
RVA/Cow-wt/]JPN/Azuk-1/2006/G21P[29] (96.6%) (Abe
et al, 2011) in a subcluster of the R2 genotype mainly
composed of bovine-like RVA strains and simian RVA strain
RVA/Simian-tc/USA/RRV/1975/G3P[3] (Fig. 1) (Matthijns-
sens et al., 2010). The VP2 gene segment of C75 clustered
closely with the guanaco RVA strains Chubut and
Rio_Negro (98.2-98.8%), and only distantly to the unusual
human multi-reassortant RVA strain RVA/Human-wt/ITA/
PAI58/1996/G3P[9], bovine-like simian RVA strain PTRV
and bovine-like human RVA strain RVA/Human-tc/AUS/
MG6/1993/G6P[14] in the C2 genotype (De Grazia et al.,
2010; Matthijnssens et al.,, 2009, 2010). Phylogenetic
analyses of the VP3 gene segment revealed again a close
genetic relationship between C75 and RVA strain Chubut in
the M2 genotype (98.5%), and a more distant relationship
with RVA/Cow-wt/ARG/B383/1998/G15P[11] isolated in

Argentina (Matthijnssens et al., 2009). The NSP2 gene
segment of C75 was rather distantly related to other
known RVA strains belonging to the N2 genotype (85.5-
93.0%), but again most closely related to RVA strains
Chubut (Fig. 2). For NSP3, C75 clustered closely (96.3-
97.6%) with RVA strain Chubut and B12 in the T6 genotype,
which is a typical genotype for bovine and bovine-like RVA
strains (Fig. 2). The NSP4 gene segment of C75 is only
distantly related to other known RVA strains with the E3
NSP4 genotype (78.3-79.8%), with nucleotide similarities
below the NSP4 genotype cut-off value (85%). This
sequence was sent to the RCWG for a proper genotype
assignment. Based on thorough pairwise identity fre-
quency graphs and phylogenetic analyses, RVA strains C75
was assigned as a distant member of the E3 genotype.

Overall, except for the NSP4 sequence of RVA strains
C75 all other 8 obtained gene segments clustered with RVA
strains with a bovine-like genotype constellation. In
particular, the phylogenetic analyses of 9 gene segments
of vicuna RVA strains C75 revealed a close to very close
phylogenetic relationship with guanaco RVA strain Chubut
for VP7, VP4, VP2, VP3 and NSP3. For VP6 and NSP2, RVA
strains C75 and Chubut clustered distantly in the same
genotypes, whereas they belonged to different genotypes
for VP1 and NSP4 (Figs. 1 and 2).
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Fig. 1. Phylogenetic trees based on the partial ORF sequences of the VP7, VP4, VP6, VP1 and VP2 encoding gene segments (Table 1). Phylogenetic trees were
constructed using the neighbor-joining method with the kimura-2-parameter. Bootstrap values (1000 replicates) above 70% are shown. RVA/Vicufia-wt/
ARG/C75/2010/G8P[14] is indicated by diamonds, whereas the guanaco strains RVA/Guanaco-wt/ARG/Rio_Negro/1998/G8P[1] and RVA/Guanaco-wt/ARG/

Chubut/1999/G8P[14] are marked with a circle.

4. Discussion and conclusions

After the serological identification of RVA specific
antibodies in serum samples from vicufias (Marcoppido
et al., 2010), to our knowledge, this paper is the first to
report the detection of RVA from fecal samples from
asymptomatic newborns of vicufias (Vicugna vicugna) from
the Andean Puna, Argentina. We have previously reported,
for the first time, the detection and molecular character-
ization of RVA strains from guanacos from the Argentinean
Patagonia region (Matthijnssens et al., 2009; Parrefio et al.,

2001, 2004). In addition, high seroprevalence of antibodies
against RVA have been described in all 4 SACs, suggesting
that RVA is a ubiquitous pathogen in all members of the
SACs (Marcoppido et al., 2010, 2011; Marin et al., 2009;
Parrefio and Marcoppido, 2006; Puntel et al., 1999; Rivera
et al., 1987).

Two out of 59 stool samples (3%) of captive vicuilas
sampled at the experimental station of INTA Abra Pampa,
Jujuy were found to contain RVA. Although the sampled
specimens showed no apparent signs of disease, these data
add further evidence that vicufias are frequently exposed
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Fig. 2. Phylogenetic trees based on the partial ORF sequences of VP3 and the full ORF sequence of the NSP2, NSP3, NSP4 encoding gene segments (Table 1).
Phylogenetic trees were constructed using the neighbor-joining method with the kimura-2-parameter. Bootstrap values (1000 replicates) above 70% are
shown. RVA/Vicuiia-wt/ARG/C75/2010/G8P[14] is indicated by diamonds, whereas the guanaco strains RVA/Guanaco-wt/ARG/Rio_Negro/1998/G8P[1] and

RVA/Guanaco-wt/ARG/Chubut/1999/G8P[14] are marked with a circle.

to RVA pathogens. However, the general severity of RVA
gastroenteritis in vicufas is unknown. From only one
sample (C75) sufficient viral RNA could be obtained to
attempt whole genome analysis. Sequences were
obtained for 9 out of the 11 RVA genome segments.
Unfortunately, no RT-PCR product or sequence data could
be obtained for the NSP1 and NSP5 gene segments. Most
likely these gene segments possess divergent sequences
in the primer binding regions, not allowing their
amplification by RT-PCR. No further experiments could
be performed due to a lack of viral RNA. Genotype
assignment of the obtained sequences revealed the G8-
P[14]-12-R2-C2-M2-Ax-N2-T6-E3-Ax genotype combina-
tion. Except for the E3 NSP4 genotype this partial
genotype constellation is similar to bovine RVA strains
and bovine-like RVA strains detected from guanacos,
goats, antelope, buffalo, sheep and several human P[14]
RVA strains. This finding adds further support to the
hypotheses that RVA strains with closely related genotype
constellations are prevalent in a large number of animal
species belonging to the order of Artiodactyla (Matthijns-
sens et al., 2009). Although the NSP4 gene segment was
assigned to the E3 genotype it was only distantly related to
any known RVA strain (Fig. 2). Phylogenetic analyses

revealed a close relationship between the gene segments
of C75 and RVA strain Chubut isolated from a guanaco in
Argentina for at least 5 gene segments (VP7,VP4, VP2, VP3
and NSP3). Since the guanaco is the most closely related
species to the vicufia, of which RVA sequence data is
currently available this may not be surprising, but
suggests that RVA strains and their gene segments can
be transmitted and reassort among different SACs. In
addition, the close relationship between RVA strains
detected in vicufias and bovine RVA strains also raises the
question whether the further introduction of domestic
cattlein the Andean Puna may represent a sanitary risk for
the conservation and sustainable exploitation of wild and
domestic native species. In order to further elucidate this
hypothesis more complete genome data from RVA strains
circulating in the four species of SACs (vicufia, guanacos,
alpacas and llamas) as well as from other domestic species
(bovine, caprine and ovine) of the region are needed.
Finally, it is important to highlight that the apparent
absence of disease, in combination with the detection of
high titers of antibodies in the surveyed vicufia population
(Marcoppido et al, 2010) suggest that there is an
equilibrium between RVA infections and immunity in
the herd, and that the current management practices do
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not disturb this equilibrium as reported for other situations
(Parrefio et al., 2001).

Monitoring the health of wildlife animals is an essential
tool to make decisions to promote their conservation and
sustainable exploitation, reducing the risk of neonatal
mortality and the impact of man on the natural habitat of
animals. Furthermore, this research may allow the
development of strategies and tools for preventive health
strategies, and further explore the potential transmission
of pathogens between wild and domestic species living in
close proximity.

Conflict of interest statement

None.

Acknowledgments

This work was financed by regional projects SALJU 05
and SALJU 320051 at the INTA PICT N 38308, MinCyt. A.B.
was supported by a type II fellowship of CONICET. VP is a
joined researcher, CONICET, Argentina. M.Z. was supported
by the Institute for the Promotion of Innovation through
Science and Technology in Flanders (IWT Vlaanderen). ].M
was supported by an FWO (‘Fonds voor Wetenschappelijk
Onderzoek’) post-doctoral fellowship.

References

Abe, M., Ito, N., Masatani, T., Nakagawa, K., Yamaoka, S., Kanamaru, Y.,
Suzuki, H., Shibano, K., Arashi, Y., Sugiyama, M., 2011. Whole genome
characterization of new bovine rotavirus G21P[29] and G24P[33]
strains provides evidence for interspecies transmission. J. Gen. Virol.
92, 952-960.

Baigun, R}., Bolkovic, M.L., Aued, M.B., Li Puma, M.C,, Scandalo, R.P., 2008.
Manejo de fauna silvestre en la Argentina. Primer censo nacional de
camelidos silvestres. Direccion de fauna silvestre, secretaria d
ambiente y desarrollo sustenable, Jefatura de Gubinete de ministros.

Banyai, K., Martella, V., Molnar, P., Mihaly, I., Van Ranst, M., Matthijnssens,
J., 2009. Genetic heterogeneity in human G6P[14] rotavirus strains
detected in Hungary suggests independent zoonotic origin. ]J. Infect.
59, 213-215.

Banyai, K., Papp, H., Dandar, E., Molnar, P., Mihaly, I, Van Ranst, M.,
Martella, V., Matthijnssens, J., 2010. Whole genome sequencing and
phylogenetic analysis of a zoonotic human G8P[14] rotavirus strain.
Infect. Genet. Evol. 10, 1140-1144.

Berrios, P.E., 1988. Rotavirus en pequenos ruminantes del zoologicos
nacional de Santiago. Monografias de Medicina Veterinaria 10 .
Cebra, CK., Mattson, D.E., Baker, RJ., Sonn, RJ., Dearing, P.L., 2003.
Potential pathogens in feces from unweaned llamas and alpacas with

diarrhea. J. Am. Vet. Med. Assoc. 223, 1806-1808.

Ciarlet, M., Estes, M.K., 2002. Rotaviruses: basic biology, epidemiliogy and
methodologies. In: Britton, G. (Ed.), Encyclopedia of Environmental
Microbiology. John Wiley and Sons, New York, pp. 2753-2773.

Ciarlet, M., Hoffmann, C., Lorusso, E., Baselga, R., Cafiero, M.A., Banyai, K.,
Matthijnssens, J., Parrefio, V., de Grazia, S., Buonavoglia, C., Martella,
V., 2008. Genomic characterization of a novel group A lamb rotavirus
isolated in Zaragoza, Spain. Virus Genes 37, 250-265.

Cornaglia, E.M., Fitjman, B.M N., Schudel, A.A., 1989. Enzyme linked
immunosorbent assay, immunofluorescent test and electrophoresis
analysis of rotaviral RNA in the diagnosis and characterization of the
bovine rotavirus. Rev. Latinoam. Microbiol. 31, 4.

De Grazia, S., Giammanco, G.M., Potgieter, C.A., Matthijnssens, J., Banyai,
K., Platia, M.A., Colomba, C., Martella, V., 2010. Unusual assortment of
segments in 2 rare human rotavirus genomes. Emerg. Infect. Dis. 16,
859-862.

El Sherif, M., Esona, M.D., Wang, Y., Gentsch, J.R,, Jiang, B., Glass, R.L., Baker,
S.A., Klena, ].D., 2011. Detection of the first G6P[14] human rotavirus
strain from a child with diarrhea in Egypt. Infect. Genet. Evol. 11,
1436-1442.

Ghosh, S., Alam, M.M., Ahmed, M.U., Talukdar, R.L,, Paul, S.K., Kobayashi,
N., 2010. Complete genome constellation of a caprine group A rota-
virus strain reveals common evolution with ruminant and human
rotavirus strains. J. Gen. Virol. 91, 2367-2373.

Ghosh, S., Gatheru, Z., Nyangao, J., Adachi, N., Urushibara, N., Kobayashi,
N., 2011. Full genomic analysis of a G8P[1] rotavirus strain isolated
from an asymptomatic infant in Kenya provides evidence for an
artiodactyl-to-human interspecies transmission event. J. Med. Virol.
83, 367-376.

Lopez, W., Chamorro, M., Antonio, E., Garmendia, B., 2011. Detection
rapida de rotavirus y coronavirus crias de alpaca (vicugnas pacos)
con diarrea en la region del cusco, Peru. Rev. Inv. Vet. Peru 22,
407-411.

Maes, P., Matthijnssens, J., Rahman, M., Van Ranst, M., 2009. RotaC: a web-
based tool for the complete genome classification of group A rota-
viruses. BMC Microbiol. 9, 238.

Marcoppido, G., Olivera, V., Bok, K., Parrefio, V., 2011. Study of the kinetics
of antibodies titres against viral pathogens and detection of rotavirus
and parainfluenza 3 infections in captive crias of guanacos (Lama
guanicoe). Transbound. Emerg. Dis. 58, 37-43.

Marcoppido, G., Parreno, V., Vila, B., 2010. Antibodies to pathogenic
livestock viruses in a wild vicuna (Vicugna vicugna) population in
the Argentinean Andean altiplano. J. Wildl. Dis. 46, 608-614.

Marin, R., Rodriguez, D., Parrefio, V., 2009, Prevalenc ia Sanitaria en Llamas
(Lama glama) de la Provincia de Jujuy. Argentina, Revista Veterinaria
Argentina. Direccién Provincial de Desarrollo Ganadero, Gobierno de
la Provincia de Jujuy. Ministerio de Produccién. Ley Ovina N
25.422.Proyecto FAO N 2552/07.

Matthijnssens, J., Ciarlet, M., Heiman, E., Arijs, L., Delbeke, T., McDonald,
S.M., Palombo, E.A,, Iturriza-Gémara, M., Maes, P., Patton, J.T., Rah-
man, M., Van Ranst, M., 2008a. Full genome-based classification of
rotaviruses reveals a common origin between human Wa-Like and
porcine rotavirus strains and human DS-1-like and bovine rotavirus
strains. J. Virol. 82, 3204-3219.

Matthijnssens, J., Ciarlet, M., McDonald, S.M., Attoui, H., Banyai, K.,
Brister, J.R., Buesa, ]J., Esona, M.D., Estes, M.K., Gentsch, J.R., Itur-
riza-Gomara, M., Johne, R., Kirkwood, C.D., Martella, V., Mertens,
P.P., Nakagomi, O., Parrefio, V., Rahman, M., Ruggeri, F.M,, Saif, L].,
Santos, N., Steyer, A., Taniguchi, K., Patton, ].T., Desselberger, U., Van
Ranst, M., 2011. Uniformity of rotavirus strain nomenclature pro-
posed by the Rotavirus Classification Working Group (RCWG). Arch.
Virol. 156, 1397-1413.

Matthijnssens, J., Ciarlet, M., Rahman, M., Attoui, H., Banyai, K., Estes, M.K.,
Gentsch, J.R,, Iturriza-Gémara, M., Kirkwood, C.D., Martella, V., Mer-
tens, P.P., Nakagomi, O., Patton, J.T., Ruggeri, F.M., Saif, L.J., Santos, N.,
Steyer, A., Taniguchi, K., Desselberger, U., Van Ranst, M., 2008b.
Recommendations for the classification of group A rotaviruses using
all 11 genomic RNA segments. Arch. Virol. 153, 1621-1629.

Matthijnssens, J., Ciarlet, M., Rahman, M., Attoui, H., Banyai, K., Estes, M.K.,
Gentsch, J.R,, Iturriza-Gémara, M., Kirkwood, C.D., Martella, V., Mer-
tens, P.P., Nakagomi, O., Patton, J.T., Ruggeri, F.M., Saif, L., Santos, N.,
Steyer, A., Taniguchi, K., Desselberger, U., Van Ranst, M., 2008c.
Recommendations for the classification of group A rotaviruses using
all 11 genomic RNA segments. Arch. Virol. 153, 1621-1629.

Matthijnssens, J., Potgieter, C.A., Ciarlet, M., Parreflo, V., Martella, V.,
Banyai, K., Garaicoechea, L., Palombo, E.A., Novo, L., Zeller, M., Arista,
S., Gerna, G., Rahman, M., Van Ranst, M., 2009. Are human P[14]
rotavirus strains the result of interspecies transmissions from sheep
or other ungulates that belong to the mammalian order Artiodactyla?
J. Virol. 83, 2917-2929.

Matthijnssens, J., Taraporewala, Z.F., Yang, H., Rao, S., Yuan, L., Cao, D.,
Hoshino, Y., Mertens, P.P., Carner, G.R., McNeal, M., Sestak, K., Van
Ranst, M., Patton, J.T., 2010. Simian rotaviruses possess divergent
gene constellations that originated from interspecies transmission
and reassortment. J. Virol. 84, 2013-2026.

Papp, H., Al Mutairi, L.Z., Lengyel, G., Grosz, G., EL-Sayed, F.H., Esam, L.L,,
Szucs, G.K.B., 2011. Molecular characterization of a Kuwaiti camel
rotavirus strain. In: Fourth European Rotavirus Biology Meeting,
Altafiumara - Santa Trada Di Cannitello, Villa San Giovanni - Italy,
p. 49.

Parrefio, V., Bok, K., Fernandez, F., Gomez, J., 2004. Molecular character-
ization of the first isolation of rotavirus in guanacos (Lama guanicoe).
Arch. Virol. 149, 2465-2471.

Parrefio, V., Constantini, V., Cheetham, S., Blanco Viera, ]., Saif, L)J., Fer-
nandez, F., Leoni, L., Schudel, A., 2001. First isolation of rotavirus
associated with neonatal diarrhoea in guanacos (Lama guanicoe) in
the Argentinean Patagonia region. J. Vet. Med. B: Infect. Dis. Vet.
Public Health 48, 713-720.

Parrefio, V., Marcoppido, G., 2006. Estudio de la sanidad en camélidos:
Avances a partir de la obtenciéon de muestras de camélidos silvestres.



254

In: Vila, B. (Ed.), Investigacion, conservacion y manejo de vicuiias.
Proyecto MACS - Universidad de Lujan, Argentina, pp. 147-164.
Puntel, M., Fondevila, N.A., Blanco Viera, ]., O’'Donnell, V.K., Marcovecchio,
J.E., Carrillo, B.J., Schudel, A.A., 1999. Serological survey of viral anti-
bodies in llamas (Lama glama) in Argentina. Zentralbl. Veterinarmed.

B 46, 157-161.

Rivera, H., Madewell, B.R., Ameghino, E., 1987. Serologic survey of viral
antibodies in the Peruvian alpaca (Lama pacos). Am. J. Vet. Res. 48,
189-191.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., Kumar, S., 2011.
MEGA5: Molecular Evolutionary Genetics Analysis using maximum

A. Badaracco et al./Veterinary Microbiology 161 (2013) 247-254

likelihood, evolutionary distance, and maximum parsimony methods.
Mol. Biol. Evol. 28, 2731-2739.

Vila, B., Lichtenstein, G., 2006. Manejo de vicuiias en la Argentina:
Experiencias en las provincias de Salta y Jujuy. In: Bolkovic, M.L.,
Ramadori, D.E. (Eds.), Manejo de Fauna Silvestre en Argentina. Direc-
cién de Fauna Silvestre, Secretaria de Ambiente y Desarrollo Susten-
table, Buenos Aires, Argentina, pp. 121-135.

Wheeler, ].C., Fernandez, M., Rosadio, R., Hoces, D., Kadwell, M., Bruford,
M.W., 2000. Genetic Diversity and Management Implications for
Vicufia Populations in Peru. Darwin Initiative for the Survival of
Species Final Report. British Council, Reino Unido.



	Discovery and molecular characterization of a group A rotavirus strain detected in an Argentinean vicuña (Vicugna vicugna)
	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 Antigen detection
	2.3 Sequence analyses
	2.4 Phylogenetic analysis
	2.5 Genotype assignment
	2.6 Accession numbers

	3 Results
	4 Discussion and conclusions
	Conflict of interest statement
	Acknowledgments
	References


