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Resumen

Norovirus (NoV) es uno de los principales agentes etiol6gicos de gastroenteritis aguda en
humanos y animales. Es un virus altamente infeccioso y de distribucion mundial. La
infeccion se realiza a través de la interaccion con receptores HBGA, presentes en diferentes
células epiteliales superficiales y en fluidos corporales de humanos, murinos, bovinos y
murciélagos. Estos receptores también estan presentes en las células epiteliales intestinales
(enterocitos) de los conejos, razon por la cual se favorece la infeccion por NoV. La
cunicultura en México surge como alternativa a la escasez de alimentos y la falta de empleo
en las zonas rurales, por ello es importante apoyar en el fortalecimiento de la actividad. El
objetivo de esta investigacion consistio en detectar infecciones producidas por NoV en los
conejos en unidades de produccién cunicola del Estado de México, mediante la técnica de
RT-PCR. Como resultado obtuvimos una frecuencia de 22.34% de NoV presente en conejos
con signologia diarreica. Estos resultados nos dan la pauta para continuar con el estudio de
NoV en conejos y poder evaluar su posible potencial zoondtico que contribuya al
conocimiento del estado zoosanitario y ademas permita la mejora en la salud publica de la

poblacion.

Palabras clave: Norovirus, infeccion, conejos, traspatio, México.

Abstract

Norovirus (NoV) is one of the main etiological agents of acute gastroenteritis in humans and
animals. It is a highly infectious virus and worldwide distribution. The infection is carried
out through the interaction with HBGA receptors, present in different superficial epithelial
cells and in body fluids of humans, murine animals, cattle and bats. These receptors are also
present in the intestinal epithelial cells (enterocytes) of rabbits, which is why NoV infection
is favored. Rabbit farming in Mexico emerges as an alternative to food shortages and lack of
employment in rural areas, so it is important to support the strengthening of the activity. The
objective of this research was to detect infections caused by NoV in rabbits in rabbit
production units of the State of Mexico, using the RT-PCR technique. As a result, we
obtained a frequency of 22.34% of NoV present in rabbits with diarrheal signology, these
results give us the guideline to continue with the study of NoV in rabbits and to evaluate its
possible zoonotic potential that contributes to the knowledge of the animal health status and

allows the improvement in the public health of the population.
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Resumo

O norovirus (NoV) é um dos principais agentes etiologicos de gastroenterites agudas em
humanos e animais. E um virus altamente infeccioso com distribuicdo mundial. A infecgéo
é realizada através da interacdo com receptores HBGA, presentes em diferentes células
epiteliais superficiais e em fluidos corporais de humanos, murinos, bovinos e morcegos.
Esses receptores também estdo presentes nas células epiteliais intestinais (enterécitos) de
coelhos, razdo pela qual a infeccdo por NoV é favorecida. A criacdo de coelhos no México
surge como uma alternativa a escassez de alimentos e a falta de emprego nas zonas rurais,
por isso é importante apoiar o fortalecimento da atividade. O objetivo desta pesquisa foi
detectar infecgOes causadas por NoV em coelhos em unidades de producdo de coelhos no
Estado do México, utilizando a técnica de RT-PCR. Como resultado obtivemos uma
frequéncia de 22,34% de NoV presente em coelhos com sinais diarreicos. Estes resultados
dao-nos orientacdo para continuar com o estudo do NoV em coelhos e poder avaliar o seu
possivel potencial zoon6tico que contribui para o conhecimento do estado zoossanitario e

também permite a melhoria na satde publica da populacéo.
Palavras-chave: Norovirus, infeccéo, coelhos, quintal, México.
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Introduction

Norovirus (NoV) is one of the most common causes of viral gastroenteritis in humans
and animals (Chhabra et al., 2019). They are the most common etiologic agent of acute
gastroenteritis (Ahmed et al., 2014) and are responsible for approximately 20% of all cases
of acute gastroenteritis worldwide, with a similar prevalence in high- and low-income
countries (Liao et al., 2021).

NoV, is a member of the Caliciviridae family, its genome is composed of a positive-
sense linear RNA, which is approximately 7.6 kb in length (Jiang et al., 1993). It has three
open reading frames (ORFs) 1, 2 and 3, which encode six viral proteins (VPs). ORF-2 and
ORF-3 encode the virion structural components VP1 and VP2; ORF-1 encodes non-structural
proteins, including the NoV protease and RNA-dependent RNA polymerase (Thorne and
Goodfellow, 2014).
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It is currently organized into ten genogroups (G) (Gl to GX), which are divided into
50 genotypes. The genogroups that have been identified in humans are GI, Gll, GIV.1, GVIII
and GIX, in animals a wide variety of genogroups are identified: porcine (G11.11, GI1.18 and
GI11.19), bovine (Gl11.1 and Gl11.2), sheep (Gl11.3), rodents (GV.1 and GV.2), felines (GIV.2,
GVI.1 and GVI.2), lions (GIV.2), canines (GVI.1, GVI.2 and GVII), harbour porpoises
(GNAL), sea lions (GNAZ2) and bats (GX) (Villabruna et al ., 2021).

Histoblood group antigens (HBGA), and in particular the Lewis, Secretor and ABO
phenotype families, serve as NoV binding receptors (Dabelsteen, 2002; Marionneau et
al.,2001). It has been shown that some animals express receptors of the HBGA family, which
favor NoV infection, the reported species are murine (Taube et al., 2009), cattle (Zakhour et
al., 2009), canines (Caddy et al., 2014), and bats (Kocher et al., 2018). Rabbits also express
HBGA binding receptors (A, B, and H type 2 [Lewis Y]) in the duodenum region, in addition
to other anatomical regions, such as the trachea and bile ducts where several types of HBGA
are weakly expressed (Nystrom et al., 2011). Pigs do not express HBGA receptors, however,
they do develop NoV infections although the receptors are unknown (Silva et al., 2015).

The rabbit farming sector in Mexico carries out the breeding, fattening and
reproduction of rabbits with the aim of obtaining high-quality white meat for human
consumption, since this meat has a high percentage of proteins, vitamins and minerals, and
is also low in calories, fat and cholesterol (SADER, 2016). The characteristics of rabbit meat
are used to solve malnutrition problems that affect vulnerable populations and/or those with
limited economic resources in several states of the Mexican Republic (Jaramillo et al., 2015).

Mexico has an inventory of 11,560 production units (UP) that report an inventory of
1,108,350 domestic rabbits. Since 2012, the State of Mexico has remained the main producer
and consumer of rabbit meat at the national level and has an inventory of 66,806 registered
sows in 3,885 PU and 293,332 rabbits (SENASICA, 2020). This production is mainly related
to the tourist corridor "Los Volcanes" and "La Ruta de Sor Juana", which includes the
municipalities of Tepetlixpa, Ozumba and Amecameca (EdoMex, 2017). In the country,
rabbit farming is classified into three types: high-tech, semi-high-tech and backyard, the latter
being commonly developed with few sanitary measures (SENASICA, 2020b). The breeds
that are commonly used for meat production are the following: New Zealand White,
California, Chinchilla, Mariposa, Red Satin, Black Aztec and hybrids (Rabbit Product
System Committee, 2012).
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Materials and methods

This research is qualitative, in which a descriptive, comparative, observational, cross-
sectional, non-experimental and intentional study was carried out. A non-probabilistic and
convenience sampling was used in order to show that there is a certain trait in a study
population.

The study population consisted of rabbits with enteric disease, 35-65 days old, of all
breeds and both sexes from rabbit UPs within region | of the State of Mexico, which includes
the municipalities of Valle de Chalco, Chalco, Temamatla, Cocotitlan, Tlalmanalco,
Juchitepec, Tenango del Aire, Ayapango, Amecameca, Atlautla, Ozumba, Tepetlixpa and
Ecatzingo.

The field study period was carried out from December 2021 to December 2022, where
information was also collected through a questionnaire with data of interest on the
generalities of rabbit production units.

The samples obtained for this study were feces from rabbits from UP cunicolas, which
were collected and identified in sterile bags for easy handling and transported in refrigerated
containers at 4-8 °C for processing, analysis and storage at the Biotechnology, Molecular
Biology and Genetics Laboratory of the CU UAEM Amecameca.

Total RNA was extracted individually using the described phenol-chloroform
technique with Trizol from Invitrogen®. The extracted RNA was stored frozen at -75 °C
until analysis. Subsequently, cDNA synthesis was performed using the ImProm-11™
commercial kit, a reverse transcription system following the manufacturer's instructions.

For molecular identification and amplification of NoV, the Polymerase Chain
Reaction (PCR) was used, using the oligoinitiators reported by Kojima et al. (2002), directed
to the capsid region, which are very efficient for amplification and rapid diagnosis of NoV
infection, where a fragment of 300 base pairs (bp) is obtained. The PCR was performed with
the following conditions: initial denaturation 94°C for 5 minutes 40 cycles; denaturation
94°C for 30 seconds, annealing 50° C for 30 seconds and extension of 72°C for 40 seconds,
with a final extension of 72°C for 5 minutes. PCR products were separated on 3% agarose
gels using 100 volt electrophoresis for 30 minutes, then the gels were stained with ethidium

bromide to be visualized under a UV transilluminator.
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Results

The total population was 5,327 rabbits belonging to 15 meat producing farms in the
municipalities of region I, State of Mexico. Within this population, 94 rabbits with enteric
signs were identified and samples obtained, in which, through molecular analysis using the
oligoinitiators designed by Kojima et al. (2002), NoV was identified through RT-PCR in a
total of 21 samples representing a frequency of 22.34% of NoV in rabbits from the rabbit
breeding facilities.

NoV-positive rabbits were collected from farms in the municipalities of Tlalmanalco,
Amecameca, Atlautla, Ozumba and Tepetlixpa, as shown in Table 1.

Table 1. Origin of NoV-positive rabbits and type of production.

Municipality of origin | Type of production | Rabbit Identification
Amecameca Backyard C20
Atlautla Backyard C22
Tlalmanalco Semi-technical C24
Tlalmanalco Semi-technical C25
Tepetlixpa Backyard C27
Tlalmanalco Semi-technical Cc28
Tlalmanalco Semi-technical C29
Tlalmanalco Semi-technical C30
Ozumba Backyard C32
Ozumba Backyard C33
Ozumba Backyard C35
Atlautla Semi-technical C38
Amecameca Backyard C40
Amecameca Backyard C41
Amecameca Backyard C42
Ozumba Backyard C45
Ozumba Backyard C46
Amecameca Semi-technical C49
Atlautla Backyard C58
Tepetlixpa Backyard C62
Amecameca Backyard C69

Source: Own elaboration.

The results obtained indicate that the samples positive for NoV were obtained mostly
from backyard UP (90.48%) and to a lesser extent from semi-technical UP (9.52%), as shown

in Figure 1.
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Figure 1. Type of production associated with NoV-positive rabbits belonging to UP of the

State of Mexico.
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NoV infection was predominant in hybrid rabbits obtained mainly from the New
Zealand-California cross 13/21 (61.91%) and from the California breed in 8/21 (38.09%).

Discussion

NoVs are genetically diverse, infect a wide range of mammalian hosts including
humans, and are worldwide in distribution (Kapikian et al., 1972). NoV infections represent
a global economic burden of up to US$60 billion (Bartsch et al., 2016).

Although a definitive cellular receptor for NoVs has not yet been identified, HBGA
receptors have been shown to bind to the VVP1 protein and facilitate binding and/or entry into
the cell (Rockx et al., 2005). As Nystrom refers to et al. (2011), rabbits express HBGA
receptors in intestinal epithelial cells making them susceptible to NoV infection and
demonstrated in this study by implementing the oligoinitiators reported by Kojima et al.,
(2002), which allow a rapid, specific and highly sensitive NoV diagnosis through RT-PCR.

In this study, it was also observed that rabbits that tested positive for NoV infection
presented acute diarrheal episodes, as has been associated in reported outbreaks in other
animal species, such as cattle (Di Felice et al., 2016), pigs (Shen et al., 2012), cats (Pinto et
al., 2012) and dogs (Mesquita and Nascimento, 2012). However, it is not ruled out that
animals that did not present enteric signs are not infected with NoV, since an epidemiological
study carried out in asymptomatic sheep reports the detection of NoV (Wolf et al., 2009).

Diseases that occur in rabbit UP are a factor of great importance for rabbit farming,
since they reduce profitability and, therefore, the economy of producers (Lebas et al., 2002).
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The development of rabbit farming in Mexico depends on agroecological, social,
economic and technological factors (Velez et al., 2021); however, it is also necessary to
include studies that strengthen the epidemiological zoosanitary factor in which the
identification of all pathogens that influence production processes is carried out and thus
contribute to the development of this activity.

More than 90% of the stool samples from rabbits with positive enteric signs for NoV
come from backyard farms, where, as reported by Reynoso et al. (2019), production is
deficient in infrastructure and management, and there is also a close relationship with other
animal species, such as canines, felines, pigs, horses, sheep and fattening birds, which can
favor the interspecies transmission of different diseases, as well as the presentation of
possible zoonotic events.

In Mexico and around the world, the livestock sector is facing crises associated with
the COVID-19 pandemic (ECLAC, 2020). Rabbit farming was no exception but also faced
a resurgence of Rabbit Hemorrhagic Fever that affected around 2,113 families who make a
living from rabbit farming, mainly in the State of Mexico, Aguascalientes, Hidalgo, Jalisco,
Puebla and Tlaxcala (SENASICA, 2021), generating significant economic losses estimated
at millions of pesos (Infobae, 2020).

Conclusions

It has been proven that NoV also infects the species (Oryctulagus cuniculus);
infections are generally associated with the presence of diarrhea in backyard rabbits.

The rabbit meat industry in Mexico is still in the transition stage. However, it has
great potential for development as it meets consumer demand in terms of nutrition and also

supports the national economy.

Contributions to future lines of research
It is necessary to continue monitoring and/or surveillance of infections caused by
NoVs in rabbit PUs, in order to achieve the sequencing of the complete genome of NoV and,
in this way, contribute to the identification of strains that infect rabbits and their relationship
with NoVs that infect humans, in order to provide new information that helps to elucidate the

possible zoonotic potential of NoV.

Vol. 15 Num. 30 January — June 2025, e868



Revista Iberocamericana para la
Investigacion y el Desarrollo Educativo
ISSN 2007 - 7467

Gratitude
Jiménez Ramos A. extends his gratitude for the doctoral scholarship to the National
Council of Science and Technology of Mexico (SEP-CONAHCYT).

Financing
This research was funded by the State of Mexico Council of Science and Technology
(COMECYT), with the DICDTEM-2023-137 project “Molecular association with drug
resistance of pathogens with zoonotic potential for the development of a nanosensor” of the

REDES-COMECYT, EDO MEX-2022.

References

Ahmed, S.M., Hall, AJ., Robinson, A.E., Verhoef, L., Premkumar, P., Parashar, U.D.,
Koopmans, M., Lopman, B.A. (2014). Global prevalence of norovirus in cases of
gastroenteritis: A systematic review and meta-analysis. Lancet Infect. Dis. 14:725—
730. DOI: 10.1016/S1473-3099(14)70767-4.

Bartsch, S.M., Lopman, B.A., Ozawa, S., Hall, A.J., Lee, B.Y. (2016). Global economic
burden of norovirus gastroenteritis. Plos One. 11:E0151219. DOI:
10.1371/journal.pone.01512109.

Caddy, S, Breiman, A, le Pendu, J., Goodfellow, I. (2014). Genogroup IV and VI canine
noroviruses interact with histo-blood group antigens. J Virol. 88(18):10377-10391.
DOI: 10.1128/JV1.01008-14.

Comité Sistema Producto Cunicula. (2012). Plan rector sistema producto cunicola del
Distrito Federal. Ciudad de México.

CEPAL (2020). The Pandemic’s Impacts on the Hardest-Hit Production Sectors Will Affect
One Third of Employment in the Region and One Fourth of GDP. Recuperado de

https://www.cepal.org/en/pressreleases/pandemics-impacts-hardest-hit-production-

sectors-will-affect-one-third-employment.

Chhabra, P., de Graaf, M., Parra, G.1., Chan, M.C-W., Green, K., Martella, V., Wang Q.,
White, P.A., Katayama, K., Vennema, H., Koopmans, M.P.G., Vinje, J. (2019).
Updated classification of norovirus genogroups and genotypes. J Gen Virol.
100:jgv001318. DOI: 10.1099/jgv.0.001318.

Dabelsteen, E. (2002). ABO blood group antigens in oral mucosa. What is new? J Oral
Pathol Med. 31(2):65-70. DOI: 10.1046/j.0904-2512.2001.00004.x.

Vol. 15 Num. 30 January — June 2025, e868


https://www.cepal.org/en/pressreleases/pandemics-impacts-hardest-hit-production-sectors-will-affect-one-third-employment
https://www.cepal.org/en/pressreleases/pandemics-impacts-hardest-hit-production-sectors-will-affect-one-third-employment

Revista Iberocamericana para la
Investigacion y el Desarrollo Educativo
ISSN 2007 - 7467

Di Felice, E., Mauroy, A., Pozzo, F.D., Thiry, D., Ceci, C., Di Martino, B., Marsilio, F.,
Thiry, E. (2016). Bovine noroviruses: A missing component of calf diarrhoea
diagnosis. Vet. J. 207:53-62. DOI: 10.1016/j.tvjl.2015.10.026.

EdoMex. (2017). Conoce el EdoMex. 25 de abril de 2016. Recuperado de

https://www.edomex.gob.mx/corredores turisticos.

Infobae. (2020). El costo de la pandemia: México ha erogado hasta 9 mil millones de pesos
diarios. 24 Sep, 2020. Recuperado de

https://www.infobae.com/america/mexico/2020/09/24/el-costo-de-la-pandemia-

mexico-ha-erogado-hasta-9-mil-millones-de-pesos-diarios/.

Jaramillo, V.J., Vargas, L.S., Guerrero, R.J. (2015). Preferencias de consumidores y
disponibilidad a pagar por atributos de calidad en carne de conejo organico. Rev Mex
Cienc Pecu. 6(1):221-232. Recuperado de
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=520071124201500020
0007&Ing=es&tIng=es.

Jiang, X., Wang., M., Wang, K., Estes, M.K. (1993). Sequence and genomic organization of
Norwalk virus. Virology. 195(1):51-61. DOI: 10.1006/vir0.1993.1345.

Kapikian, A.Z., Wyatt, R.G., Dolin, R., Thornhill, T.S., Kalica, A.R., Chanock, R.M. (1972).
Visualization by Immune Electron Microscopy of a 27-nm Particle Associated with
Acute Infectious Nonbacterial Gastroenteritis. J. Virol. 10:1075-1081. DOI:
10.1128/jvi.10.5.1075-1081.1972.

Kocher, J.F., Lindesmith, L.C., Debbink, K., Beall, A., Mallory, M.L., Yount, B.L., Graham,
R.L., Huynh, J., Gates, J.E., Donaldson, E.F., Baric, R.S. (2018). Bat Caliciviruses
and Human Noroviruses Are Antigenically Similar and Have Overlapping Histo-
Blood Group Antigen Binding Profiles. mBio. 9(3):e00869-18. DOI:
10.1128/mBi0.00869-18.

Kojima, S., Kageyama, T., Fukushi, S., Hoshino, F.B., Shinohara, M., Uchida, K., Natori,
K., Takeda, N., Katayama, K. (2002). Genogroup-specific PCR primers for detection
of Norwalk-like viruses. J Virol Methods. 100:107-14. DOI: 10.1016/s0166-
0934(01)00404-9.

Lebas, F., Rochabeaut, H., Gidenne, T., Licois, D. (2002). La maitrise de I'entérocolite
progresse. Cuniculture. 29 (2) (164): 81-4.

Liao, Y., Hong, X., Wu, A., Jiang, Y., Liang, Y., Gao, J., Xue, L., Kou, X. (2021). Global
prevalence of norovirus in cases of acute gastroenteritis from 1997 to 2021: An

Vol. 15 Num. 30 January — June 2025, e868


https://www.edomex.gob.mx/corredores_turisticos
https://www.infobae.com/america/mexico/2020/09/24/el-costo-de-la-pandemia-mexico-ha-erogado-hasta-9-mil-millones-de-pesos-diarios/
https://www.infobae.com/america/mexico/2020/09/24/el-costo-de-la-pandemia-mexico-ha-erogado-hasta-9-mil-millones-de-pesos-diarios/
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S200711242015000200007&lng=es&tlng=es
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S200711242015000200007&lng=es&tlng=es

Bevista thissaains i e in
Investigacién y el Desarrollo Educativo
ISSN 2007 - 7467
updated systematic review and meta-analysis. Microbio. Pathog. 161:105259. DOI:
10.1016/j.micpath.2021.105259.

Marionneau, S., Cailleau-Thomas, A., Rocher, J., Le Moullac-Vaidye, B., Ruvoén, N.,
Clément, M., Le Pendu, J. (2001). ABH and Lewis histo-blood group antigens, a
model for the meaning of oligosaccharide diversity in the face of a changing world.
Biochimie. 83(7):565-73. DOI: 10.1016/s0300-9084(01)01321-9.

Mesquita, J.R., Nascimento, M.S.J. (2012). Gastroenteritis outbreak associated with faecal
shedding of canine norovirus in a portuguese kennel following introduction of
imported dogs from russia. Transbound. Emerg. Dis. 59:456-459. DOI:
10.1111/.1865-1682.2011.01284 .x.

Nystrom, K., Le Gall-Reculé, G., Grassi, P., Abrantes, J., Ruvoén-Clouet, N., Le Moullac-
Vaidye, B., Lopes, A.M., Esteves, P.J., Strive, T., Marchandeau, S., Dell, A., Haslam,
S.M., Le Pendu, J. (2011). Histo-blood group antigens act as attachment factors of
rabbit hemorrhagic disease virus infection in a virus strain-dependent manner. Plos
Pathog. 7(8):€1002188. DOI: 10.1371/journal.ppat.1002188.

Pinto, P., Wang, Q., Chen, N., Dubovi, E.J., Daniels, J.B., Millward, L.M., Buonavoglia, C.,
Martella, V., Saif, LJ. (2012). Discovery and genomic characterization of
noroviruses from a gastroenteritis outbreak in domestic cats in the us. Plos One.
7:€32739. DOI: 10.1371/journal.pone.0032739.

Reynoso, U.E., Bautista, G.L.G., Martinez, C.J.S., Romero, N.C., Garcia, R.V.G., Aguado,
A.G.L. Hernédndez, G.P., Espinosa, A.E. (2019). Andlisis de la presencia de Rotavirus
en conejos del Estado de Meéxico. Rev Mex Cienc Pecu. 10(2):511-521.
DOI:10.22319/rmcp.v10i2.4638.

Rockx, B.H., Vennema, H., Hoebe, C.J., Duizer, E., Koopmans, M.P. (2005). Association of
histo-blood group antigens and susceptibility to norovirus infections. J Infect Dis.
191:749-754. DOI: 10.1086/427779.

SADER. (2016). | Los secretos de la cunicultura. Blog 25 de abril de 2016. Recuperado de
https://www.gob.mx/agricultura/es/articulos/los-secretos-de-la-cunicultura.

SENASICA. (2020). Pulso Sanitario, Atlas de Sanidad e Inocuidad Agroalimentaria,

Documento consultado, Recuperado de https://dj.senasica.gob.mx/AtlasSanitario/.

SENASICA. (2020b). Acciones conjuntas para proteger la cunicultura. Blog. 21 de mayo.
Recuperado de https://www.gob.mx/senasica/articulos/acciones-conjuntas-para-

proteger-la-cunicultura.

Vol. 15 Num. 30 January — June 2025, e868


https://www.gob.mx/agricultura/es/articulos/los-secretos-de-la-cunicultura
https://dj.senasica.gob.mx/AtlasSanitario/

/Revista Iberoamericana para la
Investigacion y el Desarrollo Educativo
ISSN 2007 - 7467
SENASICA. (2021). Renovamos esfuerzos para proteger la cunicultura nacional. Blog. 09
de marzo de 2021. Recuperado de

https://www.gob.mx/senasica/articulos/renovamos-esfuerzos-para-proteger-la-

cunicultura-nacional.
Silva, P.F., Alfieri, A.F., Barry, A.F., de Arruda Leme, R., Gardinali, N.R., Van der Poel,
W.H., Alfieri, A.A. (2015). High frequency of porcine norovirus infection in finisher

units of Brazilian pig-production systems. Trop Anim Health Prod. 47(1):237-41.
DOI: 10.1007/s11250-014-0685-3.

Shen, Q., Zhang, W., Yang, S., Cui, L., Hua, X. (2012). Complete Genome Sequence of a
New-Genotype Porcine Norovirus Isolated from Piglets with Diarrhea. J. Virol.
86:7015-7016. DOI: 10.1128/JV1.00757-12.

Taube, S., Perry, JW., Yetming, K., Patel, S.P., Auble, H., Shu, L., Nawar, H.F., Lee, C.H.,
Connell, T.D., Shayman, J.A., Wobus, C.E. (2009). Ganglioside-linked terminal
sialic acid moieties on murine macrophages function as attachment receptors for
murine noroviruses. J Virol.83(9):4092-101. DOI: 10.1128/JV1.02245-08.

Thorne, L.G., Goodfellow, 1.G. (2014). Norovirus gene expression and replication. J Gen
Virol. 95(2):278-291. DOI: 10.1099/vir.0.059634-0.

Vélez, I.A., Espinosa, G.J., Aguilar, R.F. (2021). Tipologia y caracterizacion de cunicultores
en los Estados del centro de México. Rev Mex Cienc Pecu. 12(2), 469-486.
DOI:10.22319/rmcp.v12i2.5811.

Villabruna, N., Schapendonk, C.M.E., Aron, G.1., Koopmans, M.P.G., de Graaf, M. (2021)
Human Noroviruses Attach to Intestinal Tissues of a Broad Range of Animal Species.
J Virol. 13;95(3):e01492-20. DOI: 10.1128/JV1.01492-20.

Wolf, S., Williamson, W., Hewitt, J., Lin, S., Rivera-Aban, M., Ball, A., Scholes, P., Savill,
M., (2009). Greening G.E. Molecular detection of norovirus in sheep and pigs in New
Zealand farms. Vet. Microbiol. 133:184-189. DOI: 10.1016/j.vetmic.2008.06.019.

Zakhour, M., Ruvoén-Clouet, N., Charpilienne, A., Langpap, B., Poncet, D., Peters, T.,
Bovin, N., Le Pendu, J. (2009). The alphaGal epitope of the histo-blood group antigen
family is a ligand for bovine norovirus Newbury?2 expected to prevent cross-species
transmission. Plos Pathog. 5(7):e1000504. DOI: 10.1371/journal.ppat.1000504.

Vol. 15 Num. 30 January — June 2025, e868


https://www.gob.mx/senasica/articulos/renovamos-esfuerzos-para-proteger-la-cunicultura-nacional
https://www.gob.mx/senasica/articulos/renovamos-esfuerzos-para-proteger-la-cunicultura-nacional

Revista Iberocamericana para la
Investigacion y el Desarrollo Educativo
ISSN 2007 - 7467

Contribution Role Author(s)
Conceptualization Linda Guiliana Bautista GoOmez
Methodology Linda Guiliana Bautista Gomez (Principal)

Anahi Jiménez Ramos (Principal)
José Simdn Martinez Castaneda (Who supports)
Salvador Fonseca Coronado (Supporter)

Software N/A

Validation Linda Guiliana Bautista Gomez (Same)
José Simon Martinez Castaneda (Same)
Salvador Fonseca Coronado (same)

Formal Analysis Anahi Jiménez Ramos (same)
Linda Guiliana Bautista GOmez (Same)

Investigation Anahi Jiménez Ramos (same)
Linda Guiliana Bautista GOmez (Same)

Resources Linda Guiliana Bautista Gomez

Data curation Anahi Jiménez Ramos (same)

Linda Guiliana Bautista GOmez (Same)
José Simon Martinez Castaneda (Same)
Salvador Fonseca Coronado (same)

Writing - Preparing the Anahi Jiménez Ramos (same)
original draft Linda Guiliana Bautista Gomez (Same)

Writing - Review and editing | Anahi Jiménez Ramos (same)

Linda Guiliana Bautista Gomez (Same)
José Simoén Martinez Castaneda (Same)
Salvador Fonseca Coronado (same)

Display Anahi Jiménez Ramos (same)

Linda Guiliana Bautista GOmez (Same)
José Simoén Martinez Castaneda (Same)
Salvador Fonseca Coronado (same)

Supervision Linda Guiliana Bautista Gomez (Same)
José Simdn Martinez Castaneda (Same)
Salvador Fonseca Coronado (same)

Project Management Linda Guiliana Bautista GOmez

Acquisition of funds Linda Guiliana Bautista Gomez

Vol. 15 Num. 30 January — June 2025, e868




