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ABSTRACT

Objective: To determine the DNA prevalence of Parvoviridae family species (PPV1, PPV2, PPV5, and PPV6)
and Circoviridae family species (PCV2 and PCV3) in PCV2-unvaccinated backyard farms in central Mexico
through gilt blood samples.

Design/Methods/Approach: Blood samples were collected from 60 gilts raised in backyard farms located in
the State of Mexico, Hidalgo, and Querétaro. Genomic DNA was extracted using a commercial kit. Nested
PCR was performed on each sample using previously reported primers and amplification conditions for PPV1,
PPV2, PPV5, and PPV6, PCV2, and PCV3.

Results: Positive cases were detected for each viral species tested: 5.2% (3/58) for PPV1, 89.6% (52/58) for PPV2,
67.2% (39/58) for PPV5, 25.9% (15/58) for PPV6, 50% (29/58) for PCV2, and 69% (40/58) for PCV3. The most
prevalent species was PPV2, followed by PCV3 and PPV5, while PPV1 showed the lowest prevalence. Overall,
96.5% of the samples exhibited co-infection with at least one other species, with triple assortments being the
most frequent, particularly in backyard farms from the State of Mexico. However, double assortments were
predominant in Querétaro. The most common viral combinations were PPV2/PCV3 and PPV2/PPV5. The
former was dominant in Querétaro, while the latter was widespread in Hidalgo and the State of Mexico.
Additionally, PCV2 was significantly associated with co-infections in Querétaro, whereas both PCV2 and
PCV3 were predominant in the State of Mexico and Hidalgo.

Study Limitations/Implications: Backyard farms have a low number of sows and limited accessibility for
sampling. Increasing the sample size would provide a more comprehensive understanding of the interactions
between these viral species in non-industrial farms.

Findings/Conclusions: All viral species analyzed were detected in the blood of backyard sows. Prevalence
and co-infection patterns varied by state and farm. Notably, PPV5 was the predominant virus in Hidalgo and
the State of Mexico, often co-occurring with PPV2, PCV2, and PCV3, in that order. In contrast, PPV2 and
PPV5 were the most frequent double co-infections in Querétaro. This is the first report documenting the DNA
prevalence of PPV2, PPV5, PPV6, and PCV3 in backyard farms. Given the high co-infection rates observed
in reproductive sows, further studies are necessary to assess their impact on swine health and productivity.

Key words: Parvoviridae, Circoviridae, backyard farms, sows, PCR, co-infection.
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INTRODUCTION

In Mexico, porcine production is a highly sustainable economic sector that appeals to
large corporations while also playing a crucial role in household economies. Nationwide,
backyard farms account for approximately 30% of the swine trade (SENASICA, 2020).
These farms are considered high-risk areas due to the lack of rigorous husbandry,
biosecurity, and immunization protocols (Carrero, 2005), creating an environment
where controlled diseases can spread within the porcine population. Reproductive issues
in the swine industry lead to significant economic losses, ultimately affecting consumer
prices. Viral agents are among the primary causes of reproductive failure (RF) in sows,
as they can induce pregnancy miscarriages, with maternal viremia being essential for
transplacental transmission (Zimmerman ef al., 2019). RF in sows encompasses a broad
spectrum of clinical manifestations, with Protoparvovirus ungulate 1 commonly known
as porcine parvovirus 1 (PPV1) being one of the main pathogens involved (Chen et
al., 2023). However, due to widespread vaccination over the past 40 years, the global
incidence of PPV1 has remained low. PPV1 outbreaks are primarily linked to vaccination
deficiencies, suggesting that infections may be more frequent in backyard farms
where immunization practices are infrequent. Similarly, Porcine circovirus 2 (PCV2)
is a well-documented pathogen associated with sow RF (Chen et al., 2023). Although
PCV2 vaccination has been available since 2008, its implementation has been largely
restricted to commercial farms, with backyard farms exhibiting a low immunization rate.
Meanwhile, Porcine circovirus 3 (PCV3), a recently identified agent, has been reported
in Mexico. Although global studies have suggested its involvement in piglet diseases and
RF outbreaks, its precise role in disease progression remains unclear. Furthermore, data
on PCV3 prevalence in Mexico are scarce, with no available reports on backyard farms.
Recently, seven emerging porcine parvovirus species (PPV2-8) have been identified, all
belonging to the same family as PPV1 (Walker et al., 2022). Numerous studies have
investigated their potential role in disease, either as primary pathogens or in co-infections
with other agents (Li et al., 2021). In Mexico, a retrospective study analyzing PCV2-
unvaccinated commercial farms from 2001 to 2015 reported a high prevalence of PPV2
to PPV6, markedly differing from global prevalence trends (Garcia-Camacho et al.,
2020). However, no studies have assessed the prevalence of these viral agents in backyard
farms, particularly those associated with sow RF. Therefore, the aim of this study is to
determine the DNA prevalence of PPV1-6, PCV2, and PCV3 in backyard swine farms

in central Mexico using blood samples from gilts.

MATERIAL AND METHODS

Sampling: TFifty-cight blood samples were collected from gilts in 2023 from PCV2-
unvaccinated backyard farms located in three Mexican states: Hidalgo (Tepatepec, 16
samples), State of Mexico (Teotihuacdn de Arista, 10 samples; Melchor Ocampo, 4 samples;
Teoloyucan, 7 samples), and Querétaro (San Juan del Rio, 21 samples). Venipuncture was
performed via the jugular vein using EDTA-coated tubes (Vacutainer™).

DNA extraction: DNA extraction from each sample was performed using a commercial
kit (QuickGene DNA Whole Blood, Fujifilm, United Kingdom) following the manufacturer’s
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instructions. The total DNA concentration was measured using a spectrophotometer
(NanoDrop Lite, Thermo Fisher Scientific Inc., Waltham, Massachusetts, USA).

Nested PCR: Each genomic DNA sample was used as a template in 25 L reactions
containing 1X master mix (RealQ) Plus 2X Master Mix Green, Ampliqon, Denmark).
Nested PCR was carried out in a Master Cycler Gradient (Eppendorf, Hamburg, Germany)
using previously reported primers and amplification conditions: Garcfa-Camacho et al.
(2020) for PPV1, PPV2, PPV5, and PPV6; Kim et al. (2001) for PCV2; and Agatén-Flores
(2024) for PCV3. Amplicons were visualized by electrophoresis on 1.5% agarose gels.

RESULTS

Positive cases were detected for each viral agent tested in this study, as summarized
in Table 1. The overall prevalence for PPV1, PPV2, PPV5, PPV6, PCV2, and PCV3
was 5.2%, 89.6%, 67.2%, 25.9%, 50%, and 69%, respectively. In general, viral frequencies
were similar across states, though some variations were observed. PPV2 was the most
prevalent, with a lower proportion in Hidalgo (56.2%), while PPV1 was the least prevalent,
ranging from 0% to 10%. Notably, PPV5 was less frequent in Querétaro (9.5%) than in
Hidalgo and the State of Mexico. Similarly, PPV6 prevalence was lower in Querétaro
(9.5%) compared to Hidalgo (37.5%) and the State of Mexico (33.3%, on average).
Fluctuations were also observed in PCV2 prevalence, with the highest frequency in the
State of Mexico (71.4%, on average), followed by Querétaro and Hidalgo. Conversely,
PCV3 showed the highest prevalence in Querétaro (100%), surpassing levels found in the
State of Mexico and Hidalgo.

Regarding co-infections, 96.5% of the samples exhibited at least one type of co-infection
(Figure 1). The most frequent were triple co-infections (50%), followed by double co-
infections (27.6%) and quadruple co-infections (13.8%).

Quintuple co-infections accounted for 8.6% of cases, while no sextuple co-infections
were identified. In the State of Mexico, co-infections involving three or more viruses were

predominant, whereas double and triple co-infections were more common in Querétaro

Table 1. Frequency of viral species detected by nested PCR in the study population.

PPV1 PPV2 PPV5 PPV6 PCV?2 PCV3
Farm Samples
# | % # | % # | % # | % # | % # | %
Hidalgo
Tepatepec 16 | 116 | 62 | 916 | 562 | 1516 | 93.7 | /16 | 37.5 | 516 | 312 | 6/16 | 375
State of Mexico
Teotihuacan 10 110 | 10 910 | 90.0 | 1010 | 100 | 310 | 300 | 810 | 80.0 | 7710 | 70.0
Melchor Ocampo 4 0/4 0 4/4 100 4/4 100 3/4 75.0 1/4 25.0 1/4 25.0
Teoloyucan 7 07 | o 77 | 100 77 | 100 7 | 142 ] 67 | 857 | 37 | 428
Average 91 21 | 48 | 2021 | 952 | 2y21 [ 100 | 721 | 33.3 | 1521 | 714 | 1121 | 524
Querétaro
San Juan del Rio 21 21 | 48 |21 [ 100 | 21 | 95| 9921 | 95 | 821 | 380 | 2121 | 100
Overall 58 358 | 5.2 | 5258 | 89.6 | 39558 | 67.2 | 1558 | 25.9 | 2958 | 50.0 | 2058 | 69.0
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Figure 1. Frequency of co-infections by state.

and Hidalgo. Notably, Hidalgo was the only location where single infections were observed
(two cases). The distribution of viral assortments in co-infections is illustrated in Figure
2. Among triple co-infections, the most frequently identified combinations were PPV2/
PCV2/PCV3 (28.57%), PPV2/PPV5/PPV6 (17.2%), PPV2/PPV5/PCV2 (13.8%), and
PPV2/PPV5/PCV3 (6.9%). In double co-infections, the most prevalent combination was
PPV2/PCV3 (56.2%), primarily observed in Querétaro, followed by PPV2/PPV5 (37.5%).
The overall frequency of PPV5 co-occurring with either PPV6 or PCV3 was 6.25%.
Regarding quadruple co-infections, two viral assortments were identified: PPV2/PPV5/
PCV2/PCV3 (87.5%) and PPV2/PPV6/PCV2/PCV3 (12.5%). A single combination was
detected in quintuple co-infections, consisting of PPV2/PPV5/PPV6/PCV2/PCV3.
Regarding the distribution of viral combinations by state, in Hidalgo, PPV5 was
detected in all cases except one. Two single infections were observed, while PPV5 showed
a strong association with PPV2. The next most frequently linked viruses in co-infections
were PCV3 and PCV2, in that order. A similar pattern was observed in backyard farms in
the State of Mexico, where PPV5 and PPV2 were closely associated. However, a greater

1L 111111} IIRNRIIMININA ]

Figure 2. Assortments of viruses in co-infections by state. S=sample.
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number of viral species were involved in this region, with a high prevalence of PCV2 and
PCV3. In contrast, the most frequent viral combination in Querétaro was PPV2/PCV3,

with PCV2 playing a significant role in triple co-infections.

DISCUSSION

In porcine backyard farms, basic diagnostic practices are rarely implemented. As
a result, the prevalence of infectious agents and diseases remains largely unknown,
potentially creating conditions favorable for disease outbreaks (Alonso & Maqueda,
2020). In this study, PPV2, PCV3, and PPV5 were the most prevalent viruses detected,
exhibiting distinct distributions and assortments across different states and farms.
Globally, PPV2 has consistently been reported as the most prevalent Parvoviridae
species (Streck et al., 2013; Saekhow & Ikeda, 2015; Saekhow et al., 2014; Garcia-
Camacho et al., 2020), a finding that aligns with the results of this study. The potential
association of PPV2 with disease has not yet been fully elucidated. Regarding PPV5, its
reported seroprevalence in China, South Korea, and Poland ranges from 20.0% (L1 et
al.,2021; Kim et al., 2022; Milek et al., 2020) to 41.3% in oral fluid samples (Milek ez al.,
2019), which is lower than the overall PPV prevalence (67.2%) observed in this study.
In Mexico, a retrospective study using PCV2-affected and PCV2-unaffected paraffin-
embedded tissues reported an overall PPV5 prevalence of 32.4% and a prevalence of
28.0% in reproductive failure (RF) cases. That study found a significant association
between PPV3 and Porcine circovirus-associated disease (PGVAD), as well as with RF
cases in PCV2-affected farms. Although PPV2 was the most prevalent Parvoviridae
species in that case series, no direct association with PCVAD or RF was established
(Garcia-Camacho et al., 2020). In this study, PCV3 exhibited a high overall prevalence
(69.0%), followed by PCV2 (50.0%). While PCV2 is widely recognized as a pathogenic
virus causing PGVAD, PCV3 has been detected in pigs with clinical conditions such
as Porcine Dermatitis and Nephropathy Syndrome (PDNS), RF, and multisystemic
inflammation (Palinski ez al., 2017; Phan et al., 2016), suggesting its potential involvement
in disease. However, because the gilts sampled in this study were clinically healthy, no
direct correlation with disease can be made. Nonetheless, co-infections among different
viral species are increasingly common in animal populations, and these viral interactions
may contribute to disease severity. The impact of specific viral co-infections on animal
health remains unclear (Vargas-Bermudez et al., 2023). The distinct viral distribution
patterns identified in this study could play a role in disease outbreaks, as the detected
viruses have either been directly associated with disease or reported in clinical cases.
Hidalgo and the State of Mexico displayed particularly high PPV3 prevalence (93.7%
and 100.0%, respectively). In Hidalgo, PPV5 appeared to be a key viral agent, detected
in single infections and primarily co-infecting with PPV2, followed by PCV3. Notably,
the only sample negative for PPV) exhibited a viral assortment of PPV2/PCV3/PCV2,
emphasizing the relevance of these four viruses in the local farm population. Similarly, in
the State of Mexico, the PPV3/PPV2 combination was dominant (20 out of 21 samples).
Triple and quadruple co-infections involving three or more viruses were more frequent

in this region than in the other states, including quintuple co-infections. In this setting,
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PCV2 and PCV3 were detected in 71.4% (15/21) and 52.4% (11/21) of the samples,
respectively. In contrast, PPV5 prevalence was significantly lower in Querétaro (9.5%).
Interestingly, co-infection of PPV2 with PCV3 was observed in all samples from this
location, primarily as double co-infections, with a considerable presence of PCV2 in
triple co-infections. This finding contradicts previous studies, where PCV3 was detected
at lower rates (30.2%-40.9%) in RF cases (Saporiti ¢z al., 2021; Wang et al., 2019; Chang
et al., 2020; Xu et al., 2021). It is well established that co-infections involving multiple
viruses can exacerbate disease severity. For example, PCV2 co-infection with other
pathogens, such as PPV1 and Porcine Reproductive and Respiratory Syndrome Virus
(PRRSv), has been linked to increased pathogenicity (Cui et al., 2023). Additionally,
viral co-infections may enhance the likelihood of recombination events, potentially
leading to increased virulence or the emergence of new genotypes (Kwon et al., 2017).
These findings suggest that the observed viral assortments may contribute to disease
outbreaks. PPV)5 has already been associated with PCVAD in Mexico (Garcia-Camacho
et al., 2020), a possible link between PPV2 and PCV2 has been proposed (Novosel et
al., 2018), and ongoing research continues to investigate PCV3’s role in disease (Phan
et al., 2016). Additionally, PCV3 prevalence has shown an increasing trend in both
the U.S. and Taiwan (Wang et al., 2019; Chang et al., 2020). Conversely, PPV6 and
PPV1 were the least prevalent species in backyard farms, consistent with previously
reported data indicating prevalence rates of 19.4%-25.8% for PPV6 (Milek et al., 2020;
Kim et al., 2022; Faustini ez al., 2024) and 0.0%-3.5% for PPV1 (Cui et al., 2017; Milek
et al., 2019; Kim et al., 2022). A potential role of PPV6 in RF has been suggested, as its
prevalence in fetal heart tissue from aborted fetuses was high (57.0%), particularly in
PCV2-affected farms (Garcia-Camacho et al., 2020). However, in this study, the PPV6/
PCV2 co-infection rate was relatively low (12.5%). Since the gilts were clinically healthy
with no reproductive history, no assumption can be made about PPV6’s role in RF in
backyard farms, though its involvement seems unlikely based on these findings. As for
PPV1, its low prevalence was expected, as it has been successfully controlled through
vaccination. In fact, in the backyard farms sampled in this study, the pig population is
vaccinated against PPV1, similar to high-density commercial farms. Further follow-up
studies in these farms could provide valuable insights into the role of each viral agent

and the potential impact of viral co-infections on disease development.

CONCLUSIONS

In this study, all assessed viral species (PPV1, PPV2, PPV5, PPV6, PCV2, and PCV3)
were detected in gilts from backyard farms. This represents the first report on the prevalence
of PPV2, PPV5, PPV6, and PCV3 in such settings. Among the experimental population,
PPV2 was the most prevalent species, followed by PCV3, a recently described virus in
Mexico. The co-existence of multiple viral species within gilts exhibited distinctive patterns

that warrant further investigation to determine their potential contribution to disease.

ACKNOWLEDGEMENT
This work was financially supported by the CI2465 research funds from FESC-UNAM.



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/agrop.v17i3.3282 43

REFERENCES

Agatén-Flores L. 2024. Estandarizaciéon e implementacién de la técnica PCR convencional para la
amplificacién de la regién genética VP1 parcial del Circovirus porcine3 (PCV3) a partir de sangre
de cerdas reproductoras de granjas de baja densidad del Estado de México, Hidalgo y Querétaro.
Licenciatura MVZ, Universidad Nacional Auténoma de México, Facultad de Estudios Superiores
Cuautitldn, Febrero 2024.

Alonso F., Maqueda A. 2020. Breve resefia de la porcicultura de traspatio en México. BMeditores.
https://bmeditores.mx/secciones-especiales/breve-resena-de-la-porcicultura-de-traspatio-en-
mexico/#literatura-citada

Carrero. 2005. Manual de produccién porcicola, Servicio nacional de aprendizaje, SENA.

Chang C.C., Wu C.W,, Chang Y.C., Wu C.Y., Chien M.S., Huang, C. 2020. Detection and phylogenetic
analysis of porcine circovirus type 3 in Taiwan. Archives of Virology, 166(1), 259-263. https://doi:10.1007/
s00705-020-04870-6.

Chen Y., Luo S., Tan J., Zhang L., Qiu S., Hao Z., Wang N., Deng Z., Wang A., Yang Q., Yang Y., Wang C.,
Zhan Y. 2023. Establishment and application of multiplex real-time PCR for simultaneous detection of
four viruses associated with porcine reproductive failure. Frontiers in microbiology, 14, 1092273. https://
doi.org/10.3389/fmicb.2023.1092273

Cui Z., Zhou L., Hu X., Zhao S., Xu P., Li W., Chen J., Zhang Y., Xia P. 2023. Immune Molecules’ mRNA
Expression in Porcine Alveolar Macrophages Co-Infected with Porcine Reproductive and Respiratory
Syndrome Virus and Porcine Circovirus Type 2. Viruses. 15(3):777. https://doi.org/10.3390/v15030777.

Cui J., Biernacka K., Fan J., Gerber P.I., Stadejek T., Opriessnig T. 2017. Circulation of Porcine Parvovirus
Types 1 through 6 in Serum Samples Obtained from Six Commercial Polish Pig Farms. Transboundary
and emerging diseases, 64(6), 1945-1952. https://doi.org/10.1111/thed.12593.

Faustini G., Tucciarone C.M., Franzo G., Donneschi A., Boniotti M.B., Alborali G.L., Drigo M. 2024.
Molecular Survey on Porcine Parvoviruses (PPV1-7) and Their Association with Major Pathogens
in Reproductive Failure Outbreaks in Northern Italy. Viruses. 27;16(1):157. https://do1:10.3390/
v16010157.

Garcia-Camacho L., Vargas A., Marin E., Ramirez H., Brown C. 2020. A retrospective study of DNA
prevalence of porcine parvoviruses in Mexico and its relationship with porcine circovirus associated
disease. Microbiology and Immunology. 1-11. https://doi:10.1111/1348-0421.12782.

Kim S.C., Kim J.H., Kim J.Y., Park G.S., Jeong C.G., Kim W.I. 2022. Prevalence of porcine parvovirus 1
through 7 (PPVI-PPV7) and co-factor association with PCV2 and PRRSV in Korea. BMC Veterinary
Research. 18(1):133. https://doi.org/10.1186/s12917-022-03236-1.

Kim J., Chae C. 2001. Optimized protocols for the detection of porcine circovirus 2 DNA from formalin-
fixed paraffin-embedded tissues using nested polymerase chain reaction and comparison of nested
PCR with in situ hybridization. Journal of Virological Methods. 92(2):105-11. https://doi:10.1016/s0166-
0934(00)00255-x.

Kwon T., Lee D.U., Yoo S.J., Je S.H., Shin J.Y., Lyoo Y.S. 2017. Genotypic diversity of porcine circovirus type
2 (PCV2) and genotype shift to PCV2d in Korean pig population. Virus Research, 228, 24-29. https://
doi:10.1016/j.virusres.2016.11.0.

LiJ., Xiao Y, Qiu M., Li X, Li S, Lin H., Li X., Zhu J., Chen N. 2021. A Systematic Investigation Unveils
High Coinfection Status of Porcine Parvovirus Types 1 through 7 in China from 2016 to 2020.
Microbiology spectrum, 9(3), €0129421. https://doi.org/10.1128/Spectrum.01294-21.

Mitek D, Wozniak A, Podgérska K, Stadejek T. 2020. Do porcine parvoviruses 1 through 7 (PPV1-PPV7) have
an impact on porcine circovirus type 2 (PCV2) viremia in pigs? Veterinary Microbiology. 242:108613.
https://doi:10.1016/j.vetmic.2020.108613.

Mitek D., Wozniak A., Guzowska M., Stadejek T. 2019. Detection Patterns of Porcine Parvovirus (PPV) and
Novel Porcine Parvoviruses 2 through 6 (PPV2-PPV6) in Polish Swine Farms. Viruses, 71(5), 474.
https://doi.org/10.3390/v11050474.

Novosel D., Cadar D., Tuboly T., Jungic A., Stadejek T., Ait-Ali T., Csdagola A. 2018. Investigating porcine
parvoviruses genogroup 2 infection using in situ polymerase chain reaction. BMC veterinary research,
74(1), 163. https://doi.org/10.1186/s12917-018-1487-z

Palinski R, Pineyro P, Shang P, Yuan F, Guo R, Fang Y, et al. A Novel Porcine Circovirus Distantly Related
to Known Circoviruses Is Associated with Porcine Dermatitis and Nephropathy Syndrome and
Reproductive Failure. Journal of Virology. 2017; 91(1):c01879-16. https://doi:10.1128/JVI1.01879-16.

Phan T, Giannitti F, Rossow S, Marthaler D, Knutson T, Li L, et al. Detection of a novel circovirus PCV3
in pigs with cardiac and multi-systemic inflammation. Virology Journal. 2076; 73(1):184. . https://
doi:10.1186/s12985-016-0642-z.



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/agrop.v17i3.3282 44

Sackhow P. e Ikeda H. 2015. Prevalence and genomic characterization of porcine parvoviruses detected in
Chiangmai area of Thailand in 2011. Microbiology and Immunology, Volume 59, Issue2, Pages 82-88.
https://doi:doi.org/10.1111/1348-0421.12218.

Saekhow P., Mawatari T., Ikeda H. 2014. Coexistence of multiple strains of porcine parvovirus 2 in pig farms.
Microbiology and Immunology, Volume 58, Issue7, Pages 382-387 https://doi:doi.org/10.1111/1348-
0421.12159.

Saporiti V., Valls L., Maldonado J., Perez M., Correa-Fiz F., Segalés J., Sibila M. 2021. Porcine Circovirus 3
Detection in Aborted Fetuses and Stillborn Piglets from Swine Reproductive Failure Cases. Viruses, 13,
264. https://doi.org/10.3390/v13020264.

SENASICA. Estudio para determinar el impacto econémico de la PPC en México. 2020. https://dj.senasica.
gob.mx/Contenido/files/2021/enero/An%C3%AllsisSocioecon%C3%B3micoFPC_876a8d25-0d1b-
4fa8-94e4-18d59¢932257.pdf

Streck A.F., Homeier T., Foerster T, Fischer S., Truyen U. 2013. Analysis of porcine parvoviruses in tonsils
and hearts from healthy pigs reveals high prevalence and genetic diversity in Germany. Springer-Verlag
Wien. Archives of Virology, 158:1173-1180 https://doi:10.1007/s00705-013-1603-0.

Vargas-Bermudez D.S., Mogollon J.D., Franco-Rodriguez C., Jaime J. 2023. The Novel Porcine Parvoviruses:
Current State of Knowledge and Their Possible Implications in Clinical Syndromes in Pigs. Viruses,
715(12), 2398. https://doi:doi.org/10.3390/v15122398.

Walker J., Siddell G., Lefkowitz J., Mushegian R., Adriaenssens M., Alfenas-Zerbini P., Dempsey M., Dutilh
E., Garcia L., Curtis Hendrickson R., Junglen S., Krupovic M., Kuhn H., Lambert J., Lobocka
M., Oksanen M., Orton J., Robertson L., Rubino L., Sabanadzovic S., Simmonds P., Smith B.,
Suzuki N., Van Doorslaer K., Vandamme M., Varsani A., Zerbini M. 2022. Recent changes to virus
taxonomy ratified by the International Committee on Taxonomy of Viruses. Archives of Virology. https://
doi:10.1007/s00705-022-05516-5.

Wang Y., Noll L., Lu N., Porter E., Stoy C., Zheng W., Bai J. 2019. Genetic Diversity and Prevalence of
Porcine Circovirus Type 3 (PCV3) and Type 2 (PCV2) in the Midwest of the USA during 2016-2018.
Transboundary and Emerging Diseases, 67(3):1284-1294. https://doi:10.1111/tbed.13467.

Xu T., Zhang Y.H., Tian, R.B., Hou C.Y., Li, X.S., Zheng L.L., Chen H.Y. 2021. Prevalence and genetic
analysis of porcine circovirus type 2 (PCV2) and type 3 (PCV3) between 2018 and 2020 in central
China. Infection, Genetics and Evolution, 94, 105016. https://doi:10.1016/j.meegid.2021.10501.

Zimmerman J., Karriker L., Ramirez A., Schwartz K., Stevenson G., Zhang J. 2019. Diseases of swine. 11th
edition. Hoboken, NJ : Wiley-Blackwell.



	_GoBack
	_Hlk168654805
	_Hlk168654847
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk168927594
	_GoBack
	_GoBack
	_Hlk167365211
	_Hlk166706236
	_Hlk166704470
	_Hlk167365247
	_Hlk167365387
	_Hlk166704553
	OLE_LINK1
	OLE_LINK2
	_GoBack
	_GoBack
	_Hlk163584306
	_Hlk129035478
	_GoBack
	_GoBack
	_GoBack
	_Int_Q020c99O
	_Hlk162867084
	_Hlk191475046
	_GoBack
	_Hlk190159484
	_Hlk156933791
	_Hlk175598862
	_Hlk175598850
	_Hlk175598878
	_Hlk175598419

