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			Abstract | Short beak and dwarfism syndrome virus (SBDSV) is an emerging distinct duck-origin goose parvovirus causing outbreaks of short beak and dwarfism syndrome duckling in Chinese duck flocks. The aim of this review is to describe the current knowledge on SBDSV with an emphasis on epidemiology, clinical symptoms, laboratory diagnosis, genomic organization and pathogenesis. However, the pathogenesis mechanisms of cross-species transmission, retardation and beak atrophy are still needed to be elucidated.
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			Introduction

			 

			Waterfowl parvoviruses, the autonomous member within the species Anseriform dependoparvovirus 1, are classified into two groups, namely goose parvovirus (GPV) and Muscovy duck parvovirus (MDPV) [1, 2]. Classical GPV is the causative agent of Derzy’s disease in goslings and Muscovy ducklings [3]. Peking duck and mule duck are resistant to classical GPV infection. In 1970s, an epidemic named “Short Beak and Dwarfism Syndrome (SBDS)” had occurred in mule duck flocks in France where the causative agent was a distinct lineage of GPV (designated as Short beak and dwarfism syndrome virus (SBDSV) or novel duck-origin goose parvovirus (N-GPV)) [4]. SBDSV infection was subsequently emerged in Poland (1995), Hungary (2008), Taiwan (1989) and mainland China (2015) [4-9]. The unprecedented outbreaks of SBDS disease since 2015 have caused considerable economic losses to Chinese waterfowl industry [2, 7]. In order to better understanding SBDS disease, we summarized the characteristics of this disease including the epidemiology, pathobiology, diagnosis, and possible transmission, which might be useful for future research. 

			 

			Virus transmission and epidemiology

			SBDSV infection spreads rapidly in China and poses a great threat to the production of waterfowl. SBDSV mostly affects 5 to 30 day-old mule ducks and Peking ducks (including Cherry Valley duck) with variable morbidity rate (10% - 100%) and slight mortality (2%- 10%) [7, 9]. SBDS disease was also observed in other waterfowl breeds such as Muscovy duckling, Sheldrake and goose [10, 11]. Mule duckling and Peking duckling are most susceptible to SBDSV, followed by Muscovy duckling, and Sheldrake and gosling [10]. Viral shedding could be detected in oral and cloacal swabs [12]. SBDSV could vertically transmitted from breeder ducks to offspring ducklings, whereas there is no influence on the fertility and hatchability percentage [13]. Contaminated feed and drinking water are the main source of infection. Poor feeding conditions could aggravate the disease with a high morbidity. Also, ducks reared in ponds or on ground are more likely to develop SBDS than ducks raised in netting bed. Susceptibility of ducks to SBDSV infection is age-related [9], infected ducks did not exhibit clinical disease when infected after 2 weeks of age. Most the infected birds (60% - 80%) developed the antibody against SBDSV at 6 to 7 days post infection, and almost all survival birds at 21 dpi and were seropositive [7, 10, 12]. During the period of raising and slaughter, the legs, wings and sternum are easily fractured, leading to more defect rate and economic losses to commercial meat-type duck farms [9, 14].
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			Figure 1: Typical clinical symptoms of SBDS disease. A. Duckling short beak, protruding tongue and feather disorder. B. Duckling leg fracture. C. Adult ducks’ beaks atrophy with protruded tongues. D. Paralysis and dyspraxia. E. Striking growth retardation and dwarfism.

			 

			Clinical manifestations and pathological characteristics

			The typical clinical symptoms of SBDSV infected Peking ducklings and mule ducklings are striking growth retardation, notable beak atrophy with a protruded tongue, diarrhea, dyspraxia, and fractured feathers, wings and legs (Figure 1) [2, 7]. Mostly, the ducklings begin to show the clinical symptoms 4 to 7 days post infection (dpi) including depression, bunching, limping, anorexia, fluffy feathers and diarrhea [10]. The growth retardation and beak atrophy become more and more serious with age. At 14 dpi, the body weight of infected groups was apparently less than those of the control ducks. The beaks of challenged ducks were obviously shorter than those of the uninfected ducks at 21 dpi. The protruded tongues, fractures of legs, wings and sternums, and poor feather growth were mostly observed after 28 dpi. With necropsy, no apparent gross lesions other than enteritis that usually observed in the internal organs of sick or dead ducklings [7, 15]. However, SBDSV could be detected in multiple internal organs including heart, liver, kidney, spleen, lung, pancreas, intestine and bursa of Fabricius, resulting in microscopic lesions. Muscovy ducklings, Sheldrakes and goslings infected with SBDSV also showed remarkable growth retardation, anorexia and diarrhea, whereas no obvious atrophic beaks and or protruded tongues [10].

			 

			Laboratory diagnosis

			SBDSV is a duck-origin variant GPV, sharing 92.2%–97.5% nucleotide homology with classical GPV in viral genome [8, 16]. It is very difficult to develop a specific method to distinguish SBDSV from classical GPV due to high nucleotide similarity [7]. SBDS infection could be confirmed by traditional diagnosis method along with the clinical characteristics. ELISA assay using recombinant VP3 protein could be used in detection of GPV antibodies in serum [13]. Chen et al., employed GPV MAb labeled with latex agglutination reagent and developed latex agglutination test (LAT) and latex agglutination inhibition (LAI) assay to rapidly detect GPV antigens and antibodies, respectively [7]. Recently, a series of assays for detecting SBDSV had been developed, such as real-time PCR, LAMP, recombinase polymerase amplification (RPA) [16-18]. However, these methods have cross reaction with GPV and not suitable for SBDSV specific detection. Wang et al., developed a real-time PCR assay that could specifically detect SBDSV with no cross-detection with classical GPV and MDPV [19]. A duplex semi-nested PCR assay was also developed for differential detection of SBDSV and classical goose parvovirus [20]. TaqMan-based real-time PCR assay been shown to be effective in specific detection of SBDSV [21]. According the existence of Ssp I restriction site within SBDSV 5’ UTR sequence, PCR-RFLP method was established for distinguishing SBDSV from GPV and MDPV [22]. Finally, these specific detection methods play an important role in epidemiological survey and early diagnosis.

			 

			Genomic organization

			Similar to classical GPV, SBDSV genome is single-

			Table 1: The information of SBDSV strains used in this study.

			 

			
				
					
					
					
					
					
					
				
				
					
							Strain name
							Geographic origin
							Isolation year
							Host
							Genome size (bp)
							GenBank accession No.
					

					
							
							M15

						
							
							Fujian, China,

						
							
							2015

						
							
							Mule duck

						
							
							5030

						
							
							KU844283

						
					

					
							
							sdlc01

						
							
							Shandong, China,

						
							
							2015

						
							
							Cherry Valley Duck

						
							
							5006

						
							
							KT343253.1

						
					

					
							
							AH

						
							
							Anhui, China

						
							
							2015

						
							
							Cherry Valley Duck

						
							
							5053

						
							
							MH444513.1

						
					

					
							
							GD

						
							
							Guangdong, China

						
							
							2016

						
							
							Mule duck

						
							
							5106

						
							
							MH444514

						
					

					
							
							SD

						
							
							Shandong, China,

						
							
							2015

						
							
							Cherry Valley Duck

						
							
							5053

						
							
							KY511124.1

						
					

					
							
							SDHZ1604

						
							
							Shandong, China

						
							
							2016

						
							
							Cherry Valley Duck

						
							
							5054

						
							
							MF441223.1

						
					

					
							
							AH1606

						
							
							Anhui, China,

						
							
							2016

						
							
							Cherry Valley Duck

						
							
							5054

						
							
							MF441225.1

						
					

					
							
							SDDY1605

						
							
							Shandong, China,

						
							
							2016

						
							
							Cherry Valley Duck

						
							
							5054

						
							
							MF441224

						
					

					
							
							AH1605

						
							
							Anhui, China

						
							
							2016

						
							
							Cherry Valley Duck

						
							
							5054

						
							
							MF441227

						
					

					
							
							SDLY1512

						
							
							Shandong, China,

						
							
							2015

						
							
							Cherry Valley Duck

						
							
							5054

						
							
							MF441221.1

						
					

					
							
							QH15

						
							
							Shandong, China

						
							
							2015

						
							
							Pekin duck

						
							
							5048

						
							
							KT751090

						
					

					
							
							GXN45

						
							
							Guangxi, China

						
							
							2017

						
							
							Cherry Valley Duck

						
							
							5052

						
							
							MH717783.1

						
					

					
							
							JS1603

						
							
							Jiangsu, China,

						
							
							2016

						
							
							Cherry Valley Duc

						
							
							5055

						
							
							MF441226

						
					

					
							
							DS15

						
							
							Anhui, China

						
							
							2015

						
							
							Cherry Valley Duc

						
							
							5104

						
							
							KX384726.2

						
					

					
							
							JS1

						
							
							Jiangsu, China,

						
							
							2015

						
							
							Pekin duck

						
							
							5106

						
							
							KT935531

						
					

					
							
							SC16

						
							
							Sichuan, China

						
							
							2016

						
							
							Cherry Valley Duc

						
							
							5109

						
							
							KY679174

						
					

					
							
							SDLY1602

						
							
							Shandong, China

						
							
							2016

						
							
							Cherry Valley Duc

						
							
							5110

						
							
							MF441222

						
					

					
							
							HuN18

						
							
							Hunan, China

						
							
							2018

						
							
							Sheldrake

						
							
							5110

						
							
							MK736656

						
					

					
							
							D146/02

						
							
							France

						
							
							2002

						
							
							Mule duck

						
							
							/

						
							
							AY496906

						
					

					
							
							D697/3/06

						
							
							France

						
							
							2006

						
							
							Mule duck

						
							
							/

						
							
							EU938706

						
					

					
							
							D479/12/04

						
							
							France

						
							
							2004

						
							
							Mule duck

						
							
							/

						
							
							EU938702

						
					

					
							
							D518/3/05

						
							
							France

						
							
							2005

						
							
							Mule duck

						
							
							/

						
							
							EU938703

						
					

					
							
							D523/2/05

						
							
							France

						
							
							2005

						
							
							Mule duck

						
							
							/

						
							
							EU938704

						
					

					
							
							D657/3/06

						
							
							France

						
							
							2006

						
							
							Mule duck

						
							
							/

						
							
							EU938705

						
					

				
			

			

			 

			stranded DNA approximately 5.1 kb in length, has two major open reading frames (ORFs). The left ORF encodes two replication (Rep) proteins, Rep1 and Rep2. The right ORF encodes viral capsid proteins named VP1, VP2 and VP3. VP2 and VP3 are included within the C-terminal portion of VP1 and share the same promoter, but have different stop codons [8, 9]. These three capsid proteins constitute the icosahedral capsid in a ratio of approximately 1:1:8 [23]. The genome is flanked with identical inverted terminal repeats (ITR) on both 5’ and 3’ ends. In China, at least 18 SBDSV strains were genetically characterized and were belonging to the West-European GPV-subgroup [1, 8, 24]. Complete genomes of SBDSV range between 4594- 5110 bp (Table 1), sharing 94.66% - 99.9% identity with each other, and 90.26% - 94.37% identity with classical GPV strains. NS1 gene of SBDSV shared 98.99% - 100% nucleotide identity with each other, whereas 93.37% - 97.88% identity with classical GPV. VP1 gene of SBDSV shared 94.95% - 99.95% nucleotide homology with each other, and 91.81% - 95.36% homology with classical GPV. NS gene is more stable than VP gene [9]. In compared to classical GPV, seven coincidental amino acid mutations were found in the C-terminal of Rep protein, and eight synchronous amino acid changes were found in the capsid protein [8]. Among those, two important amino acids changes (Ser489Asn and His650Asn) in the capsid protein that supposed to be responsible for host shift [25]. Two 14-nucleotide-pair deletions in most of SBDSV isolates were found in the stem of ITRs as compared to the classical GPV strains [8, 15].

			 

			Pathogenesis and pathobiology

			Although duckling SBDS disease was first emerged in Europe, the genomic features of European strains are still not clear. It is difficult to know the detailed relationship and evolutionary mechanisms between Chinese and European SBDSV strains. Until now, there is no commercial vaccine against SBDS disease. Based on the high homology between SBDSV and classical GPV, it is more likely to employ GPV vaccines or yolk antibodies to prevent and control SBDS infection, however the protective efficacy is low [15]. It is urgent to develop genotype-matched vaccines to effectively control SBDS disease. SBDSV replication and adaptation are not well to host cells and embryos with low viral titers, so it is hard to develop a conventional vaccine. VP3 is the most abundantly expressed protein and could induce host strong immune response [3], development of virus-like particles (VLPs) or recombinant viruses expressing VP3 proteins may give promising vaccine candidates for SBDS control. As compared to classical GPV, some mutations in its encoding proteins and nucleotides deletions in ITRs may be responsible for cross-species transmission and virulence attenuation [8, 9, 15]. The molecular mechanism of SBDSV cross-species transmission needs further investigation. The pathogenesis of the beak atrophy and retardation of bone growth was not clear. However, parvovirus infection might affect the activity of bone morphogenetic protein 4, which in turn can result in the modulation of the beak shape [4, 26]. Most capsid genes of parvoviruses contain phospholipase A2 sequence motif (PLA2) [27, 28] which contain a conserved calcium binding loop (YXGXG motif) [29]. It has been found that the phospholipase activity was increased in serum samples from naturally infected ducks with SBDSV [12]. These data speculate that increased PLA 2 activity in SBDSV infected ducks might compete with calcium absorption, resulting in reduction in blood calcium levels and finally causing bone dysplasia syndrome [12]. This hypothesis needs to be confirmed by further investigation and studies.

			 

			Acknowledgements

			 

			This work was supported by China’s National Key Research and development Programme (2016YFD0500805), Natural Science Foundation of Fujian province (2018J01040), the foreign cooperation project of Fujian Academy of Agriculture Science (DEC201821201), Fujian provincial major science and technology project (2019NZ09008).

			 

			Authors Contribution

			 

			Shilong Chen collected the data and wrote original draft; Shifeng Xiao, Shao Wang, Fengqiang Lin, Xiaoxia Cheng, Xiaoli Zhu and Dandan Jiang revised the manuscript; Shaoying Chen and Fusong Yu participated in supervision and coordination

			 

			Conflicts of interest

			The authors declare no conflict of interest.

			 

			References

			 

			[1]	Kapgate Sunil S., Kumanan K., Vijayarani K., Barbuddhe Sukhadeo B.(2018). Avian parvovirus: classification, phylogeny, pathogenesis and diagnosis. Avian Pathol., 47(6), 536-545. doi:10.1080/03079457.2018.1517938

			[2]	Li Chuanfeng., Li Qi., Chen Zongyan., Liu Guangqing.(2016). Novel duck parvovirus identified in Cherry Valley ducks (Anas platyrhynchos domesticus), China. Infect. Genet. Evol., 44(undefined), 278-280. doi:10.1016/j.meegid.2016.07.020

			[3]	Zádori Z., Stefancsik R., Rauch T., Kisary J.(1995). Analysis of the complete nucleotide sequences of goose and muscovy duck parvoviruses indicates common ancestral origin with adeno-associated virus 2. Virology, 212(2), 562-73. doi:10.1006/viro.1995.1514

			[4]	Palya Vilmos., Zolnai Anna., Benyeda Zsófia., Kovács Edit., Kardi Veronika., Mató Tamás.(2009). Short beak and dwarfism syndrome of mule duck is caused by a distinct lineage of goose parvovirus. Avian Pathol., 38(2), 175-80. doi:10.1080/03079450902737839

			[5]	Lu Y S., Lin D F., Lee Y L., Liao Y K., Tsai H J.(1993). Infectious bill atrophy syndrome caused by parvovirus in a co-outbreak with duck viral hepatitis in ducklings in Taiwan. Avian Dis., 37(2), 591-6. doi:10.2307/1591694

			[6]	Wang Shao., Cheng Xiao-Xia., Chen Shi-Long., Xiao Shi-Feng., Chen Shao-Ying., Lin Feng-Qiang., Wu Nan-Yang., Yu Fu-Song., Zhu Xiao-Li., Wang Jin-Xiang., Cheng You-Quang.(2016). Identification of a novel goose parvovirus (GPV) recombinant associated with short beak and dwarfism syndrome in Mainland China, 2015. Infect. Genet. Evol., 41(undefined), 289-291. doi:10.1016/j.meegid.2016.04.013

			[7]	Chen Shilong., Wang Shao., Cheng Xiaoxia., Xiao Shifeng., Zhu Xiaoli., Lin Fengqiang., Wu Nanyang., Wang Jinxiang., Huang Meiqing., Zheng Min., Chen Shaoying., Yu Fusong.(2016). Isolation and characterization of a distinct duck-origin goose parvovirus causing an outbreak of duckling short beak and dwarfism syndrome in China. Arch. Virol., 161(9), 2407-16. doi:10.1007/s00705-016-2926-4

			[8]	Li P., Lin S., Zhang R., Chen J., Sun D., Lan J., Song S., Xie Z., Jiang S.(2018). Isolation and characterization of novel goose parvovirus-related virus reveal the evolution of waterfowl parvovirus. Transbound Emerg Dis, 65(2), e284-e295. doi:10.1111/tbed.12751

			[9]	Yu Kexiang., Ma Xiuli., Sheng Zizhang., Qi Lihong., Liu Cunxia., Wang Dan., Huang Bing., Li Feng., Song Minxun.(2016). Identification of Goose-Origin Parvovirus as a Cause of Newly Emerging Beak Atrophy and Dwarfism Syndrome in Ducklings. J. Clin. Microbiol., 54(8), 1999-2007. doi:10.1128/JCM.03244-15

			[10]	Xiao Shifeng., Chen Shilong., Cheng Xiaoxia., Lin Fengqiang., Wang Shao., Zhu Xiaoli., Yu Bo., Huang Meiqing., Wang Jinxiang., Wu Nanyang., Zheng Min., Chen Shaoying., Yu Fusong.(2017). The newly emerging duck-origin goose parvovirus in China exhibits a wide range of pathogenicity to main domesticated waterfowl. Vet. Microbiol., 203(undefined), 252-256. doi:10.1016/j.vetmic.2017.03.012

			[11]	Wan Chunhe., Liu Rongchang., Chen Cuiteng., Cheng Longfei., Shi Shaohua., Fu Guanghua., Chen Hongmei., Fu Qiuling., Huang Yu.(2019). Novel goose parvovirus in domestic Linwu sheldrakes with short beak and dwarfism syndrome, China. Transbound Emerg Dis, 66(5), 1834-1839. doi:10.1111/tbed.13280

			[12]	Chen Hao., Dou Yanguo., Tang Yi., Zheng Xiaoqiang., Niu Xiaoyu., Yang Jing., Yu Xianglong., Diao Youxiang.(2016). Experimental reproduction of beak atrophy and dwarfism syndrome by infection in cherry valley ducklings with a novel goose parvovirus-related parvovirus. Vet. Microbiol., 183(undefined), 16-20. doi:10.1016/j.vetmic.2015.11.034

			[13]	Chen H., Tang Y., Dou Y., Zheng X., Diao Y.(2016). Evidence for Vertical Transmission of Novel Duck-Origin Goose Parvovirus-Related Parvovirus. Transbound Emerg Dis, 63(3), 243-7. doi:10.1111/tbed.12487

			[14]	Ning Kang., Wang Minghang., Qu Shenghua., Lv Junfeng., Yang Lixin., Zhang Dabing.(2017). Pathogenicity of Pekin duck- and goose-origin parvoviruses in Pekin ducklings. Vet. Microbiol., 210(undefined), 17-23. doi:10.1016/j.vetmic.2017.08.020

			[15]	Bian Guozhi., Ma Haibin., Luo Mengping., Gong Fengping., Li Bo., Wang Guiping., Mohiuddin Mudassar., Liao Ming., Yuan Jianfeng.(2019). Identification and genomic analysis of two novel duck-origin GPV-related parvovirus in China. BMC Vet. Res., 15(1), 88. doi:10.1186/s12917-019-1833-9

			[16]	Wan Chunhe., Chen Cuiteng., Cheng Longfei., Liu Rongchang., Shi Shaohua., Fu Guanghua., Chen Hongmei., Fu Qiuling., Huang Yu.(2019). Specific detection and differentiation of classic goose parvovirus and novel goose parvovirus by TaqMan real-time PCR assay, coupled with host specificity. BMC Vet. Res., 15(1), 389. doi:10.1186/s12917-019-2090-7

			[17]	Yang Jing., Chen Hao., Wang Zhenzhong., Yu Xianglong., Niu Xiaoyu., Tang Yi., Diao Youxiang.(2017). Development of a Quantitative Loop-Mediated Isothermal Amplification Assay for the Rapid Detection of Novel Goose Parvovirus. Front Microbiol, 8(undefined), 2472. doi:10.3389/fmicb.2017.02472

			[18]	Liu Wen-Jun., Yang You-Tian., Du Si-Min., Yi Hua-Dong., Xu Dan-Ning., Cao Nan., Jiang Dan-Li., Huang Yun-Mao., Tian Yun-Bo.(2019). Rapid and sensitive detection of goose parvovirus and duck-origin novel goose parvovirus by recombinase polymerase amplification combined with a vertical flow visualization strip. J. Virol. Methods, 266(undefined), 34-40. doi:10.1016/j.jviromet.2019.01.010

			[19]  Wang Jianchang., Wang Jinfeng., Cui Yuan., Nan Huizhu., Yuan Wanzhe.(2017). Development of a taqman-based real-time PCR assay for the rapid and specific detection of novel duck- origin goose parvovirus. Mol. Cell. Probes, 34(undefined), 56-58. doi:10.1016/j.mcp.2017.05.001

			[20]	Li Pengfei., Zhang Ruihua., Chen Junhao., Sun Dapeng., Lan Jingjing., Lin Shaoli., Song Shasha., Xie Zhijing., Jiang Shijin.(2017). Development of a duplex semi-nested PCR assay for detection of classical goose parvovirus and novel goose parvovirus-related virus in sick or dead ducks with short beak and dwarfism syndrome. J. Virol. Methods, 249(undefined), 165-169. doi:10.1016/j.jviromet.2017.09.011

			[21]	Niu Xiaoyu., Chen Hao., Yang Jing., Yu Xianglong., Ti Jinfeng., Wang Aihua., Diao Youxiang.(2016). Development of a TaqMan-based real-time PCR assay for the detection of Novel GPV. J. Virol. Methods, 237(undefined), 32-37. doi:10.1016/j.jviromet.2016.08.006

			[22]	Wang Shao., Cheng Xiao-Xia., Yu Bo., Xiao Shi-Feng., Chen Shi-Long., Zhu Xiao-Li., Yu Fu-Song., Lin Su., Chen Shao-Ying., Lin Feng-Qiang., Wu Nan-Yang., Wang Jin-Xiang., Huang Mei-Qing., Zheng Ming.(2017). A simple, polymerase chain reaction and restriction fragment length polymorphism-aided diagnosis method for short beak and dwarfism syndrome in ducklings. Infect. Genet. Evol., 53(undefined), 85-88. doi:10.1016/j.meegid.2017.05.014

			[23]	Grieger JC, Johnson JS, Gurda-Whitaker B, Agbandje-McKenna M, Samulski RJ. (2007). Surface-exposed adeno-associated virus vp1-nls capsid fusion protein rescues infectivity of noninfectious wild-type vp2/vp3 and vp3-only capsids but not that of fivefold pore mutant virions. Journal of Virology, 81(15), 7833-7843.DOI: 10.1128/JVI.00580-07

			[24]	Chen Hao., Dou Yanguo., Tang Yi., Zhang Zhenjie., Zheng Xiaoqiang., Niu Xiaoyu., Yang Jing., Yu Xianglong., Diao Youxiang.(2015). Isolation and Genomic Characterization of a Duck-Origin GPV-Related Parvovirus from Cherry Valley Ducklings in China. PLoS ONE, 10(10), e0140284. doi:10.1371/journal.pone.0140284

			[25]	Fan Wentao., Sun Zhaoyu., Shen Tongtong., Xu Danning., Huang Kehe., Zhou Jiyong., Song Suquan., Yan Liping.(2017). Analysis of Evolutionary Processes of Species Jump in Waterfowl Parvovirus. Front Microbiol, 8(undefined), 421. doi:10.3389/fmicb.2017.00421

			[26]	Wu Ping., Jiang Ting-Xin., Suksaweang Sanong., Widelitz Randall Bruce., Chuong Cheng-Ming.(2004). Molecular shaping of the beak. Science, 305(5689), 1465-6. doi:10.1126/science.1098109

			[27]	Canaan Stéphane., Zádori Zoltán., Ghomashchi Farideh., Bollinger James., Sadilek Martin., Moreau Marie Eve., Tijssen Peter., Gelb Michael H.(2004). Interfacial enzymology of parvovirus phospholipases A2. J. Biol. Chem., 279(15), 14502-8. doi:10.1074/jbc.M312630200

			[28]	Lu Jun., Zhi Ning., Wong Susan., Brown Kevin E.(2006). Activation of synoviocytes by the secreted phospholipase A2 motif in the VP1-unique region of parvovirus B19 minor capsid protein. J. Infect. Dis., 193(4), 582-90. doi:10.1086/499599

			[29]	Zádori Z., Szelei J., Lacoste M C., Li Y., Gariépy S., Raymond P., Allaire M., Nabi I R., Tijssen P.(2001). A viral phospholipase A2 is required for parvovirus infectivity. Dev. Cell, 1(2), 291-302. doi:10.1016/s1534-5807(01)00031-4

		

	OEBPS/image/Figure 1_fmt.png





OEBPS/image/637.png
Hosts and Viruses

Research Article
EIrossMark

Duckling Short Beak and Dwarfism Syndrome, A Newly Emerging

Disease in China

Shilong Chen'?, Shifeng Xiao?, Shao Wang'? Fengqiang Lin'?, Xiaoxia Cheng'?, Xiaoli Zhu'?,
Dandan Jiang'?, Shaoying Chen'?* and Fusong Yu*

!Institute of Animal Husbandry and Veterinary Medicine, Fujian Academy of Agriculture Sciences, Fuzhou 350003, Chinas
2Fujian Animal Diseases Control Technology Development Center, Fuzhou 350003, China; *Biotechnology Institue of
Fujian Academy of Agriculture Sciences, Fuzhou 350003, China.

Abstract | Short beak and dwarfism syndrome virus (SBDSV) is an emerging distinct duck-origin goose
parvovirus causing outbreaks of short beak and dwarfism syndrome duckling in Chinese duck flocks. The
aim of this review is to describe the current knowledge on SBDSV with an emphasis on epidemiology,
clinical symptoms, laboratory diagnosis, genomic organization and pathogenesis. However, the pathogenesis
mechanisms of cross-species transmission, retardation and beak atrophy are still needed to be elucidated.

Received | 21 August, 2019 Accepted | November 13,2019 Published | December 21,2019
“Correspondence | Shaoying Chen and Fusong Yu, Institute of Animal Husbandry and Veterinary Medicine, Fujian Academy of Agriculture
Sciences, Fuzhou 350003, China; Biotechnology institute of Fujian Academy of Agriculture Sciences, Fuzhou 350003, China; Email:

chensy58@163.com; yufusong58@163.com
DOI | hetp:/dx.doi.org/10.17582/journal hv/2019/6.6.141.146

Citation | Chen, S., S. Xiao, S. Wang, F. Lin, X. Cheng, X. Zhu, D. Jiang, S. Chen and F. Yu. 2019, Duckling short beak and dwarfism
syndrome, a newly emerging discase in China. Hosts and Viruses, 6(6): 141-146.
Keywords: Short beak and dwarfism syndrome; Duck-origin goose parvovirus; Epidemiology; Clinical symptoms; Diagnosis; Pathogenesis.

Introduction
Waterfowl parvoviruses, the autonomous
member within the species Anseriform
dependoparvovirus 1, are classified into two groups,
namely goose parvovirus (GPV) and Muscovy duck
parvovirus (MDPV) [1, 2]. Classical GPV is the
causative agent of Derzy’s disease in goslings and
Muscovy ducklings [3]. Peking duck and mule duck
are resistant to classical GPV infection. In 1970s,
an epidemic named “Short Beak and Dwarfism
Syndrome (SBDS)” had occurred in mule duck flocks
in France where the causative agent was a distinct
lincage of GPV (designated as Short beak and
dwarfism syndrome virus (SBDSV) or novel duck-
origin goose parvovirus (N-GPV)) [4]. SBDSV
infection was subsequently emerged in Poland (1995),
Hungary (2008), Taiwan (1989) and mainland
China (2015) [4-9]. The unprecedented outbreaks of

SBDS disease since 2015 have caused considerable
economic losses to Chinese waterfowl industry [2,
7]. In order to better understanding SBDS disease,
we summarized the characteristics of this disease
including the epidemiology, pathobiology, diagnosis,
and possible transmission, which might be useful for
future research.

Virus transmission and epidemiology

SBDSV infection spreads rapidly in China and poses
a great threat to the production of waterfowl. SBDSV
mostly affects 5 to 30 day-old mule ducks and Peking
ducks (including Cherry Valley duck) with variable
morbidity rate (10% - 100%) and slight mortality
(2%- 10%) [7, 9]. SBDS disease was also observed
in other waterfowl breeds such as Muscovy duckling,
Sheldrake and goose [10, 11]. Mule duckling and
Peking duckling are most susceptible to SBDSV,
followed by Muscovy duckling, and Sheldrake and
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