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From: Pekoe, Ken (NIH/NIAID) [E] 
Sent: Mon, 26 Mar 2018 16:08:49 +0000 
To: Auchincloss, Hugh (NIH/NIAID) [E];Doepel, Laurie (NIH/NIAID) [E];Folkers, Greg 
(NIH/NIAID) [E];Hudgings, Carole (NIH/NIAID) [E); Marston, Hilary (NIH/NIAID) [E] 
Cc: Bi llet, Courtney (NIH/NIAID) [E];Stover, Kathy (NIH/NIAID) [E) 
Subject : FOR FOG REVIEW/ CoV bat study/ China 
Attachments: 2018 Nature Daszak new CoV MA3.docx, 2018 Nature Daszak new CoV 
clearance.doc, 2018 Nature Daszak new CoV revised ms.docx 

I've attached a draft media availability for review regarding a newly identified 
coronavirus in swine from China, found in the same region where SARS originated and 
involving the same bat species. 

Nature will publish the study; a date is not firm but the authors believe it will be soon. 

Some background correspondence that BUGS shared last fall is below. 

Thanks 

From: Peter Daszak <daszak@ecohealthalliance.org> 
Date: October 1, 2017 at 1:21:51 PM EDT 
To: (b)(6) 
Cc: ~"D~a-v~id~M~o-r-en-s-=====================~----------~~ 

(b)( 

(b)(6), "Stemmy, Erik 
':':{ N:-:-:I:-:-:H:-::/N:-::-::IA7.1 0:::':)-;[~E]:-::":~~~~===~~~~~:(b:) ~~ ..... 6Jt;"","":'A";':'I i-so_n_A:-n-d:-re--<a_n_d:-r-e@:::-e-co-:h-e-a':":'lt:-"ha711ia nce.org>, Aleksei Chmura 

<ch mura @ecohealthall iance .org> 
Subject : Confidential - A new bat-origin coronavirus emerging in pigs in China discovered under our 
NIAID ROl 

Dear Dr Fauci and NIAID colleagues, 

It was a pleasure to meet you again today. I' ve attached an unpublished paper, currently in the second 
round of review with Nature that describes a novel bat-origin Coronavirus {SADS-CoV: Swine Acute 
Diarrheal Syndrome coronavirus) that recently spilled over into pig farms in Southern China, leading to 
the death of over 25,000 piglets in 5+ farms in Guandong Province. 

The virus originates in the same group of bats as SARS-CoV, and emerged in the same place. It's not 
known to be zoonotic (we've tested 35+ pig farm workers with an antibody assay and none are positive. 
The pig farm owners tel l us the virus is now under control, thanks to cull ing and separation of infected 
herds. It's not yet known if this virus has appeared elsewhere, but we are looking. We're also doing 
assays to find out if it can infect human cells in the lab- so far no evidence of this. 

I hope this paper is of interest. You should know that this work was supported by a NIAID R01 that Erik 
Stemmy is the Program Officer for, and that I'm PI on, with Zhengli Shi as co-Pl. 
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If you want any other information at all, please don't hesitate to email or call and I'd be happy to come 
over to NIAID to brief you further. I'll also let you know if/when it will be published so that we can try to 
foster some publicity as appropriate. 

Cheers, 

Peter 

Peter Daszak 
President 

EcoHealth Alliance 

460 West 34th Street - 17th Floor 

New York, NY 10001 

Tel. +1212-380-4473 
www.ecohealthall iance.org 

EcoHealth Alliance leads cutting-edge research into the critical connections between human and wildlife 
health and delicate ecosystems. With this science we develop solutions that prevent pandemics and 
promote conservation. 

Ken Pekoe 
Public Affairs Officer 
Rocky Mountain Laboratories 
NIAID Office of Communications and Government Relations 

(b)(6) 

Please note that I am not a spokesperson for NIAID. 

The information in this e-mail and any of its attachments is confidential and may contain sensitive 
information. It should not be used by anyone who is not the original intended recipient. If you have 
received this e-mail in error, please inform the sender and delete it from your mailbox or any other storage 
devices. The National Institute of Allergy and Infectious Diseases shall not accept liability for any 
statements made that are the sender's own and not expressly made on behalf of NIAID by one of its 
representatives. 
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DRAFT 
FOR IMMEDIATE RELEASE 
Day,~~, 201~ 

XXXX Eastern Time 

WHO: 

New Coronavirus Emerges from Bats in China, Devastates Young Swine 
SADS ldentlfzed in Same Region, from Same Bats, as SARS 

(b) (5) 
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NIAID's Erik Stemmy, Ph.D., Human Coronavirus Research Program Officer, is available for 
comment. 

CONTACT: 
To schedule interviews, please contact Ken Pekoe, (301) 402-1663, kpekoc@niaid.nih.gov. 

This research was supported by NIAID award R01AI110964. 

NIAID conducts and supports research-at NIH, throughout the United States, and 
worldwide-to study the causes of infectious and immune-mediated diseases, and to develop 
better means of preventing, diagnosing and treating these illnesses. News releases, fact sheets 
and other NIAID-related materials are available on the NIAID website. 

About the National Institutes of Health (NIH): NIH, the nation's medical research 
agency, includes 27 Institutes and Centers and is a component of the U.S. Department of Health 
and Human Services. NIH is the primary federal agency conducting and supporting basic, 
clinical, and translational medical research, and is investigating the causes, treatments, and cures 
for both common and rare diseases. For more infom1ation about NIH and its programs, visit 
http://www.nih.gov/. 

### 

NIH. .. Turning Discovery Into Health® 

Horseshoe bat (EcoHealth Alliance) 
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Researchers preparing to locate bats in a Chinese cave. (EcoHealth Alliance) 
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Media Availability 

NIAID News and Science Writing Branch (NSWB) 
Clearance Form 

Title: New Coronavirus Emerges in China from Bats, Devastates Young Swine 
SADS Identified in Same Region, from Same Bats, as SARS 

Audience: general public I science writers 
Distribution Date/ Embargo Date: 
NSWB Contact/Writer: Ken Pekoe 
Comments: 

DATE 

2-28-18 

na 

BUGS 

na 

3-12-18 

3-23-18 

3-23-18 

11-9-17 & 
2-28-18 

NAME 

Scientific Reviewers: Peter Daszak and Eric Stemmy 

Branch/Program/Lab Chief: 

Division Director: 

Budget Officer (as needed) 

Beat Supervisor: Kathy Stover 

Kathy Stover, NSWB Branch Chief 

Courtney Billet, OCGR Director 

Laurie Doepel, Special Assistant to the Director 

Carole Hudgings, Sr. Advisor to the Deputy Director 

Greg Folkers, NIAID Chief of Staff 

Hugh Auchincloss, NIAID Deputy Director 

Anthony S. Fauci, NIAID Director 

Other Reviewers: 
Erik Stemmy, DMID 

Peter Daszak + EcoHealth Alliance staff 

Revised: 8/1412015 
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1 Title: Fatal Swine Acute Diarrhea Syndrome caused by an HKU2-related 

2 Corona virus of Bat Origin 

3 

4 Authors: Peng Zhou1*, Hang Fan2*, Tian Lan3*, Xing-Lou Yang1, Wei-Feng Shi4, 

5 Wei Zhang1, Yan Zhu1, Ya-Wei Zhang2, Qing-Mei Xie3, Shailendra Mani5, Xiao-

6 Shuang Zheng1, Bei Li1, Jin-Man LF, Hua Guo1, Guang-Qian PeF, Xiao-Ping An2, 

7 Jun-Wei Chen3, Ling Zhou3, Kai-Jie MaP, Zi-Xian Wu3, Di LP, Danielle E. 

8 Anderson5, Li-Biao Zhang6, Shi-Yue Li7, Zhi-Qiang Mi2, Tong-Tong He2, Feng 

9 Cong8, Peng-Ju Guo8, Ren Huang8, Yun Luo1, Xiang-Ling Liu1, Jing Chen1, Yong 

10 Huang2 , Qiang Sun2, Xiang-Li-Lan Zhang2, Yuan-Yuan Wang2, Shao-Zhen Xing2, 

11 Yan-Shan Chen\ Yuan Sun\ Juan Li4, Peter Daszak9t, Lin-Fa Wang5t, Zheng-Li 

12 Shi1t, Yi-Gang Tong2,H>t, Jing-Yun Ma3t 

13 Affiliations: 

14 1CAS Key Laboratory of Special Pathogens and Biosafety, Wuhan Institute of 

15 Virology, Chinese Academy of Sciences, Wuhan 430071, China 

16 2Beijing Institute of Microbiology and Epidemiology, No. 20 Dongda Street, Fengtai 

17 District, Beijing 100071, China 

18 3College of Animal Science, South China Agricultural University & Key Laboratory 

19 of Anin1al Health Aquaculture and Environmental Control, Guangdong, Guangzhou 

20 510642, China 

21 4Shandong Universities Key Laboratory of Etiology and Epidemiology of Emerging 

22 Infectious Diseases, Taishan Medical College, Taian 271000, China 
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23 5Programme in Emerging Infectious Diseases, Duke-NUS Medical School, Singapore 

24 169857, Singapore 

25 6Guangdong Key Laboratory of Animal Conservation and Resource Utilization, 

26 Guangdong Public Laboratory of Wild Animal Conservation and Utilization, 

27 Guangdong Institute of Applied Biological Resources, Guangzhou 510260, China 

28 7School of Public Health, Wuhan University, 430072, China 

29 8Guangdong Key Laboratory of Laboratory Animals, Guangdong Laboratory Animals 

30 Monitoring Institute, Guangzhou 510640, China 

31 9EcoHealth Alliance, New York, USA 

32 10School of Life Sciences, North China University of Science and Technology, 

33 Tangshan, Hebei 063000, China 

34 *These authors contributed equally to this work 

35 tTo whom correspondence should be addressed: daszak@ecohealthalliance.org; 

36 linfa. wang@duke-nus.edu.sg; tong.yigang@gmail.com; majy2400@scau.edu.cn; 

37 zlshi@wh.iov.cn 

38 
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39 Cross-species transmission of viruses from wildlife animal reservoirs poses a 

40 significant threat to human and animal health. Bats have been recognized as one 

41 of the most important reservoirs for emerging viruses and the jump of a bat-

42 origin coronavirus into humans via intermediate hosts was responsible for the 

43 high-impact emerging zoonosis, severe acute respiratory syndrome (SARS). 

44 Here, we report virological, epidemiological, evolutionary and experimental 

45 infection evidence that a novel HKU2-related bat coronavirus, Swine Acute 

46 Diarrhea Syndrome coronavirus (SADS-Co V), is the etiological agent 

47 responsible for a large scale outbreak of fatal disease in pigs in China that caused 

48 the death of 24,693 piglets across four farms. Significantly, the outbreak began in 

49 Guangdong Province in the vicinity of the origin of the SARS pandemic. 

so Furthermore, we identified SADS-related CoVs with 96-98% sequence identity 

51 in 11.9% (711596) of anal swabs collected from bats in Guangdong Province 

52 during 2013-16, predominantly in Rhinolophus spp. horseshoe bats that are 

53 known reservoirs of SARS-related CoVs. Our results demonstrated striking 

54 similarities between the SADS and SARS outbreaks in geographic, temporal, 

ss ecological and etiological settings. This study highlights the importance in 

56 identifying coronavirus diversity and distribution in bats to mitigate future 

57 outbreaks that threaten livestock, public health and economic growth. 

58 The emergence of severe acute respiratory syndrome (SARS) in southern China in 

59 2002, which was caused by a previously unknown coronavirus (SARS-CoV) 1-5 and 

60 led to more than 8,000 human infections and 774 deaths 

3 
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61 (http://www.who.int/csr/sars/en/], heralded two new frontiers in emerging infectious 

62 diseases. Firstly, it demonstrated that coronaviruses are capable of causing fatal 

63 diseases in humans. Secondly, the identification of bats as the reservoir for SAR.S-

64 related coronaviruses, and likely origin of SARS-Co V6-8 firmly established bats as an 

65 in1portant source of highly lethal zoonotic viruses that include Hendra, Nipah, Ebola 

66 and Marburg viruses9. 

67 Here we report a series of fatal swine disease outbreaks in Guangdong 

68 Province, China, approximately 100 km from the location of the purported index case 

69 of SAR.S. Most strikingly, we found that the causative agent of this swine acute 

70 diarrhea syndrome (SADS) is a novel HKU2-related coronavirus 98.48% identical in 

71 genome sequence to a bat corona virus we detected in 2016 from a bat cave in the 

72 vicinity of the index pig farm. This new virus (SADS-Co V) originated from the same 

73 genus of horseshoe bats (Rhinolophus) as SAR.S-CoV. 

74 From 28 October 2016, fatal swine disease outbreaks were observed in a pig 

75 farm in Qingyuan, Guangdong Province, China, very close to the location of the first 

76 known index case of SARS which occurred in 2002 in Foshan (Extended Data Fig. 

77 la). Porcine epidemic diarrhea virus (PEDV, a coronavirus) had caused prior 

78 outbreaks at this farm, and was detected in the intestine of deceased piglets at the start 

79 of the outbreak. However, PEDV could no longer be detected in deceased piglets after 

80 121h January 2017, despite accelerating mortality (Fig. 1 a) and extensive testing for 

81 other common swine viruses yielded negative results (Extended Data Table 1). These 

82 findings suggested an outbreak of a novel disease. Clinical signs are similar to those 

4 
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83 caused by other known swine enteric coronaviruses 10•11 and include severe and acute 

84 diarrhea, and acute vomiting, leading to death due to rapid weight loss in newborn 

85 piglets less than five days of age. Infected piglets died 2-6 days following disease 

86 onset, while infected sows suffered only mild diarrhea and most recovered in two 

87 days. The disease caused no signs of febrile illness in piglets or sows. The mortality 

88 rate reached as high as 90% for piglets five days or younger, while for piglets older 

89 than eight days the mortality dropped to 5%. Subsequently, SADS-related outbreaks 

90 were found in three additional pig farms within 20-150 km of the index farm 

91 (Extended Data Fig. 1a) and, by 2nd May 2017, had resulted in the death of24,693 

92 piglets from four farms (Fig. 1a). In Farm A alone, 64% (4,659/7,268) of all piglets 

93 born in February died. The outbreak has abated, and measures taken to control SADS 

94 have included separation of sick sows and piglets from the rest of the herd. A qPCR 

95 test described below was used as the main diagnostic tool to confirm SADS-Co V 

96 infection. 

97 A sample collected from the small intestine of a diseased piglet was subjected 

98 to metagenomics analysis by next generation sequencing (NGS) to identify potential 

99 etiologic agents. Of the 15,256,565 total reads obtained, 4,225 matched sequences of 

100 the bat Co V HKU2, which was first detected in Chinese horseshoe bats in Hong Kong 

101 and Guangdong Province, China12• By de novo assembly and targeted PCR we 

102 obtained a 27,173-bp CoY genome that shared 95% sequence identity to HKU2-CoV 

103 (Genbank accession number NC009988.1). Thirty-three full genome sequences of 

104 SADS-Co V were subsequently obtained (8 from farm A, 5 farm B, 11 farm C and 9 

5 
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105 farm D), and they are 99.9% identical to each other (Supplementary Information 

106 Table 1 ). 

107 Using qPCR targeting the nucleocapsid gene (Supplementary Infom1ation 

108 Table 2), we detected SADS-Co Y in acutely sick piglets and sows, but not in 

109 recovered or healthy pigs on the four farms, nor in nearby farms that showed no 

110 evidence of SADS. The virus replicated to higher titers in piglets than in sows (Fig. 

111 1 b). SADS-Co Y displayed tissue tropism for small intestine (Fig.1 c), as observed for 

112 other swine enteric coronaviruses 13. Retrospective PCR analysis revealed that SADS-

113 CoY was present on Farm A during the PEDY epidemic, where the first strongly 

114 positive SADS-CoY sample was detected on 6 December 2016. From mid-January 

115 onwards, SADS-Co Y was the dominant viral agent detected in diseased animals 

116 (Extended Data Fig.1 b). It is possible that the presence of PEDY early in the SADS-

117 CoY outbreak may have somehow facilitated or enhanced spillover and amplification 

118 of SADS. However the fact that the vast majority of piglet mortality occurred after 

119 PEDY infection had become undetectable suggests that SADS-Co Y itself causes a 

120 lethal infection in pigs that was responsible for these large-scale outbreaks, and that 

121 PEDY does not directly contribute to its severity in individual pigs. This was 

122 supported by the absence of PEDY and other known swine diarrhea viruses during the 

123 peak and later phases of the SADS outbreaks in the four fanns (Extended Data Table 

124 1). 

125 We rapidly developed an antibody assay based on the S 1 domain of the spike 

126 (S) protein using the Luciferase Immunoprecipitation System (LIPS)14. As SADS is 

6 
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127 acute with rapid onset in piglets, serological investigation was conducted only in 

128 sows. Among 46 recovered sows tested, 12 were seropositive for SADS-CoV within 

129 three weeks of infection (Fig. ld). To investigate possible zoonotic transmission, 

130 serum samples from 35 fann workers who had close contact with sick pigs were 

131 subjected to the same LIPS test and none were positive for SADS-CoV. 

132 While the overall genome identity of SADS-Co V and HKU2-Co V is 95%, the 

133 S gene sequence identity is only 86%, suggesting that previously reported HKU2-

134 Co V is not the direct progenitor of SADS-Co V, but that they may have originated 

135 from a common ancestor. To test the hypothesis, we developed a SADS-Co V specific 

136 qPCR assay based on its RNA dependent RNA polymerase (RdRp) gene 

137 (Supplementary Information Table 2) and screened 596 bat anal swabs collected 

138 during 2013-2016 from seven different locations in Guangdong Province (Extended 

139 Data Fig. 1a). A total of71 samples (11.9%) tested positive (Extended Data Table 2), 

140 the majority (94.3%) were from Rhinolophus spp. bats which are also the natural 

141 reservoir hosts ofSARS-related coronaviruses6-8• 15- 18 . Four complete genome 

142 sequences with the highest RdRp PCR fragment sequence identity to that of SADS-

143 CoY were determined by NGS. They are very similar in size (27_2 kb) to SADS-CoV 

144 (Fig. 2a) and we tentatively nominate them SADS related coronaviruses (SADSr-

145 Co V). Overall sequence identity between SADSr-Co V and SADS-Co V ranges from 

146 96-98%. Most importantly, the S protein of SADS-Co V shared more than 98% 

147 sequence identity with those of the two SADSr-CoVs (162149 and 141388), 

148 compared to 86% with HKU2-CoV_ The major sequence differences among the four 

7 
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149 SADSr-CoV genomes lie in the predicted coding regions of the Sand NS7a and NS7b 

150 genes (Fig. 2a). In addition, the coding region of the S protein N-terminal (Sl) domain 

151 was determined from 19 bat SADSr-CoVs to aid more detailed phylogenetic analysis. 

152 The phylogeny of S 1 and full-length genome revealed a high genetic diversity 

153 of alpha coronaviruses among bats and strong coevolutionary relationships to their 

154 hosts (Fig. 2b and Extended Data Fig. 2), with SADS-CoVs more closely related to 

155 SADSr-CoVs from Rhinolophus affinis than from Rhinolophus sinicus in which 

156 HKU2-Co V was found. Both phylogenetic and haplotype network analyses 

157 demonstrated that viruses from the four fatms likely originated from their reservoir 

158 hosts independently (Extended Data Fig. 3), and a few viruses might have undergone 

159 further genetic recombination (Extended Data Fig. 4). However, molecular clock 

160 analysis of the 33 SADS-CoV genome sequences failed to establish a positive 

161 association between sequence divergence and sampling date. Therefore, we speculate 

162 that either the virus was introduced into pigs from bats multiple times, or the virus 

163 was introduced into pigs once, but subsequent genetic recombination disturbed the 

164 molecular clock. 

165 For viral isolation, we ttied to culture the virus in a variety of cell lines (see 

166 Methods for detail) using intestinal tissue homogenate as starting material. 

167 Cytopathic effect was observed in V ero cells only after five passages (Extended Data 

168 Fig. Sa &b). The identity of SADS-Co V was verified in Vero cells by 

169 immunofluorescent staining (Extended Data Fig. 5c & d) and by whole genome 

8 
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170 sequencing (GenBank accession number MG557844). Similar results were obtained 

171 by other groups19,2o. 

172 Known coronavirus host cell receptors include angiotensin-converting enzyme 

173 2 (ACE2) for SARS-related CoY, aminopeptidase N (APN) for certain 

174 alphacoronavirus like HCoV-229E, and dipeptidyl peptidase 4 (DPP4) forMERS-

175 CoV21 -23 . To investigate the receptor usage ofSADS-CoV, we tested live or 

176 pseudo typed SADS-Co V infection on He La cells expressing each of the three 

177 molecules, respectively. While the positive control worked for SL-CoV and MERS-

178 CoV pseudoviruses, we found no evidence of enhanced infection or entry for SADS-

179 Co V, suggesting that none of them is a functional receptor of SADS-Co V (Extended 

180 Data Table 3). 

181 To fulfill Koch's postulates for SADS-CoV, two different types ofanin1al 

182 challenge experiments were conducted (see Method for details). The first challenge 

183 experiment was conducted with SPF piglets infected with a tissue homogenate of 

184 SADS-Co V positive intestine. Two days after infection, 317 animals died in the 

185 challenge group whereas 4/5 survived in the control group. Incidentally, the one piglet 

186 that died in the control group was the only individual that didn't receive colostrum 

187 due to a shortage of supply. It is thus highly likely that lack of nursing and inability to 

188 access colostrum was responsible for the death (Extended Data Table 4). For the 

189 second challenge, healthy piglets were acquired from a farm in Guangdong that had 

190 been free of diarrheal disease for a number of weeks prior to the experiment, and were 

191 infected with the cultured isolate of SADS-Co V or tissue culture medium as control. 

9 
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192 Of those inoculated with SADS-Co V, 50% (3/6) died between 2-4 days post infection, 

193 while all control animals survived (Extended Data Table 5). All animals in the 

194 infected group suffered watery diarrhea, rapid weight loss and intestinal lesions 

195 (determined after euthanasia upon experiment termination, Extended Data Table 4 & 

196 5). Histopathological examination revealed significant villus atrophy only in SADS-

197 CoY inoculated farm piglets 4-days after inoculation but not in control piglets (Fig. 3a 

198 and 3b) and viral N protein-specific staining was observed mainly in small intestine 

199 epithelial cells (Fig. 3c and 3d). 

200 The current study highlights the value of proactive viral discovery in wildlife, 

201 and targeted surveillance in response to an emerging infectious disease event, as well 

202 as the disproportionate importance of bats as reservoirs of viruses that threaten 

203 veterinary and public health24. It also demonstrates that by using modem 

204 technological platforms such as NGS, LIPS serology and phylogenie analysis, key 

205 experiments that traditionally rely on isolation of live virus can be perfom1ed rapidly 

206 prior to virus isolation. 

207 

208 Online Content Methods, along with any additional Extended Data display items and 

209 Source Data, are available in the online version of the paper, references unique to 

210 these sections appear only in the online paper. 

211 
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303 

304 Main Figure Legend 

305 Figure 1 I Detection of SADS-Co V infection in pigs in Guangdong, China. a, 

306 Records of daily death toll on the four fanns from 28 October 2016 to 2 May 2017. b, 

307 Detection of SADS-Co V by qPCR. Sample size: 12 sick piglets, 5 sick sows, 16 

308 recovered sows, and 10 healthy piglets. c, Tissue distribution of SADS-Co V in 

309 diseased pigs (n=3). Centre values are average while bars indicate standard 

310 deviations. d, Detection of SADS-Co V antibodies. Sample size: 46 first bleed sera 

311 taken in the fust three weeks of the outbreak, 8 second bleed sera taken > 1 month post 

312 outbreak onset, 8 healthy pig control sera, 35 human sera from pig farmers. 

313 Figure 21 Genome and phylogenetic analysis ofSADS-CoV and SADSr-CoV. a, 

314 Genome organization and comparison. Color-coding for different genomic regions: 

315 Green- nonstructural polyproteins ORFla and lb; Yellow- structural proteins S, E, M 

316 and N; Blue- accessory proteins NS3a, NS7a and Ns7b; Orange- UTRs. The level of 

317 sequence identity of SADSr-Co V to SADS-Co V is illustrated by different patterns of 

318 boxes: Open- highly similar; Dotted- moderately similar; Dash lined- least similar. b, 

319 Phylogenetic analysis of 57 Sl sequences (33 from SADS-CoV and 24 from SADSr-

320 Co V). Different colors represent different host species as shown on the left. Scale bar 

321 indicates nucleotide substitutions per site. 
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322 Figure 3 I lmmunohistopathology of SADS-Co V infected tissues. Sections of 

323 Jejunum tissue from control (a, c) and infected farm piglets (b , d) 4-day after 

324 inoculation, respectively, were stained with hematoxylin and eosin in a & b (bar = 

325 200 f .. tm) or with rabbit anti- SADSr-Co V N serum (red), DAPI (blue) and mouse 

326 antibodies for epithelial cell marker cytokeratin 8, 18 and19 (green) inc & d (bar= 50 

327 f..lm). SADS-Co V N protein is evident in epithelial cells and deeper in the tissue of 

328 infected piglets, which exhibit villus shortening. The experiment was conducted three 

329 times independently with similar results. 

330 

331 METHODS 

332 Sample collection. Bats were captured and sampled in their natural habitat in 

333 Guangdong Province (Extended Data Fig. 1) as desctibed previously6. Fecal swab 

334 samples were collected in viral transport medium (VTM) composed of Hank's 

335 balanced salt solution at pH7.4 containing BSA (1 %), amphotericin (15 f..1.g/m1), 

336 penicillin G (100 units/ml), and streptomycin (50 f..lg/ml). Stool samples from sick 

337 pigs were collected in VTM. When appropriate and feasible, intestinal samples were 

338 also taken from deceased animals. Samples were aliquoted and stored at -80 °C until 

339 use. Blood samples were collected from recovered sows and farm workers who had 

340 close contact with sick pigs. Serum was separated by centrifugation at 3,000 g for 15 

341 min within 24 h of collection and preserved at 4 °C. Human serum collection was 

342 approved by the Medical Ethics Committee of the Wuhan School of Public Health, 
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343 Wuhan University and Hummingbird IRB. Human, pigs and bats were sampled 

344 without gender or age preference unless where indicated (e.g. piglets or sows). 

345 Virus isolation. The following cells were used for virus isolation in this study: V ero 

346 (cultured in DMEM + 10% FBS); Rhinolophus sinicus primary or immortalized cells 

347 generated by our laboratory (all cultured in DMEM/F12 + 15% FBS): kidney primary 

348 RsKi9409, lung primary RsLu4323, lung immortalized RsLuT, brain immortalized 

349 RsBrT and heart immortalized RsHeT; and swine cell lines: two intestinal porcine 

350 enterocytes IPEC (RPMI1640+10% FBS) and SIEC (DMEM+10% FBS), three 

351 kidney PK15, LLC-PK1 (DMEM+10% FBS for all) and IBRS (MEM+10% FBS), 

352 and one pig testes cells ST (DMEM+ 10% PBS). All cell lines were tested free of 

353 mycoplasma contamination, applied to species identification and authenticated by 

354 microscopic morphologic evaluation. None of cell lines was on the list of commonly 

355 misidentified cell lines (by ICLAC). 

356 Cultured cell mono layers were maintained in their respective medium. PCR-

357 positive pig fecal or supernatant from homogenized pig intestine (in 200 ).ll VTM) 

358 spin at 8,000g for 15 min, filtered and diluted 1:2 with DMEM supplied with 16 

359 ).lg/ml trypsin before adding to cells. After incubation at 37 °C for 1 h, the inoculum 

360 was removed and replaced with fresh culture medium containing antibiotics (below) 

361 and 16 ~-tg/ml trypsin. The cells were incubated at 37 °C and observed daily for 

362 cytopathic effect (CPE). Four blind passages (three-day interval between every 

363 passage) were performed for each sample. After each passage, both the culture 

364 supernatant and cell pellet were examined for presence of virus by RT-PCR using the 
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365 SADS-CoV primers listed in Supplementary Information Table 2. Penicillin (100 

366 units/ml) and streptomycin (15 ~tg/ml) were included in all tissue culture media. 

367 RNA extraction, Sl gene amplification and qPCR. Whenever commercial kits were 

368 used, manufacturer's instructions were followed without modification. RNA was 

369 extracted from 200 ~1 of swab samples (bat), feces or homogenized intestine (pig) 

370 with the High Pure Viral RNA Kit (Roche). RNA was eluted in 50 ~tl of elution buffer 

371 and used as the template for RT-PCR. Reverse transcription was performed using the 

372 SuperScript III kit (Thermo Fisher Scientific). 

373 To amplify S 1 genes from bat samples, nested PCR was performed with 

374 primers designed based on HKU2-Co V (Genbank accession number NC009988.1 )12 

375 (Supplementary Information Table 2). The 25 ~1 first-round PCR mixture contained 

376 2.5 ~liOxPCR reaction buffer, 5 pmol of each primer, 50 mM MgCl2, 0.5 mM dNTP, 

377 0.1 ~1 Platinum Taq Enzyme (Thermo Fisher Scientific) and 1 ~1 eDNA. The 50 ~tl 

378 second-round PCR mixture was identical to the first-round PCR mixture except for 

379 primers. Amplification ofboth rounds was performed as follows: 94 °C for 5 min 

380 followed by 60 cycles consisting of 94 °C for 30 s, 50 °C for 40 s, 72 °C for 2.5 min, 

381 and a final extension of 72 °C for 10 min. PCR products were gel purified and 

382 sequenced. 

383 For qPCR analysis, primers based on SADS-CoV RdRp and NP genes were 

384 used (Supplementary Information Table 2). RNA extracted from above was reverse-

385 transcribed using PrimeScript RT Master Mix (Takara). The 10 ~tl qPCR reaction mix 

386 contained 5 ~l2xSYBR premix Ex Taq II (Takara), 0.4 ~M of each primer and 1 ~1 
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387 eDNA. Amplification was performed as follows: 95 °C for 30 s followed by 40 cycles 

388 consisting of95 °C for 5 s, 60 °C for 30 s, and a melting curve step. 

389 Luciferase Immunoprecipitation System (LIPS) assay. The SADS-CoV Sl gene 

390 was codon optin1ized for eukaryotic expression, synthesized (GenScript) and cloned 

391 in frame with the Renilla luciferase gene (Rluc) and a FLAG tag in the pREN2 

392 vector14. pREN2-Sl plasmids were transfected into Cos-1 cells using Lipofectamine 

393 2000 (Thermo Fisher Scientific). At 48 h post-transfection, cells were harvested, lysed 

394 and a luciferase assay was performed to detem1ine Rluc expression for both the empty 

395 vector (pREN2) and the pREN2-Sl construct. For testing of unknown pig or human 

396 serum samples, 1 ).tl of serum was incubated with 10 million units of Rluc alone 

397 (vector) or Rluc-Sl, respectively, together with 3.5 ).tl of a 30% protein A/G ultralink 

398 bead suspension (Thermo Fisher Scientific). After extensive washing to remove 

399 unbounded luciferase-tagged antigen, captured luciferase amount was determined 

400 using the commercialluciferase substrate kit (Promega). The ratio of Rluc-S 1/Rluc 

401 (Vector) was used to deteffi1ine the specific Sl reactivity of pig and human sera. 

402 Commercial FLAG antibody (Them1o Fisher Scientific) was used as the positive 

403 control, and various pig sera (from uninfected animals in China or Singapore; or pigs 

404 infected with PEDV, TGEV or Nipah virus) were used as a negative control. 

405 Protein expression and antibody production. TheN gene from SADSr-CoV 3755 

406 (GenBank accession number MF094702), which shared a 98% aa sequence identity to 

407 the SADS-CoV N gene, was inserted into pET-28a+ (Novagen) for prokaryotic 

408 expression. Transformed E. coli were grown at 37 °C for 12-18 h in media containing 

19 



Obtained via FOIA by Judicial Watch, Inc.

409 1 mM IPTG. Bacteria were collected by centrifugation and resuspended in 30 ml of 5 

410 mM imidazole and lysed by sonication. The lysate, from which N protein expression 

411 was confirmed with an anti-HIS-tag antibody, was applied to the Ni2+ resin (Thermo 

412 Fisher Scientific). The purified N protein, at a concentration of 400 jlg/ml, was used 

413 to immunize rabbits for antibody production following published methods25 . After 

414 immunization and two boosts, rabbits were euthanized and sera were collected. Rabbit 

415 anti-N protein serum was used 1:10,000 for subsequent Western blots. 

416 Amplification, cloning and expression of human and swine genes. Construction of 

417 expression clones for human ACE2 in pcDNA3.1 has been described previously8• 26. 

418 Human DPP4 was amplified from human cell lines. Human APN gene was 

419 commercially synthesized. Swine APN, DPP4 and ACE2 genes were amplified from 

420 piglet intestine. Full-length gene fragments were amplified using specific primers 

421 (provided upon request). The human ACE2 gene was cloned into pCDNA3.1 fused 

422 with HIS tag. Human APN, DPP4, Swine APN, DPP4 and ACE2 genes were cloned 

423 into pCAGGS fused with S tag. Purified plasmids were transfected to HeLa cells. 

424 After 24 h, HeLa cells expressing human or swine genes were confirmed by 

425 immunofluorescence assay (IF A) using mouse anti-HIS tag or mouse anti-S tag 

426 monoclonal antibodies (produced in house) followed by cyanin 3-labeled goat anti-

427 mouse/rabbit IgG (Proteintech Group). 

428 Pseudovirus preparation. The codon-humanized S protein genes of SADS-Co V or 

429 MERS-Co V cloned into pcDNA3.1 were used for pseudovirus construction as 

430 described previously8• 26. Briefly, 15 jlg of each pHIV -Luc (pNL4.3.Luc.R-E-Luc) 
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431 and the S protein expressing plasmids (or empty vector control) were co-transfected 

432 into 4 x 106 293T cells using Lipofectamine 3000 (Thermo Fisher Scientific). After 4 

433 h, the medium was replaced with fresh medium. Supernatants were harvested at 48 h 

434 post transfection and clarified by centrifugation at 3,000g, then passed through a 

435 0.45!lm filter (Millipore). The filtered supernatants were stored at -80°C in aliquots 

436 until use. To evaluate the incorporation of S proteins into the core ofHIV virions, 

437 pseudoviruses in supernatant (20 ml) were concentrated by ultracentrifugation through 

438 a 20% sucrose cushion (5ml) at 80,000g for 90 min using a SW41 rotor (Beckman). 

439 Pelleted pseudoviruses were dissolved in 50!11 phosphate-buffered saline (PBS) and 

440 examined by electron microscopy (EM). 

441 Pseudovirus infection. HeLa cells transiently expressing APN, ACE2 or DPP4 were 

442 prepared using Lipofectamine 2000 (Thermo Fisher Scientific). Pseudoviruses 

443 prepared above were added to APN, ACE2 or DPP4 overexpressed HeLa cells at 24h 

444 post transfection. The unabsorbed viruses were removed and replaced with fresh 

445 medium at 3 hpi. The infection was monitored by measuring the luciferase activity 

446 conferred by the reporter gene carried by the pseudovirus, using the Luciferase Assay 

447 System (Promega) as follows: cells were lysed at 48 hpi, and 20 111 of the lysates was 

448 taken for determining luciferase activity by the addition of 50 111 of luciferase 

449 substrate. 

450 Examination of known CoV receptors for SADS-CoV entry/infection. HeLa cells 

451 transiently expressing APN, ACE2 or DPP4 were prepared by a lipofectamine 2000 

452 system (Thern1o Fisher Scientific) in 96-well plate, with mock-transfected cells as 
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453 controls. SADS-Co V grown from Vero cells was used to infect Hela cells transiently 

454 expressing APN, ACE2 or DPP4. The inoculum was removed after 1h absorption and 

455 washed twice with PBS and supplemented with medium. SARS-related-Co V 

456 WIV16 18 and MERS-CoV HIV-pseudovirus were used as positive control for 

457 human/swine ACE2 or human/swine DPP4, respectively. At 24 hpi, cells were 

458 washed with PBS and fixed with 4% formaldehyde in PBS (pH 7.4) for 20 min at 

459 room temperature. SL-Co V WIV16 replication was detected using rabbit antibody 

460 against the SL-Co V Rp3 nucleocapsid protein (made in house, 1:1 00) followed by 

461 cyanin 3-conjugated goat anti-rabbit IgG (1:50, Proteintech)18• SADS-CoV replication 

462 was monitored using rabbit antibody against the SADSr-CoV 3755 N protein (made 

463 in house, 1 :50) followed by FITC-conjugated goat anti-rabbit lgG (1 :50, Proteintech). 

464 Nucleus was stained with DAPI (Beyotime). Staining patterns were examined using 

465 the FV1200 confocal microscopy (Olympus). Infection ofMERS-CoV HIV-

466 pseudovirus was monitored by luciferase at 48 hpi. 

467 High throughput sequencing, pathogen screening and genome assembly. Tissue 

468 from the small intestine of deceased pigs was homogenized and filtered through 0.45 

469 Jlm filters before nucleic acid was extracted and ribosomal RNA were depleted using 

470 NEBNext rRNA Depletion Kit (New England Biolabs). Metagenomics analysis of 

471 both RNA and DNA viruses was performed. For the RNA virus screening, the 

472 sequencing library was constructed using Ion Total RNA-Seq Kit v2 (Thermo Fisher 

473 Scientific). For the DNA virus screening, NEBNext Fast DNA Fragmentation & 

474 Library Prep Set for Ion Torrent (New England Biolabs) was used for library 
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475 preparation. Both libraries were sequenced on an Ion S5 sequencer (Thermo Fisher 

476 Scientific). An analysis pipeline was applied on the sequencing data which perform 

477 the following analysis steps: 1) raw data quality filtering, 2) host genomic sequence 

478 filtering, 3) blastn against virus nucleotide database using BLAST, 4) blastx against 

479 virus protein database using DIAMOND v0.9.0; 5) contig assembling and blastx 

480 against virus protein database. For whole viral genome sequencing, amplicon primers 

481 (To be provided upon request) were designed using the Thermo Fisher Scientific 

482 online tool with HKU2-Co V and SADS-Co V Fann A genome as reference, and the 

483 sequencing libraries were constructed using NEB Next Ultra II DNA Library Prep Kit 

484 for Illumina and sequenced on an MiSeq sequencer. PCR and Sanger sequencing was 

485 performed to fill gaps in the genome. Genome sequences were assembled using CLC 

486 Genomic Workbench v9.0. 5'-RACE was perfom1ed to determine the 5'-end of the 

487 genomes using SMARTer RACE 5'/3' Kit (Takara). Genomes were annotated using 

488 Clone Manager Professional Suite 8 (Sci-Ed Software). 

489 Phylogenetic analysis. SADS-Co V genome sequences and other representative 

490 coronavirus sequences (obtained trom GenBank) were aligned using MAFFT v7. 221. 

491 Phylogenetic analyses with full-length genome, S gene and RdRp were performed 

492 using MrBayes v3.2. Twenty million to fifty million steps were run, with GTR+G+I 

493 model (General Tin1e Reversible model of nucleotide substitution with a proportion of 

494 invariant sites andy-distributed rates among sites). The first 10% were removed as 

495 bum-in. The association between phylogenies and phenotypes (e.g. host species and 

496 farms) was assessed by BaTS beta-build2, with the trees obtained in the previous step 
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497 used as input. For SADS-CoVs, a median-joining network analysis was performed 

498 using PopART vl.7, with t: = 0. Phylogenetic analysis of the 33 full-length SADS-

499 CoY genome sequences was performed using RAxML v8.2.11, with GTRGAMMA 

500 as the nucleotide substitution model and 1,000 bootstrap replicates. The maximum 

501 likelihood tree was used to test the molecular clock by TempEst vl.5. Potential 

502 genetic recombination events in our datasets were detected using RDP v4.72. 

503 Animal infection studies. Experiments were carried out strictly in accordance with 

504 the recommendations of the Guide for the Care and Use ofLaboratory Animals of the 

505 National Institutes of Health. The use of animals in this study was approved by the 

506 South China Agricultural University Committee of Anin1al Experiments (approval ID: 

507 201004152). 

508 Two different animal challenge experiments were conducted. Pigs were used 

509 without gender preference. In the first experiment, which was conducted before the 

510 virus was isolated, we used 3-day old specific pathogen free (SPF) piglets of the same 

511 breeding line, cared at a specific pathogen free (SPF) facility, supplied by colostrum 

512 (except one). These are bred and reared to be free ofPEDV, CSFV, SIV, PCV2 and 

513 PPV, and are routinely tested using PCR. We also conducted NGS to further confirm 

514 this before the animal experiment, and to demonstrate freedom from SADS-Co V 

515 infection. The intestinal tissue samples from diseased and healthy animals, 

516 respectively (intestinal samples excised from euthanized piglets, then ground to make 

517 slurry for the inoculum. NGS was performed to confirm no other pig pathogens exist), 

518 were used to feed two groups of 5 (as control) and 7 (infection) animals, respectively. 
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519 For the second experiment, isolated SADS-CoV was used to infect healthy piglets 

520 from a farm in Guangdong which had been free of diarrheal disease for a number of 

521 weeks previously. These piglets were from the same breed as those on SADS-affected 

522 farms, to eliminate potential host factor differences and to more accurately reproduce 

523 the conditions that occurred during the outbreak in the region. Both groups of piglets 

524 were cared at a known pig disease free facility. Again, qPCR and NGS were used to 

525 make sure that there was no other known swine diarrhea virus present in the virus 

526 inoculum or any of the experimental animals. Two groups (6 for each group) of3-day 

527 old piglets were inoculated with SADS-Co V culture supernatant or normal cell culture 

528 medium as control. NGS and qPCR was used to conflrm that there were no other 

529 known swine pathogens in the inoculum. 

530 For both experiments, animals were recorded daily for signs of diseases, such 

531 as diarrhea, weight loss and death. Fecal swabs were collected daily from all animals 

532 and screened for known swine diarrhea viruses by qPCR. Weight loss was calculated 

533 as >5% loss from original weight at day 0. It is important to point out that piglets at 

534 three days old tend to suffer from diarrhea and weight loss when they are taken away 

535 from sows and the natural breast-feeding environment without infection. At 

536 experimental endpoints, piglets were humanely euthanized and necropsies performed. 

537 Pictures were taken to record gross pathological changes to the intestines. Ileal, 

538 jejunal and duodenal tissues were taken from selected animals and stored at -80 °C for 

539 further analysis. 
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540 Hematoxylin and eosin (H&E) and immunohistochemistry (IHC) analysis. 

541 Frozen (-80 °C) small intestinal tissues including duodenum, jejunum, and ileum 

542 taken from the above experimentally infected pigs were pre-frozen at -20 °C for 10 

543 min. Tissues were then embedded in optimal cutting temperature compound and cut 

544 into 8-j..tm sections using the Cryotome FSE machine (Thermo Fisher Scientific) . 

545 Mounted microscope slides were fixed with paraformaldehyde and stained with H&E 

546 for histopathological examination. 

547 For IHC analysis, the rabbit antibody raised against the SADSr-CoV 3755 N 

548 protein was used for specific staining of SADS-Co V antigen. Slides were blocked by 

549 incubating with 10% goat serum (Beyotime) at 37 °C for 30 min, followed by 

550 overnight incubation at 4 °C with the rabbit anti-3755 N protein serum (1: 1000) and 

551 mouse anti-Cytokeratin 8+ 18+ 19 mAb (Abeam) 1: 100 diluted in PBST buffer 

552 containing 5% goat serum. After washing, slides were then incubated for 50 min at 

553 room temperature with Cy3 conjugated goat-anti-rabbit IgG (Proteintech) and FITC 

554 conjugated goat-anti-mouse IgG (Proteintech) diluted 1:100 in PBST buffer 

555 containing 5% goat serum. Slides were stained with DAPI (Beyotime) and observed 

556 under fluorescence microscope (Nikon). 

557 Data Availability statement. Sequence data that support the findings of this study 

558 have been deposited in GenBank with the accession codes listed: MF094681-

559 MF094688,MF769416-MF769444,MF094697-MF094701,MF769406-MF769415, 

560 and MG557844 (e.g. http://www.ncbi.nlm.nih.gov/nuccore/MF094861). Raw 

561 sequencing data that support the fmdings of this study have been deposited in 
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562 Sequence Read Achieve (SRA) with the accession codes listed: SRR5991652, 

563 SRR5991654, SRR5991649, SRR5991656,SRR599165l,SRR5995595, 

564 SRR5991657,SRR5991648,SRR5991650,SRR5991658,SRR5991657and 

565 SRR5991655 (e.g. https://www.ncbi.nlm.nih.gov/sra/?term=SRR5991652). 

566 25. E. Harlow, D. Lane, Antibodies: A Laboratory Manual. (Cold Spring Harbor 

567 Laboratory Press, New York, 1988). 

568 26. Ren, W. et al. Difference in receptor usage between severe acute respiratory 

569 syndrome (SARS) corona virus and SARS-like coronavirus of bat origin. J 

570 Virol 82, 1899-1907 (2008). 

571 

572 EXTENDED DATA LEGEND 

573 Extended Data Figure 1 I Map of outbreak locations and sampling sites in 

574 Guangdong Province, China (a) and the co-circulation ofPEDV and SADS-CoV 

575 during the initial outbreak on Farm A (b). a, SADS-affected farms are labeled A to 

576 D with blue swine symbols following the temporal sequence of the outbreaks. Bat 

577 sampling sites are indicated by black bat symbols. The bat SADSr-CoV that is most 

578 closely related to SADS-CoV (sample 162140) originated in Conghua. The red flag 

579 marks Foshan city, site of the SARS index case. b, Pooled intestinal samples (n=5 or 

580 more biological independent samples) were collected at dates given on the x-axis 

581 from deceased piglets and analyzed by qPCR. The viral load for each piglet is shown 

582 as copy number per milligram of intestine tissue (y-axis). 
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583 Extended Data Figure 2 I Bayesian phylogenetic tree of the full-length genome (a) 

584 or ORFlab sequences (b) ofSADS-CoV and related coronaviruses. Trees were 

585 constructed using MrBayes with the average standard deviation of split frequencies 

586 under 0.01. The host of each sequence is represented pictorially. Newly sequenced 

587 SADS-CoVs are highlighted in red, bat SADSr-CoVs in blue and previously 

588 published sequences in black. Scale bar indicates nucleotide substitutions per site. 

589 Extended Data Figure 3 I Phylogeny and haplotype network analyses of the 33 

590 SADS-CoV strains from the four farms. a, phylogenetic tree constructed using 

591 MrBayes. The GTR+GAMMA model was applied and 20 million steps were run, with 

592 the first 10% of which were removed as burn in. Viruses from different farms are 

593 labeled with different colors. Scale bar indicates nucleotide substitutions per site. b, 

594 median-joining haplotype network constructed using ProART. In this analysis£ = 0 

595 was applied. Size of the circles represents the number of samples. The larger the 

596 circle, the more samples it includes. 

597 Extended Data Figure 4 I Recombination analysis for SADS-Co V and related 

598 CoVs. The potential genetic recombination events were detected using RDP. For each 

599 virus strain, different colors represent different sources of the genomes. 

600 Extended Data Figure 5 I Isolation and antigenic characterization of SADS-Co V. 

601 Vero cells are shown at 20 hours post infection with mock (a) or SADS-CoV (b). c 

602 and d are mock or SADS-Co V infected samples stained with rabbit serum raised 
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603 against the recombinant SADSr-Co V N protein (red) and DAPI (blue). The 

604 experiment was conducted three times independently with similar results. 

605 Extended Data Table 1 I List of all known swine viruses tested by PCR at the 

606 beginning of the of SADS outbreak investigation on the four farms·t. Feces, 

607 intestine or fecal swabs collected from January to April 2017 were subjected for 

608 testing. Dash indicates a negative PCR result. ND, not done. 

609 *Virus abbreviations: PEDV- Porcine Epidemic Dianhea Virus; PDCoV- Porcine 

610 Delta Coronavirus; TGEV-Porcine Transmissible Gastroenteritis Virus; RV- Porcine 

611 Rotavirus; PBV- Porcine Picobimavirus; PSV- Porcine Sapelovirus; SVA- Porcine 

612 Senecavirus A; SIV- Swine Influenza Virus; NADC30- Porcine Reproductive and 

613 Respiratory Syndrome Virus, strain NADC30; PRY- Porcine Pseudorabies Virus; 

614 FMDV- Foot and Mouth Disease Virus; CSFV- Classical Swine Fever Virus; PCV2-

615 Porcine Circovirus 2; PCV3- Porcine Circovirus 3; APPV- Atypical Porcine 

616 Pestivirus; PPV- Porcine Parvovirus. tSampling type and size for each farm: Farm A: 

617 1 feces, 20 intestines and 6 fecal swabs; Fann B: 1 feces and 15 intestines; Farm C: 2 

618 intestines and 1 fecal swab; Farm D: 5 feces and 1 fecal swab. 

619 Extended Data Table 21 List of SADSr-CoVs detected in bats in Guangdong, 

620 China. See Extended Data Figure 1 for sampling sites in relation to SARS and SADS 

621 outbreak locations. 

29 



Obtained via FOIA by Judicial Watch, Inc.

622 Extended Data Table 31 Test of SADS-CoV entry and infection in Hela cells 

623 expressing known coronavirus receptors. 

624 *Gene accession numbers for the genes used in this study: human APN, M22324.1; 

625 human ACE2, NM_021804; humanDPP4, NM_001935.3; SwAPN (swine APN), 

626 NM_214277.1; SwACE2 (swine ACE2), NM_001116542.1; SwDPP4 (swine DPP4), 

627 NM_214257.1. tFor MERS-CoV infection, HIV-pseudovirus was used. :I:Expression 

628 of APN, ACE2 and DPP4 was confirmed by antibodies against fused tags. 

629 Extended Data Table 4 I Experimental infection of SPF piglets using intestine 

630 tissue homogenate. Experimental details can be found in Methods. a, Animals were 

631 recorded every day for sign of diseases including weight loss, diarrhea and death. 

632 PCR on fecal swabs was conducted to monitor the presence of SADS-Co V or other 

633 pig viruses. b, Daily body weight record of all piglets. Unit = kg. 

634 *Euthanized on the day indicated for further analysis. t Anin1als died during the 

635 experiment. :I:The only animal which didn' t receive colostrum in this experiment due 

636 to supply shortage. 

637 Extended Data Table 5 I Experimental animal infection of farm piglets using 

638 cultured SADS-Co V. Experimental details can be found in Methods. a, Animals 

639 were recorded every day for sign of diseases including weight loss, diarrhea and 
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640 death. PCR on fecal swabs was conducted to monitor the presence of SADS-Co V or 

641 other pig viruses. b, Daily body weight record of all piglets. Unit = kg. 

642 *Euthanized on the day indicated for further analysis. t Animals died during the 

643 experiment. 

644 
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