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ear Editor, 

In this Journal, Zhang and colleagues commented on the cross- 

pecies evolution of coronaviruses that has been revealed by the 

urrent pandemic. 1 The ongoing COVID-19 pandemic has exposed 

ajor gaps in our knowledge of the diversity, evolution, ecology, 

nd host range of coronaviruses. 2 , 3 Concurrently, recent research 

irected toward coronaviruses has been instrumental in revealing 

he importance of bats as reservoirs for a diverse array of viruses, 

ith occasional cross-species transmission to other hosts. 4 , 5 
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he pentacle (Guangxi) denotes the geographic origin of SADS-CoV/Guangxi/2021. T
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163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights r
Severe acute diarrhea syndrome coronavirus (SADS-CoV), an 

merging virus responsible for severe, acute diarrhea and dehy- 

ration in piglets, is one of the most important bat-derived al- 

hacoronaviruses. 6 It was first detected in Guangdong province, 

hina, in 2017, and then spread to neighboring Fujian and Jiangxi 

rovinces, resulting in substantial economic damage to the pig in- 

ustry. 7 Retrospective analysis showed that its epidemiological his- 

ory could be traced back to August 2016. 8 Intriguingly, follow- 

ng these outbreaks, the prevalence of SADS-CoV seemingly experi- 

nced a cliff-like descent, with no reports of the virus since 2019. 9 

o determine whether SADS-CoV has remained undetected in Chi- 

ese swine populations we launched a surveillance project focus- 
eserved. 
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Fig. 2. Recombination in SADS-CoV. (A) Genome-scale similarity comparisons of a query sequence (SADS-CoV/Guangxi/2021) against reference SADS-CoV sequences SADS- 

CoV/GDGL01/2016 (green), SADS-CoV/CN/GDLS/2017 (yellow), and SADS-CoV/GDLX/2019 (pink) as well as the bat-borne HKU2 coronavirus HKU2/HK/33/2006 (brown) and 

HKU2/GD/430/2006 (orange). This analysis used a window size of 10 0 0 bp and a step size of 200 bp. (B) Maximum likelihood trees of either side of the likely recombination 

breakpoints (left: 1-20199 bp, right: 20200-27134). In the left tree, the best-fit substitution model was TIM+F+I, while in the tree on the right the equivalent model was 

TIM2+F+G 4 . Bootstrap values ( > 70%) are shown from 10 0 0 bootstrap replicates, with grey shadow marking the topological incongruence. 
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ng on pig farms experiencing large-scale outbreaks of diarrheal 

isease. From this, we report the first re-appearance of SADS-CoV 

ince 2019. 

From October 2019 to February 2021, we performed routine 

urveillance for SADS-CoV in China, sampling from the pig farms 

xperiencing major outbreaks of diarrheal disease. In total, we 

ollected 1365 diarrheal feces and intestinal samples from 23 

rovinces, five autonomous regions, and four municipalities, per- 

orming real-time quantitative reverse transcription PCR (real-time 

PCR) to detect SADS-CoV. No positive cases were detected. How- 

ver, in May 2021, a fatal swine diarrhea disease outbreak was 

bserved in an intensive scale pig farm in Guangxi province, 

ith more than 30 0 0 deaths in piglets. The clinical symptoms of 

he infected animals included severe and acute diarrhea, vomit- 

ng, and weight loss, with a fatality rate up to 100%. Using real- 

ime qPCR on mixed samples in the farm we subsequently de- 

ected the aetiological agents for porcine epidemic diarrhea virus 

PEDV), porcine deltacoronavirus (PDCoV), transmissible gastroen- 

eritis virus (TGEV), as well as a single case of SADS-CoV, the result 

howed the cycle threshold (CT) was 23.18 of SADS-CoV, indica- 

ive of a high viral load, enabling us to obtain the complete viral 

enome by metagenomic sequencing. 

Accordingly, following quality control and de novo assembly, we 

btained the genome of a SADS-CoV that we have termed SADS- 

oV/Guangxi/2021 (GeneBank Accession number. ON911569). This 
e131 
enomic sequence exhibited 98.4% −98.8% identity to the SADS- 

oVs reported previously, and 87.4% −93.9% similarity with the re- 

ated bat-borne HKU2 coronavirus. The virus exhibited high se- 

uence similarity with previously sampled SADS-CoV across the 

ntire genome, with the exception of the more diverse structural 

rotein regions. 

To determine the epidemiological origins of CoV/Guangxi/2021 

e performed a phylogenetic analysis. First, to place the evolution 

f SADS-CoV in a broader context, we estimated a maximum like- 

ihood (ML) phylogeny of the genus Alphacoronavirus as a whole 

 Fig. 1 A). As expected, this revealed that SADS-CoV fell within a di- 

ersity of coronaviruses sampled from Rhinolophus bats, including 

KU2, and indicative of a cross-species transmission event. A more 

etailed complete genome phylogenetic analysis of the SADS-CoV 

luster revealed that SADS-CoV/Guangxi/2021 fell as a distinct lin- 

age within this group ( Fig. 1 B). However, in a phylogenetic anal- 

sis of the most variable spike (S) gene, SADS-CoV/Guangxi/2021 

lustered with virus sequences sampled from Jiangxi province, al- 

hough characterized by a relatively long branch length (Appendix). 

his phylogenetic pattern suggests that SADS-CoV/Guangxi/2021 

as derived from the ongoing transmission and evolution of SADS- 

oV in China, rather than a separate cross-species transmission 

rom bats, with the long branch length indicative of unsampled 

volution since 2019 as well as the possible impact of recom- 

ination (see below). In addition, that SADS-CoV/Guangxi/2021 
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1

rouped with viruses from Jiangxi province in the S gene is in- 

icative of inter-provincial movement, although the small avail- 

ble sample size prevents the exact identification of geographic 

rigins. 

To address the issue of recombination in more detail we per- 

ormed a variety of phylogenetic tests. Using the RDP4 package 

e identified one putative recombination event involving SADS- 

oV/Guangxi/2021 that separated the ORF1ab from the spike ge- 

omic regions ( p < 0.05) ( Fig. 2 ). A subsequent analysis using two

L phylogenies estimated for the genome regions either side of 

he likely breakpoints revealed marked phylogenetic incongruence, 

ndicative of potential recombination between ORF1ab and the rest 

f the viral genome. Specifically, phylogenetic analysis of the ge- 

omic region spanning nucleotides 1–20,199 (i.e., the majority of 

he viral genome) revealed that SADS-CoV/Guangxi/2021 was most 

losely related, with 100% bootstrap support, to a sequence iden- 

ified in Fujian province. In contrast, in a phylogeny of nucleotides 

0,200–27,134 SADS-CoV/Guangxi/2021 clustered (with 74% boot- 

trap support) with sequences sampled from Jiangxi province 

although the Fujian sequence is not available for this region) 

 Fig. 2 B). 

Using a combination of RT-qPCR and metagenomics we iden- 

ified the re-emergence of SADS-CoV in Guangxi province, China, 

n infected pigs displaying severe and acute diarrhea and vomit- 

ng, weight loss, with a fatality rate up to 100% in piglets. Phyloge- 

etic analysis suggested undetected circulation since at least 2019 

s well as the inter-provincial spread of the virus. That the virus 

etected in Guangxi also has a recombinant origin further suggests 

hat there is a diverse pool of SADS-CoVs in circulation that have 

et to be identified. 

No previous epidemics of SADS-CoV have been identified in 

uangxi province. Strikingly, rather than disappearing, our surveil- 

ance and phylogenetic analysis suggests that this virus may have 

een circulating undetected since 2019, such that additional work 

hould be directed toward finding the reservoir population(s). 

iven the host-shift characterization, as well as the possibility 

f future cross-species events to humans working at the human- 

nimal interface, the re-emergence of SADS-CoV and its recombi- 

ation constitute an appropriate alert for the potential of this virus 

o become a zoontic source. 10 
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