
additional studies will be required to elucidate whether 
the spectrum of potential hosts might include other farm 
or companion animals, and whether the virus might be 
able to infect humans.

Acknowledgments
We thank Jens Böttcher, Thomas Große Beilage, Diana  
Meemken, Alexandra von Altrock, and Cornelia Schwennen for 
collecting serum samples; Polina Parfentev for providing  
excellent technical assistance; and Daniela Indenbirken for  
providing support in preparation of the RNA library.

This study was supported by the German Center for Infection 
Research/Thematic Translational Unit Emerging Infections.

References
  1.	 Stapleton JT, Bukh J, Muerhoff AS, Foung S, Simmonds P.  

Assignment of human, simian and bat pegiviruses (previously  
described as GBV-A, GBV-C, and GBV-D) as members of  
a new genus (Pegivirus) within the Flaviviridae [cited 2015 Oct 
21]. http://www.ictvonline.org/proposals/2012.011a-dV.A.v2.
Pegivirus.pdf

  2.	 Thézé J, Lowes S, Parker J, Pybus OG. Evolutionary and  
phylogenetic analysis of the hepaciviruses and pegiviruses.  
Genome Biol Evol. 2015;7:2996–3008. http://dx.doi.org/10.1093/
gbe/evv202

  3.	 Baechlein C, Fischer N, Grundhoff A, Alawi M, Indenbirken D, 
Postel A, et al. Identification of a novel hepacivirus in  
domestic cattle from Germany. J Virol. 2015;89:7007–15.  
http://dx.doi.org/10.1128/JVI.00534-15

  4.	 Kapoor A, Simmonds P, Cullen JM, Scheel TK, Medina JL, 
Giannitti F, et al. Identification of a pegivirus (GB virus-like virus) 
that infects horses. J Virol. 2013;87:7185–90.  
http://dx.doi.org/10.1128/JVI.00324-13

  5.	 Simons JN, Desai SM, Schultz DE, Lemon SM, Mushahwar IK. 
Translation initiation in GB viruses A and C: evidence for internal 
ribosome entry and implications for genome organization.  
J Virol. 1996;70:6126–35.

  6.	 Stapleton JT, Foung S, Muerhoff AS, Bukh J, Simmonds P.  
The GB viruses: a review and proposed classification of  
GBV-A, GBV-C (HGV), and GBV-D in genus Pegivirus within  
the family Flaviviridae. J Gen Virol. 2011;92:233–46.  
http://dx.doi.org/10.1099/vir.0.027490-0

  7.	 Chandriani S, Skewes-Cox P, Zhong W, Ganem DE, Divers TJ, 
Blaricum AJ, et al. Identification of a previously undescribed  
divergent virus from the Flaviviridae family in an out-
break of equine serum hepatitis. Proc Natl Acad Sci U S A. 
2013;110:E1407–15. http://dx.doi.org/10.1073/pnas.1219217110

  8.	 Schwarze-Zander C, Blackard JT, Rockstroh JK. Role of GB 
virus C in modulating HIV disease. Expert Rev Anti Infect Ther. 
2012;10:563–72. http://dx.doi.org/10.1586/eri.12.37

  9.	 Grau-Roma L, Fraile L, Segalés J. Recent advances in the  
epidemiology, diagnosis and control of diseases caused  
by porcine circovirus type 2. Vet J. 2011;187:23–32.  
http://dx.doi.org/10.1016/j.tvjl.2010.01.018

10.	 Rosenberg R. Detecting the emergence of novel, zoonotic viruses 
pathogenic to humans. Cell Mol Life Sci. 2015;72:1115–25.  
http://dx.doi.org/10.1007/s00018-014-1785-y

Address for correspondence: Paul Becher, Institute of Virology, Department 
of Infectious Diseases, University of Veterinary Medicine, Buenteweg 17, 
30559 Hannover, Germany; email: paul.becher@tiho-hannover.de

New Chimeric Porcine  
Coronavirus in Swine Feces, 
Germany, 2012

Valerij Akimkin,1 Martin Beer,1 Sandra Blome,1 
Dennis Hanke,1 Dirk Höper,1 Maria Jenckel,1  
Anne Pohlmann1

Author affiliations: Chemical and Veterinary Investigations Office 
Stuttgart, Fellbach, Germany (V. Akimkin); Friedrich-Loeffler- 
Institut, Greifswald–Insel Riems, Germany (M. Beer, S. Blome,  
D. Hanke, D. Höper, M. Jenckel, A. Pohlmann)

DOI: http://dx.doi.org/10.3201/eid2207.160179

To the Editor: Porcine epidemic diarrhea virus 
(PEDV) and transmissible gastroenteritis virus (TGEV) 
can cause severe enteritis in pigs accompanied by diarrhea, 
vomiting, and dehydration. Clinical signs are most promi-
nent in young suckling pigs, in which high mortality rates 
are common. As seen in recent porcine epidemic diarrhea 
outbreaks in the United States and Asia, the effect on the 
pig industry can be tremendous.

Recently, Boniotti et al. (1) reported detection and 
genetic characterization of swine enteric coronaviruses 
(CoVs) circulating in Italy during 2007–2014. Character-
ization was based on sequencing and phylogenetic analyses 
of spike genes of TGEV and PEDV isolates. This study also 
reported a new recombinant CoV strain with a TGEV back-
bone and a PEDV spike gene (SeCoV/Italy/213306/2009; 
KR061459), which was identified as a swine enteric CoV 
(SeCoV). This chimeric virus presumably resulted from a 
recombination event.

Accompanying a study of recent porcine epidemic 
diarrhea cases in Germany caused by a new PEDV Indel 
strain (2), we retrospectively analyzed fecal samples from 
pigs that showed typical clinical symptoms of a PEDV in-
fection. The sample set included fecal material collected 
from a farm in southern Germany on which an episode of 
diarrhea among pigs occurred in 2012. This material was 
shown by electron microscopy to contain CoV-like parti-
cles (Figure), but showed negative results by reverse tran-
scription PCRs specific for the PEDV nucleocapsid gene.

Subsequent metagenomic analyses resulted in the 
full-genome sequence of a swine enteric CoV (SeCoV/
GER/L00930/2012). We found a sequence showing high 
similarity (99.5% identity) with the TGEV/PEDV recom-
binant reported by Boniotti et al. (1). Network analysis of 
complete genome sequences of similar CoVs underline the 
chimeric nature of the genome between TGEV and PEDV 
genome sequences (online Technical Appendix Figure, 
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panel A, http://wwwnc.cdc.gov/EID/article/22/7/16-0179-
Techapp1.pdf). The chimeric nature of the virus strain was 
confirmed by RT-PCR with primers spanning possible re-
combination sites and analysis of overlapping reads from 
next-generation sequencing.

Annotation of the sequence of SeCoV/GER/
L00930/2012 performed on the basis of SeCoV/ 
Italy/213306/2009 identified a similar putative coding 
sequence with a TGEV backbone and a spike coding se-
quence similar to that for PEDV (online Technical Ap-
pendix panel B). Downstream of the spike protein–coding 
open reading frame (ORF), an additional hypothetical ORF 
was identified in both SeCoV sequences. The coded amino 
acid sequences (27 aa in the virus from Germany and 30 aa 
in the virus from Italy) resembled an N- and C-terminally 
truncated TGEV nonstructural protein 3a. The difference of 
3 aa between the 2 strains is the result of a 10-bp deletion at 
the 3′-end of the hypothetical ORF, which shifted the stop 
3 codons to the 5′- end (online Technical Appendix Figure, 
panel B) in SeCoV/GER/L00930/2012. This deletion is ap-
parently located within the potential 3′ recombination site 
(online Technical Appendix Figure, panel B).

It is tempting to speculate that SeCoV/Ita-
ly/213306/2009 is a precursor of SeCoV/GER/L00930/ 
2012, and that other members of this novel genotype are 
still undetected. These viruses might be targets of second-
ary mutation and recombination events. Therefore, more 
chimeric CoVs should be identified to determine the poten-
tial origin of the recombination event.

In conclusion, we detected an enteric CoV that resem-
bled the TGEV/PEDV chimeric virus reported by Boniotti 
et al. (1). Although these findings support the notion that 
CoV genomes are subject to mutations and recombination 

events, problems in disease diagnosis can be foreseen. In 
countries where porcine epidemic diarrhea, transmissible 
gastroenteritis, or both of these diseases are reportable, 
correct diagnosis and reporting might be difficult. Thus, 
diagnosticians should be aware of possible recombinants 
of swine CoVs. Diagnostic problems can be prevented by 
use of a double-check strategy with techniques specific for 
different genome regions. Apart from diagnostic obstacles, 
the effect of virus recombinations in terms of virulence and 
organ tropism is unknown and needs further investigations.
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To the Editor: Colistin is an old-generation antimicro-
bial agent; however, because it is one of the few agents that 
remain effective against multidrug-resistant gram-negative 
bacteria (e.g., carbapenem-resistant Pseudomonas aeru-
ginosa and Enterobacteriaceae), its clinical usefulness is 
being increasingly recognized (1). Previous reports have 
described the mechanisms of colistin resistance (2) as be-
ing chromosomally mediated and not associated with hori-
zontal gene transfer. However, from 2011 through 2014, 
a plasmid-encoded colistin-resistance gene, mcr-1, was 
identified in colistin-resistant Escherichia coli isolated in 
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Figure. Electron micrograph of a new chimeric swine enteric 
coronavirus (SeCoV/GER/L00930/2012), Germany, 2012. Scale 
bar indicates 100 nm.
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Technical Appendix Figure. Analysis of a new chimeric swine enteric coronavirus (SeCoV/GER/L00930/2012), 

Germany, 2012. A) Network analysis of complete genomes of SeCoVs and related coronaviruses. PRCV, porcine 

respiratory coronavirus; PEDV, porcine epidemic diarrhea virus; TGEV, transmissible gastroenteritis virus. B) Top: 

schematic representation (not to scale) of 2 chimeric viruses and their putative progenitors. Sequences most 

related to progenitor strain TGEV Miller are indicated in blue, and sequences most related to PEDV CV777 are 

indicated in red. Protein designations are according to the International Committee on Taxonomy of Viruses. 

ORF, open reading frame; S, spike; 3a, accessory proteins encoded by ORF3; mp, alphacoronavirus-specific 

accessory membrane protein amp; E, envelope; M, membrane; N, nucleocapsid; 7a, accessory proteins encoded 

by ORF7. Bottom: alignments of the putative recombination sites. A deletion in SeCoV from Germany is indicated 

by the purple box, and stop codons of the hypothetical nonstructural protein 3a coding ORFs are indicated in red.  

http://dx.doi.org/10.3201/eid2207.160179

