RESEARCH LETTERS
This study was funded by the International Society of Travel
Medicine (ISTM) 2014–2015 Research Award, as well as the
Department of Veterinary Population Medicine, College of
Veterinary Medicine, University of Minnesota.
Dr. Walz is a researcher in the Department of Veterinary and
Biomedical Sciences, College of Veterinary Medicine, at the
University of Minnesota. Her research focuses on risks for
infectious diseases in animals and humans.
References
1.

2.

3.

4.
5.

6.
7.

8.

9.
10.

Paige SB, Frost SDW, Gibson MA, Jones JH, Shankar A,
Switzer WM, et al. Beyond bushmeat: animal contact,
injury, and zoonotic disease risk in western Uganda.
EcoHealth. 2014;11:534–43. http://dx.doi.org/10.1007/
s10393-014-0942-y
Subramanian M. Zoonotic disease risk and the bushmeat trade:
assessing awareness among hunters and traders in Sierra
Leone. EcoHealth. 2012;9:471–82. http://dx.doi.org/10.1007/
s10393-012-0807-1
Friant S, Paige SB, Goldberg TL. Drivers of bushmeat hunting
and perceptions of zoonoses in Nigerian hunting communities.
Bausch DG, editor. PLoS Negl Trop Dis. 2015;9:e0003792.
https://doi.org/10.1371/journal.pntd.0003792 .
US Fish and Wildlife Service. Bushmeat [cited 2016 Mar 25].
http://www.fws.gov/international/wildlife-without-borders/
global-program/bushmeat.html
Bair-Brake H, Bell T, Higgins A, Bailey N, Duda M, Shapiro S,
et al. Is that a rodent in your luggage? A mixed method approach
to describe bushmeat importation into the United States.
Zoonoses Public Health. 2014;61:97–104. http://dx.doi.org/
10.1111/zph.12050
US Census Bureau. American Community Survey. 2015 [cited
2017 Apr 3]. https://factfinder.census.gov/faces/tableservices/jsf/
pages/productview.xhtml?src=bkmk
Sell TK, Boddie C, McGinty EE, Pollack K, Smith KC,
Burke TA, et al. Media messages and perception of risk for Ebola
virus infection, United States. Emerg Infect Dis. 2017;23:108–11.
http://dx.doi.org/10.3201/eid2301.160589
Sepic M. Minnesota’s Liberian immigrants fear stigma
from Ebola. NPR. 2014 Oct 10 [cited 2017 Mar 23].
http://www.npr.org/2014/10/10/355187977/minnesotas-liberianimmigrants-fear-stigma-from-ebola
Creswell JW. Research design: qualitative, quantitative, and
mixed methods approaches. 4th ed. Los Angeles: SAGE
Publications; 2009.
Betancourt TS, Abdi S, Ito BS, Lilienthal GM, Agalab N,
Ellis H. We left one war and came to another: resource loss,
acculturative stress, and caregiver-child relationships in Somali
refugee families. Cultur Divers Ethnic Minor Psychol. 2015;
21:114–25. http://dx.doi.org/10.1037/a0037538

Address for correspondence: Emily Walz, University of Minnesota, 1971
Commonwealth Ave, St. Paul, MN 55108, USA; walzx148@umn.edu

Porcine Astrovirus
Type 3 in Central Nervous
System of Swine with
Polioencephalomyelitis
Bailey Arruda, Paulo Arruda,
Melissa Hensch, Qi Chen, Ying Zheng,
Chenghuai Yang, Igor Renan Honorato Gatto,
Franco Matias Ferreyra, Phil Gauger,
Kent Schwartz, Laura Bradner, Karen Harmon,
Ben Hause, Ganwu Li
Author affiliations: Iowa State University, Ames, Iowa, USA
(B. Arruda, Q. Chen, Y. Zheng, C. Yang, F.M. Ferreyra, P. Gauger,
K. Schwartz, L. Bradner, K. Harmon, G. Li); Veterinary Resources
Inc., Ames (P. Arruda); The Maschhoffs, Carlyle, Illinois, USA
(M. Hensch); São Paulo State University (Unesp), Jaboticabal,
Brazil (I.R.H. Gatto); Cambridge Technologies, Worthington,
Minnesota, USA (B. Hause)
DOI: https://doi.org/10.3201/eid2312.170703

Using next-generation sequencing, we identified and genetically characterized a porcine astrovirus type 3 strain found
in tissues from the central nervous system of 1 piglet and 3
sows with neurologic signs and nonsuppurative polioencephalomyelitis. Further studies are needed to understand the potential for cross-species transmission and clinical impact.

A

stroviruses have been identified in a variety of mammals and birds; infection is often asymptomatic (1).
Recently astroviruses have been implicated in cases of encephalomyelitis in humans, mink, cattle, and sheep (2‒5).
We describe the use of unbiased next-generation sequencing to identify and genetically characterize a porcine astrovirus type 3 (PoAstV-3) in central nervous system (CNS)
tissues of a 5-week-old piglet and 3 sows with neurologic
signs and histopathologic lesions compatible with a neurotropic viral infection.
A multisite swine production farm submitted swine
neurologic cases on 3 different occasions over a 9-month
period to the Iowa State Veterinary Diagnostic Laboratory
(Ames, Iowa, USA); 1 submission (2 live piglets) represented a population of 4–12-week-old pigs and 2 submissions (submission 2, two live sows; submission 3, head
and tissue of sow) representing sows. In all cases, affected
swine exhibited clinical signs that ranged from hind limb
weakness to quadriplegia and occasionally convulsions
(Video,
https://wwwnc.cdc.gov/EID/article/23/12/170703-V1.htm). The sow farm reported a case-fatality
rate of 100%. The young pigs, which were farrowed
from sows from the aforementioned sow farm, originated
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from 2 commercial grow-out facilities that reported a
case-fatality rate of 75%. Histologic lesions in the CNS
were consistent with a viral etiology. The following viruses were not detected in CNS samples by PCR: porcine reproductive and respiratory syndrome virus types
1 and 2, porcine circovirus 2, suid alphaherpesvirus 1,

teschovirus A, sapelovirus A, or atypical porcine pestivirus. No pathogens were isolated by bacterial culture.
Because of the persistence and severity of clinical signs,
histologic lesions, and lack of detection of a viral etiology, two 5-week-old piglets and 4 sows with neurologic
signs were submitted by a veterinarian for diagnostic

Figure. Phylogenetic trees of capsid protein (A), RNAdependent RNA polymerase protein (B), and whole-genome
nucleotide (C) sequences of a PoAstV type 3 strain (PoAstV3/
USA/IA/7023/2017, filled circle) from central nervous system
tissues of sows with neurologic signs and histopathologic
lesions compatible with neurotropic viral infection compared
with 66 reference viruses available in GenBank (accession
numbers shown in parentheses), which came from multiple
animal species (as indicated). We performed alignment
using the Muscle model and constructed phylogenetic trees
using the neighbor-joining method in MEGA6 (http://www.
megasoftware.net). Virus types are labeled. AstV, astrovirus;
PoAstV, porcine astrovirus. Scale bars indicate nucleotide
substitutions per site.
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testing by histopathology and next-generation sequencing. Histologic examination revealed severe, nonsuppurative polioencephalomyelitis in 3 of 4 sows and 1 of 2 piglets (online Technical Appendix Figure, https://wwwnc.
cdc.gov/EID/article/23/12/17-0703-Techapp1.pdf).
We performed metagenomic sequencing for each
animal using pooled RNA extracted from the cerebrum,
cerebellum, brain stem, and spinal cord as previously described (6,7). We analyzed the sequences obtained using
the MiSeq System (Illumina, San Diego, CA, USA) by
using Kraken, an ultrafast and highly accurate program
for assigning taxonomic labels by examining the k-mers
within a read and querying a standard Kraken database
with those k-mers (8). We assembled reads de novo using CLC Genomics Workbench (QIAGEN, Valencia, CA,
USA) and identified the contigs by blastn (https://blast.
ncbi.nlm.nih.gov/Blast.cgi). The largest contig, encompassing ≈2,000 reads, encoded a near-complete astrovirus
genome of 6,461 nt and was designated PoAstV3/USA/
IA/7023/2017 (GenBank accession no. KY940545). This
sequence originated from a sow sample. A near-complete
astrovirus genomic sequence was also obtained from the
piglet (contig length 5,935 bp; E = 0) and had 100% nucleotide identity to PoAstV3/USA/IA/7023/2017. We also
identified porcine endogenous retrovirus (contig lengths
1,865 bp and 1,317 bp; E = 0) in sow samples. When using a minimum contig length of 500 nt, we identified rocilivirus (contig length 832 bp; 32 reads; E = 0; GenBank
accession no. KU058672.1) in piglet samples.
Phylogenetic comparisons of the capsid protein sequence, RNA-dependent RNA polymerase protein sequence, and whole-genome nucleotide sequence placed
PoAstV3/USA/IA/7023/2017 in the same cluster as other
strains of PoAstV-3 (Figure, panels A–C). The isolate we
identified was most closely related to PoAstV3/USA/USMO123 (GenBank accession no. NC_019494.1; 94.1%
amino acid identity; online Technical Appendix Table 1),
which was detected in a swine fecal sample (9). On the
basis of these phylogenetic analyses, PoAstV3/USA/
IA/7023/2017 is more closely related to neurotropic astroviruses from humans, minks, cows, and sheep (2‒5) than to
PoAstV-1, PoAstV-2, PoAstV-4, and PoAstV-5.
We detected viral RNA by using a PoAstV-3 quantitative real-time PCR with previously fresh-frozen CNS
tissues from animals with polioencephalomyelitis (online
Technical Appendix Table 2). We did not detect viral RNA
in serum, feces, lung, liver, kidney, or spleen samples of
animals with histologic lesions or any sample from animals
without histologic lesions (9).
We describe the identification and genetic characterization of PoAstV-3 in CNS tissue from a piglet and
sows with neurologic signs and histologic lesions compatible with a neurotropic virus similar to those described in

neurotropic astrovirus cases in other species (2‒5). In humans, disease is primarily associated with immunocompromised patients. In cows, the virus is not commonly
detected in feces, and the disease does not appear to be
associated with immunocompromised animals (4). In this
case, PoAstV-3 was not detected in feces of affected animals, and evidence of immunosuppression was lacking.
The overall PCR prevalence of PoAstV-3 in feces of pigs
in North America is reported to be low (1.2%) (10).
The PoAstV-3 we identified had 92.2% nucleotide
sequence similarity to PoAstV-3 identified from a survey
that evaluated feces samples from pigs (9).The significance of this finding is unclear. Investigations are needed
to clarify the ecology and epidemiology of PoAstV-3 and
the pathophysiology of neurotropic astroviruses. Studies
have demonstrated the potential for recombination between porcine and human astroviruses, suggesting zoonotic potential (9,10).
Dr. Arruda is an assistant professor and diagnostic pathologist at
the Iowa State University Veterinary Diagnostic Laboratory. Her
primary field of research is the infectious diseases of swine.
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During 2016–2017, three avian influenza A(H7N9) viruses
were isolated from chickens in southern China. Each virus had different insertion points in the cleavage site of the
hemagglutinin protein compared to the first identified H7N9
virus. We determined that these viruses were double or
triple reassortant viruses.

S

ince its first documentation on March 30, 2013, through
March 16, 2017, avian influenza A(H7N9) virus has
caused 5 epidemic waves of infection among humans in
China, resulting in 1,307 laboratory-confirmed clinical cases and 489 deaths (1). According to reports of H7N9 virus
outbreaks among humans in China, the virus clustered into
the Yangtze River Delta lineage and the Pearl River Delta
lineage (2). As with most low-pathogenicity avian influenza
viruses, the early H7N9 avian influenza virus produced mild
symptoms in domestic poultry and was therefore generally
only detected through active virologic surveillance (3,4).
1
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In April 2017, H7N9 viruses (isolates A/chicken/
Guangdong/Q1/2016, A/chicken/Guangdong/Q26/2017,
and A/chicken/Guangdong/Q39/2017, hereafter Q1, Q26,
and Q39) were identified from lung samples of chickens
that were collected from Guangdong, China, in June 2016
and January 2017. We sequenced all 8 genes of these viruses to trace the origin and clarify the genetic properties.
The nucleotide sequences are available from GenBank (accession nos. MF280181–204).
The H7 hemagglutinin (HA) gene of all 3 viruses belonged to the Yangtze River Delta lineage A (Figure). However, unlike the early H7N9 virus, the HA genes were 1,695
bp and coded 565 aa, and the isolates had 4 inserted amino
acids at cleavage sites (KRTAR¯G). In addition, Q26 and
Q39 had 4 continuous basic amino acids at cleavage sites
(KRKRTAR¯G), which is a characteristic of highly pathogenic avian influenza virus (Online Technical Appendix,
Table 1, https://wwwnc.cdc.gov/EID/article/23/12/17-0782Techapp1.pdf). Q1 had a mutation (Q226L) at the receptor
binding site of the HA protein, indicating a higher binding
affinity for sialic acid α2,6, a characteristic of human cellsurface receptors (5).
Both Q1 and Q39 had an NA gene of Yangtze River Delta lineage A, whereas the NA gene of Q26 was of Pearl River
Delta lineage (online Technical Appendix Table 1, Figure).
A246T and R292K, which are related to drug resistance, had
no substitution in the NA protein of the viruses we analyzed.
The polymerase basic (PB) 1 and 2, polymerase acidic,
and nonstructural genes of Q1 and Q39 were all of Yangtze River Delta lineage A, and nucleoprotein genes were of
Yangtze River Delta lineage B. The PB2 and nucleoprotein
genes of Q26 were of Yangtze River Delta lineage A; PB1,
polymerase acidic, and nonstructural genes of Q26 were
clustered to the Pearl River Delta lineage (online Technical Appendix Table 1, Figure). E627K and D701N had no
substitution in the PB2 protein of the viruses, which was
thought to contribute to the adaptation, replication, and
virulence of influenza viruses in humans and mice (6,7).
Of particular note, the matrix M gene of Q1 clustered
into A/goose/Guangdong/1/96-lineage (H5N1) (GSGD96
lineage) and had a nucleotide of 94.8%. However, the matrix genes of Q26 and Q39 clustered into Yangtze River
Delta lineage B of H7N9 virus (online Technical Appendix
Table 1, Figure).
To clarify the pathogenicity and transmission of the virus, we inoculated 11 chickens with each isolate (106 50%
egg infectious dose [EID50] in 0.1 mL of phosphate-buffered saline) and 3 chickens with 0.1 mL phosphate-buffered saline as the control group. We observed all chickens
for clinical symptoms for 14 days. The infected chickens
exhibited anorexia and signs of depression at 2 days postinoculation (DPI). The Q1 inoculated group died within
4 DPI, Q26 within 3 DPI, and Q39 within 2 DPI; contact
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