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No Evidence of Gouléako and Herbert Virus
Infections in Pigs, Cote d'Ivoire and Ghana
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A recent report suggested that 2 novel bunyaviruses discov-
ered in insects in Cote d’'lvoire caused lethal disease in swine
in South Korea. We conducted cell culture studies and tested
serum from pigs exposed to mosquitoes in Céte d’lvoire and
Ghana and found no evidence for infection in pigs.

Orthobunyaviruses and phleboviruses are transmitted
to animals and humans by blood-feeding arthropods
such as mosquitoes, sandflies, and ticks (/,2). Infection can
cause systemic disease, including encephalitis or hemor-
rhagic fevers. Members of both genera of viruses encode
a nonstructural (NS) protein that suppresses the antiviral
interferon response of the vertebrate host (3,4). We recently
discovered 2 novel prototypic bunyaviruses in mosquitoes
in Cote d’Ivoire (5,6). Named Gouléako virus (GOLV)
and Herbert virus (HEBV), the viruses tentatively define
2 novel bunyavirus-family genera that are in a sister rela-
tionship to the genera Phlebovirus and Orthobunyavirus,
respectively. Neither virus encodes NS proteins, nor do
the viruses infect vertebrate cells or cause disease in mice
that have been intracerebrally inoculated with the viruses
(5—-7). Replication of both viruses is blocked at tempera-
tures above 31°C, suggesting that the viruses are unlikely
to infect mammals (8).

Chung et al. recently reported that, in 2013, GOLV and
HEBV caused prevalent and lethal infections in swine in
South Korea (9). In that study, >500 pigs from 40 farms
were tested for both viruses, and viral RNA was detected in
up to 79% of diseased and 55% of healthy pigs. Dead pigs
carried virus in their lungs and intestines. GOLV was iso-
lated from swine serum in porcine kidney 15 cells. These
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results suggest the discovery of disease caused by these 2
novel viruses in a major livestock species. Because of the
implications of this finding, we attempted verification.

The Study

We first extended our recent cell culture studies to include
porcine kidney 15 and human embryonic kidney 293 cells,
which were the type of cells used by Chung et al. (9). Hu-
man hepatocellular 7 carcinoma cells were also included
because they are highly susceptible to virus infection, as
are Vero cells and several other cell lines we used in ear-
lier studies (3,6). Infections with GOLV and HEBV were
performed at multiplicities of infection of 1 in doublets
in all cell lines. Vesicular stomatitis virus was used as a
positive control at multiplicity of infection 1. Cell culture
supernatants were analyzed for viral RNA after 0, 3, and
6 days by real-time reverse transcription PCR (RT-PCR)
(5,6). No replication of GOLV and HEBV was detected,
whereas vesicular stomatitis virus replicated to high con-
centrations (Figure 1). Three blind passages on fresh cells
failed to yield virus.

Because cell culture experiments may not show the full
host range of a specific virus, we tested serum samples col-
lected in 2008 from Sus scrofa domestica pigs in Gouléako,
the rural village where GOLV and HEBV were first iso-
lated from mosquitoes in Céte d’Ivoire (3,6). The 28 tested
samples represented nearly all the pigs kept in Gouléako at
that time, all of which were constantly exposed to mosqui-
toes. We also tested 108 serum samples collected in 2011
from mosquito-exposed swine in Kumasi, Ghana, where
mosquitoes were found to be infected with HEBV (6) and
GOLYV (8. Junglen, unpub. data).

All samples were tested for virus by real-time RT-PCR
(5,6) and tested for antibodies against GOLV and HEBV
nucleocapsid proteins by recombinant immunofluores-
cence assay (/0). All samples were negative for the viruses
(online Technical Appendix Table, http://wwwnc.cdc.gov/
ElD/article/21/12/14-1840-Techapp.pdf). Online Techni-
cal Appendix Figure 1 shows antigen controls and results
from 1 representative swine serum sample.

To compare the viruses found in pigs in South Korea
with viruses found in mosquitoes in Africa, we replicated
methods used by Chung et al. (9) and amplified a region
of the GOLV glycoprotein precursor gene from 27 GOLV
strains in mosquitoes (online Technical Appendix). Nu-
cleotide sequence distance among mosquito strains was as
high as 9.0%. The viruses found in the pigs fell within the
genetic diversity of viral strains of GOLV and HEBV and
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Figure 1. Infection of cells with vesicular stomatitis virus (VSV), Herbert virus (HEBV), and Gouléako virus (GOLV). A) Porcine kidney
15 cells; B) human embryonic kidney cells; C) human hepatocellular 7 cells. Cells were infected at a multiplicity of infection of 1. The
number of viral genome copies in cell culture supernatants were measured at 0, 3, and 6 days postinfection by real-time reverse

transcription PCR.

did not constitute phylogenetic outliers (Figure 2, panel A).
The analyzed fragment had 6 aa exchanges, but they were
insufficient for drawing conclusions about protein function
because the fragment did not include domains putatively
relevant for receptor binding (online Technical Appendix
Figure 2).

Small RT-PCR fragments from the RNA-dependent
RNA polymerase (RdRp) gene were presented by Chung
et al. for HEBV. We performed phylogenetic analyses to
compare these swine-derived sequences with sequences
from all mosquito-derived viruses from which we could se-
quence the corresponding genome region (Figure 2, panel
B). Comparison of swine-derived sequences with the phy-
logeny of mosquito-derived HEBV strains, constructed on
the basis of the third conserved region of the RdRp (Figure
2, panel C), showed that the strains from South Korea fell
within the phylogenetic diversity of HEBV strains identi-
fied in West Africa. Online Technical Appendix Figure 3
shows nucleotide- and amino acid—based alignments.

Conclusions

Our results contrast with those of Chung et al. (9) for several
possible reasons. First, the viruses infecting swine in South
Korea may constitute variants of GOLV and HEBV that can
infect vertebrates. The presence of an NSs protein in phlebo-
viruses and orthobunyaviruses provides interferon resistance
required to infect vertebrates efficiently (3,4). Because full
genome sequences from swine viruses detected by Chung et
al. are not available, we have no information on the presence
of NS proteins in these viruses. Furthermore, our detection
assays might have failed to detect variant viruses. Howev-
er, our RT-PCR assays have been shown to detect variant
viruses, have been validated for sensitivity (<100 viral ge-
nome copies per mL in liquid specimens), and provide high
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specificity by probe detection (5,6). A concern regarding the
results of Chung et al. is the use of RT-PCR assays based on
SYBR Green (Thermo Fisher Scientific, Lithuania) product
detection, which, from our experience, is prone to yield non-
specific results because no probe is used in this assay. Nev-
ertheless, RT-PCR products in Chung et al. have been con-
firmed by sequencing. Some sequences presented by these
researchers contained stop codons in the HEBV RdRp and
the GOLV glycoprotein precursor genes, making it unlikely
that these sequences represent replicating viruses. Besides
technical explanations, these sequences could represent viral
genome fragments integrated in genomes of organisms, such
as insects, that are eaten by pigs in the region. Integration of
RNA virids derived from flaviviruses into the host genome
has been described in insects (/7). Testing food eaten by
swine for insect DNA or viral RNA could yield insight. In
addition, we may have collected serum when no active virus
infections occurred in tested animals. However, past infec-
tions would have been shown by antibody tests. Because
bunyaviruses from all vertebrate-infecting genera induce
antibodies against the nucleoprotein (/2—/4), we are confi-
dent about our choice of antigen in our assays. Chung et al.
presented no serologic results to support virus detections (9).

Several technical issues in the study by Chung et al.
should be clarified further. First, RNA concentration in tis-
sue, as determined by RT-PCR, did not correlate with the
success of probe-based immunohistochemistry in several
organ samples (9). Second, supernatants from the virus iso-
late from South Korea showed high cytopathogenic activ-
ity in cell culture (10°-10° cytopathogenic units/mL) but
low levels of concomitant viral RNA by RT-PCR. Because
no antigen detection in cells was attempted, the cytopatho-
genic effect could have been caused by any other virus
blindly isolated. One of the most infectious and deadly
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Figure 2. Maximum-likelihood phylogenetic analyses of Gouléako virus (GOLV) and Herbert virus (HEBV) strains from mosquitoes

in Céte d’lvoire, 2004, and Ghana, 2011, and virus strains detected by Chung el al. (9) in pigs in South Korea. A) Analysis of the
glycoprotein precursor gene of GOLV strains identified in mosquitoes collected in Céte d’lvoire and Ghana and of strains detected in
swine in South Korea. Sequences originating from swine are shown in bold. B) Analysis of the RNA-dependent RNA polymerase gene
of HEBV strains from mosquitoes and swine. Sequences originating from swine are shown in bold. C) Analysis of all identified HEBV
strains found in mosquitoes. HEBV strains used for phylogenetic analyses in panel B are shown in bold. GOLV strains F25M/CI1/2004
and F26M/CI/2004 were found in male mosquitoes. Scale bars indicate nucleotide substitutions per position in the alignment.

swine pathogens, the porcine reproductive and respiratory
syndrome virus (/5), was co-detected in lung samples of

dead pigs in South Korea (9).

The finding of genome fragments of GOLV and HEBV
in swine in South Korea needs to be more fully explored.
However, with no further independent proof of infection of
swine or other vertebrates, HEBV and GOLYV should not be

considered epizootic pathogens or arboviruses.
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No Evidence of Gouléako and Herbert
Virus Infections in Pigs, Céte d’lvoire and
Ghana

Technical Appendix

Additional Methods and Results

Growth Kinetics

Porcine kidney (PK)-15 cells, human embryonic kidney (HEK)-293 cells, and human
hepatocellular carcinoma (HuH)-7 cells were infected with Gouléako virus (GOLV), Herbert
virus (HEBV), and vesicular stomatitis virus (VSV) as a positive control at multiplicities of
infection (MOI) of 1, as described (1,2). Cell culture supernatants were analyzed for viral
genome copy numbers at 0, 3, and 6 days postinfection by real-time reverse transcription
PCR (1,2).
Amplification of GOLV Glycoprotein Precursor Gene Sequences

RNA was extracted from infected C6/36 cells by using the Viral RNA Kit (QIAGEN,
Hilden, Germany) and cDNA synthesis was performed by using SuperScript 111 (Thermo
Fisher Scientific, Lithuania) Glycoprotein precursor gene fragments were amplified by using
primers based on strain GOLV/A5/CI1/2005 and Platinum Tag polymerase, according to the
manufacturer’s instructions (Thermo Fisher Scientific, Lithuania). PCR products were
analyzed by agarose gel electrophoresis and sequenced by Seqlab (Goéttingen, Germany).
Sequences were deposited in the GenBank database (National Center for Biotechnology
Information, Bethesda, MD, USA) under accession number KT387771-KT387796.

Phylogenetic Analyses

GOLYV glycoprotein precursor gene and HEBV RdRp sequences were aligned by
using the multiple sequence alignment program MAFFT
(http://wiki.hpc.ufl.edu/doc/PhyML); maximum likelihood analyses were inferred by using
PhyML (https://code.google.com/p/phyml/) with the HKY85 substitution matrix and 1,000
bootstrap replicates in Geneiuos (Biomatters, Aukland, New Zealand;

http://www.geneious.com/).
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PCR Screening of Swine Serum Samples

Ethical review and clearances of animal handling procedure were obtained from the
Ghana Forestry Commission of the Ministry of Food and Agriculture. RNA was extracted
from 15uL of porcine serum samples mixed with 55uL Dulbecco’s Phosphate-Buffered
Saline by using the QlAamp Viral RNA Mini Kit (QIAGEN, Hilden, Germany). Random
cDNA synthesis was performed by using SuperScript 11 (Thermo Fisher Scientific,
Lithuania). Viral genome copies were measured by real-time reverse—transcription PCR, as

described previously (1,2). The Technical Appendix Table shows samples tested and results.

Recombinant Nucleocapsid Immunofluorescence Assay (IFA)

Porcine serum samples were screened for presence of antibodies against the GOLV
and HEBYV viruses in 1:20 dilutions by rIFA as described (3). C-terminally FLAG-tagged full
nucleocapsid genes of GOLV or HEBV were amplified from cDNA by using the primers
GOLV-N-Xbal-F (5'-
GCTCTAGAGCCACCATGGCAACAGTTACTCAGAATGACATTCAG), GOLV-N-
FLAG-C-Xbal-R (5'-
GCTCTAGATCACTTGTCATCGTCGTCCTTGTAGTCACCAGCTTCCATCAGTTTTCC
GGCCGC), HEBV-N-BamHI-F (5'-
CGGGATCCGCCACCATGGCTACCAATTTTGAATTCAATGATAAC), and HEBV-N-
FLAG-C-SphI-R (5'-
ACATGCATGCTCACTTGTCATCGTCGTCCTTGTAGTCACCAGCTTGAGGCCATATT
TTGTTGATCAGTG). The amplified genes were then cloned into a pCG1 eukaryotic

expression vector.

Plasmids were sequence confirmed. Transfected cells were used in indirect
immunofluorescence assays with goat anti-swine 1gG-Alexa Fluor 488 conjugate (Sigma, St.
Louis, USA) in 1:200 dilution for detection of bound swine serum antibody. A rabbit anti-
FLAG antibody and goat anti-rabbit fluorescein-labeled conjugate in 1:200 dilution
(Dianova, Hamburg, Germany) were used to confirm expression of viral proteins. A c-
terminal flag tag will be expressed only when the upstream viral protein ORF is intact. Cell
nuclei were stained with ProLong Gold Antifade Mountant (Thermo Fisher Scientific,
Lithuania) with DAPI (4°, 6-diamidino-2-phynylindole).

Page 2 of 8
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Technical Appendix Table. Porcine serum samples tested for infection with GOLV and HEBV by using real-time reverse
transcription PCR and rlFA, in Céte d’lvoire and Ghana, 2008—2011*

Age, riFA Viral RNA
Sample ID Sex mot Origin Year GOLV HEBV GOLV HEBV
Cl-s 01 Male 12 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 02 Female 12 Gouléako, ClI 2008 Neg Neg Neg Neg
CI-S 03 Female 12 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 04 Male 11 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 05 Female 9 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 06 Female 3 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 07 Female 3 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 08 Male 3 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 09 Female 3 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 10 Female 6 Gouléako, CI 2008 Neg Neg Neg Neg
Cl-s 11 Female 3 Gouléako, CI 2008 Neg Neg Neg Neg
Cl-S 12 Female 3 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 13 Female 12 Gouléako, CI 2008 Neg Neg Neg Neg
Cl-S 14 Male 3 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 15 Female 8 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 16 Female 4 Gouléako, CI 2008 Neg Neg Neg Neg
CI-Ss 17 Female 4 Gouléako, Cl 2008 Neg Neg Neg Neg
CI-S 18 Female 2 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 19 Male 2 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 20 Female 4 Gouléako, Cl 2008 Neg Neg Neg Neg
Cl-s 21 Male 4 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 22 Female 2 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 23 Female 3 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 24 Female 2 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 25 Female 3 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 26 Female 3 Gouléako, CI 2008 Neg Neg Neg Neg
CI-Ss 27 Female 3 Gouléako, CI 2008 Neg Neg Neg Neg
CI-S 28 Female 5 Gouléako, CI 2008 Neg Neg Neg Neg
GH-S 01 Female 24 Amanfrom, GH 2011 Neg Neg Neg Neg
GH-S 02 Female 6 Amanfrom, GH 2011 Neg Neg Neg Neg
GH-S 04 Male 6 Amanfrom, GH 2011 Neg Neg Neg Neg
GH-S 05 Female 36 Amanfrom, GH 2011 Neg Neg Neg Neg
GH-S 06 Male 6 Amanfrom, GH 2011 Neg Neg Neg Neg
GH-S 07 Male 6 Amanfrom, GH 2011 Neg Neg Neg Neg
GH-S 08 Female 8 Amanfrom, GH 2011 Neg Neg Neg Neg
GH-S 09 Female 8 Amanfrom, GH 2011 Neg Neg Neg Neg
GH-S 10 Female 7 Amanfrom, GH 2011 Neg Neg Neg Neg
GH-S 11 Female 7 Amanfrom, GH 2011 Neg Neg Neg Neg
GH-S 12 Female 15 Sokoban New Town, GH 2011 Neg Neg Neg Neg
GH-S 13 Male 6 Dompoase, GH 2011 Neg Neg Neg Neg
GH-S 14 Male 8 Dompoase, GH 2011 Neg Neg Neg Neg

Page 3 of 8


http://dx.doi.org/10.1128/JVI.00230-11
http://dx.doi.org/10.1128/JVI.01862-13
http://dx.doi.org/10.3201/eid2004.131746
http://dx.doi.org/10.3201/eid2012.131742

Age, riFA Viral RNA
Sample ID Sex mot Origin Year GOLV HEBV GOLV HEBV
GH-S 15 Male 6 Dompoase, GH 2011 Neg Neg Neg Neg
GH-S 16 Female 15 Sokoban New Town, GH 2011 Neg Neg Neg Neg
GH-S 17 Female 6 Sokoban New Town, GH 2011 Neg Neg Neg Neg
GH-S 18 Male 15 Sokoban New Town, GH 2011 Neg Neg Neg Neg
GH-S 19 Male 6 Sokoban New Town, GH 2011 Neg Neg Neg Neg
GH-S 20 Male 6 Sokoban New Town, GH 2011 Neg Neg Neg Neg
GH-S 21 Female 8 Dompoase, GH 2011 Neg Neg Neg Neg
GH-S 22 Male 6 Dompoase, GH 2011 Neg Neg Neg Neg
GH-S 23 Male 6 Dompoase, GH 2011 Neg Neg Neg Neg
GH-S 24 Male 6 Dompoase, GH 2011 Neg Neg Neg Neg
GH-S 25 Female 6 Dompoase, GH 2011 Neg Neg Neg Neg
GH-S 26 Male 8 Dompoase, GH 2011 Neg Neg Neg Neg
GH-S 27 Female 6 Dompoase, GH 2011 Neg Neg Neg Neg
GH-S 28 Female 8 Dompoase, GH 2011 Neg Neg Neg Neg
GH-S 31 Male 5 Dompoase, GH 2011 Neg Neg Neg Neg
GH-S 32 Male 5 Dompoase, GH 2011 Neg Neg Neg Neg
GH-S 33 Female 5 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 34 Male 5 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 35 Male 5 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 36 Male 5 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 37 Female 5 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 38 Female 7 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 39 Female 7 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 40 Male 6 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 41 Male 6 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 42 Male 6 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 43 Male 6 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 44 Female 6 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 45 Female 6 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 46 Male 5 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 47 Female 5 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 48 Male 5 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 49 Female 5 Akropong, GH 2011 Neg Neg Neg Neg
GH-S 50 Female 6 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 51 Female 6 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 52 Male 6 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 53 Male 7 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 54 Male 7 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 55 Female 7 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 56 Female 7 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 57 Male 7 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 58 Male 5 Essienimpong, GH 2011 Neg Neg Neg Neg
GH-S 59 Female 6 Essienimpong, GH 2011 Neg Neg Neg Neg
GH-S 60 Male 5 Essienimpong, GH 2011 Neg Neg Neg Neg
GH-S 61 Male 5 Essienimpong, GH 2011 Neg Neg Neg Neg
GH-S 62 Male 4 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 63 Female 4 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 64 Male 4 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 65 Female 4 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 66 Female 4 Akropong 2, GH 2011 Neg Neg Neg Neg
GH-S 67 Male 5 Essienimpong, GH 2011 Neg Neg Neg Neg
GH-S 68 Female 5 Essienimpong, GH 2011 Neg Neg Neg Neg
GH-S 69 Female 5 Essienimpong, GH 2011 Neg Neg Neg Neg
GH-S 70 Female 5 Essienimpong, GH 2011 Neg Neg Neg Neg
GH-S 71 Female 6 Essienimpong, GH 2011 Neg Neg Neg Neg
GH-S 72 Female 6 Essienimpong, GH 2011 Neg Neg Neg Neg
GH-S 73 Female 8 Onwe, GH 2011 Neg Neg Neg Neg
GH-S 74 Female 8 Onwe, GH 2011 Neg Neg Neg Neg
GH-S 75 Female 8 Onwe, GH 2011 Neg Neg Neg Neg
GH-S 76 Male 8 Onwe, GH 2011 Neg Neg Neg Neg
GH-S 77 Male 8 Onwe, GH 2011 Neg Neg Neg Neg
GH-S 78 Female 5 Onwe, GH 2011 Neg Neg Neg Neg
GH-S 79 Male 8 Onwe, GH 2011 Neg Neg Neg Neg
GH-S 80 Female 8 Onwe, GH 2011 Neg Neg Neg Neg
GH-S 81 Female 5 Onwe, GH 2011 Neg Neg Neg Neg
GH-S 82 Female 5 Onwe, GH 2011 Neg Neg Neg Neg
GH-S 83 Female 7 Ejisu Krapa, GH 2011 Neg Neg Neg Neg
GH-S 84 Female 7 Ejisu Krapa, GH 2011 Neg Neg Neg Neg
GH-S 85 Female 7 Ejisu Krapa, GH 2011 Neg Neg Neg Neg
GH-S 86 Female 7 Ejisu Krapa, GH 2011 Neg Neg Neg Neg
GH-S 87 Male 7 Ejisu Krapa, GH 2011 Neg Neg Neg Neg
GH-S 89 Female 5 Ejisu Krapa, GH 2011 Neg Neg Neg Neg
GH-S 90 Female 5 Ejisu Krapa, GH 2011 Neg Neg Neg Neg
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Age, riFA Viral RNA
Sample ID Sex mot Origin Year GOLV HEBV GOLV HEBV
GH-S 91 Male 4 Ejisu Krapa, GH 2011 Neg Neg Neg Neg
GH-S 92 Female 5 Ejisu Krapa, GH 2011 Neg Neg Neg Neg
GH-S 93 Female 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 94 Female 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 95 Female 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 96 Male 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 97 Male 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 98 Female 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 99 Male 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 100 Female 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 101 Female 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 102 Male 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 103 Female 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 104 Female 5 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 105 Female 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 106 Female 4 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 107 Male 12 Abattoir, GH 2011 Neg Neg Neg Neg
GH-S 108 Female 12 Abattoir, GH 2011 Neg Neg Neg Neg

*Cl, Cote d'lvoire; GH, Ghana; GOLV, Gouléako virus; HEBV, Herbert virus; Neg, Negative results.

TAge is age of pig from which serum sample was collected.

CI-S 09

antiFLAG IgG

GOLV-N

Technical Appendix Figure 1. Immunofluorescence patterns for antibodies against Gouléako virus

HEBV-N

(GOLV) and Herbert virus (HEBV) in serum samples from swine, Cote d’lvoire (Cl), 2008, and Ghana,

2011. Figure shows representative results from 1 pig (labeled CI-S 09) from which serum was tested

against overexpressed recombinant nucleocapsid protein of A) GOLV and B) HEBV in VeroB4 cells.

Anti-FLAG 1gG antibodies were used to control for overexpression of C) GOLV-nucleocapsid (N) and

D) HEBV-N. Scale bar indicates 20 um. All photographs were taken at equivalent exposure settings.
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A Nucleocapsid protein

Consensus
Identity

1. GOLV_strain A5/C1/2004_HQ541736
2. COLV_strain F23/C1/2004_EF423169
I:. GOLV_strain CP13-1/2013_KJ830623

. GOLV_strain CP13-2/2013_K|830624

Consensus
Identity

1. GOLV_strain A5/C1/2004_HQ541736
2. COLV_strain F23/C1/2004_EF423169
3. GOLV_strain CP13-1/2013_KJ830623
4. GOLV_strain CP13-2/2013_K|830624

Consensus
Identity

1. GOLV_strain A5/CI/2004_HQ541736
2. COLV_strain F23/CIf2004_EF423169
3. GOLV_strain CP13-1/2013_K)830623
4. GOLV_strain CP13-2/2013_K)830624

B Glycoprotein precursor protein

Consensus
Identity
1. GOLV_strain A5/CI/2004_HQ541737
E GOLV strain P8/2013_KF361521
. GOLV_strain P1/2013_KF361520

C Glycoprotein precursor protein
1

Consensus
Identity

GOLV_strain_ADS/C1/2004
GOLV_M_F25M-Cl-2004
GOLV_M_F26M-CI-2004
GOLV_strain_ADS/C1/2004
GOLV_strain_A26/C1/2004
GOLV_strain_A28/CI1/2004
GOLV_strain_A30/C1/2004
GOLV_strain_A31/CI1/2004
COLV_strain_A50/C1/2004
10. GOLV_strain_A52/C1/2004
11. GOLV_strain_B40/C1/2004
12. GOLV_strain_C40/C1/2004
13. GOLV_strain_C65/C1/ 2004
14. GOLV_strain_C86/C1/2004
15. GOLV_strain_D50/C1/2004
16. GOLV_strain_D51/C1/2004
17. GOLV_strain_D60/CI/2004
18. GOLV_strain_F23/C1/2004
19. GOLV_strain_F25/CI/2004
20. GOLV_strain_F26/C1/2004
21. GOLV_strain_F27/C1/2004
22. GOLV_strain_F30/C1/2004
23. GOLV_strain_F33/C1/2004
24. GOLV_strain_F35/C1/2004
25. GOLV_strain_F47/C1/2004
26. GOLV_strain_F53/C1/2004
27. GOLV_strain_F54/C1/2004
28. GOLV_strain_F55/C1/2004
29. GOLV_strain_P1/2013_KF361520
30. GOLV_strain_P8/2013_KF361521

BN @

1

10 20 10 1 50 0 7 a0 a0 100
MA TV TQNDIQEA QA YEASYS BUAKS DG DEVES VEKEEYQG FDPYA FES YHFAVAKKAGIGEABHKKINQ THAVEG THRGGKAKK TAEKS TPETKRWEES HI 0K
N N NN NN N NN N R NN
MATVTQNDIQEAQAYLASVSLLALSDGDLVLSVEKLEYQGFDPYAFLSYLFAVAKKAGIGEAEHKKNLOTLAVLGTMRGGKAKKIAEKS TPETKRWLESMI QK®
MATVTONDIQEAQAYLASVSLLALSDGDLVLSVEKLEYOGFDPYAFLSYLFAVAKKAGIGEAEHKKNLOTLAVLGTMRGGKAKKIAEKS TPETKRWLESMI QK®
MATVTONDIQEAQAYLASVSLLALS DGDLVLSVEKLEYOGFDPYAFLSYLFAVAKKAGI GEAEHKKHLOTLAVLG TMRGGKAKK IAEKS TPETKRWLESMI OK'
MATVTQONDIQEAQAYLASVSLLALSDGDLVLSVEKLEYQGFDPYAFLS YLFAVAKKAGIGEAEHTK.LQTLAVLG TMRGGKAKKIAEKS TPETKRWLESMIQK'
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{MIQKYSTTSGRPTGSKDV TEERIAACHAAPTATGIS TGHEAVK T TIN PRSFHEN Yi P YHCIS TFGSBI PUVE TGES S DDVREIS DAF TYHQRIFDRVIN PRA PN
[N NN N N - - T NN AN Y- AN
IMIQKYSITSGRPTGSKDVTLLRIAACHAAPIAIGISTGLAVKTTI NPRSEHEN YPPYMCIS TFGSLI PVVGTGLSSDDVRLISDA ETYHOILFDRVIN PRAPN
IMIQKYSITSGRPTGSKDVTLLRIAACHAAPIAIGIS TGLAVKTTINPRSEHEN YPPYMCIS TFGS LI PVVGTGLSSDDV
IMIQKYSITSGRPTGSKDVTLLRIAACHAAPIATGIS TGLAVKTTINPRSHHEN YAPYMCIS TFGSLI PVVG TGLSSDDVRLISDAFTYHORLFDRVINPRAPN
IMIQKYSITSGRPTGSKDVTLLRIAACHAAPIAIGISTGLAVKTTI NPRS.HEN YAPYMCIS TFGSLIPVVGTGLSSDDVRLISDAFTYHQRLFDRVINPRAPN
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tAPNSKETEKS YVDIQYMSGEYEPEMR EQVCMKEGETI TGARG TY TINAGVK PAQHAAGELDE

I N NN AN RN RN RNEIN e 5§

{APNSKETLKS YVDIQYMSGLYEPEMRLQVCMKLGLI TGARG TY TINAGVK PALOHAAGKLEE

tAPNSKETLKSYVDIQYMSGLYEPEMRLQVCMKLGLI TGARGTYTINAGVRKPALQHAAGELLE
tAPNSKETLESYVDIQYMSGLYEPEMRLQVCMKLGLI TGARGTYTINAGVEKPALQHAAGELLE

Gn protein (474 aa)
( [T ] C

1 100 200 300 400 s00 500
A0 0 0 RO S0 A IR O 0B B A

Ge protein (489 aa)

700 800 500 968

10 20

CKAPCSKKSHHIS CUEESHG

CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGLILVIFVLSLMHKILKVGSKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGLILVIFVLSLMHKILEVGCKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGLILVIFVLSLMHKILEVGSKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGLILVIFVLSLMHKILKVGSKVKIW
CKAPCSKKSLYISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGFILVIFVLSLMHKILEVGSKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGLILVEMFVLSLMHKILKVGSKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGLILVEMFVLSLMHKILEVGSKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLERGVWFSMGWFNVLWISLGLILVIFVLSLMHKILEVGSKVKIW
CKAPCSKKSLY¥ISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWIFLGLILVIFVLSLMHKIFEKVGSKVKIW
CKAPCSKKSLY¥ISGLLESMGYIALSNASHIQLSPEESHLGWGNWLEKGVWFSMGWFNVLWIFLGLILVIFVLSLMHKIFKVGSKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWENVLWISFGLILVIFVLSLM@RILKVESKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWENVLWISFGLILVIFVLS LM@RI LKVESKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGLILVIFVLSLMHKILRKVGSKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLEKGVWFSMGWFNVLWISLGLILVIFVLSLMHKILEKVGSKVKIW
CKAPCSRKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGLILVIFVLSLMHKILEVGSKVKIW
CKAPCSKKSLYISGLLESMGYIALSNASHIQLSPEESHLGWGNWLEKGVWFSMGWFNVLWISLGLILVIFVLSLMHKILEKVGSKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWENVLWISPGLILVIFVLSLM@RILKVESKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGLILVIFVLSLMHKILEVGSKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWENVLWISFGLILVIFVLS LM@RILKVESKVKIW
CKAPCSKKSLYISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGFILVIFVLSLMHKILKVGSKVKIW
CKAPCSKKPLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLEKGVWFSMGWENVLWISFGLILVIFVLSLM@RILEKVESKVKIW
CKAPCSKKSMHEISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGLILVIMVLSLMHKILKVGSKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWENVLWISFGLILVIFVLSLM@RILKVESKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLEKGVWFSMGWFNVLWISLGLILVIFVLSLMHKILEVGSKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLEKGVWFSMGWHENVLWISFGLILVIFVLS LM@RI LKVESKVKIW
CKAPCSKKSLY¥ISGLLESMGYIALSNASHIQLSPEESHLGWGNWLEKGVWFSMGWFNVLWISLGLILVIFVLSLMHKILEKVGSKVKIW
CKAPCSKKSLHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWENVLWISFGLILVIFVLSLM@RILKVESKVKIW
CKAPCSKKSMHISGLLESMGYIALSNASHIQLSPEESHLGWGNWLKGVWFSMGWFNVLWISLGLILVIMVLSLMHKILKVGSKVKIW
CKPPCSKKSLHISGLLESMGYIABSNASHIQLS PEKSHLGWGNWLKGVWFSMGWFNVLWIFLGLILVIFVLSLMHKI
CSKKSLHISGLLESMGYIMLSNASHMIQLSPEESHLGWGNWLKGVEFSMGWFNVLWISLGLILVIFVESLMHKILKVGSKVKIW

Technical Appendix Figure 2. Alignment of Gouléako virus (GOLV) strains from mosquitoes
originating from Cote d’lvoire and Ghana and swine sampled in Korea. A) Alignment of the GOLV
nucleocapsid proteins; B) alignment of complete GOLV glycoprotein precursor protein from mosquito
and of protein fragments identified in swine. Schematic overview of encoded proteins is shown in
boxes. Transmembrane domains are marked in yellow. Protein domains located outside virions are
shown in dark blue, and those located inside virions are in light blue. C) Alignment of Gc proteins
originating from mosquitoes and swine. A red line (at consensus identity 29 and 30) marks sequences
from swine published by Chung et al. in 2014 (4).
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Consensus
identity

L HEy suain £23/C112004 10659256
HEBY. 5310172004 K 550586

F350380

4. HEBV strai ,‘znm KF530583
LB\ -sraln-D30, 1 2001 PS03

HEBV strain_F28,/C1/2004 KF580607

. HEBW strain_F30/C1/2004_KF590608

| HEBV suain AS21C112004 KF300592

IV strain C43/C1/ 2004 KF33058
- HEBV strain_C50/CI/2004 KF590538
. HEBV strain CEO/Cll2004 KFS5090
- ey nm 004 KF590609

:

Consensus
identity

1. HEBVsirain_F23/C1/2004_JQ659256
2. HEBV strain_F45/C1/2004_KF500583
3. HEBV,strain_F33/C1/2004_KF590580
4. HEBY strain_F53/C1/2004_KF500586
. KEEV_strain_CF13-4/2013_KJ830626
. HEBV_strain_CP13-3/2013_K|830625

Consensus
Wentity

L. HEBY_strain_F23/C1f 2004 Q659256
2. HEBV_strain_F45/C1/2004_KF500583
3. HEBV_strain_F33/C1/2004_KFS90560
4. HEBV_strain_F53/C1/2004_KF500585
. HEBV_strain_CP13-4/2013_KIS30626
HEBV strain_CP13-3/2013_K|830625

Consensus
idantity

1. HEBVstrain_F23/C1/2004_JQ659256
2. HEBV strain_F45/C1/2004_KF590583
3. HEBVstrain_F33/C1/2004_KF590580
4. HEBV strain_F53/C1/2004_KF500586
HEBV strain_CP13-4/2013_K/830626
HEBV_strain_CP13-3/2013 K/830625

Cansensus
identity

1. HEBV_strain_F23/C1/2004_JQB59256
2. HEBV_strain_F33/C1/2004_KF590580
45/C1/2004_KF580583
4. HEBV strain_F53/C1/2004_KF590586
5 HERV_suain DSO/CI2004 A7 590603
F28/C1/2004_KF580607

7 HEI\'JIIAH\_FSOKI{EW KF550608
B HE!U_sumn)izlt\tzoﬂt KF530592
9. HEBV strain_A26/C1 2004 KF590565
LoL A8V Siran A2BC1 2008 KF 00580
1. HEB_strain_F43/C1§2004_KF530610
12. HEBV strain_FS5/CI/2004_KF590613
13. HEBV_strain_F54/C1j 2004 _KF590612
14. HEBV strain_F25/CI/2004_KF590604
15. HEBV strain_A30/CI/ 2004_KF590590
16. HEBY_strain_A45/C1/2004_KF590581
17. HEBV strain_F26/C1i 2004 KF590605
18, HEBV_strain_F47(Clj 2004 _KF590611
19. HEBV strain_C57/C1/2004_KF530587
20, HEBV strain_C43/C1/2004 KF590595
21, HEBV strain_ C59/C1/2004 KF590598
22. HEBV_strain_CE0/C1/2004_KF590559
23. HEBV_strain_F32/CI/2004_KF59060%
24, HEBV_strain_B4D/C1/2004_KF530593
25. HEBV_strain_B42/CI/2004_KF530594
26, HEBV strain_F27/C1/2004_KF530606

Consensus
ity

1 nzxv,suam szs{ufznouqs;gzss
2. HEBV_strain_F33/C1/2004_KF590580
3 nEw;uaanEm:zm KF590583
4. WEBV_strain_F53/C),
5. HEBV_sf
6. NEB\.’JI‘IADILFZA{UJ‘ZW “KF590607
7. HEEV strain_F30/C1/2004_KF500505
8. HEBV_strain_A52/CIj 2004_KF590502
9. HEBV_Strain_A26/C1j 2004 KF590568
10. HEBY_strain_AZ8/C1/2004_KF530589
11, HEBV_strain_F43/Cl/ 2004 _KF590610
12. HEBV strain_F55(C1j2004_KF500613
13, HEBV strain_F54/C1j 2004 _KF530612
14, HEBV strain_F25 /C1j 2004 _KF500604
5. HEBV_strain_A30/C1/2004_KF590590
16. HEBV strain_A45/C)/ 2004 _KF590591
17. HEBV_strain_F26/C1/ 2004 KF590
18, HEBV strain_F47C1i 2004 _KF590611
19, HEBV_strain_C57/CI/2004_KFS90557
20. HEBV strain_C43/C1/2004_KF590506
21 HEBV strain_C59/C1 2004 KF590595
22. HEBV strain_CE0/CI/2004_KF590599
23 HEBY_strain_F32/C1/2004_KFS90608
24 HEBN strain_BAD/CI{2004_KFS90593
25, HEBV_strain_B42/C1/2004_KFS30594
26. HEBV_strain_F27(CI/2004_KF590606
27, HEBY strain_C40/C1/2004_KF590595
26, HEBV_strain_A11/C172004_KF590587
29, HEBY_strain_D28/C1/2004_KF390602
30. HEBV_ sirilr\JlZ‘f(lFID{M KF590601

31. HEBV strain M566/P20/GH 2011 KF590617
32. HEBV strain M272/P29/GH 2011 KF590619
33. HEBV strain M257/P13/GH /2011 KF590614
34. HEBV_strain M5 38/P27/GH /2011 KF590615
35, HEBY strain M540/P27/GH/2011_KFS90616
36. HEBV strain M560/P20/GH /2011 KF590618

Consensus
Identi

1. HEBV_strain_F23/C1/2004_JQB59256
2 HEBV e F33101/2004 (350500
/012004 KF590583
P 10112004 KF390385
/_strain_D50/Cl/2004_KFS$0603
6. HEB\.’ f_strain_F28/C1/2004_KF500607
7. F30/C1/2004_KF580605
. HEBV s aE2/ 1/ 2006 KF 530502
9. HEBV_strain_AZ6/C1j 2004 KF530568
10. HEBY_strain_AZ8/C1/2004_KF590589
11. HEBV_strain_F43/Clj 2004 _KF590610
12. HEBV strain_F55/CI/2004_KF590613
L2 R prin 41112004 KES30812
14, HEBV_strain_F25/C1j 2004 _KF530604
15. HEBV $train_A30/CI/2004_KF530580
16. HEBV_strain_A45/C1/2004_KFS90591
17. HEBV_strain_F26/C1j 2004 _KF590605
18. HEBY strain_F47/CI/2004_KF590611
19. HEBV strain_C57/C1/ 2004 _KF590597
20, HEBV_strain_C43/C1/2004_KF 590596
21 HEBV_strain_C59/C1/200:
22. HEBV_strain_CB0/C1/2004_KF590559
23 HEIV}lrlm F32/C1/2004_KFS00609
24, HEBY strain BAD/C1/2004 KFS30593
25, HEBY train B42/C1/ 2004 KF590504
26. HEBV_strain_F27/C1/2004_KF590606
27. HEBV_strain_C40/C1/2004_KF590555
28. HEBV_strain_A11/C1/2004_KFS90587
29. HEBV strain_D28/C1/2004_KF590602
30, HEBV strain_D24/C1/2004_KF590601

1. HEBV_strain M566/P29/GHI/ 2011 KF590617
32, HEBV.strain M272/P29/GH 201 LLKFS90619
33. HEBV_strain M257/P13/GH 2011 _KFS90614
34. HEBV_strain M538/P27/GH/2011_KF590615
35. HEBV strain M540/P27/GH12011 KFS90616
36, HEBV_strain M568/P20/GH12011 KF590618

3rd conserved region (premotif A - molif E)
1,000 T T 1800

| 0 B 0 4 50 ; 10
GALOR DK FIWN YKIIT FN PEE FRAKGT TKEEOEDTIN TANS F FRSHT TFMES YIK PEFRANGILOTIKNCS HGH [EL Y DLVR TN C PHOFMALLN LG DI
N I N NN N SN NN I NN RIS NN NENE TEENEEE SIS sy SRS NNENEEEE
GALQRDKFLVN YKLTFN PLK FKAKGI TKLEQLDTINTAES FFRSMTTFMES YTR PEFRANLI LQI IKNCS LGETTIS ELYDLVRINCPHOFMALLN LLG DLI
GALORDKFLVN YKLTFNPLEFKAKGI TKLEQLDTIN TAESFFRSMTTFMES YK PEFRANLI LOI TKNCSLGETTIS ELYDLVRINCPHOFMALLN LLGDLI
GALQRDKFLVN YKLTFNPLK FKAKGI TKLEQLDTINTAES FFRSMTTFMES YTR PEFRANLI LQI IKNCS LGETTIS ELYDLVRINCPHQFMALLN LLG DLI
GALORDKFLVNYKLTFNPLEFKAKGI TKLEQLDTIN TAESFFRSMTTFMES YIKPEFRANLI LOITKNCSLGATTIS ELYDLVRINCPHOFMALLN LLGDLI
GALRRDKFLVN YKLTFNPLK FKAKGI TKLEQLDTINTAES FFRSMTTFMES YTK PEFRARLI LOMTKNCS LGETTIS ELYDLVR INSPHQFMALLNLLG DL]
GALRRDKFLVNYKLTFNPLEFKAKGI TKLEQLDTIN TAESFFRSMTTFMES YIK PEFRANLI LOMIKNCSLGATTIS ELYDLVRINSPHOFMALLN LLGDLI

:ga 150 m ?90

- T-B!‘E-SE-I-H—F-YY-RDB_H'-E

_
DLEETTVKSYVSNIKSVSQAWLKEQS FROGMIGEFDVI ¥YNLRSS LQVKGDNKKF TDMIFTYQRGLDLNQLI YRDLDIMLNKLRY DMK LDQI EFDPPISMD,
DLEETTVKSYVSNIKSVSQAWLKEQS FRQGMIGEFDVI YYNLRSS LQVKGDNKKF TDMIFTYQRGLDLNQLI YRDLDTMLNKLRY DMK LDQI EFDPET SMD.
DLEETTVKSYVSNIKSVSQAWLKEQS FROGMIGEFDVI ¥YNLRSS LQVKGDNKKF TDMIFTYQRGLDLNQLI YRDLDIMLNKLRY DMK LDQI EPDPPISMD,
DLEETTVKSYVSNIKSVSQAWLKEQS FROGMIGEFDVI YYNLRSS LQVKG DNKKFTDMIFTYQRGLDLNQLI YEDLDIMLNKLRYDMK LDQI EFDPET SMD.
DLEETTVKSYVSNIKRVS QAWLKEQS FROGMIGEFDVI ¥YNLRSS LOQVKEDNKKF TDMIFT¥QRGLDLNQLI YKDLDIMLNKLRY DMK LDQI EFDPEISMD,
DLEETTVKSYVSNIKEVS QAWLKEQS FROGMIGEFDVI YYNLRSS LQVKADNKKFTDMIFTYQRGLDOLNQLI YRDLDIMLNKLRYDMKLDQT EFDPET SMD.
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JIMLNELRYDMKLDQI EFDPPISMDDNST YFVKAWNKGIAKY TAKYYKDI LOTDLMLCPINTHISNETN YETNDIMNSNINNMS CRYFKINDALKS YQTSRR
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GECILSHETY¥5TLFCKDQRTAKDRE I YEMELEGKILLYVIERLFKTYSREDMNEN 1 SRPGDVEVLD TENSRNRL HNEINADMSKWSAKDITA

GECTLSHETYYSTLPCKDORTAKDRE >
GECILSHRTYYSTLFCKDORTAKDREIYEMELEGKILLYVIERLFKTYSREDMNEMISRPGDVEVLD IENSRNRLFSFATQFQSNERYKYNVYNNE INADMSKWSAKDITA
GECILSHETYYSTLFCKDORTAKDREIVEMELEGKILLYVIERLFKTYSREDMNENISREGDVEVLD IENSRNRLFS FATOF OSHERYK YNV EMNE LNADMSKWSAKDITA
3 SKWSAKDITA

TYYSTLFCKDQRTAKDRE I YEMELEGKILLYVIERLFETYSREDMNEM T SRPGDVEVLDIENSANRLESFATOF OSNERYK YNVYMNE TNADMSKWSAKDITA
HETYYSTLFCKDORTAKDRE I YEMELEGKTLLYVIERLFKTYSREDMNEM T SREGDVEVLDTENSANRLFSFATQF QSNERVK YNV YMNE TNADMSKWSAKDTTA
DREIYEMELEGKILLYVIERLFKTYSREDMNEMT SRPGDVKVLD TENSRNRLE S PATQFQSNERYK YNVYNNE INADMSKWSAKDITA
AKDREIYEMELEGKILLYVIERLFKTISREDMNENISRPGDVEVLD IENSRERLE S FATOF QSNERYKYNVYMNE [NADHSKWSAKDITA
STLPCKDQRTAKDREIYEMELEGKILLYVIERLFKTYSREDMHENISREGDVEVLD IENSRKRLE S FATOF QSHERYKYNVYNNE INADMSKHSAKDITA
XDQRTAKDREIYEMELEGKILLYVIERLFKTYSREDMNEN 1SRPGDVEVLD IENSRNRLFS FATOF OSNERYKYNVYNNE TNADHSKWSAKDITA
EIYEMELEGKILLYVIERLFKTYSREDMNEMISRPGDVEVLDIENSANRLESFATOF OSNERYKYNVYHNE TNADMSKWSAKDITA
SPATQFOSHERYKYNVYNNE INADMSXHEAKDITA
FCKDQRTAKDRE I YEMELEGKILLYVIERLFKT YSREDMNEN 1 SRPGDVEVLD IENS RFRLF S FATQF USNERYK YNV YNNE [NADMSKWSAKDITA
AKDREIYEMELEGKILLYVIERLFKT¥SREDMNEMISRPGDVEVLD IENSRNRLF S FATOF QSNERYKYNVYMNE [NADHSKWSAKDITA
LESFATQFQSHERYKYNVYRNE INADMSKHEAKDITA

SFATQFOSHERYKYNVYNNE INADMSXWSAKDITA
SFATQFOSHERYKYNVYHNE INADMSXHSAKDITA
ATQFQSNERYKYNVYNNE I NADMSKWSAKDITA
STLFCKDORTAKDREIYEMELEGKILLYVIERLFKTYSREDMNENISRPGDVEVLD IENSRKRLE S FATOF USNERYK YNV YNNE [NADMSKWSAKDITA
TLPCKOQRTAKDREIVEMELEGKILLYVIERLFKTYSRECMNEN I SREGDVEVLD IENSRNRLFS FATOF OSHERYK YNV EMNE LNADMSKWSAKDITA
HETYYSTLFCKOQRTAKDRE I YEMELEGKILLYVIERLFRT YSREDMNEN 1 SRPGDVEVLD IENSRNRLE S FATOF QS NERYK YNV YHNE INADMS KWSAKDITA
HETYYSTLFCKDQRTAKDREIYEMELEGKTLLYVIERLFKTYSREDMNEM T SRPGDVE VLD TENSANRLFSFATOF OSNERYK YRV YMNE TNADMSKWSAKDTTA
DORTAKDRETYEMELEGKTLLYVIERLFKTY¥SREDMNEMT SREGDVEVLD TENSRNRLE SFATQF QSNERYKYNVYMNE I NADMSKWSAKDT TA

SKWSAKDITA

TAKYLFLIALNPSLRSEEKKVISLGLCRYMRKRLILPDSAMGILLDQYSKRIDDPITENTHNL STHC VT SONWF QG LYMSSF CHS IANDF YRDLNFDFAKTHGT DRVT
TAKYLELIALNPSLRSREKKVISLGLCRYMRKILILPDSANG LLLDQYSXRIDOPI1EMTNNL STNC VKT SONNEQGHLNYMSSFCHS TANDE YKDLNPDFAKTMGI DNVL
TAKYLFLIALNPSLRSRERKVISLGLCR YN THNL STHC ¥ K1 SOWWE QGH LI YHS ST CE
TARYLFLIALNPSLRSREKKVISLGLCRYMRKELILPDSAMGILLDQYSKRIDDE11ENTHNLSTNC VI SQNNEQENLN YMS SFCH
TARYLFLIALNPSLRSREKKVISLGLCRYMREILT LFDSANGILLOQY SKAEDOF 1TEHTHNLSTHC VKT SONNF OGN LN YHE SF !

ALNPSLRSEEKKVISLGLCRYMREILTLPDSANG [LLDQYSKRIDDPITEN
IALNPSLRSREKKVISLGLCRYMRKILILPDSAMGILLDQYSKRIDDP IIMMTNNLSTNCVKISQNWFQGNLN YMSSFCH
TAKYLFLIALNPSLRSEEKKVISLGLCRYMRKILILPDSAMGILLDQYSKRIDDPIIEMTHNLSTHCYKI SONWFQENLN YMSSFCH
PAKYLELIALNESLRSKEKKVISLGLCRYMRKILILFDSANGILLDQYSKRIDDFITEN THCVEI SQWWFQUNLNYMESFCH
TAKYLFLI AprsLﬁsnrkxvisLGLERHRKILILPDSAMI:[LLDQYSKHDDPHEW‘NNLSTvcvﬂsQNthGNLwYHssP:
TAKYLFLIALNPSLRSREKKVISLGLCRYMRKILILPDSAKGILLDQY¥SKAIDDPI1EMTH]
TAKYLFLIALNPSLRSREKKVISLGLCRYMRKI

TAKYLFLIALRPSLRSREKKVISLGLCRYMREKLILPDSANGILLDQY SKRIDDPI1EHTNNL STNC V¥ T1SQKNF QG LN YHSSF CRS IANDE YRDLFFDFAKTI
TAKYLFLIALNPSLRSREKKVISLGLCRYMRKILILFDSAKGILLDQYSKRDDP 11 ENTNNL STHC VKL SONWF QN LN YMSST CHS IAKDF YKDLNFDOFAKTHGI DRVL
TAKYLFLIALNPSLRSKEKK VS LGLCR YMRK ILILFDSAKGILLDQYSKAINGP 11 L STHCVKI SQNWEQUNLNYMESECHS TANDE YED
TAKYLFLIALNPSLRSREKKVISLGLCRYMRKILILPDSAKGILLDQYSKRIDDP11EMTHNT STHC VKT SONWF QG LY YHSSF CHS TAKDF YKDLNFDFAKENGT BRVL
TAKYLFLIALNPSLRSREKKVISLGLCRYMRKILILPDSAKGILLDQYSKREDDPITEHTNNLSTNCVKT SQNWF QCHLEYMSSFCH
LELIALNPSLRSHEKKVEMSLGLCRYMRK ILILPDSANG [LLDQYSKRINDP 11 EMTNNL STNC VKT SONNE QN LN YMS ST
ALNPSLRSREKKVISLGLCRYNRKKLILPDSANGILLDQYSKRIDDP 11EH
FIALNESLRSREKKVISLGLCRYMREBLILFDSANGILLDQYSKAIDORIIED
!:ALWI‘SLFSRIHK\'ISLGLCRYHRKILILFDSAHEI’LLDQ‘!&KI‘?DF'{lEM"‘NNL.ST“CVJ(ISQN\-‘FQGNLNYMSSP
DQ¥SKRIDDPITENTNNLSTHCVTT SQNWE QGHLEYMS SECH
LDQ¥ SKRIDDP 11 ENTANT STHOUI SQUNP GGHLHTHESPCHS LAKDE YKDLNZD PAK TG DRV
LDQY 5K RIMDDF 11ENTHNLSTNC WK SONNE QGNLN TMSST i
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'LTVSLVHSDONQTGYCMIEKIDPLLETEKTTN T YNQSQDEKIATATFKLLELSNAQEG
‘LTYSLVHSDDNQTGYCMIEX IDSLLETERTTN I YNQSODEKIATAIF KLLELSMROEGFILNTRETY 1SS IIKEF ISHHNLNGEP PSV YHRFLFPVVGACSFLGPYEDLTA
'LTVSLVHSDDNQTGYCMIEK IDSLLETERTTN I YNQSQDRKIATALF KLLELSMROFGFILNTRETY 1SS IIKEF ISMENLNGEF FSV Y HRFLFPVVGACSFLGPYEDLTA
'LTVSLVHSDDNQTGYCHIEK IDSLLEBERTTN I YNQSQDEKIATALFKLLELSMRQFGFILNTRKTY 1SS IIKEF ISHHNLNGER FSVYHRFLFPVVGACSFLGFYEDLTA
‘LTVSLVHEDDNQTGYCMTEK IDSLLETEKTTHT YNQSODRKIATATF KLLELSNRQOFGFILNTRETY 1SS TTKEF ISHENLHGEPFSVYHRFLFPVVGACSFLGE
'LTVSLVHSDDNQTGYCMTEX IDSLLETERTTH T YNQSODRKIATATF KLLELSHAQFGF LN TRRTY 1SS TTKEF ISHENLHGEPFSVYHRFLFPVVGACSFLEPYEDLTA
'LTVSLVHSDDNQTGYCMTEX IDSLLETERTTN I YNQSODEKIATA TP KLLELSHAQFGFI LN TKKTY 185 ITKEF ISMENLHGEP PSVYHRFLFPVVGACSFLGPYEDLTA
‘LT¥SLVHSDDNQTGYCMIEK IDSLLETERTTN I YNQSQDRKIATA IFKLLELSMROEGFILNTRETY 1SS IIKEF ISMENLNGEF PSV YHRELFPVVGACSFLGPYEDLTA
'LTVSLVHSDDNQTGYCMIEKIDSLLETERTTN I YNQSQDRKIATALFKLLELSMROFGFILNTRKTY [SS IIKEF ISMENLNGER PSVEHRFLFPVVGACSF
‘LTVSLVHEDONQTGYCHIEX IDSLLETERTTH I YNQSQDEKIATALFKLLE FGFILNTERTY IS8 I1KEF ISHENLNGEPPSVYHRFLFPVVGACSFLOFYEDLTA
'LTVSLVHSDDNQTGYCMTEK IDSLLETERTTH T YNQSQDRKIATATF KLLELSMRQFGFILNTRRTY 1SS TTKEF ISHENLHGEPFSVYHRFLFPVVGACSFLGPYEDLTA
'LTVSLVHSDDNQTGWCMIEKIDSLLETEKTTNTYNQSQDEKIATATFKLLELSNAQEG TRETYTSSTTKEF ISMENLNGEPFSVYHRFLFPVVGACSFL

TV SLVHS DDNQTGVCMIEXIDS LLETEKTTH I YNQSQDKKIATAIFKLLELSMRQFGFILNTRKTY 185 11 KEF ISMENLNGEP PSVYHRFLFPVEGACSPLGPYED
LTVSLVHSDDNQTGYCMIEK IDS LLETERTTN I YNQSQDKKIATAIFKLLELSMROFGFILNTKKTY 1SS IIKEF ISMENLNGEP FSVYHRFLFPVVGACSFLG
‘LTVSLVHSDDNQTGYCHIEK IDSLLETERTTN I YNQSQDEKIATALFKLLELSMROFGFILNTRRTY ISSIIKEF ISMENLHGER SV ¥HRFLFPVVGACSFLGFYED
‘LTVSLVHEDDNQTGYCHIEKIDSLLEBEKT THT YNQSQDKRIATATFKLLELSHRQFG] TEETYI881TKEF ISHENLNGEPFSVYHRFLFPVVGACSFLOPYE
‘LTVSLVHSDDNQTGWCMIEKIDSLLETERTTNIYNQSQDEKIATAIFKLLELSNRQFGFILNTRRTY 1SS ITKEF ISHENLNGER FSVYHRFLFPVVGA
‘LTVSLVHSDDNQTGYCMIERIDSLLETEKTTN I YNQSQDEKIATA [P KLLELSNROFGPI LN TRRTY 155 I TKEF ISHENLNGEP PSVYHRFLFPVVGA

NTKKTYISSITKEFISMENLNGEPPSVYHRFLFPVVGACSFLGPYEDLTA

LM

LTVSLVHSDDNQTGYCHIEK IS LLEPERTTHI YNQS QDEKIATALF KLLELSHRQFGFILHTKKTY 158 IIKEF IS MENLNGEPFEVYHRFLFEVVGACSFLGE
'LTVSLVHSDDNQTGYCHTEK IDSLLEBEKTTH T YNQSQDRKIATATF KLLELSMRQFGF LN TRETY 1SS TTKEF ISHENLHGEPFSVYHRFLFPVVGACSFLEPYEDLTA
LIVEL

'LTVSLVESDDNQTGVCMIE

LTV
LTVELY

JLTVSLVHSDDNQTGYCHIEXIDSLLEBEKT TN T YNQSQDKKIATA TP KLLELSNRQEGFILNTRETY 155 ITKEF ISHENLNGEP PSVYHRFLFPVVG
LTVS

'LTVSLVHSDDNQTG

LTVSLVHS DDNQTG

'LTVSLVHSDDNQTG

'LTVSLVHSDDNQTG

VSLVASDONQTG

"LTVSLVHSDDNQTS
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Technical Appendix Figure 3. Alignment of Herbert virus (HEBV) strains from mosquitoes and pigs.
A) Overview of location of amplified RNA-dependent RNA polymerase (RdRp) protein sequences
available from mosquitoes and swine. Sequences detected in swine in South Korea are indicated by a
red line. B) Alignment of RARp sequences from mosquitoes and swine. Amino acid changes are
colored. Sequences detected in swine in South Korea are indicated by a red line. C) Alignment of
HEBYV protein sequences of the third conserved region of the RdRp identified in mosquitoes from
Céte d’lvoire and Ghana.
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