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ABSTRACT We report the nearly complete genome sequence of an enterovirus 99
strain (Cpz-IJC08) detected in a healthy chimpanzee from the Tchimpounga Sanctuary
in the Republic of Congo. According to the phylogeny, Cpz-IJC08 clustered with Cpz-
IJC04, a previously identified chimpanzee enterovirus from the same sanctuary, isolated
from an animal with signs of acute flaccid paralysis.

Enteroviruses (EVs) are positive-sense single-strand RNA viruses of the genus
Enterovirus (Picornaviridae). Their genomes are approximately 7.5 kb and encode a

single polyprotein flanked by 50 and 3 0 untranslated regions (UTR), including the capsid
protein (P1) and the nonstructural coding regions (P2 and P3). EVs, transmitted via the
fecal-oral route, are responsible for mild to severe illnesses such as the common cold;
gastroenteritis; hand, foot, and mouth disease; and acute flaccid paralysis (AFP) (1). The
genus Enterovirus is composed of 15 species, and some serotypes (e.g., EV-C99) belong-
ing to the species EV-A, EV-B, EV-C, and EV-D infect humans and nonhuman primates
(NHPs) (2). Even though EV-C99 has been detected in various NHP species (2, 3), there
is currently only one genome available.

In a previous study, we reported the characterization of an EV-C99 in a chimpanzee
from the Tchimpounga Sanctuary in the Republic of Congo, presenting AFP clinical signs
during an AFP outbreak in humans in 2010 (3). Here, we report another genome of sero-
type EV-C99 from a sample taken from another chimpanzee individual (IJC08) from the
same group collected in the same period; this individual did not present any AFP signs.

The stool sample of the chimpanzee was suspended in phosphate-buffered saline
(PBS), and total RNA was extracted from 400ml of the supernatant using an EZ1
Advanced XL instrument (Qiagen) according to the manufacturer’s procedure. The
extracted RNA was treated with Turbo DNase (Life Technologies). A reverse transcrip-
tion reaction was performed using the SuperScript III first-strand cDNA synthesis system
(Life Technologies) using random hexamers and the Phi29 enzyme (QuantiTect whole-
transcriptome kit; Qiagen) (4). The cDNA library was constructed using the NEBNext Ultra II
kit (NEB). Briefly, amplified DNA was fragmented into 300 to 1,000bp using a Covaris ultra-
sonicator, and sequencing was performed on a HiSeq 2000 device using the 101-base sin-
gle-end TruSeq 50-cycle sequencing-by-synthesis (SBS) V3 kit (Illumina).

A total of 17,371,302 reads were obtained from Cpz-IJC08. Reads with an average
Phred score value below 20 and shorter than 200 bp were removed. Viral reads were
selected using BLASTN, and only those matching the EV-C99 genome were considered
(5). Selected reads were assembled with ABySS V3.5 (6), and contigs were then
assembled into scaffolds with the CAP3 V1.0 program (7) to obtain the complete
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genome sequence. We ended with 55,022 reads de novo assembled and a viral ge-
nome of 6,648 nucleotides (nt), with a GC content of 44%. Despite repeated attempts,
50 and 30 UTR were not obtained. The Cpz-IJC08 genome encodes a single open read-
ing frame (ORF) encoding 2,210 amino acids.

The phylogenetic analysis based on the complete VP1 gene showed that Cpz-IJC08
clustered most closely with strain Cpz-IJC04 (97.7% nucleotide similarity; GenBank acces-
sion number KP793035) and more distantly (73.4% to 81.5%) with the other strains (Fig. 1).

This study reports the second genome of an EV-C99 strain obtained from a healthy
chimpanzee, indicating the natural circulation and the asymptomatic carrying of such
strains in this NHP species. Such genomic information contributes to improving our under-
standing of phylogenetic relationships between EV strains circulating in primates.

Data availability. The Cpz-IJC08 genome has been submitted to GenBank and the
SRA under accession numbers MT569434 and PRJNA648789, respectively.
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FIG 1 Maximum likelihood phylogenetic analysis based on the complete VP1 nucleotide sequence. The multiple sequence alignment was performed using
the ClustalW algorithm implemented in the MEGA7 V7.0.36 software package (8). Phylogenetic trees were constructed using the maximum likelihood
method (freely available at the www.phylogeny.fr bioinformatics platform [9]) using the general time-reversible (GTR) model of branch support (10) and
1,000 bootstrap replicates. Only bootstrap values above 0.6 are indicated on the branches. Accession numbers and strain or isolate names are included in
the taxon labels. The complete genome of this study is indicated in red. All tools were run with default parameters unless otherwise specified.

Mombo et al.

October 2020Volume 9 Issue 42 e00893-20 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/KP793035
https://www.ncbi.nlm.nih.gov/nuccore/MT569434
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA648789
http://www.phylogeny.fr
https://mra.asm.org


High-throughput sequencing was performed on the Genomics Platform (PF1),
member of the France Génomique consortium (ANR10-INBS-09-08). We thank the
Gabonese Government, Total Gabon, and the MIVEGEC research unit for their financial
support. This study was supported by fellowship BSTD 743296H from IRD France.

REFERENCES
1. Tapparel C, Siegrist F, Petty TJ, Kaiser L. 2013. Picornavirus and enterovirus

diversity with associated human diseases. Infect Genet Evol 14:282–293.
https://doi.org/10.1016/j.meegid.2012.10.016.

2. Oberste MS, Feeroz MM, Maher K, Nix WA, Engel GA, Hasan KM, Begum S,
Oh G, Chowdhury AH, Pallansch MA, Jones-Engel L. 2013. Characterizing
the picornavirus landscape among synanthropic nonhuman primates in
Bangladesh, 2007 to 2008. J Virol 87:558–571. https://doi.org/10.1128/JVI
.00837-12.

3. Mombo IM, Berthet N, Lukashev AN, Bleicker T, Brunink S, Leger L, Atencia
R, Cox D, Bouchier C, Durand P, Arnathau C, Brazier L, Fair JN, Schneider
BS, Drexler JF, Prugnolle F, Drosten C, Renaud F, Leroy EM, Rougeron V.
2015. First detection of an enterovirus C99 in a captive chimpanzee with
acute flaccid paralysis, from the Tchimpounga Chimpanzee Rehabilitation
Center, Republic of Congo. PLoS One 10:e0136700. https://doi.org/10
.1371/journal.pone.0136700.

4. Berthet N, Reinhardt AK, Leclercq I, van Ooyen S, Batejat C, Dickinson P,
Stamboliyska R, Old IG, Kong KA, Dacheux L, Bourhy H, Kennedy GC,
Korfhage C, Cole ST, Manuguerra J-C. 2008. Phi29 polymerase based
random amplification of viral RNA as an alternative to random RT-PCR.
BMC Mol Biol 9:77. https://doi.org/10.1186/1471-2199-9-77.

5. Berthet N, Descorps-Declere S, Nkili-Meyong AA, Nakoune E, Gessain A,
Manuguerra J-C, Kazanji M. 2016. Improved assembly procedure of viral
RNA genomes amplified with Phi29 polymerase from new generation
sequencing data. Biol Res 49:39. https://doi.org/10.1186/s40659-016
-0099-y.

6. Simpson JT, Wong K, Jackman SD, Schein JE, Jones SJ, Birol I. 2009. ABySS: a
parallel assembler for short read sequence data. Genome Res 19:1117–1123.
https://doi.org/10.1101/gr.089532.108.

7. Huang X, Madan A. 1999. CAP3: a DNA sequence assembly program.
Genome Res 9:868–877. https://doi.org/10.1101/gr.9.9.868.

8. Kumar S, Stecher G, Tamura K. 2016. MEGA7: Molecular Evolutionary
Genetics Analysis version 7.0 for bigger datasets. Mol Biol Evol
33:1870–1874. https://doi.org/10.1093/molbev/msw054.

9. Dereeper A, Guignon V, Blanc G, Audic S, Buffet S, Chevenet F, Dufayard
J-F, Guindon S, Lefort V, Lescot M, Claverie J-M, Gascuel O. 2008.
Phylogeny.fr: robust phylogenetic analysis for the non-specialist. Nucleic
Acids Res 36:W465–W469. https://doi.org/10.1093/nar/gkn180.

10. Anisimova M, Gascuel O. 2006. Approximate likelihood-ratio test for
branches: a fast, accurate, and powerful alternative. Syst Biol 55:539–552.
https://doi.org/10.1080/10635150600755453.

Microbiology Resource Announcement

October 2020Volume 9 Issue 42 e00893-20 mra.asm.org 3

https://doi.org/10.1016/j.meegid.2012.10.016
https://doi.org/10.1128/JVI.00837-12
https://doi.org/10.1128/JVI.00837-12
https://doi.org/10.1371/journal.pone.0136700
https://doi.org/10.1371/journal.pone.0136700
https://doi.org/10.1186/1471-2199-9-77
https://doi.org/10.1186/s40659-016-0099-y
https://doi.org/10.1186/s40659-016-0099-y
https://doi.org/10.1101/gr.089532.108
https://doi.org/10.1101/gr.9.9.868
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/nar/gkn180
https://doi.org/10.1080/10635150600755453
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

