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ABSTRACT Campylobacter species are being increasingly isolated and associated
with disease in humans and animals. Here, we describe four draft genome se-
quences of Campylobacter species from nonhuman primates. These include Cam-
pylobacter troglodytis, isolated from wild chimpanzees, and two likely new Cam-
pylobacter species isolated from a lemur, common marmoset, and cotton-top
tamarin.

Campylobacter species are Gram-negative, microaerophilic bacteria that colonize the
gastrointestinal and urogenital tracts of human and animal species (1). Infection by

Campylobacter species, namely, C. jejuni, is implicated in gastroenteritis, septicemia,
and in some cases Guillain-Barré syndrome. In humans, infection usually occurs after
exposure to contaminated food, particularly chicken, and/or water. Domestic, wild, and
captive animals, especially avian species, are significant reservoirs for Campylobacter
species (1). Recently, the Centers for Disease Control and Prevention reported an
outbreak of diarrheal illness due to C. jejuni infection transmitted after contact with
puppies (2). As such, novel Campylobacter species are being increasingly identified from
numerous animal species populations and require characterization of their pathogenic
potential and zoonotic risk. Previously, our lab isolated Campylobacter troglodytis from
the feces of a wild population of human-habituated asymptomatic chimpanzees (3).
This organism has since been detected in the feces of infants prone to enteric infectious
diseases living in developing countries (4). In this report, we describe the draft genome
sequences for Campylobacter troglodytis and three novel campylobacters isolated from
the feces of an asymptomatic captive lemur with a history of vomiting, a cotton-top
tamarin with idiopathic inflammatory bowel disease, and an asymptomatic common
marmoset.

Fecal samples were collected and then homogenized in freeze medium (20%
glycerol in brucella broth). Fecal mixtures were passed through 0.45-�m syringe filters
onto CVA plates or tryptic soy agar plates with 5% sheep blood (Remel Laboratories,
Lenexa, KS). Plates were incubated at 37°C under microaerobic conditions (80:10:10
N2-CO2-H2) in a vented jar for 48 hours, and suspect campylobacter colonies were
further passaged for 24 to 48 hours and incubated at 37°C and 42°C. Isolates were
confirmed as campylobacters on the basis of colony morphology, Gram staining,
biochemical reactions, and 16S rRNA sequencing. Campylobacter isolates grown on
blood agar plates under microaerobic conditions for 48 to 72 hours at 37°C were
collected using sterile cotton swabs into sterile phosphate-buffered saline (PBS) and
then centrifuged to prepare bacterial pellets. Genomic DNA was isolated from bacterial
pellets using the MasterPure complete DNA and RNA purification kit or Roche High
Pure PCR product purification kit. DNA libraries were prepared using a NexteraXT or
QIAseq FX DNA library kit for the Illumina MiSeq instrument (2 � 250-bp or 2 � 300-bp
paired-end reads). Raw sequence reads were decontaminated of adapters and quality
trimmed using BBDuk (5) for de novo contig assembly with SPAdes (version 3.10.0),
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hosted by PATRIC (accessed 1 February 2020) (6). Genome annotation was performed
using Prokaryotic Genome Annotation Pipeline (PGAP) (version 4.11) (7). The assembly
statistics for the draft genomes are described in Table 1.

A pangenomic phylogenetic tree created from the binary matrix of PATRIC global
protein family groups with IQ-TREE (version 1.6.12) (8, 9) indicated that all novel
genomes belonged to the Campylobacter genus but clustered within a distinct
clade that includes C. avium (Fig. 1). Average nucleotide identity (ANI) and digital
DNA-DNA hybridization (dDDH) analysis using pyani (version 0.2.10) (10) and the
Genome-to-Genome Distance Calculator (version 2.1; accessed 3 April 2020) (11),
respectively, confirmed that all the genomes were novel Campylobacter species.
Also, ANI and dDDH analysis determined that Campylobacter species strain MIT
12-5580 from lemurs and Campylobacter species strain MIT 19-121 from marmosets

FIG 1 Pangenomic phylogenetic tree of representative genomes for each species in the Campylobacter genus. C. troglodytis strain MIT 05-9149A, Campylobacter
species strain MIT 99-7217, Campylobacter species strain MIT 12-5580, and Campylobacter species strain MIT 19-121 (red arrows) are located in a distinct clade
that also includes Campylobacter species strain MIT 12-8780 from the white-faced saki as well as C. avium.
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are both the same species as Campylobacter species strain MIT 12-8780 from the
white-faced saki (GenBank accession number QHLL01000000) (12).

The novel Campylobacter species genomes encode notable virulence factor genes,
including flagella, campylobacter invasion antigen B (ciaB), and high-temperature
requirement A serine protease (htrA) as determined through DIAMOND blast (version
0.9.29) (13) against the Virulence Factors Database (VFDB) (14). Campylobacter species
strain MIT 99-7217 from a cotton-top tamarin, Campylobacter species MIT 12-5580 from
a lemur, and Campylobacter species MIT 19-121 from a marmoset also harbor cytolethal
distending toxin (CDT), a known genotoxin, which exacerbates gastrointestinal
inflammation and carcinogenesis (15, 16). Due to the challenges presented for
successful culturing of Campylobacter species and because biochemical profiles and
16S rRNA sequences cannot always differentiate these species, the detection and
accurate identification of these campylobacters may be underrepresented (1).
Nevertheless, emerging Campylobacter species typically found in animal reservoirs,
such as C. upsaliensis, C. lari, C. hyointestinalis, and C. troglodytis, have pathogenic
potential and are being increasingly associated with gastrointestinal illness in
humans (4, 17, 18). Therefore, increased attention of the pathogenic potential and
zoonotic risk of novel Campylobacter species is warranted.

Data availability. Genome sequences have been deposited in GenBank under
the accession numbers QHLI00000000, QHLJ00000000, NXLK00000000, and
JAADJR000000000. Sequencing reads have been deposited in SRA under the accession
numbers SRR10919684, SRR10919685, SRR10919683, and SRR10977364.
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