Diagnostic approach for detection and identification of emerging enteric
pathogens revisited: the (Ali)arcobacter lanthieri case
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An immunocompetent patient without a history of recent travel or animal exposure developed persistent abdominal bloating and cramps
without diarrhoea or fever. Negative additional investigations excluded gastritis, infectious colitis, infllammatory bowel disease and
neoplasia, but routine stool culture detected a Campylobacter-like organism. The isolate was obtained with use of a polycarbonate filter
technique, emphasizing the importance of culture to support and validate the occurrence of emerging and new bacterial enteric
pathogens. The ensuing extensive laboratory examinations proved challenging in identifying this potential pathogen. Phylogenetic marker
analysis based on the 16S ribosomal RNA and rpoB gene sequences revealed that the isolate was most closely related to Arcobacter
lanthieri and Arcobacter faecis. Subsequent analysis of a draft whole genome sequence assigned the isolate to A. lanthieri. We report the
presence of five virulence genes, cadF, ciaB, mviN, hecA and iroE, indicating a possible pathogenic nature of this organism. This case
demonstrated the importance of the use of agnostic methods for the detection of emerging pathogens in cases of enteric disease with a
wide array of gastrointestinal symptoms.
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novel genus names were validated, but the proposal was sub-
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sequently refuted by On et al. [3].

E-mail: PieterJan.Kerkhof@UGent.be intestinal disease in humans, with clinical symptoms such as
diarrhoea, abdominal pain, nausea, vomiting and fever [4].
Arcobacter butzleri and A. cryaerophilus are the predominant
species recorded, but infections with A. skirrowii, A. thereius and
more recently A. mytili and A. lanthieri have also been reported
[5-8]. Contaminated drinking water, contact with pets and

manipulation and consumption of foods of animal origin are

The genus Arcobacter was proposed in 1991 [I] and allocated likely to be the infection sources [9,10].

together with the genus Campylobacter into the family Campy- The present case describes the clinical characteristics of a

lobacteraceae. Since then it has come to comprise some 30 patient with gastrointestinal symptoms without diarrhoea,

validly named species isolated from a wide variety of hosts and leading to the detection of a Campylobacter-like organism and

the environment. In 2018 Pérez-Catalufia et al. [2] suggested difficulties encountered during the extensive laboratory ex-

the subdivision of the genus Arcobacter into seven different aminations performed in the quest for a correct identification.

genera on the bases of phylogenetic and genomic analyses. The
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Patient information and microbiologic examination
All clinical data were obtained prospectively. A single clinical
stool specimen was collected according to standard protocols.
Microbiologic stool testing to identify bacterial or parasitologic
pathogens was performed: standard bacteriologic culture for
presence of Salmonella spp., Shigella spp., Yersinia spp.,
Campylobacter spp. and Arcobacter spp., glutamate dehydroge-
nase antigen screening and anaerobic culture on chromogenic
agar for Clostridioides difficile. In the absence of any travel of the
patient, only parasitologic antigen detection for endemic the
parasites Cryptosporidium spp. and Giardia lamblia was carried
out.

For the isolation of Campylobacter-like organisms, 0.5 g stool
was inoculated into 5 mL tryptone soy broth (CM0129; Oxoid,
Basingstoke, UK) supplemented with 5% lysed horse’s blood
and the CAT antibiotic supplement (SRO174; Oxoid), then
incubated at 35°C in a microaerobic atmosphere (6% O,, 7%
CO,, 7% H, and 80% N,) for up to 24 hours. Next, the method
as descrived by Steele and McDermott was applied with minor
modifications [| I]. In brief, six drops of enrichment broth were
transferred onto the surface of a 0.6 ym Whatman Nuclepore
polycarbonate filter and allowed to filter passively at 35°C for |
hour under 5% CO, atmosphere onto blood agar medium
(bioMérieux, Marcy I'Etoile, France). After removal of the filter,
the plate was incubated further for up to 48 hours under a
microaerobic atmosphere. Suspected colonies were sub-
cultivated on blood agar plates for further testing by standard

conventional biochemical methods.

Identification of bacterial strain by conventional
methods

MALDI-TOF MS analysis. ldentification of the isolate with Matrix-
Assisted Laser Desorption/lonization Time-of-Flight Mass
Spectrometry (MALDI-TOF MS) by direct smear and tube
extraction was attempted [|2]. Mass spectra were generated by
a Microflex LT MALDI-TOF MS (Bruker Daltonics, Bremen,
Germany) using Flex Control software and compared to the
Bruker MSP database (version DB6903) and a validated in-
house database for identification of Arcobacter spp. of human
interest [|3] using Bruker Compass software.

Phylogenetic marker analyses. In the clinical laboratory, the 16S
ribosomal RNA (rRNA) gene was amplified using primers 27F
and 1429R, sequenced using the primer 518F (BaseClear, Lei-
den, Netherlands) and analysed using BLASTn (http://blast.ncbi.
nim.nih.gov/) [14]. The isolate was then sent to the microbi-
ology laboratory at Ghent University for further identification,

© 2020 The Authors. Published by Elsevier Ltd, NMNI, 39, 100829

where it was labelled as isolate R-75363. The near-complete
16S rRNA gene sequence was determined as described previ-
ously [I5]. Amplicons were submitted for Sanger sequencing
(Eurofins, Luxembourg) and sequence assembly was performed
using BioNumerics 7.6 software (Applied Maths, Sint-Martens-
Latem, Belgium). A BLASTn analysis and a similarity-based
search against a quality-controlled database of 16S rRNA se-
quences (EzBioCloud; https://www.ezbiocloud.net/) was per-
formed [16]. The
Campylobacteraceae-specific primers and PCR conditions

rpoB gene was amplified using
[17,18]. The PCR product was sequenced and compared to
sequences of the nucleotide collection database using BLASTn.
A sequence similarity of 97.7% was used as the cutoff value for
species delineation [19].

Genome-based analysis

DNA extraction. High-quality DNA extracts were prepared using
a Maxwell 16 tissue DNA purification kit (AS1030; Promega,
Madison, WI, USA) and an automated Maxwell 16 DNA
preparation instrument (AS2000; Promega). Paired-end 150 bp
libraries were sequenced on an lllumina HiSeq 4000 sequencer
(Wellcome Centre for Human Genetics, United Kingdom;
lllumina, San Diego, CA, USA). Quality control and assembly
were performed as described previously [20]. Automatic gene
annotation was carried out by the Rapid Annotations using the
Subsystems Technology (RAST) server [21].

In silico andlysis. Two in silico genus- and species-specific
multiplex PCR (mPCR) assays [22,23] and a computer-
simulated 16S rRNA restriction fragment length poly-
morphism (RFLP) analysis [24] were carried out using the free
software programmes FastPCR and NEBcutter V2.0 respec-
tively [25,26].

Whole-genome anadlysis. Orthologous average nucleotide identity
(OrthoANI) and in silico DNA-DNA hybridization (isDDH)
values were determined using the OrthoANIu tool [27,28] and
the Genome-to-Genome Distance Calculator (GGDC 2.1)
respectively [29,30]. A phylogenomic tree based on 107
essential single-copy core genes was reconstructed using
bcgTree with default parameters [31]. Visualization and anno-
tation of the phylogenetic tree was performed using iTOL [32].

Antibiotic resistance and virulence factors

Antibiotic susceptibility testing was performed using gradient
strip (Etest; bioMérieux) technique according to methods vali-
dated earlier and for a fixed set of antimicrobial agents [33].
Because breakpoint values for Arcobacter species are lacking,
European Committee on Antimicrobial Susceptibility Testing
(EUCAST) breakpoints for Campylobacter coli were used for
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erythromycin, ciprofloxacin and tetracycline. For ampicillin,
EUCAST non—species-related breakpoints were used, and for
gentamicin the EUCAST epidemiologic cutoff value of Enter-
obacterales was applied [34,35]. Resistance genes were pre-
dicted using ResFinder [36]. The presence of ten putative
virulence genes and urease genes reported in A. butzleri [37] and
the cytolethal distending toxin (cdt) genes reported in A. faecis
LMG 28519T and A. lanthieri LMG 28516T [38] in the R-75363
genome was verified by BLAST analyses.

Patient information and microbiologic examination
A 49-year-old immunocompetent man without any relevant
medical history presented to his general practitioner with
abdominal bloating, heaviness and abdominal cramps of 3
weeks’ duration. Stool appeared normal, without diarrhoea,
mucus or blood loss. Fever was not observed and body weight
was stable. In view of a tentative clinical diagnosis of gastritis,
trial therapy with the proton pump inhibitor pantoprazole was
initiated. Because symptoms persisted during the next month,
the patient was referred to a gastroenterologist for further
examination. He was not receiving any medication and had not
received antibiotics in the previous 6 months. He lived in a
mixed industrial—agricultural environment and reported no
recent (<3 months) travel. He had no professional or recrea-
tional contact with animals, and there were no pets at home.
Physical examination revealed nothing abnormal. A computed
tomographic scan of the abdomen as well as gastroscopy and
colonoscopy revealed no abnormalities and excluded gastritis,
infectious colitis, inflammatory bowel disease and neoplasia.
All microbiologic stool testing remained negative, except
bacteriologic culture of a Campylobacter-like organism that
formed nonswarming, small, beige to off-white, translucent,
circular colonies with entire margins on blood agar medium.
No further stool samples were collected for culture because
the patient spontaneously recovered without any specific
treatment. Gram stain revealed slender Gram-negative,
comma-shaped curved rods. Limited phenotypic characteriza-
tion is summarized in Table | and revealed a motile oxidase-

and catalase-positive organism.

Identification of bacterial strain by conventional
methods

MALDI-TOF MS andlysis. Although some of the matching hits
were with Arcobacter species, the analysis of the clinical isolate
R-75363 resulted in log scores below 1.7 using both the
commercial and the in-house spectral database, indicating un-
reliable identification.
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Phylogenetic marker analyses. The 930 bp 16S rRNA gene frag-
ment revealed 99.6% and 99.0% sequence similarity with
A. lanthieri AF1440T and A. faecis AF1078T respectively, thus
placing isolate R-75363 into the genus Arcobacter but without a
clear-cut identification at the species level [39]. No further
accurate taxonomic alienation could be obtained with the
analysis of the almost complete 16S rRNA sequence (1414 bp),
as sequences of multiple species showed a similarity above the
98.65% species cutoff level (Table 2) [39].

A BLASTn search of an 846 bp fragment of the rpoB gene
yielded six hits above the species level cutoff (Table 3) [19].
Two of these hits represented A. lanthieri strains. The four
remaining hits originated from Arcobacter sp. isolates FW-4,
FW-53, FW-54 and FW-6I. Alonso et al. [40] reported that
these isolates represented a novel taxon closely related to
A. lanthieri for which the name ‘(Ali)arcobacter hispanicus’ was

effectively but not validly published [2].

Genome-based analysis

The R-75363 draft genome sequence consisted of 27 contigs of
2175890 bp and has a G + C content of 26.47% [2]. The N50
contig size was 126888 bp, with the largest contig being
553723 bp.

In silico mPCR and RFLP analysis. A 400 bp amplicon was pre-
dicted for the mPCR by Houf et al. [22], which would be
indistinguishable from the amplicon of A. butzleri on agarose gel
electrophoresis. By contrast, no PCR amplification was pre-
dicted for the mPCR by Douidah et al. [23]. The same 16S
rRNA-RFLP pattern reported for all six of the isolates yielding
hits above the species level cutoff for rpoB gene was found [40].

Whole-genome anadlysis. The OrthoANI analysis and isDDH results
are shown in Supplementary Table SI. Comparisons with type
strain genomes of validly published extant species result in an
average nucleotide identity (ANI) value of 96.19% and an isDDH
value of 84.60% for A. lanthieri LMG 28516T, which indicates that
isolate R-75363 represents the same species [4|—43]. However,
isolate R-75363 also has an AN value of 98.62% and an isDDH
value of 87.40% for ‘(Ali)arcobacter hispanicus’. The phylogenetic
tree (Fig. 1) based on 107 single-copy marker genes confirmed
A. lanthieri and ‘A. hispanicus’ as its closest neighbours. Concerning
the isDDH value, if there are significant differences between the
three formulas, as is the case for strain R-75363, the decision
should be based on formula 2. Based exclusively on the isDDH
value, the isolate would no longer be allocated to the species
A. lanthieri but identified as ‘A. hispanicus’.

Antibiotic resistance and virulence factors
Cdt genes were not detected. The isolate showed resistance to

three of the six antimicrobials tested (Table 4), i.e. ampicillin,
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Phenotypic characteristics of Arcobacter R-75363

isolated from patient

Test Result
Growth on:
ASA +
COH +
MCK +
Growth in aerobic conditions at:
28°C +
37°C i
42°C =
Growth in microaerophilic conditions at:
28°C h
37°C i
42°C =

Characteristic
Catalase activity
Oxidase activity
Urease activity
Motility
Indole
H2S (on TSI)
Nitrate reduction
Esculin hydrolysis
Glucose
Sucrose -
Mannitol -
Maltose =
Xylose =
Trehalose =

L+ o+ o+

I+

+, positive result; —, negative result. ASA, Arcobacter selective agar; COH, Colombia
agar +5% horse’s blood; MCK, MacConkey agar; TSI, triple sugar iron agar.

ciprofloxacin and erythromycin. However, the only resistance
determinant predicted by ResFinder was the DNA gyrase A
(gyrA) mutation Thr-85-lle, which is responsible for resistance
to ciprofloxacin [44]. Furthermore, macA and macB genes
encoding for macrolide exporter proteins were identified,
which correlates with erythromycin resistance, thereby con-
firming the results of the phenotypic test.

Five putative virulence genes were present (i.e. cadF, ciaB,
mviN, hecA, iroE) but no urease genes, again confirming
phenotypic test results. Cdt genes were not detected.

Most clinical laboratories use a pyramidal stepwise approach for
the detection of gastrointestinal pathogens, aiming at a balance
between broad identification of potential pathogens and cost-
effectiveness based on local epidemiology. In the present
study, the use of the filter method allowed isolation of fastidious
bacteria such as strain R-75363, emphasizing the importance of
broad-spectrum classic culture techniques to suit not only as
second-line tools when rapid molecular tests give positive re-
sults but also as screening tests in case of negative rapid testing
results.

Identification of bacterial colonies directly from the primary
isolation plates by MALDI-TOF MS is validated in clinical lab-
oratories [|2]. For Campylobacteraceae, identification accuracy

© 2020 The Authors. Published by Elsevier Ltd, NMNI, 39, 100829

BLASTn and EzBioCloud identification results
above 98.65% species cutoff level for R-75363 based on 16S
rRNA gene sequence (1414 bp)

BLASTn
Identity

Organism Strain  Query cover (%) (%) Accession no.

Arcobacter sp. FW-61 100 100.00 KX925314
FW-54 100 100.00 KX925313
FW-4 100 100.00 KX925311
FW-53 100 99.93 KX925312
FW54 95 100.00 LT629999

Arcobacter lanthieri  FW-40 100 99.79 KX925316
FW-34 100 99.79 KX925315
AF1441 99 99.79 KC551775
AF1429 99 99.72 KC551771
AF1431 99 99.72 KC551773
AF1440T 99 99.65 KC551774
AF1430 99 99.57 KC551772
AFI581 99 99.57 KC551776

Arcobacter faecis 775 100 99.08 MN513226
AF1078T 99 99.01 KC551780
AF1033 99 98.94 KC551778
AF1028 99 98.86 KC551777
AF1058 99 98.79 KC551779

‘Arcobacter F199 100 99.08 KX913922

vitoriensis’

FW-59 100 99.01 KX913921

EzBioCloud

Organism Strain Completeness Identity Accession no.

%) *)
Arcobacter lanthieri ~ AF1440T 100 99.79 JARUO01000021
Arcobacter faecis AF1078T 100 99.08 JARS01000021

at the species level is still restricted [45]. MALDI-TOF MS
analysis did not yield a reliable identification of strain R-75363
because neither commercial nor in-house databases held
reference spectra for A. lanthieri [13]. Constant updating of
reference databases is crucial to allow rapid identification of
emerging pathogens, especially for heterogeneous bacteria.
Although several DNA-based techniques such as mPCR
[22,23] and 16S rRNA-RFLP [24] have been developed to
identify Arcobacter species, these methods no longer allow the
identification of all species, as the present case illustrates.
Comparative 16S rRNA gene sequence analysis yielded genus-
level identification only. This is often the endpoint in routine
diagnosis in the clinical microbiology laboratory, where

Pairwise similarity scores (%) for rpoB gene (846 bp)
sequence with sequences of nucleotide collection (nt) database

using BLASTn (https://www.ncbi.nlm.nih.gov)

Species Stain  Query coverage ldentity (%) Accession no.
Arcobacter sp. FW-53 73% 100.00 KY002773
Arcobacter sp. FW-54 73% 99.68 KX962637
Arcobacter sp. FW-4  73% 99.68 KY002771
Arcobacter sp. FW-61 73% 99.03 KY002769
Arcobacter lanthieri  FW-40 73% 98.06 KY002772
Arcobacter lanthieri  FW-34 73% 98.23 KY002770
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timeliness and the clinical usefulness of the returned informa-
tion are crucial.

Though the taxonomic resolution of protein encoding genes
is superior [10], the rpoB gene sequence analysis also failed to
provide identification at the species level. Because no unam-
biguous identification was obtained with the conventional
identification tools, a draft whole genome sequence was
determined. The ANI and isDDH indices provide reliable in-
formation and are included in the minimal guidelines to define
Arcobacter species [30,46]. Using formula 3 in the isDDH anal-
ysis, as recommended by On et al. [30], isolate R-75363 could
be identified as Arcobacter lanthieri. Others state that this de-
cision should be based on formula 2; based solely on this value,
the isolate should be allocated to the yet undescribed species
‘(Ali)arcobacter hispanicus’ as isolate FW-54 [28,29]. Neverthe-
less, ‘A. hispanicus’ shows values above the threshold relative to
A. lanthieri, thereby placing both isolate R-75363 and the alleged
‘A. hispanicus’ into the species A. lanthieri. This might merely
seem to be a taxonomic issue; whether this carries clinical
relevance cannot yet be ascertained. Recent phylogenetic ana-
lyses have suggested that Arcobacter species group into four
clusters. Clinical isolate R-75363 would be included in the

Tree scale: 0.01 +~

100
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Antimicrobial susceptibility of isolate recovered in

this study and resistance predicted using ResFinder

Antimicrobial MIC Susceptibility

agent (mg/L) Category breakpoint (mg/L) ResFinder
Ampicillin 8 R <2 No
Tetracycline 2 S <2 No
Ciprofloxacin 32 R <0.5 Yes
Erythromycin 12 R <8 No
Azithromycin [ S <8 No
Gentamicin 0.19 S <2 No

R, resistant; S, susceptible.

genus Aliarcobacter gen. nov. together with species considered
human pathogens [2]. However, we should be aware of the
impact such proposals have on clinical diagnostics. Changes in
nomenclature and classification present challenges to both
clinical and public health microbiologists because identification
is used for communication to physicians and between medical
centres regarding disease presentation, prognosis, treatment
and outbreak investigation.

Next to the determination of species identity, the genotypic
antimicrobial resistance screening of the isolate partially sup-

plied a prediction to the phenotypic testing results but was

Arcobacter nitrofigilis DSM 7299T
Arcobacter bivalviorum LMG 26154T
Arcobacter anaerophilus DSM 24636T
Arcobacter ebronensis CECT 8441T
Arcobacter mytili LMG 24559T
Arcobacter molluscorum LMG 25693T
Arcobacter halophilus DSM 18005T
Arcobacter marinus CECT 7727T
Arcobacter canalis LMG 29148T
Arcobacter peruensis LMG 31510T
Arcobacter haliotis CECT8942T
Arcobacter pacificus LMG 26638T
Arcobacter venerupis CECT 7836T
Arcobacter suis CECT 7833T
Arcobacter caeni RW17-10
Arcobacter cloacae CECT 7834T
Arcobacter aquimarinus CECT 8442T
Arcobacter defluvii CECT 7697T
Arcobacter ellisii CECT 7837T
Arcobacter lacus RW43-9

Arcobacter butzleri NCTC 12481T
Arcobacter lanthierii LMG 28516T
R75363

Arcobacter hispanicus CECT 9188

Arcobacter faecis LMG 28519T
Arcobacter cibarius LMG21996T
Arcobacter cryaerophilus ATCC 43158T
Arcobacter trophiarum LMG 25534T
Arcobacter skirrowii CCUG 10374T
Arcobacter porcinus CCUG 56899T
Arcobacter thereius LMG 24486T

Phylogenetic tree based on 107 single-copy core genes with bcgTree by partitioned maximum-likelihood analysis. Percentage of replicate trees

in which associated taxa clustered together in bootstrap test (1000 replicates) are shown next to branches. Arcobacter nitrofigilis DSM 7299 was used as

outgroup. Bar indicates 0.01 changes per nucleotide position.
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insufficient to guide clinical decision making, and susceptibility
testing of the bacterial aetiologic agents remains warranted.
Several of the virulence associated genes described in Arcobacter
butzleri were present in isolate R-75363, indicating a possible
pathogenic nature of this organism. Although Zambri et al. [38]
reported the transcriptional expression of cytolethal distending
toxin (cdtA, cdtB, cdtC) genes in A. faecis and A. lanthieri reference
strains with high frequency, these genes were not present in the
genome sequence of strain R-75363, which is in agreement with
previous studies reporting the absence of these genes in the
genus Arcobacter [37,47].

Strain R-75363 originated from a stool sample of a single
patient, and its pathogenic relevance cannot be established.
Because the patient spontaneously recovered, no follow-up
sampling or detection for chronic faecal shedding was per-
formed. Hence, the isolate may represent mere, and possibly
transient, colonization. Nevertheless, A. lanthieri strains have
been recovered from human stool specimens before and were
shown to exhibit a high degree of cytotoxicity [8]. The true
pathogenic role of A. lanthieri may become apparent through
more case reports or clinical series of infections. Neither close
contact to animals or contaminated wastewater could be linked
to the gastrointestinal complaints of the patient or to the
isolation of this particular Arcobacter strain.

In conclusion, this case demonstrated the importance of
using agnostic methods for the detection of emerging enteric
pathogens, such as Arcobacter spp., as well as the need for clear
taxonomic nomenclature in which new bacterial species are
delignated, preferably based on biologic and clinical features
rather than artificial genomic-based criteria. As genome
sequencing becomes cheaper and more accessible, it is likely to
become the preferred method for the characterization of many
groups of microbial isolates. The traditional approaches to the
molecular and phenotypic characterization of microorganisms
will continue to be relevant but may be better substantiated or
validated by the information extracted from genome sequences.
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