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Full Scientific Report

Comparative analysis of Campylobacter
isolates from wild birds and chickens using
MALDI-TOF MS, biochemical testing, and

DNA sequencing

Samantha J. Lawton, Allison M. Weis, Barbara A. Byrne, Heather Fritz, Conor C. Taff,
Andrea K. Townsend, Bart C. Weimer, Ash Mete, Sarah Wheeler, Walter M. Boyce1

Abstract. Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) was compared
to conventional biochemical testing methods and nucleic acid analyses (16S rDNA sequencing, hippurate hydrolysis gene
testing, whole genome sequencing [WGS]) for species identification of Campylobacter isolates obtained from chickens
(Gallus gallus domesticus, n = 8), American crows (Corvus brachyrhynchos, n = 17), a mallard duck (4nas platyrhynchos,
n = 1), and a western scrub-jay (4dphelocoma californica, n = 1). The test results for all 27 isolates were in 100% agreement
between MALDI-TOF MS, the combined results of 16S rDNA sequencing, and the hippurate hydrolysis gene PCR (p =
0.0027, kappa = 1). Likewise, the identifications derived from WGS from a subset of 14 isolates were in 100% agreement
with the MALDI-TOF MS identification. In contrast, biochemical testing misclassified 5 isolates of C. jejuni as C. coli, and
16S rDNA sequencing alone was not able to differentiate between C. coli and C. jejuni for 11 sequences (p = 0.1573, kappa =
0.0857) when compared to MALDI-TOF MS and WGS. No agreement was observed between MALDI-TOF MS dendrograms
and the phylogenetic relationships revealed by rDNA sequencing or WGS. Our results confirm that MALDI-TOF MS is a
fast and reliable method for identifying Campylobacter isolates to the species level from wild birds and chickens, but not for

elucidating phylogenetic relationships among Campylobacter isolates.

Key words: Campylobacter; chickens; matrix-assisted laser desorption/ionization mass spectrometry; wild birds.

Introduction

Campylobacter infections are a leading cause of bacterial
enterocolitis in humans in North America.’' Approximately
85% of all human cases are caused by Campylobacter jejuni,
with most of the remainder involving C. coli.'"*'"> Humans
can be exposed to C. jejuni by handling or ingesting con-
taminated chicken,’ or by contact with chicken feces."” As
backyard chicken production increases throughout North
America, people may be at increased risk of exposure to
chicken feces or contaminated meat containing pathogenic
organisms.” In some cases, contamination of backyard poul-
try flocks might originate through contact with wild animals,
particularly wild birds, among which Campylobacter preva-
lence can be high.®%***

Matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) is increasingly used
as a front-line laboratory tool for bacterial identification and
differentiation at the genus, species, and strain level."" A lim-
ited number of earlier studies suggest that MALDI-TOF MS
is useful to identify Campylobacter isolated from wild birds
to the genus,'” species,*> and even the subspecies level.

One study has suggested that MALDI-TOF MS may be able
to separate Campylobacter isolates according to the species
of animal that originally shed the bacteria,”® while another
study concluded otherwise.** However, none of these studies
utilized MALDI-TOF MS to identify and compare Campylo-
bacter isolates from wild and domestic birds sharing habitat
to determine the extent to which they are colonized by simi-
lar strains of bacteria and directly compare identification
methods.
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In our study area in Yolo County, California, backyard
chickens overlap and co-mingle with many wild birds,
including American crows (Corvus brachyrhynchos), which
are known carriers of C. jejuni,”** western scrub-jays (4ph-
elocoma californica), and urban wild turkeys (Meleagris
gallopavo). These 3 species overlap in their habitat use with
wild and domestic mallard ducks (drnas platyrhynchos),
which are also common in the area. We compared MALDI-
TOF MS, conventional biochemical testing, 16S ribosomal
(r)DNA sequence analysis, hippurate hydrolysis gene test-
ing, and whole genome sequence (WGS) analysis for spe-
cies-level identification of Campylobacter isolates obtained
from chickens and wild birds in Yolo County, California. We
also compared the protein dendrograms produced by
MALDI-TOF MS to analyses of 16S rDNA and WGS data to
see if isolates were classified into similar phylogenomic
groups using the different methods.

Materials and methods

Anmies clear gel collection swabs (Hardy Diagnostics, Santa
Maria, CA) were used to sample feces from live mallard
ducks (n = 24), western scrub-jays (n = 44), American crows
(n = 88), and peri-urban wild turkeys (n = 31) in Davis, CA,
from February to July 2014. Samples from backyard chick-
ens (n = 22) were collected from live birds and from chickens
submitted for autopsy to the California Animal Health and
Food Safety Laboratory in Davis, CA. All capture and han-
dling activities were conducted under permits from the U.S.
Geological Survey Bird Banding Laboratory, California
Department of Fish and Wildlife, and University of Califor-
nia, Davis (UC Davis).

Fecal swabs were refrigerated until plated onto Campylo-
bacter CVA agar (Hardy Diagnostics) within 24 h of collec-
tion. Plates were incubated at 35°C in microaerophilic
conditions (MicroAero AnaeroPak system, Mitsubishi Gas
Chemical America, New York, NY) for 72 h, and bacteria
from isolated colonies were Gram-stained. The colonies pos-
sessing gram-negative curved rods were subcultured onto
5% sheep blood agar (Hardy Diagnostics), and those isolates
showing pure growth were subjected to biochemical,
MALDI-TOF MS, and PCR testing. The isolates were
archived (Microbank bacterial and fungal preservation sys-
tem porous beads, Pro-lab Diagnostics, Richmond Hill, ON,
Canada) and stored at —80°C.

Biochemical testing of isolates tentatively identified as
Campylobacter (gram-negative curved rods) included deter-
mining resistance to cephalothin (30 pg discs; Becton Dick-
inson, Franklin Lakes, NJ) and nalidixic acid (30 pg discs;
Becton Dickinson), catalase activity (Hardy Diagnostics),
and the ability to hydrolyze hippurate (Dalynn Biologicals,
Calgary, AB, Canada). Nitrate reduction tests (Mast Diag-
nostics Mastidiscs ID, Hardy Diagnostics; BioMérieux, Dur-
ham, NC) were performed on C. jejuni isolates to differentiate
C. jejuni subsp. doylei (negative nitrate reduction) from C.
Jejuni subsp. jejuni (positive nitrate reduction).”

We used MALDI-TOF MS to identify isolates, and to cre-
ate new reference spectra (Biotyper solution preparation V.1
instructions, August 29, 2011, Bruker Daltonics, Bremen,
Germany) for each procedure. To identify isolates, colonies
were spotted in duplicate onto the MALDI-TOF MS target
plate, overlaid with 1 pL of 70% formic acid; 1 pL of matrix
a-cyano-4-hydroxycinnamic acid (HCCA; Bruker Dalton-
ics) dissolved in 50% acetonitrile and 2.5% trifluoroacetic
acid was applied after the formic acid dried. Each MS run
included a bacterial test standard (Bruker Daltonics) that
contained Escherichia coli and 8 proteins for calibration of
the apparatus. The spectra of the isolates were then compared
(Real-time Classification software, MALDI Biotyper 3.1,
Bruker Daltonics) to reference protein spectra using the
default settings, yielding similarity scores that indicated a
species-level match (2.3-3.0), a genus-level and probable
species-level match (2.0-2.3), a probable genus-level match
(1.7-2.0), or no identification (<1.7). To determine similar-
ity, the Bruker software aligned peaks of the spectra, and
those peaks with a mass-to-charge ratio difference <250 ppm
were considered identical. Then, the software algorithms
compared and matched test samples to reference samples in
the reference library.® At the time of our study, there were 22
Campylobacter species reference spectra. To create new ref-
erence spectra using our isolates, pure bacterial colonies
were suspended in 300 pL of high-performance liquid chro-
matography—grade water, vortexed, and then 900 pL of etha-
nol was added and the mixture centrifuged for 2 min at
12,000 x g. The supernatant was discarded, 50 pL of 70%
formic acid and 50 uL of acetonitrile were added to the pel-
let, and the mixture vortexed and then centrifuged at 12,000
x g for 2 min. The supernatant was collected, and a 1-pL
sample (n = 8) of each protein extract was added to the target,
dried, and HCCA matrix added. Each spot was read 3 times
to create 24 protein spectra for each isolate. The spectra were
imported (Custom MSP and Library Creation software,
Bruker Daltonics; main spectrum profile [MSP]), up to 4
spectra were removed as needed to create the most harmoni-
ous combination, and the remaining spectra were combined
to form the MSP, all according to the manufacturer’s instruc-
tions and default settings.

For 16S rDNA and hippurate hydrolysis gene (hipO)
amplification, DNA was extracted from isolates (DNeasy
blood and tissue kit, Qiagen, Hilden, Germany), and PCR
assays™ were performed using primers that amplify the 16S
rDNA gene (F: 5-CTGCAGAGTTTGATCCTGGCT
CAG-3°, R: 5’-CGGGTTACCTTGTTACGACTT-3") and
the hipO gene (F: 5’-GAAGAGGGTTTGGGTGGTG-3’, R:
5’-AGCTAGCTTCGCATAATAACTTG-3’; Integrated DNA
Technologies, San Diego, CA). For the 16S rDNA gene, 3 pL
of the forward and reverse primers (25 pmol/uL), 25 puL of
FideliTaq (Affymetrix, Thermo Fisher Scientific, Santa Clara,
CA), and 17 pL. of PCR-grade water were mixed per reaction.
The samples then underwent a PCR protocol of 94°C for 10
min, 35 cycles of 94°C for 1 min, 63.1°C for 1 min and 72°C
for 2 min, followed by a single 10-min incubation at 72°C.
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For the hipO gene amplification, 0.5 pL of forward and
reverse primer (50 pmol/pL), 2.5 uL of MgCl s (Applied Bio-
systems, Thermo Fisher Scientific), 2.5 pL of 10x buffer
(Applied Biosystems, Thermo Fisher Scientific), 4 uL of
dNTPs (Invitrogen, Carlsbad, CA), 0.5 pL of Tag polymerase
(Invitrogen), 13.5 pL of water, and 1 pL of template DNA
were combined per reaction. The samples were then ampli-
fied as previously described”' with the cycling conditions
modified as follows: 35 cycles of 94°C for 1 min, 56°C for 1
min, and 72°C for 1 min. If no amplification product was
obtained, the PCR was repeated to ensure that an error in the
original process was not the cause of the lack of product.

The products from the 16S rDNA PCR were adjusted to
concentrations of 30 ng/mL and sequenced at the UC Davis
DNA Genome Center. The sequences were trimmed to equal
length (1,231 bp), and the Basic Local Alignment Search
Tool (BLAST) was used to compare each sequence with
sequences in GenBank. Species level identification was
based on the criteria of 299% nucleotide similarity.' In cases
in which isolates had >99% similarity to both C. jejuni and
C. coli, species identification was determined by the pres-
ence (C. jejuni) or absence (C. coli) of a 735-bp'’ product in
the hipO PCR described above.

WGS was carried out on 14 samples revived from storage,
following previously published protocols.”***° Briefly, iso-
lates were sequenced as part of the 100K Pathogen Genome
Project (http://www.100kgenomes.org) in the laboratory of
Dr. Bart Weimer (UC Davis). As described previously,* iso-
lates were checked for purity, genomic DNA (gDNA) was
extracted from cultures grown on 5% blood agar plates (UC
Davis, VetMed Biological Services, Davis, CA) for 1-2 d,
lysed (Agilent Technologies application note, doi:10.13140/
RG.2.1.3354.6961, https://goo.gl/NSEVcZ), purified with
the QIAamp DNA mini kit (catalog 51306, Qiagen), and ana-
lyzed (2200 TapeStation system, Genomic DNA ScreenTape
assay, Agilent Technologies, Santa Clara, CA) to ensure
gDNA integrity (Agilent Technologies application note,
doi:10.13140/RG.2.1.3616.8409, https://goo.gl/VW9a6F).
Isolated gDNA was used to construct sequencing libraries
(Hyper Plus kit, KR1145 v3.16, Kapa Biosystems, Wilming-
ton, MA) with dual-SPRI size selection (Kong N, et al. Qual-
ity control of high-throughput library construction pipeline
for KAPA HTP library using an Agilent 2200 TapeStation.
Application note. Santa Clara, CA: Agilent Technologies,
2014, https://goo.gl/CxCUQR). Libraries were constructed
(Sciclone NGS workstation, Perkin Elmer, Hopkinton, MA).
Library quantitation was performed (SYBR FAST qPCR
kits, Kapa Biosystems) to ensure the starting concentration
of 400 ng and a fragment insert size of 350—450 bp (https://
200.gl/CxCUQR). Libraries were indexed (Weimer 384
TS-LT DNA Barcodes, Integrated DNA Technologies) to
allow multiplexing up to 384 isolates in a single sequencing
lane. Sequencing was performed at the UC Davis Genome
Center (HiSeq 3000 instrument, paired-end 150-bp protocol,
[llumina, San Diego, CA; https://goo.gl/CxCUQR; Miller B,

et al. A novel, single tube enzymatic fragmentation and
library construction method enables fast turnaround times
and improved data quality for microbial whole-genome
sequencing. Application note. Wilmington, MA: Kapa Bio-
systems, 2015, https://goo.gl/TC55Wx).

Genome analysis was done as described previously.*
Briefly, paired-end reads were assembled (ABySS 1.5.2 at
kappa = 64),” and annotations were carried out (Prokka pipe-
line).”® Genomic distances were determined using the
Genome-to-Genome Distance Calculator, an in silico DNA-
DNA hybridization technique (http://ggdc.dsmz.de/dist-
calc2.php).*** The DDH model “Formula 2” was used as
recommended for draft genomes. Distance matrices were
built into the Newick tree format using T-REX webserver
software using the neighbor-joining method to generate phy-
logenetic trees.””’ Trees were edited using Dendroscope
3.0."” Multilocus sequence typing (MLST) was performed in
silico using the Campylobacter MLST database."” All
sequences are available in the NCBI Sequence Read Archive
(https://www.ncbi.nlm.nih.gov/sra). Accessions numbers are
found in the supplementary material section of this article.

Kappa statistics were calculated (R software v.3.1.1,
https://www.r-project.org/) to compare results among bio-
chemical testing, 16S rDNA and hippurate hydrolysis gene
testing, and MALDI-TOF MS. We also examined MALDI-
TOF MS protein dendrograms, 16S rDNA sequences, and
WGS (subset of isolates) to determine if there was agreement
in the relationships identified by these phenotypic (protein)
and genotypic (16S rDNA and WGS) approaches. The MSPs
created for our isolates were used to create minimum span-
ning trees (dendrograms; Biotyper OTC software, Bruker
Daltonics), and Mega 6.6 software was used to calculate per-
cent nucleotide similarities among 16S rDNA sequences.”’

Results

Twenty-seven Campylobacter isolates were obtained from
chickens (n = 8), American crows (n = 17), mallards (n = 1),
and western scrub-jays (n = 1); no isolates were obtained
from turkeys. All 27 isolates were identified as either C.
Jjejuni or C. coli using biochemical techniques, MALDI-TOF
MS, or 16S rDNA sequencing (Table 1), but species-level
assignments varied considerably among the 3 methods, espe-
cially between 16S rDNA sequencing and MALDI-TOF MS
(p = 0.1573, kappa = 0.0857; poor agreement). Analysis of
16S rDNA sequences using BLAST revealed that 11 of 27
Campylobacter sequences were >99% similar to both C.
Jjejuni and C. coli sequences in GenBank. When these 11 iso-
lates were tested by 4ipO PCR, 9 were determined to be C.
Jjejuni, whereas 2 were C. coli. When the results of 16S rDNA
sequencing and ZipO testing were combined, the resulting
species assignments (C. jejuni: n = 25, C. coli: n = 2) were
identical to MALDI-TOF MS (p =0.0027, kappa = 1), and to
the subset of isolates analyzed by WGS (n = 14). All 25 C.
Jjejuni isolates reduced nitrate to nitrite, indicating that they
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Table 1. Identification of Campylobacter isolates from wild birds and chickens using different methods.

Total (n=27) Crows (n=17)

Chickens (n = 8) Scrub jay (n=1) Mallard (n =1)

Method C.jejuni  C.coli  C.jeuni C.coli C. jejuni C.coli  C.jejuni C.coli C. jejuni C. coli

Biochemical testing 20 7 14 3 5 3 0 1 1 0

MALDI-TOF MS 25 2 17 0 6 2 1 0 1 0

16S rDNA sequencing* 16 0 14 0 1 0 1 0 0 0

16S rDNA sequencing 25 2 17 0 6 2 1 0 1 0
plus hipO gene PCR

Biochemical tests were catalase testing, susceptibility to nalidixic acid and cephalothin, and hippurate hydrolysis. MALDI-TOF MS = matrix-assisted laser desorption/ionization

time-of-flight mass spectrometry.

* Eleven of 27 isolates showed >99% similarity to both C. jejuni and C. coli sequences in GenBank.
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Figure 1. A. Dendrogram showing distances and grouping of Campylobacter isolates based on protein phenotypes created using matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS). The 2 major subclades of C. jejuni subsp. jejuni
are designated M1 and M2. Isolates with similar letters (A—E) had identical 16S ribosomal (r)DNA sequences. Color-coding refers to 3
clades seen in the distance matrix tree. B. Phylogenetic relationships of 13 C. jejuni subsp. jejuni isolates determined by whole genome
sequence analysis. Three clades are identified (WGS1, WGS2, WGS3) in the distance matrix tree, and isolates with identical 16S rDNA

sequences are identified as above (A-E).

belonged to the subspecies C. jejuni subsp. jejuni, and not C.
Jjejuni subsp. doylei.

The MALDI-TOF MS dendrogram clades containing our
27 isolates indicated complete agreement with the species
assignments described above. Figure 1A shows the MALDI-
TOF MS protein dendrogram for the 27 Campylobacter iso-
lates, as well as the Bruker Daltonik reference library (Bruker
Daltonics) spectra for C. jejuni, C. coli, C. lari, C. peloridis,
and C. avium. The 2 C. coli isolates were most closely related

to the reference C. coli samples, whereas the 25 C. jejuni
subsp. jejuni isolates were grouped within a single clade con-
taining all of the C. jejuni reference samples. There was
some evidence of subdivision within the C. jejuni clade—the
C. jejuni subsp. doylei reference spectra formed a single
group that did not contain any of our C. jejuni subsp. jejuni
isolates, and our isolates all belonged to a subgroup that con-
tained the only available reference spectrum for C. jejuni
subsp. jejuni. Our C. jejuni subsp. jejuni isolates were further
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Table 2. Five groups of 25 Campylobacter jejuni subsp. jejuni
isolates that contain isolates with identical 16S ribosomal DNA
sequences.

Group A Group B Group C GroupD  Group E
CROW2 DUCKI CROW1 CROW4  CROWS5
CROW6 CHICKEN1 CROW8

CROW7 CHICKEN2 CROW16

CROW9 CHICKENS3 CROW17

CROW10  CHICKEN4

CROWI11  CHICKENS

CROWI12  CHICKEN6

CROW13  CROW3

CROW15 CROWI14

JAY1

subdivided into 2 major groups (designated M1, M2), and
both of these groups contained isolates from wild birds and
chickens.

The 16S rDNA sequences did not show any correlation to
the MALDI-TOF MS dendrogram grouping of isolates.
Examination of the 16S rDNA amplicon sequences showed
that the 25 C. jejuni subsp. jejuni isolates were classified into
5 groups, with each group containing isolates having identi-
cal sequences. These groups were designated A—E (see
Table 2 for reference, and Fig. 1 for comparison to the
MALDI-TOF MS dendrogram). Although all of the C. jejuni
subsp. jejuni isolates from chickens had identical 16S rDNA
sequences (group B), there was no apparent relationship
between 16S rDNA sequences and the grouping of isolates
on the MALDI-TOF MS dendrogram (Fig. 1A). For exam-
ple, the MALDI-TOF MS clade M1 contained isolates
belonging to 16S rDNA sequence groups A—E, and MALDI-
TOF MS clade M2 contained groups A—C.

Likewise, the dendrogram based on WGS differed sub-
stantially from the MALDI-TOF MS dendrogram and 16S
rDNA groups of identical sequences. Whole genome
sequences were generated for 14 wild bird isolates (13 C.
jejuni and 1 C. coli), and phylogenetic analysis of the 13 C.
Jjejuni sequences and the 4 reference sequences yielded a dis-
tance matrix tree (Fig. 1B) with 3 distinct lineages or clades
(designated WGS1, WGS2, WGS3). Although only a subset
of our C. jejuni subsp. jejuni isolates had their complete
genomes sequenced, it was clear that there was no relation-
ship between WGS and the grouping of isolates on the
MALDI-TOF MS dendrogram. For example, both of the
major MALDI-TOF MS clades (M1, M2) contained isolates
belonging to whole genome sequence groups WGS1, WGS2,
and WGS3. Isolates with identical 16S rDNA sequences
were found to belong to separate lineages when their whole
genomes were analyzed (Fig. 1B).

MLST genotyping was successful for 7 of the 14 wild bird
isolates that were fully sequenced (13 C. jejuni and 1 C. coli
isolate; Table 3). Seven sequences were novel alleles or

novel allele combinations and had no match within the exist-
ing MLST database. These novel sequences have been sub-
mitted to the MLST database for inclusion. Sequence types
could only be determined for 7 isolates, and 4 of these were
further classified into clonal complexes. In addition, the tetO
locus was identified in 3 of 13 C. jejuni isolates.

Discussion

Our major finding was that MALDI-TOF MS accurately
identified all 27 Campylobacter isolates from wild birds and
chickens to the species level, whereas limited conventional
biochemical testing and analysis of 16S rDNA sequences
produced inconclusive or inaccurate species assignments,
which agreed with previous observations.”>***® The major
problems with biochemical testing and 16S rDNA sequence
analysis were their inability to accurately determine the hip-
purate hydrolysis gene phenotype (biochemical testing) or to
clearly assign to a species (16S rDNA sequencing). Although
all C. jejuni possess the hippurate hydrolysis gene, it is well
known that the hydrolyzing reaction does not always occur
during biochemical testing.'*® In our study, hippurate hydro-
lysis gene amplification revealed that 5 of the 7 isolates clas-
sified as C. coli based on a negative hippurate hydrolysis test
actually possessed the hippurate hydrolysis gene.

Although 16S rDNA gene sequences are widely used in
studies of bacterial taxonomy and phylogenetics, their value
is somewhat limited when attempting to identify and differ-
entiate closely related strains and species. In particular, there
is no universally recognized threshold (i.e., 298.5% similar-
ity) for definitive identification of a species based on its
similarity to sequences in public databases.'® In our study, 11
of 27 isolates could not be definitively identified as either C.
coli or C. jejuni by 16S rDNA sequence analysis, and the
isolates were only correctly identified as C. jejuni when hipO
PCR testing showed that all 11 isolates possessed the hippu-
rate hydrolysis gene.

The 100% agreement in species assignments among
MALDI-TOF MS, sequencing or PCR identification (com-
bined 16S rDNA sequencing and hippurate hydrolysis gene
presence), and WGS identification (for a subset of isolates),
confirmed that MALDI-TOF MS is highly accurate for C.
Jjejuni and C. coli identification. Furthermore, MALDI-TOF
MS can be performed on bacteria isolated from selective
media and thus has the advantage of not requiring preemp-
tive knowledge of genus or species prior to testing. Given
that the MALDI-TOF MS dendrogram was able to separate
C. jejuni subsp. jejuni isolates from the reference spectra for
C. jejuni subsp. doylei, it also may be possible to classify C.
Jejuni isolates to the subspecies level. However, further sam-
pling and analyses are needed to confirm this hypothesis
because we did not isolate any C. jejuni subsp. doylei in our
study, and there was only a single reference spectrum for
which C. jejuni ssp. jejuni was designated in the MALDI-
TOF MS database utilized in our study.



Campylobacter detection in wild birds and chickens 359

Table 3. Sequence type, clonal complex, and fetO gene presence in fully sequenced Campylobacter isolates.

Whole genome

Isolate sequence clade Sequence type Clonal complex tetO
CROW2 WGS1 5473 NAS -
CROW12 WGS1 NAS NAS +
CROW15 WGS1 NAS NAS -
CROW17 WGS1 1224 NAS -
CROW16 WGS1 NAS NAS -
CROWI1 WGS2 NAS NAS +
DUCKI1 WGS2 NAS NAS -
CROW3 WGS2 929 ST-257 +
CROW14 wGS2 1962 NAS -
JAY 1 wGS3 177 ST-177 -
CROW9 wGS3 NAS NAS -
CROW10 WGS3 782 ST-45 -
CROWI11 WGS3 782 ST-45 -
UCD C. coli CHICKEN2 NA NAS NAS -

Determined by analysis of full genome sequences of 13 C. jejuni subsp. jejuni isolates and 1 C. coli isolate. NA = not applicable; NAS = not assigned; ST = sequence type;

UCD = University of California, Davis.

Although MALDI-TOF MS accurately identified isolates
to the species level, the 2 major subgroups of C. jejuni subsp.
Jjejuni visualized on the protein dendrogram (M1, M2) were
not congruent with the clades identified by either 16S rDNA
or WGS (Fig. 1). This lack of agreement is likely because of
the fact that MALDI-TOF MS MSPs represent a phenotype
based on ribosomal proteins and other abundant proteins in
the bacterium, whereas sequencing methods identify geno-
types based on a DNA fragment (1,231 bp) or whole (1.6
Mbp) genome sequences. Given our results, we conclude
that MALDI-TOF MS, similar to analysis of 16S rDNA
sequences alone,'® is unlikely to be useful for assessing phy-
logenetic relationships among isolates of C. jejuni.

MLST analysis has been widely used to genotype bacte-
rial isolates and identify pathogenic phenotypes; however,
identification requires that a sample be matched to an isolate
or sequence type already in a database." Using the PubMLST
database, our MLST analysis was able to genotype only half
of the fully sequenced wild bird isolates (Table 3). Four
clonal complexes were identified, including 2 crow isolates
that assigned to clonal complex ST-45, a marker reportedly
associated with human pathogens.*®

Several studies have shown that Campylobacter is a fre-
quent inhabitant of the gastrointestinal tract of birds™®****
and, although our study was not designed to estimate the
comparative prevalence of Campylobacter, it was striking
that isolates were obtained from 36% of backyard chickens
(8 of 22), whereas no isolates were obtained from wild tur-
keys (0 of 31) living in the same area. Likewise, the rela-
tively high number of isolates from American crows (17 of
88, 19%) contrasted with the recovery of a single isolate
from a mallard duck (1 of 24, 4%) and a western scrub-jay (1
of 44, 2%). C. coli was only detected in chickens. However,

we did not find any relationship between host species and the
clustering of C. jejuni subsp. jejuni isolates on the MALDI-
TOF MS protein dendrogram. Wild bird and chicken isolates
occurred in both C. jejuni subsp. jejuni subgroups (M1, M2;
Fig. 1A), suggesting that MALDI-TOF MS phenotypes were
not restricted by or limited to particular host species in our
study area.

In contrast, there was some evidence for a relationship
between host species and Campylobacter genotypes. A WGS
analysis®® of Campylobacter isolates from multiple animal
hosts found evidence for a crow-adapted clade, as well as a
generalist clade that included isolates from wild birds,
domestic poultry, and mammals. Analysis of the WGS of a
subset of our isolates, including reference sequences from
the previous study,* yielded sequences that could be classi-
fied into the previously identified crow-only clade (WGS1),
as well as the generalist clade (WGS2; Fig. 1B). The general-
ist strains have been associated with livestock abortion and
human gastroenteritis,*® whereas the strains of C. jejuni in
the crow-only clade are yet to be linked to disease in crows
or other animal species.

Our results confirm that MALDI-TOF MS is a fast, reli-
able method for identifying Campylobacter species from
wild birds and chickens. Nevertheless, our results suggest
that MALDI-TOF MS will not be useful for elucidating
phylogenetic relationships among Campylobacter isolates,
or identifying strains associated with particular host spe-
cies. An important caveat is that we performed MALDI-
TOF MS without any prior attempt to purify or enhance
specific proteins present in our isolates. A more selective
protocol might well increase the utility of MALDI-TOF
MS for addressing phylogenetic or epidemiologic research
questions.
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