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Abstract

Mycoplasma hyorhinis is one of the causative agents of polyserositis and arthritis in post-
weaning pigs. Here we describe the development of a multi-locus sequence typing (MLST)
protocol for the characterization of M. hyorhinis field isolates. A total of 104 field isolates
from different geographical locations, swine production systems, and clinical backgrounds,
were analyzed. Twenty-seven genes, including housekeeping and those encoding surface
proteins, were evaluated to index diversity. Genes encoding surface proteins were included
to increase the discriminatory power of the MLST. Four target gene fragments were selected
to be included in the final MLST-s (surface) protocol: pdhB, p95, mtID and ung. Within each
locus the nucleotide variation ranged from 1.4% to 20%. The 104 field isolates were classi-
fied into 39 distinct sequence types (STs). Multiple STs were found within the same produc-
tion system and within the same pig. The majority of STs grouped strains from the same
production system; however, cases existed where multiple systems shared a ST, indicating
potential relationships between pig flows. The majority of the nucleotide changes observed
in these genes generated synonymous changes, while non-synonymous changes were
exclusively in the mtlD gene fragment, suggesting that this protein is undergoing selection.
Molecular typing of M. hyorhinis will primarily aid swine practitioners with pig flow manage-
ment and identifying sources of infection during outbreaks.

Introduction

In recent years, Mycoplasma hyorhinis has been recognized as an important cause of mortality
in nursery pigs [1,2]. This pathogen colonizes the nasal and oropharyngeal epithelial surface of
pigs. Piglets presumably become colonized through contact with sows, and the bacterium is
transmitted via nose-to-nose contact among pigs following colonization and infection [3].
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Although M. hyorhinis infections are frequently subclinical, they can cause polyserositis and
arthritis in post-weaning pigs. In fact, 50% of polyserositis and approximately 10% of arthritis
cases received annually at the Minnesota Veterinary Diagnostic Laboratory test positive for
this pathogen by a Polymerase Chain Reaction (PCR)-based diagnostic testing method (Per-
sonal observations). M. hyorhinis-associated disease in finishing pigs is usually characterized
by arthritis alone [4]. Other clinical presentations, including pneumonia, otitis, and conjuncti-
vitis, have been reported [5,6]. However, the pathogenic significance of M. hyorhinis in these
disease presentations is uncertain.

Evidence of heterogeneity between isolates within the M. hyorhinis species exists, including
antigenic differences evidenced by seroreactivity to specific antisera [7,8], differences in viru-
lence using in vivo models of infection [5, 9-11], and variable clinical presentation of disease
between herds. While some herds are repeatedly affected by M. hyorhinis-associated arthritis,
others tend to exhibit mostly polyserositis [12]. This diverse disease presentation also suggests
that strains with different tissue tropisms may exist.

Molecular epidemiological techniques allow for the identification of sources of infection,
tracking the spread of infectious microorganisms, and evaluating persistence or reintroduction
of a pathogen in a population. Moreover, molecular epidemiology can play an important role
in disease control, since molecular methods can be used to determine potential vaccine targets
and predict vaccine efficacy [13, 14]. At the genome level, the use of pulsed-field gel electro-
phoresis (PFGE) to index variation within the M. hyorhinis species has revealed genetic diver-
sity within the species[15,16]. ]PFGE requires relatively pure cultures and is time consuming,
however, and interpretation of the resulting banding patterns can be ambiguous in some cases.
Furthermore, since it identifies major genetic changes, small DNA changes will be missed
[17]. Sequence-based tools, such as MLST (multilocus sequence typing), have been widely
used for genotyping bacteria causing infections in pigs [18-22]. Furthermore, MLST is consid-
ered a rapid, inexpensive, repeatable, and unambiguous typing tool [23]. A traditional MLST
scheme, based on the dnaA, rpoB, gyrB, gltX, adk and gmk genes, has been developed for M.
hyorhinis [18, 23]. The variation reported by the authors showed a low percentage of polymor-
phic sites, ranging from 0.9-2.1%. A recently optimized version of the same MLST scheme
evaluated the genetic diversity of 60 strains from Germany and Switzerland. Similarly, the
authors reported genetic variation between strains with limited clonality [22]. While core met-
abolic genes are ideal for inferring phylogenic relationships, they can lack discriminatory
power for differentiation of closely related strains [24]. In this manuscript, we describe the
development of a novel MLST assay based on housekeeping and surface-encoding proteins to
differentiate M. hyorhinis strains, termed MLST-s to reference the addition of surface proteins.
Surface proteins were added to increase discriminatory power, since these genes may be sub-
ject to more intensive selective pressures compared to housekeeping genes, making them ideal
for local epidemiological studies [24].

Materials and methods
Bacterial isolates, culture media and DNA extraction

A total of 104 M. hyorhinis isolates from pigs along with the M. hyorhinis type strain ATCC
17981 were studied (S1 Table). Isolates originated from the nasal cavity (n = 3), bronchus

(n =26), pericardium (n = 26), pleura (n = 21), peritoneum (n = 2) and joint (n = 19) of dis-
eased pigs with lesions of polyserositis and a clinical history suggestive of M. hyorhinis infec-
tion (fever, depression, lameness, dyspnea). Six isolates originated from the bronchus (n = 1)
and nasal cavity (n = 5) of healthy pigs. Finally, one isolate was obtained from an air sample
taken from the outside of a barn housing nursery pigs. All isolates were obtained from cases
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submitted to the UMN Veterinary Diagnostic Laboratory from 2010 to 2012. All isolates were
confirmed as M. hyorhinis utilizing a QPCR assay based on the 16S rRNA gene [25]. The iso-
lates originated from multiple farms (nurseries, finishers, and gilt development sites) belong-
ing to 21 different swine production systems, denoted as numbers 1-22 (no system 3) in 10
states of the US. Three isolates originated from a production system in Mexico (labeled MEX).
Isolates were stored at -80°C until further testing, for which they were re-grown in 3 mL ali-
quots of modified Hayflick’s medium for 2 to 14 days [26]. The suspension was centrifuged,
and M. hyorhinis genomic DNA was extracted using the DNeasy Blood & Tissue kit following
the manufacturer’s protocol (Qiagen, Germantown, MD).

Loci selection and primer design

The whole genomes of four M. hyorhinis isolates available in GenBank (HUB-1 (NC_0144
48.1), GDL-1 (NC_016829.1) MCLD (NC_017519.1) and SK76 (NC_019552.1)) were utilized
to identify potential target genes [27-30]. Identification of variable regions within the M. hyor-
hinis species was accomplished through a Clustal W progressive alignment of all 4 M. hyorhinis
genomes using Mauve 2.3.1[31]. Further identification of areas of variation within different
housekeeping and surface protein encoding genes, such as previously identified variable lipo-
proteins and adhesins [32], was performed using Geneious 7.0.6 (Biomatters, Auckland, New
Zealand, http://www.geneious.com). Primers were designed using PrimerQuest® (IDT, Cor-
alville, USA) software. In silico analysis of primer specificity was carried out using the Primer-
BLAST tool (https://www.ncbi.nlm.nih.gov/tools/primer-blast). Genes with observed genetic
variation between the available M. hyorhinis genomes were further tested with a subset of 6 dis-
tinct isolates originating in pigs from different production systems, ages, and geographical
locations. Candidate genes were discarded if no nucleotide sequence variation was observed
between these 6 isolates.

PCR conditions and sequencing

The loci selected were amplified in an Eppendorf thermal cycler (Eppendorf Mastercycler
5345, Hamburg, Germany) with a total volume of 25 pl. The reaction mixture contained 12 pl
of HotStarTaq Master Mix (Qiagen, Germantown, MD), 0.8 pl of each primer (1 pM), 9.4 pl of
H20, and 2 pl of template DNA. PCR conditions were: 95°C for 15 min, followed by 35 cycles
0f 95°C for 1 min, 43.5°C for 1:30 mins, and 72°C for 1 min, and a final extension of 72°C for
10 min. PCR products were analyzed by electrophoresis using an 1.5% agarose gels stained
with ethidium bromide, run at 120 V for 40 min, and visualized using a gel imaging system.
PCR products were purified using the QIAquick PCR Purification Kit (Qiagen, Germantown,
MD) and bi-directionally sequenced by standard Sanger sequencing on an ABI 3730xl BigDye
Terminator v 3.1 (Life Technologies, Grand Island, NY).

Data analysis

Resulting sequencing data was quality assessed, and sequences were aligned utilizing ClustalW
within Geneious 7.0.6 and trimmed to equal sizes. MEGA 5.2.1 (version 5; www.megasoftware.
net) was utilized to identify parsimony-informative sites. Nucleotide sequence alignments for
each gene fragment were translated to assess the quality of change (synonymous or non-synon-
ymous substitutions). Individual and concatenated dendrograms were computed using the
Hasegawa-Kishino-Yano distance model and the UPGMA (unweighted pair group method
with arithmetic mean) tree building method.

For each targeted locus, each distinct sequence variant was arbitrarily assigned a consecu-
tive number starting with 1, with no weight given to the amount of nucleotide sequence
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variation among alleles [23]. A distinct sequence type (ST) or allelic profile number was
defined for each combination of the allele numbers for each locus (i.e. 1-5-2-3). The STs were
assigned consecutive numbers in order of description (i.e. ST1). Relationships among strains
were evaluated using minimum spanning trees (MST) analysis, after the introduction of allelic
profiles into Bionumerics software V7.1 (Applied Math, Sint Maartens-Latem, Belgium). The
strains were grouped into clonal complexes, defined here “as a group of MLST genotypes in
which every genotype shares at least 3 out of 4 loci in common with at least one other member
of the group” (pubmlst.org/analysis/burst/burst.shtml).

Results
Selection and evaluation of M. hyorhinis MLST-s marker genes

A total of 27 genes were evaluated as potential target genes (52 Table). All housekeeping genes
except pdhB and ung were nearly identical (~ 99.5%) in all 4 annotated genomes and were
therefore not included for further testing. While variation was observed within the nrdf and
IspA surface protein genes when comparing the 4 annotated genomes, testing of the initial 6
M. hyorhinis isolates revealed no nucleotide sequence variation and were therefore not
included for further testing. The gene sequences for vIpF and B genes were found to be highly
divergent among the 4 available genomes, with no conserved flanking regions, hindering
primer placement. Primers for the remaining vip genes were designed; however, an amplicon
was not obtained for vIpA, C, D and E genes. Although an amplicon was generated for the vipG
gene, the generated product had low quality and was not reproducible.

Minimal nucleotide sequence variation was observed within the cis, hexo and p37 genes and
were therefore excluded from the subsequent testing of the remaining isolates. The discrimina-
tory power of the technique was not affected after the removal of the 3 genes. Poor sequencing
quality was obtained for the p3 gene and thus was excluded from further analysis. The final
MLST-s protocol included: pdhB, p95, mtID and ung (Table 1). The selected genes were dis-
persed throughout the M. hyorhinis genome. In silico analysis revealed no cross-reactivity
between primer sequences and swine related non-targeted taxa.

Relatedness of M. hyorhinis isolates

The dendrogram constructed based upon concatenated gene sequences (1441bp) revealed
genetic polymorphisms among the examined isolates (S1 Fig). The nucleotide sequence varia-
tion (percent informative sites) within each gene ranged from 1.4% to 21% (Table 2), with
mtID showing the highest degree of variation and pdhB the lowest. Although nucleotide poly-
morphisms were observed, the majority resulted in synonymous changes in the pdhB, p95 and
ung genes. In contrast, non-synonymous changes were seen within the mtD gene (S2 Fig).
Furthermore, in some instances, changes involved the switch from amino acids belonging to
different groups, based on the characteristics of the side chain, polarity, or acid-base properties

Table 1. Primer sequences employed in MLST-s M. hyorhinis assay.

Target gene Gene name Forward (5’-3’) Reverse (5’-3’)
pdhB Pyruvate dehydrogenase-E beta-1 subunit AACGACCCAGATCCAGTTATTTT TCGTTAATTGCGTGGAATCCTTC
p95 Outer membrane protein p95 GTTGCCAAGCAAGATGCTAAA TGCTGAATGTACTCACCTGAAA
mtlD Mannitol-1-phosphate 5-dehydrogenase GGTGCAGGTAGCATTGGTCGTGG GCCAAGATAACCCAAATAAGAATGC
ung Uracil-dna glycosylase GCAAGAACAAGACAAAGAAT TAGCTAAACGGTGAAGGATGAGATA

https://doi.org/10.1371/journal.pone.0223653.t001
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Table 2. Characteristics of regions used for multilocus sequence analysis and number of alleles.

Target gene | Size (bp) | Trimmed length (bp) | Percent evaluated | Variable sites® | Parsimony-informative sites” | Percent informative sites (%) | No. of alleles

pdhB 987 415
p95 3171 289
mtlD 1101 537
ung 675 200

42 6 6 1.4 7
9 8 6 2 9
49 120 115 21 20
30 4 4 2 6

* A variable site contains at least two types of nucleotides or amino acids.

P A site is parsimony-informative if it contains at least two types of nucleotides (or amino acids), and at least two of them occur with a minimum frequency of two.

https://doi.org/10.1371/journal.pone.0223653.t1002

(i.e. alanine to serine, glutamic acid to lysine) (S2 Fig). The number of alleles per gene varied
from six to 20, giving rise to 39 sequence types (STs) within the 104 isolates (Tables 2 and 3).

Frequency and distribution of M. hyorhinis sequence types (ST)

The most frequent ST, ST37, was observed 13 times. Eighteen STs contained between 2 and 9
isolates, and 21 ST's contained only one isolate. Minimum spanning tree analysis showed the
grouping of 39 ST's into 3 clonal complexes (CC), with CC1 encompassing more STs (n = 25)
and isolates (n = 66) than any other clonal complex. CC2 and CC3 contained 2 STs each and a
total of 2, and 6 isolates, respectively. Lastly, singletons, defined as isolates which share less
than 3 out of 4 loci with another member of a clonal complex, were identified 10 times and
included 30 isolates (Fig 1).

ST37, the most frequent subtype, and ST19 contained isolates from only one management
system (system 7 and 2, respectively), where specimens were collected the same day during an
M. hyorhinis outbreak investigation (Table 3). Furthermore, two isolates from the upper respi-
ratory tract (nasal cavity or bronchus) and pericardium were obtained from the same pig,
evidencing that isolates recovered from systemic sites of diseased pigs can be also found in the
nasal cavity or bronchi. ST19 was represented by isolates of healthy pigs from the nasal cavity
or bronchi and diseased pigs from joints originating from system 2 in 2010 through 2012. Iso-
lates with different STs (ST18 and ST35), however, were also obtained from pigs from that sys-
tem during the same time frame (Table 3). Furthermore, in system 2, isolates from the pleura
and bronchus of the same pig had different STs, differing by only one allele (mltD). In system
5, isolates in different U.S. states shared the same ST, suggesting a point source introduction.
In contrast, 5 different STs were identified within the same system (Figs 1,2 and 3).

The isolates from ST17 (n = 9) originated from systemic sites of pigs of wide age distribu-
tion (7-50 weeks), and from 5 different systems in 4 different states collected in 2010-2012
(Table 3). It is important to note that information gathered for each isolate included “system,”
which refers to the ownership of the pigs but lacks information on the pig flow or site. There-
fore, the epidemiological interpretation of the data presented here may be limited since one
system can be comprised of multiple producers who submit cases independently but share the
same origin of pigs.

The reference strain HUB-1, originating from China, as well as the strains originating from
Mexico showed unique STs. CC2 was comprised of isolates from the same system in Mexico
(Table 3), while CC3 included isolates from different systems. Finally, no evident relationships
were observed with respect to the age of the pig, lesion type, year, or US state of origin (Figs
1,2 and 3). However, strains originating from different countries (US, China and Mexico) clus-
tered in distinct clonal complexes or as singletons. Additionally, there was no evidence of a
specific ST being associated with virulence.

PLOS ONE | https://doi.org/10.1371/journal.pone.0223653 October 21, 2019 5/13


https://doi.org/10.1371/journal.pone.0223653.t002
https://doi.org/10.1371/journal.pone.0223653

@ PLOS|ONE

Molecular epidemiology of M. hyorhinis field isolates

Table 3. Frequency and distribution of 39 M. hyorhinis STs within sample type, system, origin, and age of pig.

ST ST profile* Frequency Clonal complex Sample type (no)" System* State of origin Age (weeks)
1 1-1-1-1 3 1 Pericardium 1,21 MN 7,13
2 1-1-1-2 1 1 Pericardium 4 NC 3
3 1-1-1-3 2 1 Pericardium, pleura 8 MN 7
4 1-1-2-2 2 1 Pleura, joint 13,14 TN, IL 7,9
5 1-1-2-3 1 1 Pericardium 8 IA 9
6 1-1-3-2 1 1 Bronchus 9 NE 13
7 1-1-8-2 2 1 Joint 13 IL 9
8 1-1-11-2 1 1 Pleura 17 NC NA
9 1-1-16-2 1 1 Bronchus 6 NE 5
10 1-1-17-2 3 1 Peritoneum (1), bronchus (2) 5,22 OK,NE 4,11
11 1-3-1-1 1 1 Joint 12 MN 8
12 1-3-1-2 1 1 Pericardium 7 MN 11
13 1-3-5-4 1 S Pleura 11 NC 10
14 1-4-3-2 1 1 Pleura 9 NE 13
15 1-5-1-1 4 1 Bronchus (1), pericardial (2), nasal (1) 2 MN 8,11,13
16 1-5-1-2 1 1 Joint 2 MN 7
17 1-5-1-4 9 1 Bronchus (3), joint (1), pericardium (2), pleura (3) 5,7,10, KS,MN,IN, OK 7,8,9,11,13,50
15,18

18 1-5-4-1 5 1 Bronchus(3), joint (1), nasal (1) 2 MN 8,13
19 1-5-9-1 9 1 Bronchus (2), joint (3) nasal (4) 2 MN 6,8,13
20 1-5-13-1 1 1 Pleura 2 MN 8
21 1-6-10-2 1 S Pleura 16 PA 4
22 1-7-18-1 1 S Pericardium 19 MEXICO 20
23 1-8-1-1 1 1 Pleura 12 MN
24 1-8-15-2 1 2 Pericardium 19 MEXICO 8
25 1-8-19-2 1 2 Pericardium 19 MEXICO 10
26 2-1-1-2 1 1 Nasal REF® 1A NA
27 2-2-2-2 4 3 Pleura 5 KS, OK 3,6
28 2-2-7-2 2 3 Joint NA NA NA
29 3-5-1-4 5 1 Bronchus, pericardium, pleura 5 OK 8,10
30 3-5-14-1 2 S Aerosol, bronchus 8 MN 6
31 4-3-14-5 5 S Pericardium 5 OK 8
32 4-5-15-2 6 S Nasal cavity, pleura 5 OK 4,5
33 5-5-4-1 1 1 Nasal 2 MN
34 5-5-4-2 1 1 Pericardium 2 MN
35 5-5-9-1 8 1 Bronchus (2), joint (3), pericardial (2), pleura (1) 2 MN
36 6-1-6-2 2 S Joint NA NA NA
37 7-3-12-2 13 S Bronchus (8), nasal cavity (3), pericardium (2) 7 MN 14
38 7-8-3-2 1 S Pericardium 20 MN 10
39 7-9-20-6 1 S Nasal HUB-1 CHINA NA

* Order of allele number for each locus: pdhB, p95, mtID and ung

" Type of sample where isolate was obtained

* Systems are defined as the same owner and denoted as a number from 1-22

NA = not available

S = singleton, not part of a clonal complex

S Reference strain (ATCC 17981)

HUB-1 reference genome (GenBank)

https://doi.org/10.1371/journal.pone.0223653.t003
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Fig 1. Minimum spanning tree analysis for 104 M. hyorhinis isolates. Each circle corresponds to a sequence type (ST). Size of the circle represents
numbers of isolates with same ST. Lines between STs indicate inferred phylogenetic relationships. Thickness of the line represents the number of allelic
mismatches between the STs (bold = 1, plain = 2, dotted = 3). Grey zones that surround ST's belong to the same clonal complex (CC). Number near
circles indicates ST number. Color of the circle indicates the swine production system. Legend: “size” indicates number of isolates and “system”

indicates system number.

https://doi.org/10.1371/journal.pone.0223653.g001

Discussion

The objective of this study was to develop an MLST-s typing scheme for epidemiological and
genetic characterization of M. hyorhinis field isolates. The novel scheme was utilized on a set of
104 well-characterized isolates from various tissue types, swine production systems, ages and
geographic locations. Twenty-seven loci were evaluated as potential gene targets; however,
many of these loci were almost identical in 4 previously published M. hyorhinis genomes and
therefore not pursued further. A previously published and later optimized MLST scheme,
showed an overall low percentage of polymorphic sites within each of the included housekeep-
ing genes [21, 22]. In view of the limited genetic variation observed in housekeeping genes,
more variable genes, such as surface protein encoding genes, were incorporated. This modifi-
cation could increase the possibility of detecting more genetic variation, making it useful for
typing during localized disease outbreaks and studying the pathogenesis of M. hyorhinis [24].
In contrast, variable lipoprotein encoding genes revealed an immense amount of variation
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Fig 2. Minimum spanning tree analysis for 104 M. hyorhinis isolates. Each circle corresponds to a sequence type (ST). Size of the circle
represents numbers of isolates with same ST. Lines between STs indicate inferred phylogenetic relationships. Thickness of the line represents the
number of allelic mismatches between the STs (bold = 1, plain = 2, dotted = 3). Grey zones that surround ST's belong to the same clonal complex
(CC). Number near circles indicates ST number. Color of circle represents the geographical location. Legend: “size” indicates number of isolates
and “location” indicates the geographical location of the ST.

https://doi.org/10.1371/journal.pone.0223653.9g002

between the available genomes, lacking conserved areas for primer placing. These findings
were somewhat anticipated given the fact that the genes coding for these lipoproteins are
under constant change, either through recombination or high-frequency mutations, which
affects their expression and size [33, 34].

The final MLST-s protocol contained 2 core housekeeping genes, pdhB and ung, with an
observed variation between 1.4-2% resulting in 6 and 7 different allele types, respectively. Sim-
ilar amounts of variation have also been observed within housekeeping genes in previously
published MLST schemes for M. hyopneumoniae, M. agalactiae, M. bovis and M. hyorhinis
[20-22, 35, 36]. One unanticipated finding was the little to no variation observed within widely
recognized adhesins, such as p37 and p95. The recent sequencing of the complete p37 gene in
33 unrelated isolates from France showed 18 different nucleotide sequences.[21] Although var-
iation was observed, the previous study concluded that the discriminatory power was relatively
poor and that single-gene typing methods can fail at differentiating isolates that have a reduced
variation. One possible explanation for the lack of variation is that the proteins encoded by
these genes may be essential for host colonization and survivability [37]. In fact, it has been
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https://doi.org/10.1371/journal.pone.0223653.9g003

shown that truncated versions of certain adhesins within another swine mycoplasma species,
M. hyopneumoniae, contribute to loss of virulence [38].

Even though variation was observed within pdhB, p95 and the ung loci, these nucleotide
changes resulted in mostly synonymous changes. These findings are in accordance with previ-
ous results, where the genetic variation observed in housekeeping genes generally led to synon-
ymous changes [21]. On the other hand, the surface protein-encoding gene mt/D showed great
variation (~ 21%) within the analyzed sequences and more than 20 different alleles. The pre-
dicted amino acid sequence alignment of mtID revealed multiple non-synonymous changes.
In some cases, the changes were between amino acids of different chemical groups. Future
studies should evaluate if these changes influence the antigenic variation of this species due to
the protein location on the bacterial surface or if the changes contribute to virulence.

Modified MLST protocols are not novel. Hyper-variable genes have been incorporated into
typing schemes for M. agalactiae, M. capricolum and B. pertussis [35, 39, 40]. In all cases, an
increase in discriminatory power was obtained; in some cases, this modification led to the
identification of MLST profiles associated with epidemics and globally distributed strains [40].
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The increased ability to discriminate between isolates during an epidemic or outbreak investi-
gation might be at the cost of the interpretation of observed evolutionary relationships [24]. In
this study, most systems had at least two ST within a 2-year period, and most frequently the
strains differed at the mtID loci, evidencing that the addition of hyper-variable genes might be
a useful tool for local epidemiological investigations.

The present study showed high genetic variation within the M. hyorhinis species, with mul-
tiple ST's circulating within US swine herds. The MLST-s scheme presented here was revealed
to be highly discriminatory, capable of subdividing 104 isolates into 39 distinct STs. Multiple
STs were found within a single system and an individual pig during the same time frame. Yet,
frequently, isolates from the same farm shared the same ST. ST17 included isolates from 5 dif-
ferent production systems. This result could indicate the dissemination of a clone that may be
a more successful pathogen, the existence of an organism with a longer persistence and surviv-
ability, or a common gilt source between the systems. It could also be due to the convenient
nature of the sampling performed here [35]. In contrast to the observed sharing of ST17
between systems, the majority of STs with more than one isolate originated from the same
system.

No correlation between STs and the age of the pig, year of isolation, sample type, pathoge-
nicity, and state of US origin was observed. These observations are in accordance with others
[22,41]. However, in this study three distinct clonal complexes, two of which included strains
from the US and one that exclusively contained strains from Mexico, were identified. This is in
contrast with the findings generated with the previously published MLST scheme, where only
one clonal complex was identified in each data set, that included isolates from three different
countries [21, 22]. This finding suggests that the novel MLST-s presented here could have a
higher discriminatory power compared to previously published schemes, possibly due to the
addition of more variable genes. However, this study lacked a side by side comparison and
therefore further research is required to test such hypothesis. Finally, it is possible that the
over-representation of isolates in this dataset from diseased pigs could have hindered the iden-
tification of virulence-associated STs.

Currently, swine practitioners are faced with the challenge of controlling M. hyorhinis dis-
ease in affected post-weaning pigs. The application of the MLST-s protocol described here has
resulted in better understanding of the diversity of M. hyorhinis field isolates circulating in US
swine herds. This tool could help to elucidate further features of the epidemiology and dynam-
ics of infection for this pathogen, understand disease outbreaks, assist with selection of isolates
for vaccine production, and identify the potential origin of a specific isolate.
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