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ABSTRACT

In 2013 we reported ST398 methicillin-resistant Staphylococcus aureus (MRSA) first detection in rabbits of an industrial
holding. Since, we followed up this farm for three years (four sample collections) to study the within-herd epidemiology
and the exposure to MRSA of farm workers and their families. The sampling of does was carried out by systematic
selection of cages. All Staphylococcus aureus (S. aureus) isolates from rabbit and human specimens detected after pre-
enrichment in broth and culture onto selective agar were tested by PCR for mecA and mecC. All the human MRSA
isolates and a selection of rabbit MRSA isolates were further characterized by spa typing and MLST typing. The
percentage of rabbits carrying S. aureus ranged from 53% to 93% of tested rabbits in four samplings. Out of the S.
aureus isolates, MRSA was 52% at beginning and 25% after five months, but raised to 100% after one year and up to
the third year of follow up. Initially t034 was the prevalent spa type among MRSA, but 5210 become by far the most
frequent one after one year (16/23 isolates) and three years (25/28 isolates), when t034 was seldom found among
MRSA isolates. Both t034 and t5210 belonged to sequence type ST398. Overall during the study 16 persons
volunteered to participate. At first and second sampling t034 and t5210 were found in two and four farm workers,
respectively, but later on t034 was never detected in farm workers and t5210 was instead found contaminating all of
them. Overall ten farm workers’ relatives provided samples, five were found carrying MRSA, four of them were 15210
MRSA carriages. We believe the rabbit intensive breading system may be among the herds that increase the burden of
exposure of person to LA-MRSA, however further studies are needed to understand whether the rabbit production
system is capable to sustain the spreading of LA-MRSA.

Key words: methicillin-resistan&aphylococcus aureus (MRSA), ST398, livestock associated MRSA (LA-
MRSA), rabbit, zoonoses

INTRODUCTION

Saphylococcus aureus (S aureus) methicillin resistant (MRSA) is among the multiad resistant
microorganisms causing hospital or community-aaglinfections that are currently challenging heath
worldwide (WHO, 2014). Since 2003 (Voss et al.,200MRSA clones have been over and over reported fr
different animal species, including domestic angwahred for companion or for food production. imaals,
MRSA is mostly carried with no apparent diseasd, grémal carriage exposes humans, primarily farm
workers, veterinarians or slaughterhouse workersphtamination by direct contact or airborne tnaission.
Indeed, it has been previously evidenced that,ssndsvine farm workers of MRSA positive holdings wea
protective facemasks they are at high risk to becoomtaminated (van Cleef et al., 2015). The clooaiplex
CC398 of MRSA, especially the sequence type STid98pstly represented among LA-MRSA being reported
in swine, dairy, veal calf, poultry and companiamnaals. DespiteS aureus is among the most relevant
bacteria affecting rabbits, MRSA was initially falonly in pet rabbits and attributed to exposuréumans
(Loncaric and Kunzel, 2013). In 2013 we found LA-BIR in an industrial meat rabbit holding and in the
nostrils of farm workers or their family membersg(letti et al., 2014). Since, we followed up tfdasm to
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study the within-herd epidemiology and the exposidifarm workers and their families to MRSA by thied-
producing animal. This presentation reports restdta the three-year follow up.

MATERIALS AND METHODS

Once an industrial holding that bred rabbits foram&as found contaminated with ST398 MRSA in 2013
(Agnoletti et al., 2014), we followed it up by saing 60 does after systematic selection of caget'at 2"

and 33 month. Farm workers and their family members, whavided informed consensus and volunteered
to participate, were also sampled at the same tomdetect MRSA in their nostrils. Rabbit specimen
collection and the microbiologic procedure to iseland typeS aureus were performed as previously
described (Agnoletti et al., 2014). Brieflg, aureus isolation from rabbit specimens was performed & p
enrichment in broth (Heart Infusion Broth, Oxoididaculture onto selective agar (Baird-Parker Agasd3
and RPF Supplement, Oxoid). The human nasal swahs pvocessed on enrichment and selective media for
MRSA isolation (Tryptone Soy Broth supplementedwgéfoxitin (3.5 mg/L) and aztreonam (75 mg/L), and
CHROMagar MRSA I, BBL). AllS aureus colonies were tested fonecA (Louie et al., 2002) anthecC
(Paterson et al., 20128, aureus identification was performed by mass spectrom@italdi Biotyper, Bruker
Daltonics) andnuc detection by PCR (Louie, et al., 2002). All the B isolated from humans and a
selection of MRSA isolated from rabbits were furthbaracterized bgpa typing (Shopsin et al., 1999) and
multi locus sequence typing (MLST) (Enright et @000). To classify and identifgpa types the sequences
were analyzed with the Ridom StaphType softwareggamm (version 1.4; Ridom, GmbH,Wurzburg,
Germany [http://spa.ridom.de/index.shtml]). Seqeetype (ST) was assigned based on the sequentie alle
profiles using the MLST database website (http:Anmrist.net).

RESULTS

Methicillin-resistantS. aureus in rabbits and humans was always found over theetliear prospective
study. Results of testing and typiSgaureusisolates from rabbits and humans are shown in thlaled table

2. The percentage of rabbits contaminated ®itureus ranged from 53% to 93% of tested animals over the
three-year period. As we previously reported, th@pprtion of MRSA among rabbit that were carryiig
aureus were 52% and 25% at first and second sampling ecdisiely (Agnoletti et al., 2014); in the follow
up of this case report, after 12 and 33 months ffiogt detection, all (100%}%. aureus isolates from
sampled rabbits displayed resistance to methicillin

Table 1: Results of four samplings over three years inMRSA-contaminated industrial rabbit holding: for
each sampling. aureus- and of MRSA-positive rabbits numbers are reportegether with thespa types
and the MLST types.

i MRSA molecular typing results
Samplin Rabbits ga‘;t:ﬁ:s MRSA MRSA rabbit carrier yping
% 9 tested , carrier rabbits amongS. aureus MRSA MLST type A
mont (N.) carriage (N.) carriage isolates  N.  Spatype (s7) MRSA
(%) typed (%)
1 t5210 398
0 25 23 (92%) 12 52% 3 1 t034 398 66%
1 1121 159
7 t034 398
3 15210 398
5t 60 59 (98%) 15 25% 15 2 11190 Notfound  66%
2 t2970 Not found
1 1159 121
n 16  t5210 398
12 60 32 (53%) 32 100% 23 100%
7 113617 398
25 5210 398
d 1 t011 398
33 60 56 (93%) 56 100% 28 1 1034 308 100%
115492 398
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Initially, t034 was the prevalespa type among MRSA, but t5210 become by far the mesjuent one after
one year (16/23 isolates) and three years (25/@&tes), when t034 was seldom found among MRSA
isolates. Both t034 and t5210 belonged to MLST BT &&her twospa types, also typed ST398, were found
in rabbits at 8 and &' sampling: 113617 (seven isolates) and t15492 igniate), respectively (table 1).

Overall, during the study 16 persons volunteeregddicipate. Sampling was discontinuous for family
members, whereas farm workers were sampled alregstarly during the prospective study. MRSA was
detected in all six farm workers. At first and sedsampling, t034 and t5210 were found in two and f
farm workers as already reported (Agnoletti et@l4). At 3* and 4' sampling, t034 was never detected in
farm workers, t5210 was instead found contaminasithgpf them. Overall, out of the ten farm workers’
relatives who provided samples, five were foundysag MRSA and four of them were t5210 carrierseOn
relative was found t034 contaminated for two contiee samplings (2 and &'). Four other relatives were
sampled once at the last sampling and they werfonotl contaminated with MRSA (table 2).

Table 2 Results of testing MRSA contamination of nostof farm workers and their relatives exposed in
one LA-MRSA contaminated industrial holding. Humavare sampled four times over three years. MRSA
human isolates were typed #pa typing and multi locus sequence typing.

Person’s Person role MRSA Sampling month

ID within the study spa type 0 gh 12 33
1 farm worker 5210 1 1 nt 1
2 farm worker 34 1 nt
5210 nt 1
13617 nt 1
3 farm worker 5210 1 1 1 1
4 farm worker 5210 nt 1 1 1
5 farm worker 34 1
5210 1 1
6 farm worker 5210 1
7 relative 5210 1 nt nt nt
8 relative nt 0 nt 0
9 relative 5210 nt 1 nt
10 relative 5210 nt 0 1
11 relative 5210 nt nt nt 1
12 relative 34 nt 1 1
13 relative nt nt nt 0
14 relative nt nt nt 0
15 relative nt nt nt 0
16 relative nt nt nt 0

DISCUSSION

Over the prospective study LA-MRSA (ST398) was aisvdetected in animals and humans. It was also
found contaminating the building air and surfacégnpletti et al., 2014). Proportions of MRSA carrie
rabbits increased over time and &lbaureus carrier rabbits were actually MRSA carriages aftee year and
up to the third year we followed this holding. Riésghow that MRSA substituted MSSA within this dher
Furthermore the clone t034, we detected at begimnimas substituted with clone t5210. Intra-herd
prevalence in LA-MRSA positive holdings is directBlated to transfer of LA-MRSA to humans (Gravelan
et al., 2010), indeed we found the same dynamicgakasing proportions of LA-MRSA carriers and
dissemination of a singka type MRSA clone in people exposed directly oriiadily to rabbits, t5210 was
the clone colonising the nostrils of all farm warkend some of their relatives. Though t034 wasdoin
one relative, we believe this person was exposemther livestock contamination. In this holdingblés
and humans seem to share the same adaptation oANtRBitensive breeding. In simulation studies one
LA-MRSA positive pig farm may be sufficient to i@te an epidemic in humans, provided sufficient
amounts of persistently contaminated animals amdamg carriers are available (Porphyre et al., 200t%)
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rabbit intensive system may be considered amongeéhds that increase the burden of exposure of hsima
to LA-MRSA, however further studies are needed mdarstand whether the rabbit production system is
capable to sustain the spreading of LA-MRSA. In llieee described holding, peculiar condition of lyeav
exposure to other livestock may have acted tategnternal dissemination of LA-MRSA.

CONCLUSIONS

In conclusion, after a prolonged follow up of alv@bndustrial holding that was found contaminateith
LA-MRSA, we had proof of within-herd spreading dbre t5210 MRSA that was able to displace MSSA
and other MRSAspa types. This clone has high capability to contangirfaumans directly exposed, by the
holding environment and animals, and indirectlyrbgans of family connections. Despite LA-MRSA has
been found and reported only in one holding of mheat rabbit breeding sector, the high within-herd
spreading ability of this clone should be accourtediosecurity plans.
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