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ABSTRACT

Rabbit production faces a wide variety of challenges today, being
staphylococcal infections and welfare of rabbit does two of the most
important ones. In rabbits, Staphylococcus aureus is a bacterium that
mainly produces mastitis, pododermatitis, abscesses and pyoderma,
generating numerous economic losses in the affected farms. But the
population of S. aureus is very heterogeneous, and it is necessary to
perform a typing to characterize the strains present in each farm and to help
its prevention and treatment. The most frequent clones in rabbitries were
ST121 (high virulent strains) and ST96 (low virulent strains). However, in
recent years, veterinarians and farmers have expressed their concern about
the emergence of more virulent and persistent outbreaks. Considering that
S. aureus has a great adaptation capacity, it was suggested that the clones
could have changed or acquired new virulence factors or even new clones
could have appeared, causing this increase in the number and virulence of
the outbreaks in rabbit farms. Therefore, the objectives of the first part of
this thesis were to characterize genetically the isolated strains from rabbit
farms, to study their geographical distribution and to test in vivo some of
these strains to verify whether the observed genetic changes correlated with
a greater infective capacity. A new clone was detected, the ST3764,
reaching the 19% of all isolates. This clone is a variant of the ST121, which
was detected for the first time in 2014 in the northwest of the Iberian
Peninsula and later it spread to the east. Similarly, ST2855 strains, a variant
of ST96 clone, were isolated from staphylococcal infections throughout the
whole Iberian Peninsula. Therefore, the percentage of strains belonging to
clone ST121 suffered a decrease as a result of a high number of ST3764
and ST2855 strains. In addition, new clones not described previously in
rabbits in Spain have also isolated, such as ST1, ST146 and ST398. The
complete sequencing of these new clones has evidenced the acquisition of
mobile genetic elements, with the exception of ST2855 strains. Most of them
had lost the phage with type 3 integrase, which not also carried the human

IEC with the genes sak, chp and scn, but also truncated the sequence of 3-



haemolysin, causing these strains to express it. Finally, mutations in the dltb
gene were found between strains ST96 and ST2855. All these changes
could suggest an increase in virulence of ST2855 strains compared to
ST96, but ST2855 strains were not able to infect either. In contrast, ST3764
strains infected a greater number of animals than their predecessor ST121,
although it was not a significant increase. Therefore, the dissemination of
ST2855 strains could be due to genetic changes not detected here or due

to other factors extrinsic to the strains.

The presence of S. aureus in the farms is closely related to the second
challenge studied in this thesis, since the lesions produced by this bacterium
greatly reduce animal welfare. In recent decades, concern about rabbit
welfare and sustainability has increased. The housing system is a very
important factor for animal welfare. However, information about how
different available housing types for female rabbits affect their health status
is scarce, but this is an important factor for their welfare. Hence the objective
of this study was to evaluate the health status of female rabbits in five
common housing systems: three different single-housing systems with
distinct available surfaces and heights, a single-housing system with a
platform and a collective system. The female rabbits in the collective and
platform cages had higher cortisol concentrations in hair than those in the
single-housing systems with no platform. The haptoglobin concentrations
and kit mortality rates during lactation were higher for the collective-cage
female rabbits. The collective group had more culled females and more
lesions than the females in the other groups. The main reasons for culling
in all the groups were reproductive problems and presence of abscesses,
and the collective group of females was the most affected. In conclusion,
keeping females in these collective systems negatively affected their health
status and, therefore, their welfare. In contrast, individual housings caused
lower concentrations of haptoglobin and hair cortisol (except for the cage
with platform), less kit mortality rates and fewer culled females. This means
a better sanitary status and greater welfare in individual housings, and

therefore, they would be more indicated for female rabbits.









RESUMEN

La cunicultura afronta diferentes retos hoy en dia, siendo las estafilococias
y la mejora del bienestar de las conejas dos de los mas importantes.
Staphylococcus aureus es una bacteria que en conejos produce
principalmente mastitis, pododermatitis, abscesos y piodermas, generando
numerosas pérdidas econémicas en las granjas afectadas. Pero la
poblaciéon de S. aureus es muy heterogénea y es necesario realizar un
tipado para caracterizar las cepas presentes en cada granja y ayudar a su
prevencion y tratamiento. Los clones mas frecuentes en cunicultura eran el
ST121 y el ST96, el primero considerado de alta virulencia y el segundo,
de baja virulencia. Sin embargo, en los Ultimos afos, veterinarios y
ganaderos han mostrado su preocupaciéon por la aparicion de brotes mas
virulentos y persistentes. Considerando que S. aureus tiene una gran
capacidad de adaptacion, se planted la posibilidad de que los clones
hubieran cambiado o adquirido nuevos factores de virulencia o incluso
hubieran aparecido clones nuevos que estuvieran provocando este
aumento del niumero y virulencia de los brotes en granjas cunicolas. Por
tanto, los objetivos de la primera parte de esta tesis fueron la
caracterizacion genética de las cepas aisladas de granjas de conejos y su
distribucion geogréfica y testar in vivo algunas de estas cepas para
comprobar si los cambios genéticos observados se correlacionaban con
una mayor capacidad infectiva. Se detectd un nuevo clon, el ST3764,
llegando a suponer el 19% de todos los aislados. Este clon es una variante
del ST121, que se detectd por primera vez en el 2014 en el noroeste de la
Peninsula Ibérica y que posteriormente se disemind hacia el este. Del
mismo modo, también se detectaron casos de estafilococia por cepas
ST2855, una variante del clon ST96, en toda la Peninsula. Por tanto, el
porcentaje de cepas pertenecientes al clon ST121 ha sufrido una
disminucidén como consecuencia de un elevado numero de cepas ST3764
y ST2855. Ademas, también se han detectado nuevos clones no descritos
hasta el momento en conejos en Espafia, como el ST1, ST146y ST398. La

secuenciacion completa de estos nuevos clones ha evidenciado la



adquisicién de elementos genéticos mdviles, a excepcion de las cepas
ST2855. La mayoria habian perdido el profago con integrasa tipo 3, que
ademas de portar el IEC humano con los genes sak, chp y scn, trunca la
secuencia de la B-hemolisina, haciendo que estas cepas la expresen.
Finalmente, se encontraron mutaciones en el gen dltb entre las cepas ST96
y ST2855. Todos estos cambios podrian sugerir un aumento de la virulencia
de las cepas ST2855 respecto a las ST96, pero las cepas ST2855 no
tampoco fueron capaces de infectar. Por el contrario, las cepas ST3764
infectaron a un mayor nimero de animales que su antecesora ST121,
aungue no fue un aumento significativo. Por tanto, la diseminacion de las
cepas ST2855 podria deberse a cambios genéticos no detectados aqui o a

otros factores extrinsecos a las cepas.

La presencia de S. aureus en las granjas esta muy relacionada con el
segundo reto estudiado en esta tesis, ya que las lesiones producidas por
esta bacteria merman enormemente el bienestar de los animales. En las
ultimas décadas, la preocupacion por el bienestar de las conejas ha
aumentado y el sistema de alojamiento es un factor directamente
relacionado con el bienestar. Sin embargo, la informacion cientifica sobre
como los diferentes tipos de alojamiento afectan al bienestar desde el punto
de vista de la salud es escasa. Por tanto, el objetivo de este estudio fue
evaluar el estado de salud de las conejas en cinco sistemas de alojamiento:
tres sistemas diferentes de alojamiento individual con distintas superficies
y alturas disponibles; un sistema de vivienda individual con plataforma y un
sistema de alojamiento para 6 conejas. Se observdé que las conejas
alojadas en grupo y en la jaula con plataforma tenian concentraciones de
cortisol en el pelo mas altas que las de los otros 3 sistemas de alojamiento
individual. Las concentraciones de haptoglobina y las tasas de mortalidad
de los gazapos antes del destete fueron mas altas en el alojamiento
colectivo. Ademas, este alojamiento ocasiond la eliminacibn de mas
conejas que el resto. Las principales causas de eliminacion fueron los
problemas reproductivos y la presencia de abscesos, siendo el alojamiento

colectivo el que presenté un mayor niamero. En conclusién, mantener a las



hembras en estos sistemas colectivos afecta negativamente su estado de
salud y, por tanto, a su bienestar. Por el contrario, los alojamientos
individuales provocaron concentraciones mas bajas de haptoglobina y
cortisol (a excepcion de la jaula con plataforma), menos mortalidad en
gazapos y menor numero de conejas eliminadas. Esto supone un mejor
estado sanitario y mayor bienestar, con lo que estos alojamientos serian

mas indicados para las conejas reproductoras.
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ABBREVIATIONS

1Al first artificial insemination

5P fifth parturition

aa amino acid

APP acute phase protein

attB attachment site of bacteriophage
CcC clonal complex

CFH complement factor H

CFU colony-forming unit

cm centimetre

COL collective

CRISPR clustered regularly interspaced short palindromic repeats
Ccv coefficient of variability

DAPI 4 ' 6-diamidino-2-fenilindol

DLV double locus variant

DM dry matter

DNA deoxyribonucleic acid

DPBS dulbecco’s phosphate-buffered saline solution
dpp days post-partum

EDTA ethylenediaminetetraacetic acid
egc enterotoxin gene cluster

FITC fluorescein isothiocyanate

g gram

h hour

H/L heterophil/lymphocyte ratio

HD higher and deeper

HPA hypothalamic—pituitary—adrenal
HV high virulence strains

IEC immune evasion cluster

kb kilo base

L litre

LV low virulence strains

MGE Mobile genetic element

min minute

mL millilitre

MLST multilocus sequence typing

mM millimolar

MRSA Methicillin-resistant Staphylococcus aureus



MSCRAMM
MSSA
NETs
ng
nM
o/n
°C
OD(m)
ORF
P

pb
PCR
PF
PFGE
PMN
PSM
PV
PVL
RAPD
RFLP
RNB
rpm
s
Saint
SaPls
SCCmec
SLV
ST
TNFR
TR
TSA
TSB
U

uv
3[¢)
pL
pum
UM

Abbreviations

Microbial Surface Components Recognizing Adhesive Matrix Molecules
Methicillin-sensible Staphylococcus aureus
neutrophil extracellular traps

nanogram

nanomolar

over night

degrees Celsius

optical density at a given wavelength (nm)
open reading frame

P-value

pairs of bases

polymerase chain reaction

platform

Pulsed Field Gel Electrophoresis
polymorphonuclear leukocytes

Phenol Soluble Modulin

polyvalent

Panton-Valentine Leucocidin

Randomly Amplified Polymorphic DNA
restriction fragment length polymorphism
rabbit neutrophil buffer

revolutions per minute

second

Staphylococcus aureus bacteriophage
Staphylococcus aureus Pathogenicity Islands
chromosomal cassette mec

single locus variant

sequence type

tumour necrosis factor receptor 1
traditional

tryptic soy agar

tryptic soy broth

international units

ultra violet

microgram

microliter

micrometre

micromolar
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