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Abstract:

Mastitis is one of the most economically impactful diseases in dairy farmingayitause severe
qualitativequantitative losses in milgroduction adversely affect animal welfarand lead to early
culling of animals Mastitis can present itself in different forms, often due to the different causative
agents Two main manifestations of the disease are clinighich is easier to detedue tothe use

of semiquantitative techniques or simpeaminationof the udderand subclinical , which has no
obvious symptoms anequiresmilk testingto discover mastitisndicators The focus of thighesis
work is to understand dairy ruminamastitis with a focus on recent findings on microbial
identification methods, diagnostmarkers of mastitis, and the impactimramammary antibiotic
treatment due to the presence of mastitis on the gut microbibmeefirst study was focused on
improving the identification of etiologic agent®cusing onthe highly prevalentnonaureus
staphylococci NAS), with the application oPCR RFLP (Polymerase Chain ReactidrRestriction
Fragment Length  Polymorphigm and MALDI-TOF MS (MatrixAssisted Laser
Desorption/lonization Tim®f-Flight Mass Spectrometyy for improving the detection of
intramammary infectionsliyl ). We applied MALDETOF MS andyapPCR RFLP to 204 NAS and
mammaliicocci (NASM)and to 57 streptococci isolated from the milk of sheep and goats with
mastitisto compare their respective resulie studyrevealeda high level of agreemebetween
MALDI TOF MBRFaPmMidenky@nBthe most prevalent NAS and streptococci causing
small ruminant mastitisSthe second study aiméd conduct a systematic review to synthesize all the
literature on the topic and impve the understanding of the diagnostic accuracy of protein marker
based immunoassays for mastitis detect©uarrently, the most widely used tool for monitoring
mastitis is the somatic cell couf8CC) expressed as the number of cells per ml of migingSCC

as a monitohas two majodrawbacksFirst, it has lowspecificity, andthis limitation is particularly
relevant in small ruminants, especially goais.the SCC increases physiologically with parity and
lactationnumber Theother major drawbacis the difficulty of using this system to monitor mastitis

in dairy herds of noibovine speciedpr which clear reference values aneavailable.This has led

to the search for new markers with higher specificity sunthblity for easy measuremenfAmong

the most studied aréhe protein molecules produced by the infected host in the context of
inflammation and releasedtimemilk, which makes them directly and easily detectable by techniques
that exploit antigerantibody interaction (immunoassayijo provide a general overview of their
application in the different dairy species, garied out systematic review of the scientific literature
using the PRISMA (Preferred Reporting Items for Systematic Reviews and-Avialgsis)

guidelines.Based on 13 keywords combined into 42 searchesextracted 523 manuscrigt®m
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three scientific databaseAfter screening for duplicates and pertinenee, summarize the main
findings in33 selected articles for the different mark&khere available, we reported their results in
comparative tables, including sample selection criteria, marker values, gndstia performances
Finally, we reporedthe study limitations and bias assessment findinlgs third study addressed the
impact of mastitis on thealf gut microbiomeparticularly conceriing the impact otalf feeding with

waste milk(WM). The risks associated witlsingWM as a feed source for calves have recently been
highlighted. WM is a byproduct of the dairy sector that, due to its physicalemical,and
microbiological propertiesind the presence of antibiotic residues from the tmesit of lactating

cows, cannot be marketed for human consumption. This milk may be a resource for calf feeding
Although WM represents an economicaligivantageoualternative and offers a viable solution to

the environmentaldisposal of this product, it may present risks in terms of antibiotic resistance
selectionand may impairthe healthy development of the calf gut microbiota particular, the
administration of WM containing antimicrobial residues could contribute $electand maintan
resistant bacteria in the animal's gin. addition to presenting issues in terms of health and
management of the animals themselves, ¢bisld pose a public health risk: cakieby becoming
reservoirs of resistant bacteria, would contribute to the spread of these microorganisms through the
environmental release of their feces. The tgdessed the longitudinal effect of unpasteurized WM
containing residual cefalexmonohydr&e on calf intestinal health and fecal microbiota in aneéek

trial. The feeding trial included 12 male Holstein Friesian calves. A&tystrum which lasted3

days, 6 calves were fed waste milk (WM gragu)d 6 calves were fetbrmal bulktank milk (NM

group) for two weeks. At the end of this first phase, all calves were fed reconstituted whey powder
and starter feed, according to standard farm protocolanfithersix weeks. For the first two weeks,

and then every two weekstil the endof the trial, calves were monitored and weighed, ol

and swalsamples weretaken.Our results suggest that feeding-preaned calves with unpasteurized
WM containing antibiotics leads to significant changes in the fecal microbiota composition, further

discouraging this practice despite its sHertn economic advantages.
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Riassunto

La mastite e una dellgatologiedi maggior impatto economico nell'allevament loovini da latte.
Provoca gravi perdite quadjuantitative di latte, influisce negativamente sul benessere degli animali

e spesso portalalriformaprecoce degli animali o, nei casi piu estrem alb b a t.Colpiseen t o
tutti i tipi di allevamento, dawgllo tradizionale a quello intensivo, ma i danni maggiori si riscontrano
negli allevamenti con una gestione mirata a massimizzare la quantita e la qualita del latte, realta in
cui € necessario attuare piani di controllo per monitorare la situazioneentimnsin intervento il

piu tempestivo possibile. La mastite puo presentarsi in forme diverse, spesso dovute al diverso agente
causale; si distinguono due manifestazioni principali della malattia: una forma clinica, piu facile da
individuare e per la qualé sufficiente l'utilizzo di tecniche serguantitative o la semplice
valutazione visiva e tattile della mammella; e una forma subclinica, piu insidiosa in quanto non
presenta sintomi evidenti e rende necessaria la ricerca di indicatori direttamentie neblaiettivo

di questdavorodi tesie lamiglior comprensione della mastite nei ruminanti da latte, con particolare
attenzione alle recenti scoperte sui metodi di identificazione microbica, sui marcatori diagnostici della
mastite e sull'impatto del trattamento antibiotico intramammario dovuto alla peedemastite sul
microbioma intestinale. Il primo studio sif@calizzatosul miglioramento dell'identificazione degli
agenti eziologici, in particolare di quelli piu problematici come gli stafilococchianorus(NAS),

con l'applicazione della PCRFLP (Polymerase Chain Reactidtestriction Fragment Length
Polymorphism) e della spettrometria di massaMALDI-TOF (Matrix-Assisted Laser
Desorption/lonization Tim®©f Flight) per migliorard'identificazionedelle infezioni intramammarie

(IMI). E stata applida la spettrometria di massMALDI-TOF e la PCRRFLP gap a 204
stafilococchinonaureus(NAS), e mammaliicocciNASM) e a 57 streptococchi isolati dal latte di
pecore e capre con mastite per confrontare i rispettivi risultati e identificare potenziédinpreb
spiegazioni | risultati ottenutitramite le due tecniche, la spettrometria di magsd.DI -TOF ela
PCRRFLP, hanno rivelato un alto livello di accordo nell'identificazione dei NAS e degli
streptococchi piu diffusi che causano la mastite glecoli ruminanti Il secondo studicaveva
l'obiettivo di sintetizzare tutto il materiale presente in letteratlfiae dimigliorare la comprensione
dell'accuratezza diagnostica dei test immunologici basati su marcatori proteici per il rilevamento delle
mastiti mediante una revisione sistematicAttualmente, lo strumento piu utilizzato per |l
monitoraggio della mastite € la conta delle cellule somafle6€) un valore espresso come numero

di cellule per ml di latte; tuttavia, presenta due principafiait: non € un parametro con un'elevata
specificita e questa limitazione & particolarmente rilevante nei piccoli ruminanti, soprattutto nelle

capre, dove con l'avanzare della lattazione e del numero di parti, il numero di cellule somasghe (SC
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rilevate nel latte aumenta fisiologicamente. Un altro grande svantaggio € la difficolta di utilizzare
questo sistema per monitorare la mastite nelle mandrie da latte di specie non bovine, per le quali non
sono disponibili valori di riferimento chiari. Tutto cio partato alla ricerca di nuovi marcatori con
maggiore specificita e comunque caratterizzati da facilita di rilevazione: tra i piu studiati attualmente
ci sono le molecole proteiche prodotte dall'ospite infetto nel contesto dell'infiammazione e rilasciate
nel latte, il che le rende direttamente e facilmente rilevabili con tecniche che sfruttano l'interazione
antigeneanticorpo (immunoassay). Per fornire una panoramica generale della loro applicazione nelle
diverse specie da latte statasvoltauna revisioe sistematica della letteratura scientifica utilizzando

le linee guida PRISMA (Preferred Reporting Items for Systematic Reviews andAkiaigsis). Da

tre banche dati scientificreono stati estrat623 manoscritti, basati su 13 parole chiave combinate

in 42 ricercheSono statselezionatB3 articolie i risultati sono stati riportagier i diversi marcatori

sotto forma di tabelle comparative che includono i criteri di selezione dei campioni, i valori dei
marcatori e le prestazioni diagnostiche, ovealdpili. Infine, sono statriportai i limiti dello studio

e i risultati della valutazione del bidkterzo studio ha affrontato I'impatto della mastiterelat ad

altri aspetti come l'equilibrio del microbioma intestinale, in particoterealutatole conseguenze
del'utilizzo di latte di scarto (WM) ottenuto a seguito di trattamentcamammariacon antibiotico
perpresenza dinastite I WM € un sottoprodottoal settore lattieraaseario che, a causa delle sue
proprieta fisiche, chimiche e microbiologiche, nonché della presenza di residui di antibiotici derivanti
dal trattamento delle vacche in lattaziquey diversepatologie,tra cui la mastitenon puo esser
commercializzato per il consumo umano. Questo latteeggéraina risorsa per l'alimentazione dei
vitelli, ma sebbene rappresenti un'alternativa economicamente valida e offra una soluzione praticabile
allo smaltimento di questo prodotto nell'ambient&) presentare rischi in termini di selezione della
resistenza agli antibiotici. In particolare, la somministrazione di WM contenente residui antimicrobici
potrebbe contribuire alla selezione e al mantenimento di batteri resistenti nell'intestino dé#:anima
Questo, oltre aostituire unproblenain termini di salute e gestione degli animali stessi, potrebbe
rappresentare un rischio per la salute pubblica: i vitelli, diventando serbatoi di batteri resistenti,
contribuirebbero alla diffusione di questi naoganismi attraverso il rilascio ambientale delle proprie
feci. Lo studio condotto ha valutato I'effetto longitudinale del WM non pastorizzaitenente
residui dicefalessinamonoidratcsulla salute intestinale dei vitelli e sul microbiota fecale in una prova

di ottosettimanell trial ha compresa? vitelli maschi di razza Frisona Holstein. Dopo la colostea

durata 3 giorni, 6 vitelli sono stati alimentati con latte di scarto (@WyM) e 6 vitelli con latte di
vendita (gruppo NM) per due settimane. Al termine di questa prima fase, tutti i vitelli sono stati
alimentati corsiero dilatte in polvere ricostituito e manginpellettato (mangime startegeguendo

i protocolli standardlell'azienda, per altre sei settimane. Per le prime due settimane, e poi ogni due
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settimane per il resto della sperimentazione, i vitelli sono stati monitorati e pesati, e sono stati
prelevati campioni fecali e tamponi. | risultati suggeriscono che I'alea@ne dei vitellin pre-
svezzanentocon WM non pastorizzato contenente antibiotici porta a cambiamenti significativi nella
composizione del microbiota fecale, scoraggiando ulteriormente questa pratica nonostante i vantaggi

economici a breve termine.
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Introduction

Mastitis classification and definition

Mastitis due to intramammary infectiaiiMI) is a widespreadlisease in dairgattle andaccounts

for 38% of dairy cattle's total direct costs of other comnd@easeg$Radostitsetal., 2000) Mastitis
disease imlairy animaldgs significantlyimpactul, and its detection j®f highimportance Mastitis

may beresponsible for heavy economic losses due to reduced milk production (up to 70%), milk
waste after treatment (9%), the cost of veterinary services (7%), and premalting (14%)
(Radostitset al., 2000).In addition to heavymilk quality and quantity Isses, mastitis also causes
irreversible damage to udder tissue andnal culling(Pol et al, 2007). Mastitis may caus@ major
animal welfare problem as it is associated with pain, redwediebeingand behavioral changes in
affected animal§MedraneGalarzaetal., 2012)

Although mastitis is predominantly related tMl of bacterial origin, during the 2012 National
Magdtitis Council (NMC) meeting, the definition &1l providedin the International Dairy Federation
(FIL-IDF) Bulletin No. 448/2011 clarified how the two terms are not synonymous, assigning a precise
and different meaning to ea@RIL-IDF, 2011) Specificaly, IMI refers to infection of the mammary
gland and its associated anatomical structures, i.e., the tissue secreting and containing the alveoli used
for milk production.Mastitis is defined as an inflammatory condition that may affect one or more
udder quarters, predominantly due to the invasiopathogenic microorganisnfsopezBenavides

et al., 2012) A schematic representation of the development of mastitis in an infected udder is

represented in Figurk
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Figure 1: Development of mastitig ian infected udder (Reproduced from Viguier et al., 2009)
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In most casesmastitis is the consequence of IMIhatis, because of a bacterial infection of the
mammary gland the host's immune system develops a response that initiates an inflammatory process,

which in the specific case of thielder is called mastitigFigure?2).

Intramammary Infection

Mastitis

International Dairy
Federation definition

An infection occurring in the secretory
tissue and/or the ducts and tubules of
the mammary gland.

Diagnosis mainly Bacteriological culture of milk samples
by: obtained aseptically.

Inflammation of one or more quarters of the
mammary gland, almost always caused by infecting
microorganisms.

Subclinical: Measure of indicators of inflammation in
milk samples such as somatic cell count (SCC) or
California Mastitis Test (CMT).

Clinical: Visual observation of milk and/or physical
examination of the udder.

Figure 2: Definitions andcharacteristics of mastitis and INIReproduced frorRollin et al., 2015)

The onset of infection is almost always consequent to the penetration of bacteria within the teat and
mammary gland through the teat cafMastitis isa disease in which three factors interact: the host,

the pathogen, and the environm@vitDougalletal., 2M9) (Figure3).

MANAGEMENT PRACTICES,
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( e etc.
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* Microbe-microbe cross talks
¥ * Virulence factors
( « Triggering of pro- and anti-
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Figure 3: Factors that affect udder homeostasis and may promote the onb#tarid, thus mastitis
(Reproduced frorerakhshani et al., 2038
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The host's immune response plagswcialrole inprotecting the animal from developing an infection,
inflammation, andhe severity of the inflammatory proceSame phases of animal life, such as the
days after calving, are known to be characterized by a decreased immune response. Management anc
geneticfactors can also influence the immune competence of the arttmaronmental factors
significantly influence bacterid survival and proliferabn in the environment and the health status
of their host animals (Schroeder, 201anagement factorsncluding environmental hygiene or
milking practicescan significantly influence the microbial load and the microbial populatinriise

farm, increasing animal exposure to pathog&hs.tissue of the mammary gland is protected by two
defense systems, innaie nonspecific immunity and acquired or specific immurtityat interact to
provide protection fronmicroorganisms that cause mastitis. The inflammatory response to infection
allows mastitis to be classified into two types (Ruegg, 2011):

AClinical mastits (CM). characterized by a rapid evolution that causes the appearance of symptoms

both at the level of the mammary gland and, depending on the microorganism involved, at the
systemic level. The animal affected by this form of mastitis may present symptoansitef
(abnormalities in color, consistency, and smell, with flakes or clots in milk) or severe (heat, swelling
of theudder abnormal secretions, fever, and loss of appetéag)re Clinical mastitisis identified by

a qualitativequantitative worsening omilk, with which visible mammary gland changeasre
associated; the extent of these alterations allows us to distinguish three different types of clinical
cases. Mild forms are characterized by macroscopically altered milk secretion, fibrin clots and
frustues, watery consistency, and abnormal coloration. In cases of moderate severity, these
manifestations are accompanied by mild swelling and soreness of the infected quarter. Severe forms
are distinguished by a consistent reduction in milk production, aprtplete agalactia, with general
repercussions on the animal such as fever, loss of appetite, dehydration, and depression; this situation
can lead to the death of the animal. In1B% of cases, mastitis arises suddenly and is characterized

by a rapid cowse Rasheecttal., 2020.

ASubclinical mastitis (SCM)causesew symptoms of genergiresentment and thedderand milk

appear free of macroscopic alteratiol®CM does not show any signs of local or systemic
inflammation, as neither the udder nor its secretion is visibly altered. To detect thisf fiorastitis,

it is necessary to examimeilk compositionand the production thamay decreaswith the increase
of samatic cell count (SCCChenget al., 2020Q. This form is the most commoits prevalence is
estimated to be 15 to 40 times higher than clinically visidetitis

Clinical and subclinical mastiti#, poorly treated, may evolve into chronic forms with clinical signs
of persistent or recurrent character. Sinceattienals immune system can limit but not eliminate the

cause of the infection, the periodic appearance of an inflammatory response causesbiee
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damage to the mammary tisssegnificartly increasing the risk of cow reformatioBeni etal.,

2018. Another classification that distinguishes mastitis is based on the course of the disease: this,
according to the severity and duration ofeiction classifiesmastitisasacute or chronicSudden

onset characterizes acute mastitikile chronic mastitis is characterized by an inflammatory process
that can last several montfigasheeetal., 2020 andcan show clinicaflare-upsat irregular intervals
(Chengetal., 2020.

Bovine udder health indicators

Mastitisis the main cause of increased cell content in riilie cell typedound in milk and generally
defined asomatic cellfSCs)are mainly represented lepithelial cellsand leukocytes (white blood
cells). The latterinclude macrophages, lymphocyteand neutrophils (polymorphonuclear
granulocytes PMNSs). Neutrophils are the predominant cell type found in mammary tissues and
secretions during inflammatiomnd in mastitisthey constitute more than 90% tbfe total milk
leukocytesOnce at the site of infection, neutrophils phagocytize and kill the pathdgeasophils

exert their bactericidal effect through a respiratory burst that produces hydroxpyayeh radicals,

which are important components of the oxygmpendent killing mechanismAnother way
neutrophilsand other phagocytes and epithelial cedla disarm and kill extracellular pathogens is to
releaseextracellular traps (ETsINeutrophil extracellular traps (NETS) consist of a network of DNA,
histones, antimicrobial proteins, and proteinases, which trap and inactivate invading microorganisms
with no need fodirect contact or engulfment by the hodt ¢Bisanu et al., 2015)Macrophagesiso

play a central role in defdimg theudder As well as in the induction of the immune response in case

of bacterialinvasion they are responsible for the recruitment of neutrophils to the site of infection
and aconsequent cellular elevation in the milk secrefronzo et al., 2020 If neutrophils move
rapidly from the bloodstream and can eliminate the inflammatory stimuli (bacteria), then recruitment
of neutrophils ceases, and the SCC returns to ndewels. If bacteria can survive this immediate
host response, the inflammation continues, resulting in neutrophil migration between adjacent
mammary secretory cells toward the alveolar lumen. The duration and severity of the inflammatory
responsénas a mapr impact on the quantity and quality of milk produced. The effects of mastitis on
milk yield are highly variable and depend on the severity of the inflammation, the causative agents
and lesions produced, thefficacy of treatment, the production level, dathe stage of lactation.
Mastitis in early lactation causes a larger decrease in milk yield withtéyngeffects than mastitis

in late lactationSaunders, 2017B8CC s defined as the number of cells per milliliter of milk and is

an essential parametéor detecting the presence of IMI; a value above 200,000 roélisy

multiparous and 100,00@ells/ml in primipaous cowsmayindicate an initial inflammatory response.
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In addition to the diagnosis of mastitis in the individual dbwough milk analysis, cell counts
measured in bulk milk can provide useful information on the health of the entir¢Aleudsien et

al., 2018) TheSCC of bulk tank milkhas become a widely used test because it provigdakiable
indicator of udder health and milk qualaythe herd levelt is widely used to regulate whether milk

may be legally sold and to determine the price paid for raw miémRIim and penalty payments are
calculated based on an3onth geometric mean of weekly bulk milk tank SCC measurements. The
bulk tank milk SCC is extremely useful in creating awareness of the existence of a mastitis problem
so that when the SCC of bulk tamilk exceeds permissible limjtfurther herd investigatiors
indicated(Saunders, 2017A level below 200,000 cells/ml isegarded a®ptimal (Ruegg et al.,
2013).At the European level, the threshold of 40@,@élls/ml was imposed as tledigibility limit

for human consumption by Regulation (EC) No. 853/2004. S®BE€ determinedhat bulk milk
represents an average of the quality of milk produced on the farm, but even a few cows with high cell
counts can resulin high monthly variability. For this reason, Dairy Herd Improvement (DHI)
programs resort to the linear transformation®€C the secalled Linear Score (LS) is based on the
conversion of th&CC value to a logarithmic scalRuegg, 2003)SCCcan be oldinedby delivering

the milk sample to the laboratory, whengomated instruments analyzdndirectindicators nclude

SCCs using automated electronic counters,Ghaéfornia Mastitis Test GMT), increases irthe
electrical conductivity of milk, and increases in the activity of-asBociated enzymes (such as
NAGase) in milk. EnzymeLinked Immunosorbent AssafELISA) tests to detect neutrophil
components have been developed but are not commercially availathes®indirect tests, only the

CMT and electrical conductivity can be assessed directly in the field, with CMT providing a more
accurate screening test than electrical conductivity. The @Mially assessebé hickeningof milk

caused by DNA releasedin lysed neutrophilswvhich is directly proportional to the concentration

of leukocytegWhyte et al, 2005) Alterations in mastitic milk also affect the pH, which increases
from 6.6 to 6.9, and the conductivity of the milk. The change in electrolyte ctapois due to

higher concentrations of sodium and chlorine, which pass from the blood into the milk, and lower
levels of lactose and potassium. In automatic milking systems, conductivity sensors have been
introducedto measure the electrical conductivity of the sargulearly detection osubclinical
casesThe significant spread of robotic milking has led to a gradual improvement in the detection of
IMI and the development of biosensors to measure protein maakdrson-protein molecules
associated with mastitis. Inflammation markers are innovative diagnostic tools for the field, for which
rapid agglutination, immunofluorescence, or lateral flow immunochromatographic assays have also
been develope@nd are usefubr the laboratonalsg where they are detected by ELISA or western

immunoblotting.Among the most widely used enzymes for the diagnosis of mastitimctete
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dehydrogenase (LDH), ddcetytbetaD-glucosaminetest (NAGasg, and alkaline phosphatase
(ALP); among the nonenzymatic molecules, serum amyloid A (SAA), haptoglobin (Hp) and
cathelicidin(CATH) represent the main proteins involved in the inflammatory prqéetdis et al.,
2016) It is important to understand that these indirect tests detect thenpeesf inflammation

(subclinical mastitis) and not the presencéwif.
Mastitis epidemiology

The microorganisms responsible for bovine mastitis, depending on their nature and the number in
which they are present both in the environment and within the mammary gland, affect the immune
response of the host and the course of the inflammatory statattdr also depends on the state of
health, ageparity, and the lactatioistageof the animal Although more thama hundredrathogens

are known to be potentially involved in the infection procetaphylococci and streptococci are the
most frequentlysolatedGrampositive bactes, and Enterobacteriaceae are the most contaram
negative bacterialhey are generally classified into contagious and environmental species according

to theirprimary methodof transmissiorwithin the rerd (Schukken et al2012).

Causative agents

Mastitis-causing bcteria can genericallge classified as contagioug.§., Saphylococcusureus,
Sreptococcusagalactiae, Mycoplasmapp.) or environmentgbathogenge.g., Escherichia coli
Enterococcuspp., noraureusstaphylococciStreptococcus ubepigCheng et al., 2090Contagious
pathogens are usually transmitted during milking by infected milk as the reservoir is the animal; these
bacteria have high intrinsic pathogenicibytin most casesheycan be eradicated from the farm. In

the case of environmental pathogens, the reservoir snfieonment Theyare transmitted through
contact withdirt, mud, and manure; these microorganisms do not possess high intrinsic pathogenicity
but cannot be erackited. Generally, some bacteria are more likely to induce clinical forms, such as
S. uberis E. coli, Klebsiellaspp, and Pseudomonaspp, while otherbacteria inducesubclinical

forms, such as$s. agalactiaeand non-aureusstaphylococci{NAS); and other bacteria such asS.

aureus can induce both form&eéni et al., 2013

Etiology and pathogenesis

The pathogens causing mastitis can be divided into contagious, whose main reservoir is an infected

udder and environmental, mainly from a contaminated environifeni et al., 2018)Mastitis is
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a complex, multifactorial diseasdor pathogens to penate the mammary gland$ecome
establishedand cau® infection, many factors such as hygiene, climate, milking management,
nutrition, genetics,are involved(Rasheed et al., 20R0The environment and animals are rich in
microorganisms, and milk is an estlent substrate for bacterial growtho cause an infection, the
causative agent must overcome the host's specific and nonspecific defense mechanigms. F
reasonit is usually easier for causative agents to enter through the teat canal. Only rarely does entry
occur through the lymphatic or circulatory systems. ilost significanrisk for exposure occurs at

the time of milking, during which the teat canal remapen for milk release and widehannds
(sometimes selected for less milking time) may increase the risk of spontaneous milk loss and
incidence of mastitiéBeni et al., 2018)During milking, the transfer of causative agents can occur
between differenanimds or quarters of the samenimalthrough the milking machindHdygiene
management at this stage and particular the maintenance and cleaning of milking systems is
critical. Since the teat canal is the first line of defeagainstbacterial invasion, teatamageor
hyperkeratosis, i.e., the presence of a prominent smoathanse ring around the outer opening of

the teat canal, are risk factors for the occurrence of infe@Beni et al., 2018)The entanceof
bacteria into the mammary glanddee to their ability taovercome host defense mechanisms and
adhere to and/or invade epithelial or immune c@Rasheed et al., 20R0After penetrating and
colonizing glandulatissue, bacteria multiply and produce metabolites. The affected tissues release
inflammatory mediators that attract leukocytes, leading to an incre&&inrAmong other defense
mechanisms, the host produces components with bactericidal activity (e.g., lysozyme, lactoferrin,

peroxidase) as part of the innate immune resp(®eei et al., 2018).

Main Infectious Pathogens

Contagious microorganisms inclu@eagalactiae S. aureus and Mycoplasmaspp. The udderof
infected animalsepresent the primary resen®of infection, which may betransmitted between
infected andhealthyanimds or betweenquartes of the same animal through contaminated milk,
espea@lly during milking. At this stage, infectious agents from different soysgsh as milkers'
hands, materials used for teat cleaning, or milkygjeminers, enter the udder. The main procedures
to controlinfections form spreadimgthin the herd include a proper milking routine teat disinfection
at the beginning and end of milkirand proper cleaning and regular maintenance of the milking
system The segregation of infected animals into differentiated ggovhich aremilked last, their
eventual reformation, angarticular attention to preventing the introduction of infectious

microorganisms into the herd through the entry of new animals are essential in farm management.
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Since most infections with contag®umicroorganisms are contracted in the first two months of
lactation andare responsible for subclinical forms that persist until the end of lactation, the control
of contagious agents of primary importance

Streptococcus agalactiaie an important m&titis pathogen because of its highly contagious nature
and ability to degrade milk quality. Most infected cows show no overt signs of diseabeas
abnormaimilk but have highSCC decreased milk productipand a tendency to become chronic

S agalactiaeis a highly contagious bactam and obligate mammary pathogen capable of living
exclusively in the uddegiving rise to predominantl$$CM (Moroni etal., 2016).Oncethoseinfected

cows have beeidentified and segregated for treatment or, if necessary, elimination, bulk milk
sampes from the farm should be analyzed monthly until the infection is completely eradicated.
However, recent work has contradicted this premise by confirming that some sfii@i agalactiae

may have a molecular epidemiology similar to that of an environmental pathogen (Cobo et al., 2018).
Staphylococcus aureus responsible for causing the most common type of contagious mastitis in
dairy cattle. Udders of infected cattle are the most common source for new infelstibns
environmental sources do exist. These bacteria are also found on the skin of most cowtbend in
environmentwith another possible contamination soubegngflies. S. aureusis now considered the

most important infectious pathogen, whose proliferation is strongly linked to colonization and
invasion of the mammary glands with all contagious fans of mastitisthese bacteria are spread

from cow to cow primarily during milkinglue to contamination of the milking system mi | ker s
hands, commotowels,and other itemsS. aureusommonly produces chronic infections that persist
from one lactation to another despite dry cow therdpg. most common type &. aureusnfection

is SCM and its subsequent evolution into a chronic form, which can persist from one lactation to the
next and is characterized by the sporadic occurrence of clinical episodes; in the immediate
postpartum, cases of hyperacute gangrenous mastitis may occasionally occur. The bacteria damage
theuddertissue the resulting involution of secretory tissue, formabdscar tissue, and development

of abscesses, the rupture of which can cause infection in other areas of the mammary gland, can lead
to irreversible damag@etonetal., 2014).

Mycoplasmaspp. is a highly contagious but less common microorganism $haygalactiaeandS.
aureus.Among the species recognized as responsible foy MMbovisis the most pathogenic and

most frequently isolated, followed . alkalescenandM. arginini. M. bovisis considered the most
prevalent and clinically important mycoplasma species in dairy cattle that can also be readily
transmitted from cow to cow during milkingesides infected milk, anothé&nansmission routés
respiratory sincgulmonary forms and nsétis referable tdM. bovisoften coexist in the same herd

(Gioiaetal., 2021).A typical source of herd infection is purchased animals, especiallaotating
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heifers or cows subclinically infected with mycoplasnhafection of one or more animalsuseshe
endemic spread &fl. boviswithin the herdAfter calving, these animals may never develidy but

shed high levels of mycoplasma organisms in their milk or respiratory secréithrmigh inmost
subclinical caseshe milk appears macroscopically normal with an inconstant cellular elevation,
animals may develop acute forms with a tendency to become chronic; the early stages are
characterized by massive destruction of the mammary secreting epithelium, whichwedoliyp
widespread fibrosis of the mammary parenchyiarad extensive alveolar atrophyOutbreaks of
mycoplasma mastitis are often seen several weeks after an outbtieatespiratory disease in dairy
herds. Without spontaneous bacteriological recoveM, bovis mastitis is impossible to cure;

segregation andulling of infected individuals is the only solution for its eradication.

Main Environmental Pathogens

The environmental microorganisms are represented by streptococci, inclididgeris and S
dysgalactiaecoliforms and otheiGranmtnegative bacteria, such Bscoli, Klebsiellaspp.,Serratia

spp., Enterobacterspp., Proteusspp. andPseudomonaspp. Tley form the microfloraordinarly
present incattle housingespecially in fecessoil, and bedding. As the number of bacteria in the
housing environment increases or the animals' immune defenses decrease, the penetration of
pathogens into the teat canal, especially in the first few hours after milking when the sphincter is still
open causs the onset of subacute clinical mastitis, usually of short persistence. Frequently these
bacteria cause new infections during geriods or at calving, when sudden but temporary acute
clinical cases occur, often with spontaneous resolufiera result 6the emergence of certain strains

with contagious characteristics, believed to be responsible for sometimes persistent inf8ctions,
uberis and E. coli have become increasingly important among the causative agents of mastitis.
Strategies forcontrolling environmental pathogens focus on reducing the risk of infection by
enforcingstrict sanitation regulationdromker et al., 2014).Much of the focudor environmental
mastitiscontrolis on milking procedures in thmilking parlor and keeping cowdean and dry in the

barn as infection can occurngtime between and during milking. Housing, bedding, and other
surfaces incontactwith cows should beclean and dryto limit the number of mastitisausing

pat hogens in the cowbs environment.
Strepgococcusuberisis one of the most frequently cultured streptococci from bovine udders. Animals
become infected from environmenfahnts between milkings whethe teat endsn contactwith
surfaces contaminated with manure, soiled bedding, andSnudbeis is the most commoocause of

IMI contractedn the dry and prdresh periods. These bacteria may cause e@iewith abnormal
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milk, swelling of the gland, and fever &CM with no apparent signsS. uberisis a ubiquitous
microorganism capable aolonizing animals rd their environment. Infection is associateth

bedding hygiene annhilking routines whercontagious transmission between healthy and infected
individuals can occur. The clinical or subclinical outcortiee persistence of IMI, and &hhost
immune responseepend on the infecting strai8chukkeretal., 201).

Strepgococcusdysgalactiaeexhibits both contagious and environmental pathogbharacteristics

These bacteriaretransmitted primarily during milkingndcan exist innfected mammary glands
Othersourceof S dysgalactiaeare teatesiors and cattle tonsils, mouth, and vagifalysgalactiae

multiply at the teat orifice aneadly colonize teainjuries. These organisms can be conidlduring
lactation bymilking time hygieneandusually, these are rapidly resolving forms, where only 20%
become chroni¢Schukkeretal., 2011).

Escherichiacoli is a Gramnegativebacterum (coliform) commonly found in bedding, manure,
water, and soil that can cause Hifeeatening illneses. Most of these infectionsappenduring the

first two weeksbeforecalving through the first two months of lactation. Infections occur when the
teat el contacts contaminated material between milkiBggolimastitis is commonly transient and
associated with a rapid and intense inflammatory response in the cow,cahminccessfully clear

the infection without causing permanent damage to the mammary tissue. In severe clinical cases,
hypocalcemia may be seen, accompanied by anorexia, ruminal stasis, fever, debilitation, and
dehydration; endotoxic shock may leadite anmal's deathSometimes,ecurrenr persistent cases

can also be observed with alternating clinical and subclinical episodes associated with a significant
drop in milk production. Sincg. coliis present in cattle housing environments, the use of bedding
consisting of inorganic material, preferably sand that is always clean and dry, appears to be the best
solution to reduce the environmental bacterial load and, consequently, the exposure of teats to the
pathoger(Schukkeretal., 201).

Minor Pathogens and Opportunists

Non-aureusstaphylococci (NAS) are the major opportunistic type microorganisms in the bacterial
microbiotaof cattle, mainly located on the udder and teat,skid aredhe mostrequently isolated
from bovine milk sampledjepers eal., 2007; Sampimon et al., 2009; Mark et al., 2J0They are

a relevantauseof SCM in dairy herds that have successfully controlled major mastitis pathogens
such asS. aureus S uberis S agalactiae S. dysgalactiae and coliforms(Schukken eal., 2009)
Staphylococcushromogeness the most frequently isolated species from milk samples, followed by

S simulans S haemolyticusS. xylosusandS. epidermids (Vanderhaeghen et al., 201Ekological,
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epidemiologicaland virulence behavior, as well as the antimicrobial resistance profilegnreaty
between specied/énderhaeghen et al., 201Mpbrega et al., 20)8ndevenbetweenstrains of a

given speciesleroy et al., 2015; Piccaetal., 2016. Multiple studes demonstrate that NAS are the
most prevalent bacteria found on teat apices of lactating dairy @ewgigscher et al., 2014; Braem

et al., 2013)They are also frequently isolated from teat canal sampbgzofien et al., 2008These
resultssuggest that colonizatioof the teat apex and canailay act as a reservoir for NAS species
causing IMI. The importance of the teat canal as a barrier against bacterial invasion was sirpported
partby two recent studieshowingthat, collectively, NAS wre more frequently found in samples
obtainedrom quarter milking than those collected directly from the udder cistern or using the cannula
techniqugHiitio et al., 2016; Friman et al., 201 M.astitis due to these pathogens occurs because of
a drop in wider immune defenses, especially in primiparoaws at the beginning of lactation

(De Vliegheretal., 2013. In addition to a lowered immune system, other factors that may contribute
to the contamination of bulk milk atbe presence giossible issuem the milking system, as well

as inadequate udder preparation before or poor teat disinfection after milking operations.
Protothecaspp. are algae isolated from plants, soil, mud, ponds and standing water, manure, and
watea troughsand cancause mastitis in dairy animalBhese bacteria may cause acute or chronic
mastitis, and clinical signs may be apparent, or the infection may remain subclinical. Affected animals
may show decreased milk production and a watery mammary secretion with flakes and clots.
Infections can comerdm teat end contact with contaminated surfaces during milking or be
transferred from animal to animal at milkifgrotothecaspp. is a unicellular alga to which several
species belong, among whiBhbovis P. wickerhamiiandP. blaschkeaare those mostommonly
responsible for infections in animglRicchi et al., 2013) Recently, there has been an increase in
mild to moderate clinical cases, while acute forms are more sporadic. Since mastifsdtotneca

spp. does not spontaneously heal in eithetation or dryperiod,and is refractory to antibiotic

treatmentgculling of the infected animal often remains the only solution

Pathogen ldentification

The mcrobiological analysis of milk allowfor theisolation and identification ahastitis causative
agens. Themilk can be cultured as part of a herd examination for mastgisdividual quarter or
composite sample§omefarmsprefer quarter sampleg diy-off t to reducecostsasonly affected
guartersare treatedSaunders, 2017)Within a cow the four quarters are not independent in
relationship tdMI or subclinical mastitis; if one quarter is infectetlances are likelyhat one or

more of the remaining quarters are infected aetCM (Berry et al, 2006).Based on thiswhen
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treating subclinical IMI at drpff it makes more senst treatthe cow (i.e., all four quarters) and
notjust specific quartersA definition of aniMl i s O 1 oL FDdHod & al., 2011; Reyher et al.
2011).When collecting ik sampksfor culturing, strict attentionpaid to hygieneis important for
avoiding sample contaminatiomhe methodof cleaning the teas important If the teats are dirty,

they must be waskeand well dried, to preventvater from entering théeat end andontaminang

the milk sampleTeatends arausuallycleaned with gauze dipped in 70% alcofuslowed by teat
stripping Two or three strean milk areeliminatedbecause cell and bacterial couliitsly reflect

the microbial situation within the teat rather than within thdder With any delay between the
collection of samples and laboratory analysls®e specimens should be refrigerated or frozen.
Freezing milk amplesseemdo have variable effects on bacterial counts, depending on the bacteria.
TrueperellapyogenesandE. coli counts are decreased by freeziNg\S counts are increased, and
Streptococcuaind S. aureuscounts are either unaffected ionproved The laboratoryanalysisfor
pathogen isolation involves seeding milk samples onto culture raediean be timeonsuming and
expensive. Bod agar isthe most suitableculture medim and allows easy and rapid nobial
growth in 2448 hoursThe milk samplas considered contaminated when three or more species of
bacteria are isolated significantadvance in mastitis pathogen identificatigprovided bymatrix-
assisted laser desorpti@mization timeof-flight (MALDI-TOF) mass spectrometry (MSYIALDI -

TOF MS on isolatedbacterial colonies provideseliable genus andpecies informatiorand is
successfully applied to bacteria isolated from bovine miMonnemann et al.,2019).
Bacteriologically negative culture in cows wiitM is a diagnostic problenEven when milk samples

are collecteatorrectly, and bacteriologic culture is done usimgpropriatdaboratory methods, 15%

to 40% of samples frol@M episodegesult ashacteriologtally negative The negative resultef

these samples maye because o$pontaneous elimination of infection, a low concentration of
pathogens in the milk, intermittent shedding of the pathogen, intracellular location of the pathogens,
or the presence of inhibitory substances in the milk. When no bacterial pathogen céatdx fison
cases ofcM using standard culting techniques, ELISAsanbe used to detect antigens agatst
aureus, E. coli, Sdysgalactiae,and S. agalactiae Traditional methods are complemented by
molecular techniques based on nucleic aclde Polymerase Chain Reactiai?CR) has brought
important advantages tdentifying bacterial specieasit is possible to obtain accurate and reliable
results in a shorter tim&he test has potentially valuable advantagfegreatersensitivity and faster

time toproduce a definitive result. The major disadvantages are cost (typically more expensive than
routine milk culture), the inability to determine whether bacterial remnants detected by PCR in a milk
sample reflect the presence of viable bacteria, and tkefausceptibility testing result€urrently

PCR tests provide theiighestvalue in the routine testing of bulk tank milk for pathogarveillance
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andresearch studies related@ episodes with no bacterial growth on cult(iieane et al., 2013;
Hiiti6 et al., 2015; Koskinen et al. 2010; Taporetial. 2009; Cantekin et al., 2015).

Mastitis and economic impact

Althoughmastitis occurs sporadically in all speciesgetonomidmpact is highem dairy cattle and

may be one of the moskpensivaliseases in dairy herdBhe losses caused by mastitis at the dairy
industry level are estimated to be $2.Billion annually in the United Statesith oneout of three
cowsaffected by this diseag®lisra et al., 2018)It is also estimated that the incidence of e@th

in the US in the first 30 days of lactation costs about $444 to the fammiéz in Swedenit shows a
cost of ab(Rasheed étal9 202@comemc losses fall into several categories and can
be classified as follows:

- Direct lossescosts for drugs, veterinary services, discarded milk, additional care for sick animals
and in some severe caseslling or deattof the animal Beni et al.,2018.

- Indirect lossesdecreased milk production, decreased milk quality due to changes in its chemical
content, shorteproductivity duration and earlier dryout (Benil et al., 2018 Mastitis is further
associated with other problems, such as raptik disorders and decreased feed intake, which may
contribute taredu@dmilk production(Benil et al., 2013

There are additional costs such as antimicrobial residues in milk from treated cows, milk quality
control, dairy food manufacturinghe nutritional quality of milk, degrading of milk supplies caused

by high bacteribcountsor SCC, and interference with the genetic potential of some cows from early
involuntary culling because of chronic mastifRetrovski et al., 2006)The total annual ast of
mastitis in the dairy cattle population is estimated to be 10% of the total value of farm milK'sales
expensse of bovine mastitis can be divided into two main categopesduction losses and control
relatedcosts Economic losses due to mastitan be defined as a reductiarmilk production due

to this diseaselThe production and economic losses are usually divided into those associated with
subclinical and clinical mastitis.

Subclinical mastitis: For many cattle farm$&§CMis thought to be the most economically significant
type of mastitis because of the letegym effect of chronic infections on total milk yiglizooz et al.,
2020).Around 75% of the economic loss froBCM is attributable to lossfanilk productionand a
decreasén quality, compounded by the costs of treatment and early culliatal milk losses from
quarters affected bCM were estimated between 10% and 2&6%wer SCCs areorrelatedwith

higher milk productionand the average milk production in herds is expected to decrease by 190 kg

per unit increase in linear SCMost estimates indicate thain averagean affected cow is estimated
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to lose 15% of its production for lactation,daan affected quarter results in a 30% reduction in
productivity. In addition to these losses, there is an added loss of about 1% of total solids by changes
in composition Keduction of fat, casein, and lactose and increase of glycogen, whey proteindpH, a
chlorideg, which interferes wittproductionprocesses, and other losses include costs of treatment
and increased culling rates

Clinical mastitis: It leads to a marked decrease in milk productinich are mucHigherin early

than late lactatiofHagnestam et al., 200 Milk production losses are also greater for cows with
more than one lactation than for fitattation cowgHagnestam et al., 20p@nd could differwith
pathogen typeUsually, cases of clinicadbram-negative mastitis have more milk loss tHaram
positive cases and other cag8shukken et al., 2009CM also decreases the duration of lactation
and increases thmossibility of culling, and dinically affected quarters may not completely recover
milk production inthe followinglactations The costs ofCM in dairy herds have been estimated in
severakountries. Ira5-herd study in New York state in 2008achCM case cost $71 per ceyear,

with a mean cost per clinical episode of $179. The lagtitmationwas based on $115 for milk yield
loss, $14 for increased mortality, and $50 for treatrassbciated cosi®ar et al., 2008 Other
factors that affect the loss associated with mastitiside age (the loss lBghestin oldercows) and
when theCM occurs in the first 150 days of lactatiddM needs to be detected and treated by the
farm employeeswhich requires time and drugs and will result in further discarded milk due to drug
withdrawal time. Sometimes, more complicated mastitis issues may reguireterinarian's

intervention,another expense to consiqg@éghamohammadi et al., 2018)

Correlation between mastitisand antibiotic resistance

The abuse of antibiotics has led to the resistance of bacteria to drugs, and multidrug resistance has
become more prominenin 2014, the British government called for a meeting on global antibiotic
resistance and dhefollowingi mpact asses s meWihout(ationd éadingtpa 20 1.
reduction in resistancehd report's authostates that in 2050 approximately 10 roil people will

die from bacterial infections caused by bacteria aattimicrobial resistancéAMR). Boththehuman
andveterinary medicine sectomust assume responsibility and confine the development of resistance

to preserve antibiotics as an effeetiherapeutic measuiBesideghemain importangoal to reduce
antimicrobial usage AMU), the application of antibiotics with critical importance for human
medicine must be avoided whenever posgiKiémker et al 2017).Although microorganisms with

AMR currentlydo notrepresent aelevantissue in dairy farming, optimization of AMU is need#d.

has been suggested theting antimicrobial drugs in food animals could affect human health by
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increasing the risk of antimidoial residues or influencing the generation or selection of-drug
resistant food pathoger{§an and Gilbert, 2004)ln addition to the significant economic losses
associated with the disease, mastitis has serious zoonotic potential and has been asgbdiated w
increasing development and rapid emergence of multicesigtant strains global()fan and Gilbert,
2004 Pol et al., 200y Currently, antibiotics are the firihe treatment for bovine mastitis.
Antibiotics are becoming ineffective with increasing antibiotic resistance and the emergence of
resistant organismeand additionally there is theoblem of antibiotic residues, a pigthealth issue.
The increase in drugesistant strains has led iacreasedantibiotic use, which willcause
environmental pollution antihreaten human healfrlan et al., 2022)Generally, antibiotics used in
veterinary medicine are the same or veryilginto those used in human medicine. Tetracyclines
constitute the most widely used antimicrobial class in animals, followed by macrolides, penicillins,
sulfonamides, aminoglycosides, fluoroquinolonasd cephalosporingSchwarz et al., 2001 he
dairy sctor is characterized by lower use of antimicrobials than other livestock seotaegyitical
antibiotic molecules such as thirdnd fourthgeneration cephalosporimsay be usedBlanketdry

cow antibiotic therapyBDCT), the administration of antibiotic treatments to cows duringdtiye
periodtypically 45 to 60 dayscontinues to besedoby many farmersven though selective dry cow
therapy (SDCT) ismandatoryin dairy farming to reduce antimicrobial usagdew legishtion
introduced by the European Uniggstrictedand regulate the prophylactic and metaphylactic use of
antibioticsin January 202ZHuey et al 2021).BCDT is based on applying the drug animab s
udder along with a sealanto protect theudderfrom environmenrdl contact Resistance has been
found in Europe for major mastitis pathogens suck.a=li, S.uberis and S. aureugRicci et al.,
2017). Itis estimated that about 68% of antibiotics usethiry cattle farms are used to treat mastitis.
Specifically, 24% of antibiotic substances are administeredréatihgCM in lactating cows and
44% for therapy treatments duritite dry period (Kuipers et al., 201@8)astitis represents serious
problem for livestock farms, and the most rational therapeutic approach involvesansbigtics
specific to the pathogenghe timeliness of therapeutic intervention becomes criticahprove the
chances otherapeuticsuccessin animal husbandry, therapya$teninitiated before the laboratory
result. The indiscriminate use of antibiotics ckavor the emergence of resistant pathogenic strains
both in animals, with consequent diffities for their remediation, and in humans due to the passage
of thesebacteriahroughthefood of animal origir(Pesce et al2013) By law, diseased animals must
be treatedoroperlyto ensure animal welfar&he disadvantages of AMU include partly low cure
rates, residues in milk that coutduseresistanceandthe demandor alternative treatment (Gomes
& Henriques, 2016). Strategies foeducingAMU in dairy production can target either the new

infection control or the reduction in antibiotic therapy in sick animfageduce AMU in dairy cows,

29



it is crucial to avoid udder diseas@$e use of antimicrobials in dairy cows usually ocaurise.
Primarily, CM in lactating cows is mdgt treated by intramammary administration of antibiotic
ointments to the mammary gland cavity (local treatment). In severe cases of mastitis, antibiotics are
administeredsystemicallyalsa Secondlyjmplementinglocal antibiotic therapy on the day of dry

off has shown significant progressr@ducingmastitis and has enabled many dairy farms to eliminate
specific pathogens from the herd. To reduce AMU promptly and efficiently in dairy cows, it is
necessary to identifgossiblesolutiors for mastitis and drpff management. A multifactorial disease
process characterizes bovine mastitis; potential prophylactic meastade reducingnew
infections and pathogens transmissioropyimizing management standards, separation, and culling
decisions. Udder health management is a continuquecess forimprovement so further
enhancements may improvilie reduction in AMU gradually and contumousy. Increasing
immunocompetence is an option for the reduction in mastitis, as the clinical outcome of mastitis
depends in part on the immunological status of the individual cow. Researchers have been working
on effective vaccinefo preventbovine mastis, but developed vaccines, for example, agasst
aureusor E. coli IMI, produce only limited protection (Gomes & Henriques, 20E@ther research

in this area is promising.

Mastitis biomarkers

Mastitis due tdMI is aprevalentand costlydisease in dairy cowalthough SCC is the most widely

used mastitis detection system, it merely indicates the presence of a localized state of inflammation
Unless combined with a bacteriological testtherapeutic uses limited. Numerousdctors unrelated

to mastitis can influence the levels €sin milk, reducing its specificitysuch asreed, stage of
lactation, angarity (Bytyqi et al., 2010)The other major limitation ddCsis their lower specificity

in species other than cattléis possible to detect their values, but they are a less suitable parameter
for determining the presence of inflammatidorhe clinical evaluation of udder and mammary
secretions isgeneally combned with the milk SCCand frequently accompanied by its
bacteriological culture to identify the causative microorganfsweral norenzymatic milk proteins,
including milk amyloid A (MSAA), haptoglobin (HP), cathelicidin (CATH), and lactoferrin (LF),
hawe been investigated as alternative biomarkers of mastitis for their relationship with mammary
gland inflammationimmunoassaynethodshave been developed for detection with varying degrees
of successTwo important reasonsare driving research to develop new diagnostic techniques based
on easily exploitable biomarkers for the diagnosis of masititie first concerns the increasing need

for early diagnosisit is essential to detect the presence of inflammatpidly, esgcially when it

comes to subclinical mastitis. Thecrease in sheep and goat farms is the other factor driving the
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search for new biomarkerOver the past 50 yeatkedemand for sheep and goat dairy products has
more than doubled, and in line with tiend, increases of 2b6and 534, respectively, are expected

by 2030 (Pulina et al., 2018Jhis demand has consequently led to the change of the farming system
from smaltmedium farms to intensive systems, with all the implications thaetitasls including

the higher density of animals, milking machinesd increased stredglastitis is increasing, with

even more drastic losses: the economic damage related to the drop in production is msebengore

in these species because the amodinhitk produced is less than in cattle, andaddaibn the
technological damage is alsaore significantIn the presence of mastitis, lactose value decreases
and milk pH increases, hindering calcium activity during the clot formation process (De @lales

2020). Considering that almost all sheep and goat milk is processed, the economic losses in the
presence of mastitis are significant. To address this issue, the use of molecular biomarkers produced
by the host during the immune response and déteatamilk is becoming more widespread in recent
decades. These are mainly proteins synthesized by the mammary gland or other organs (such as the
liver) and then delivered to the mammary gland through the blood system due to the increased
permeability thathe bloodmammary membrane undergoes due to a state of inflammathese
proteinsdo not have enzymatic activities amdistoe measured witimmunoassayin this way, easy
to-prepare tests can be taken advantage of to develop rapid tests that caiedewadirectly on

the farm, such as lateral flow tests (immunochromatographic systems), without the need to use
expensive reagents or even ELISA tests to be carried out in the laboratory on frozen milk samples.
The key features that make these ragnostic techniques viable alternatives to classical SCC are:

- Specificity. the molecules detected are produced exclusively when mastitis is present and are not

influenced by other animailated factors, as is the case with SCC,;

- Releasekinetics in milk the proteins investigated are released immediately at the onset of the
animal's immune response and then disappear at the end of it. They are not present in "healthy" milk,
thus avoiding undesirable falpesitive phenomena,

- Resistancdo samplefreezing tests can be performed even on samples stored for several days

without altering the components of interest;
- Easily repeatable tes(dddis et al., 2017).
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Acute phase proteins and the innate immune response

Acute phaseeaction (APR) is the physiologicasponse to infections and injuries that involves local
inflammation and the initiation of events leading to a systemic response. This multiplicity of changes
is distant from the injury site. It includes feydeukocytosis, and the quantitative and qualitative
modification of a group of nestructural proteins present in the blood and other biological fluids,
collectively called acute phase proteins (APfeciliani et al., 2012). Duringhe inflammatory
processes of mastitis, the mammary gland is of particular interest since local APP synthesis is known
to be induced, and APP can also be present in milk where they might also exert effects on the offspring
(Ceciliani et al., 2012)Biomarkers of interestor mastitis detectiorare produced directly by the
diseased subject following stimulation of the immune syskathowing tissue damage or entry of a
pathogen, the body emits chemical signals that activate the immune system; firstofsigns
inflammationrubor (redness)tumor (swelling), calor (increased temperature), addlor (painful
sensation) develop locallyggether withHeukocytosis and cytokine production. Teiscalled acute
phaseprevents the spread of the pathogemttrer sites and simultaneously limtissue damage,
promoting the repair processreturn the body to a state of homeostasis. Following the initiation of
the acute phase response, cascading processes involving mediators of inflammation are activated,
which in turn cause localized vascular and systemic effects involving several organs, including the
liver. The latter, within hours, changes its biosynthetic pathwhggjnningto produce acutphase
proteins(Simon et al 2004) but a part of APPsaresynthesized by epithelial and endothelial cells
(Morrow et al., 1981) directly at the site of inflammatidre diagnose the presence of localized
inflammation, it is sufficient to detect the concentration of the protein of interest both at the single
organ evel and in the circulatiom the former is much higher than the latter, it will be a clear sign of
localized inflammation. In our specific case, a microorganism that manages to overcome the first
defense barriers, such esmtskin, and milk flow (Rosateal., 2014), ascends inside the mammary
gland where it finds theght conditions for its development and proliferation, thus establishing a true
infection resulting in mastitis. Depending on the microorganism, the infectiousalwdtheanimal's

health statusthere will be different types of mastitis (clinical, subcliniealdacute) No matter the

type, the first phase of the acute response will be characterized by increase@RH.protein
categories increase with the same istgnduring inflammatory phenomer(&ray et al., 2009)
(Figure 4). Thalefinition of "positive APPs" is based on this principlée term major denotes APPs

that increase their blood concentrations ky1000 compared to physiological values, moderatesthos
that increase-40-fold, and minor those APPs that increaye2-3-fold (O'Reilly et al., 2014). This

classification varies depending on the species under consideration
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Species Major (>10-fold increase) Moderate (1- to 10-fold increase)

Cat al-acid glycoprotein, serum amyloid A haptoglobin

Chicken none al-acid glycoprotein, ceruloplasmin, serum amyloid A, transferrin
Cow haptoglobin, serum amyloid A al-acid glycoprotein, C-reactive protein, fibrinogen
Dog C-reactive protein, serum amyloid A al-acid glycoprotein, ceruloplasmin, haptoglobin
Goat haptoglobin, serum amyloid A fibrinogen

Horse serum amyloid A fibrinogen, haptoglobin

Human C-reactive protein, serum amyloid A al-acid glycoprotein, fibrinogen, haptoglobin
Mouse haptoglobin, serum amyloid A, serum amyloid P C-reactive protein, fibrinogen

Nonhuman Primates C-reactive protein a2-macroglobulin, fibrinogen, serum amyloid A
Pig haptoglobin, serum amyloid A, major acute phase protein «l-acid glycoprotein

Rabbit haptoglobin, serum amyloid A al-acid glycoprotein, C-reactive protein, fibrinogen
Rat al-acid glycoprotein, a2-macroglobulin C-reactive protein, fibrinogen, haptoglobin

Sheep haptoglobin, serum amyloid A al-acid glycoprotein, C-reactive protein

Figure 4: Speciespecificity of major and moderate acute phase protéRepfoduced fronTray etal., 2009)

Although the common purpose of all APPs is to restore the body to a state of homeostasis as quickly
as possible, each possesses a different mechanism of &t#i@nis the description of the fomnost

frequently mentioad protein markers in scientific literature mastitis.

Milk Amyloid A

Amyloid A (MAA) is an acutephase protein synthesized by mammary gland epithelial cells; it is an
isoform of Serum amyloid A (SAA) synthesized by hepatocytes during the jplcase response: the
former is detected directly in milk, while the latter is fdysrimarily in blood and can be detected in
milk because oihcreased permeability of the blomdammary barriebut is less specific.

It is a major APP, as its levels increase i following inflammation and then quickly return to
barelydetectable values as soon as the cause is resolved (Taghdiri et al., 2018). MAA is synthesized
by epithelial cells, stimulated by mediators ofamfimation such as Interleukins (Brenaual., 2014)

or directly by bacterial components, for example, by lipoteichoic acid, a component of the wall of
Grampositive (Weber A. et al., 2006) or the lipopolysaccharfdBS) present in the membrane of
Gramnegativebacteria (Yu G.M. et al., 2017Although SAA in cattle had already been mentioned

in studies from the 1970%¢onlundet al., 2003), it was not until the early 2000s that the MAA
isoform was identified and subsequently considered as a biomarkbke foetection of mastitignd

MAA values depenanly on what is happening inside the mammary gland (Taghdiri et al., 2018).
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Haptoglobin

Haptoglobin(Hp) is also an acutphase protein that can be detected in nitéetof the Hp present
within the mammary gland is synthesized directly by leukocytes and epitheliallcadtntrastthe
remaining portiororiginates in the liveand reaches the sitef interest via the blodstream (Figure

5). As for the hepatic fraction, theynthesis mechanisnollows that of SAA. A localized
inflammatory process (in this case within the mammary gland) causes the production of pro
inflammatory cytokines that, at the hepatic level, induce an alteration of biosynthetic pathways
resulting in the productioaf Hp and release into the bloodstream, from which, once it reaches and
crosses the bloechammary barrier, it passes directly to the milk in which its presence can be
detected. Since itis a protein that is synthesized because of inflammatory stimulatiorusfkiads,

it is not considered a specific protein in the absolute Itecan beregarded aspecific for the
diagnosis of mastitis. Its increase detected directly in milk is a sign of localized inflamnaaithn

as mentioned earlier, part of Hp is synikhed directly within the mammary gland. As with MAA,

Hp synthesis is stimulatedybpro-inflammatory molecules antdacterial components, such as
lipopolysaccharid¢LPS) (Schmitz et al., 2004).

1. Blood or lymphatic capillary

2. Blood capillary
. @ Neutrophil
@ Lymphocyte
3. Udder/vascular system barrier Mammary gland = Haptoglobin

Figure 5: Different origirs of haptoglobin. Some of it isreesized in the liver and carried into the mammary gland
through the bloodstream (2), somee synthesized directly by epithelial cells (4), and finalyortion is produced
directly by leukocytes milk (5)(Reproduced from Lai et al., 2009)

Cathelicidin

Cathelicidin(CATH) is another protein widely studied as a marker of mastitis. Not belonging to the
APP family, it is a protein involved in the innate immune response phasefiGpigciit is a family
of cationic peptides that exert antimicrobial activity not onlyGrampositiveand Gramnegative
but also on many types of vi rThepeimaryamndicrobial n g i

function of CATH is due to its ability to interfere with the pathogen's cell membrane structure (Agier
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et al, 2015) through several mechanisimsludingacarpet modelnvolving the adhesion of multiple
peptides at a specific point on the pathogen's membrane, causing structural disdgpéiagent
modelin which peptides act as a solvent towards the membbamesl-stave modethrough which

CATH causes th&ormation of pores on the bacterial/viral surface (Fig))re

o0 tﬁ» R — i
T e VM

a) Carpet Model b) Detergent Model ¢) Barrel-Stave Model

Figure 6: Main mechanisms of broagectrum action of cathelicidifRéproduced fronYoungSpeirs M. et al., 2018)

Eight cathelicidins have been identified in cattle (Yo8peirs et al., 2018), five of which (Cath 1,
Cath 2, Cath 3, Cath, and Cath 7) have also been identified in the goat species (Zhang et al., 2014).
In 2011, one study reported a difference GATH levels depending on the causative agent,
hypothesizing that different microorganisms stimulated the synthesis of this peptide differently
(Smolenski et al., 2011)Another study confirmed this theory, pointing out that different
microorganisms cause diffant elevation of CATH levels but do not impair mastitis detection
activity.We will have bacteria capable of stimulating gre&@AMH synthesis, such & agalactiae

and those that cause less elevation of values, such as NAS (Addis et al., \RO&n).first
encountering the pathogen, CATH can be produced by mammary alveolar epitheliaTloislls

phenomenon makes it an early and specific marker of mastitis (Cubeddu et al., 2017).

Lactoferrin

Although lactoferrinfLF) is not an acut@haseprotein, some authors consider it to be sgoren its
characteristic of increasing exponentially during an inflammatory state (Kanyshkova et al.| F001).
in milk was found to be one such reliable biomarketHediagnosis o5CM (Sadek et al 2016).It

is a glycoprotein belonging to the transferrin family and is present in several bodyifiaidding
milk. It is synthesized bdifferentcells, mainly by neutrophils, in which it is stored within granules
called "secondary" (Adlerova et al., 2008)dain the case of our interest, by cells of the mammary
epithelium (Masson et al., 1962} has been associated witbverabiological functionsincluding
inhibition of several microorganisms, transport of ironmmune modulation, enhancing cell

differentiation and regulation of several other cell functigBsock et al, 2002).

35



Matrix -Assisted Laser Desorption/lonization TimeOf-Flight Mass Spectrometry
(MALDI -TOF MS)

In recent yearsSMALDI -TOF MS (MatrixAssisted LaseDesorption/lonization Tim®©f-Flight

Mass Spectrometry) techniqueas become a reference method for the routine identification of
bacterial isolates in clinical microbiology laboratories around the world. Its high specificity, ease of
use, and costfficiency, together with its ability to provide reliable results irslésgan 5 minutes

have favored its implementation and further development (©Ov& al., 2021)This technique can
analyzedifferent samples, such as solutions of organic molecules, nucleic acids, proteins, and whole
microorganisms. The latter two applicas are, at present, the most widely used in microbiology
(Brunelli, 2016); contemporaryscientific publications propose its use for the identification of
pathogens directly from the clinical specimen and rapid screening of some mechanisms of antibiotic
resistance (methicillin resistance; vancomycin resistance; extenged c t rlactamaséd
production).MALDI -TOF MS is a phenotypic technique that relies on the protein "fingerprint" of
the bacterium obtained by mass spectrometry and is currently ableuratety identify at the
species level, mogrampositive andGramnegative bacterighis technique is also used and quite
accurate for the identification of yeasts, while for fungi (filamentous and dermatophytes) specific
standardized procedures arguiged.One of the main advantageskits use is the reduction of the

time required for identification from 248 hours to less than an hour (Croxatto et al., 20 9)is

an analytical technique that is used both for the identification of molecules and for quantitative
determinations of known compoundihe principle on which it is based is the ability to separate a
mixture of ions according to their magscharge (m/gratio (Brunelli, 2016). This technigue has
been used for decades in chemisitryvas not until 1975 that two researchers, Anhalt and Fenselau,
proposed using it for bacterial identification due to the uniqueness of the mass spectra of each
bacterium atwing identification at the genus and species level and having potential for strain
identification as well. MALDITOF MS was developed in 1987 by Hillenkamp, Karas, and Tanaka
(Cembrola, 2005)The development and commercialization of spectrometers vbtlst@and easy

to-use platforms hee increasedhe uptake of this technology in many microbiology laboratories
(Brunelli, 2016).

A mass spectrometer consists of three functional units:

- An ionization chamber with a laser source (Brunelli, 2016) for iolmzadnd transfer of sample

molecules into the gas phase (Croxatto et al., 2011);
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- A time-of-flight (TOF) analyzer that separates ions based on the m/z ratio (MALDI generates mainly
singlecharge ions;, it can generate spectra with more proteins than dieosed from other
techniques);

- A detectorof the separated ions (Croxatto et al., 2011).

MALDI -TOF MS can be used to analyze intact proteiith theformationof small fragments, and

it is this propertythat makes it suitable for detecting protein mass spectra of whole organisms
(Brunelli, 2016). In the analysis, the sample is mixed with a matrix that determines its crystallization;
the latter is composed of small acid molecules with strong optical absarptimwavelength range

of the laser used (e.g., 261 hy dr o x y b e n z ecyane4-hydroxgcinfamiela@iyi (CHQA),
sinapinic acid (SA), ferulic acid (FA), 2fydroxy-phenylbenzoic acid) (Croxatto et al., 2011). The
choice ofthematrix is also inflenced by its easd sublimation (direct transition from solid to vapor
state) andntenseabsorbance at tHaser wavelengtfBrunelli, 2016).

Generally, microorganisms can be analyzed by MAIIF without pretreatment, and only in the

case of some mor@sistant ones are strong organic acids and/or alcohols added in the pretreatment
steps; in other cases (e.g., Actinomyces) specific pretreatment or protein extraction procedures can
be used(Bizzini et al, 2011).In all casesfollowing the correct procagdes and manufacturer's
recommendations is essentialachieve accurate identification (Croxatto et al., 200he of the

most widely used practical approaches is to take fresh colonies of bacterial isolatésefeqar
medium (after 184 h of growthat 37°C) with a sterile tip and spread a thin film on one spot of the
"target plate"; the microbial film is then coated with a matrix (typically1 5 €L of CHCA i
OS solution (500 L acetonitril e + oditheBrukel Wat
instrument), which can act as a proton source for ionization of the analyte under test. In case the
identification yield is to be increased, 70% Formic Acid can be added before the addition of the
matrix, while in case the direct applicatiprocedure does not work, a protein extraction step with
ethanolacetonitrile can be performed. The samplatrix mixture is allowed to dry at room
temperature for about 10 minutes and then introduced into MAILDHK for data acquisition, which

is processethy the software and the spectra are compared with reference libraries (Croxatto et al.,
2011).Whenthe targeplate is placed inside the mass spectromiter bombarded at several points

per spot by short laser pulses, usually nitrogen (Croxatto, &0dl1); the laser frequency is low and
ranges from 10 Hz to 1 KHF{gure 7.
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Figure 7: Technical description of MALEIIOF MS Reproduced fronCroxatto et al., 2011)

The matrix protectsthe molecules from the laser, preventing them from being hit directly and
facilitatingvaporization and ionization. On the targéitte, in addition to the samples to be analyzed,
Bacterial Test Standard (BTS) asntrol is also deposited and undeggothe same treatment
(Brunelli, 2016). Laser irradiation results in vibrational excitation of the matrix and ejection
(desorption) of analyte molecules surrounded by groups of matrix moleeuaés:, and ions.
Subsequently, the matrix molecules transfer pretto the analyte, and thus positively charged
analyte cations occur in the gas phase. These are then accelerated through an electric field inside the
ionization chamber at a rate that depends on the m/z ratio. Next, the particles enter the analyzer
arriving atthe detector, which measures thitiravel time (time of flight). Based on the time of

flight, the m/z ratio of each particle can be determjragdl from therea mass spectrum of the
analyzed sample is generated (Brunelli, 2016). Smaller, charged ions travel faster than larger, less
charged ions;, the TOF required to reach the detector dependssantpke's mass (m) and charge

(z) and is proportional to the sgre root of m/z. The mass spectrum formed depends on both the m/z
and the intensity of the ions (no. ions with specific m/z that reached the detectot)eaedult
consists of peaks ranging from 1000 to 20,000 m/z. The resulting spectrum is thenecbwifaa
database for species or genus identification (Croxatto et al., 2Zl¥d yesulting data are collected

and processed by special software that generates peptide spadtcharacteristic profiles of
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bacterial cells; each microorganism has itcgmespectrum (“fingerprint spectrum™) with different
peaks corresponding to soluble proteins present in high amounts, such as ribosomalsimackeat
proteins. he spectrum is compared to identify the sample under anabisigspeciic algorithms,

with known spectra contained within databases (reference strains or strains identified with high
confidence) (Brunelli, 2016). In summary, the MALIDOF mass spectrometer identifieacteria
usingthe mass spectrum of highly abundant proteins, mainly ribdsprogeins, which generate a
“fingerprint” typical of the bacterium. This "fingerprint” is used to query a database, the spectra
“library," to find its perfect matclSpecies identification by MALDTOF has very high reliability,

but it is essential to hava good databaskn fact, if the spectrum is not in the library, identification

iIs not possibleso the completeness and quality of the library are crucial for better identification
(Croxatto et al., 2011 Data acquisition is controlled usiidaldi Bio-typer MBT) Compass IVD
software: the spectrum of the sample under analysis is transformed into a list of peaks, which is
compared with lists of peaks of reference organisms in the reference library database using a
biostatistics algorithm and finallya log (score) between 0.000 and 3.0000 is generated. The higher
the log, the greater the degree of similarity between the pattern of unknown peaks and the list of peaks
in the reference library database. A log greater than or equal to 2.000 is conawt=e@ble for
speciedevel identification, while in the case atog less than 2.000, samples can be processed with

an alternative sample procedure and the analysis repeated. The log ranges defined by MBT Compass
IVD reflect the probability of organisndentification; the results should be reviewed bgliaical
microbiologist and the final identification should be based on all available relevant information
[BRUKER© MALDI BioTyper brochure, RUO (https://www.bruker.com/en/produetsd
solutions/microbi@gy-and-diagnostics/microbiaidentification/maldibiotypekrlibrary-ruo.htm)]

(Figure 8)

Range Description Symbols |Color
2.300 ... 3.000 | highly probable species identification (+++) green
2.000 ... 2.299 | secure genus identification, probable (++) green

species identification
1.700 ... 1.999 probable genus identification (+) yellow

Figure 8:Log score rangeMALDI Biotyper Compass 1VD
(Reproduced frorttps://www3.ha.org.hk/haconvention/hac2015/proceedings/downloads/PSg.6.pdf

One problem in using MALDITOF is the reproducibility of the spectiidhese can be different within
the same bacterial species depending orstitaén or theconditions under which the bacterium has

multiplied; reproducibility depends on several factors, including the instrument, the matrix used, the
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age of the colony, the sgle/matrix ratio, the sample concentration, the culture medium, and the
growth conditionsSeveral studies have shown that peaks are also present that are conserved under
different experimental conditions, including ribosomal proteins, which can be sd@dmaarkers.

To improvereproducibility,diagnostic laboratories ne#al establish a standard sample preparation,
from matrix choice to concentrations and crystallization conditions (Croxatto et al., ROdéneral,
excellent results have been demoatstd for bacterial identification by MALBTOF MS: many

studies have shown that most bacterial grolgrggrobacteriaceaeGramnegative nonfermenting
bacteria, staphylococci, and hemolytic streptococci) have been correctly identified at the species level
(Seng et a).2009), and for staphylococci, the use of MALDIOF MS has brought the great
advantage of quickly recognizing. aureusand someNAS (Croxatto et al., 2011)Vhen using

MALDI -TOF MS, appropriate maintenance and quality control in identificati@re crucial
Performance can be checked by testing known bacterial strains whose spectra are available in the
databasethese routine internal quality checks can be don&.ocoli ATCC 25922 orS. aureus

ATCC 25923 and retained peaks with intensitiebose 200 are defined. If the results are
compromised by technical problems or poor maintenance, the instrument can be recalibrated using
BTS to identify and resolve them; this consists of lyophilized extrades obliand two additional
proteins(RNAse A and myoglobin), which show peaks at 13 683 and 16 952 m/z, respectively
(Croxatto et a] 2011). Other problems may result from inadequate sample deposition on the target
poor cleaning of the targeand thecleanliness of the laser sour&eveal studies have compared the
performance of MALDITOF MS with conventional methods and have shown that this technique has
high accuracy for most microbial identifications and is performed the same or better than
conventional techniques. The most obvioufedences are observed sample identification's
estimated time and costhe cost of bacterial identification by MALBIOF MS has been estimated
tobeonlyl”32 % (about U 1.43/sample) of the costs
a B.2Fample) (Seng et al. 2009). Tinstrument's purchase pricehigh, but the operating costs
areconsiderablylower than those of conventional identification methods. MAIIIMF MS allows

a significant gain in both technician's work time ¢prealytical pocedure to prepare samples) and
delivery time (automated analytical procedure to obtain results). The time required for bacterial
identification from intact cells is-8.5 min compared to-88 h for conventional identificatioras
estimated by Seng et 42009), and the time advantage is even more pronounced when multiple
isolates are analyzed in parallel (Croxatto et al., 204rigther advantage of using MALBEIIOF MS

is related to the problem of the increase in multieiegjstant organisms and the iresed need to
provide appropriate and rapid antimicrobial therapies; using conventional identification methods

takes a long time to identify the optimal therapy, whereas using this innovative tool reduces the
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organism identification time by 1.5 days, ths allowing for a more immediate response
(Beganovic et al., 201 ¥lek et al., 2012

Polymerase chain reactiorrestriction fragment length polymorphism (PCR-
RFLP)

The polymerase chain reactiosstriction fragment length polymorphism (P&RLP) technique is
based on the digestion of PCR amplicons with appropriate restriction enzyrhasetdistinct
polymorphic fragments used as markers for species identifig@€ionet al, 2017).PCRRFLP is a
fastand easy way to detect codon mutations basednaiternative restriction enzym@&E) site
caused by a codon mutation @ig et al.,2015).The PCRRFLP designed by Botstein et a. also
known asacleaved amplified polymorphic sequentethis technique, a PCR amplicon is treated by
a certain RE that cuts the DNA in a unique restriction safledthe recognition site, tproduce
several DNA fragments idifferent sizes(Hashim et al., 2019)The digested amplicons atleen
loadedinto a gel, and an electric field is appli@here he differently sized bands will move at
variable distances across the g@Panneerchelvam et al., 2003)CRRFLP identifies minor
variations in a gene where a singlase substitution creates or abolishescagnition site for th®E
(Hashim and Al Shuhaib, 2019)The mosipotentaspect of PCHRFLP is itsease becauseaan be
performed withousignificantexperience in molecular biologRespite thesimplicity of use and
extremeeaseof PCRRFLP, it islimited only to the recognition site of RE, and other sequences are
ignored unless double digestion is used with another RE

Consequentlythe main limitations of PCIRFLP are thenecessityfor specific RE and the difficulty

of identifying the exact variationf iseveral single nucleotide polymorphisms are being targeted
simultaneouslyHashim et a] 2019).Mixing two enzymes in one reacti@an partially solve this
problem(Shirasawa et al2016).Regarding digestion, there amdditionalcomplications because of
the different types of cofactors and the concentrations needed for each RE to undertake its scheduled
task of standardized digestiRasmussen et al., 2011). Atidnally the higher costsfd®CRRFLP
resulting from the higher costs of double or triple digesdidaanother inevitable limitatio(Hashim

et al., 2019).

The gut microbiome

The intestinal tract of mammals is colonized by a lgygpulationof microorganismsincluding
bacteriathat live in symbiosis with the entire organism and colonizes specific tracts. This population

is called the intestinal microbiota and varies in contmrsdependingon many factorsincluding

41



theanimal's dietthe substrate derived from it, and the pH present in the intestinalindittecently,

the microbiota was defined as "the collection of multiple species of microorganisms living in a
particdar ecological niche, such as soil, seawater, or an animal's digestive system, interacting with
each other, the surrounding environment, and their eventual host; it is a complex system, the structure
of which is continually influenced by variation in cheli physical, and biological factors" (Little

et al., 2008; Konopka et al., 2009); whilee microbiome was defined as "the complex of genomes

of all microorganisms present in a microbiota" (Cryan et al., 2012; Ursell et al., 2012). According to
a proposkby Marchesi and Ravel in an editorial in the journal "Microbiome," these terms take on a
somewhat more articulated rolehe term microbiota defines the set of microorganisms present in an
environment, but these are described and defined using moleeettaods that rely primarily on the
analysis of 16s rRNA genes, 18s rRNA geme®ther marker genes or genomic regions. Taxonomic
levels of the microbiota are assigned uswagioustools that assign a "microbial taxon" (bacteria,
archaeaor lower eukargtes) to each sequence at different taxonomic levels ranging from phylum to
species

The microbiomes defined as the habitat in which microorganisms (bacteria, archalearyotes,

and viruses) live, as well as their genes and surrounding environmental conditions. As reported in the
editorial, "this definition is based on that of biome, i.e., the biotic and abiotic factors of given
environments.'Others in thesectorlimit the defintion of the microbiome to all genes and genomes
belonging to a microbiotdnstead it is argued that it is the definition of the metagenome, which in

combination with the environmerdonstitutes the microbiom@®larchesi and Ravel, 2015).

The indices ofdiversity: Alpha- and Betadiversity

Biodiversity is theearth's variety of plant, animal, or microbial speciélse unit used to define
biodiversity is the species, which is the set of individuals able to exchange genetic material with each
otherthat will be passed on to future generations. Biodiversity can be measured on multiple levels,
such as population or community, and can be distinguished into three different compafadiets

et al., 2020)

- Alpha Diversity diversity thatconsidershe number of species present in a small, uniform, area

such as the fecal microbiota of an animal;
- Beta Diversity diversity that describes how diversity varies from one habitat to anstletras the
gut microbiotachangng from one animal to another;

- Gamma Diversitydiversity thatconsiderghe species present in a region, defined as an area that

does not include significant barriersthe dispersal of organisms.
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Multiple methodshave been used to quantify biological dsity. Two main approaches have been

used to measure the diversity of a sample, richness (richness) and evenness (evenness). The concey
of richness defines the number of different types of organisms present in a community; "species
richness" then defingbe number of species pres@ameachbiological niche Species richness does

not consider the number of individuals belonging to each spamwiediversity depends not only on
richnessbut also on evenness (evenness). Evensesssociatedith theuniformity of thedifferent

species sizeEvennessmeasureghe relative abundance of the different species that make up a
community (Figure9). Generally when richness and evenness inceeaBversity also increases
(Bo-Ra et al., 2017).

Microbiome diversity: alpha diversity
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Low richness Low richness High richness High richness
3 types fruit 3 types fruit 7 types fruit 7 types fruit
Low evenness High evenness Low evenness High evenness
Lots of (common) types  Similar abundance of Lots of (common) types Similar abundance of
Few of (rare) types each type Few of (rare) types each type
Finotello, Briefings Bioinformatics, 2016, 1-14 1411 1 8 KING'S HEALTH PARTNERS

Figure 9: Alpha diversity metrics can look #terichness, evenness, or both within a sample
(Reproduced fromonference presentatidfinotello et al.,2016

Below aresome statistical indices used to quantify biodiversity-f&oet al., 2017; Colla et al.,
2014):

- Observed OTUsIndex of diversitybased on the number of operational taxonomic units (OTUS)

observedn eachsample. An OTU is simply the group of organisiimst are being studied at a given

time; it is an index of richness;

- Observed Specie®iversity index that is based on the richness in terms of species present in a
sample;

- Chaol Richness index that is based on abundance, i.e., to the nunmeivimfuals belonging to a

given class in a sample, giving greater weight to low abundance species;

- ACE: Non-parametric diversity index that is used to estimate the number of species and thus the
richness (in the sense of species density) of a given Ilsarapes highly abundant species

(presence/absence) and low abundant species (exact frequencies);
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- Fisher AlphaDiversity index that describes the relationship between the number of species and the
number of individuals of that species;

- ShannonDiversty index that considers both richness and evenness of the species present, giving
greater weight to the former;

- Simpson Diversity index that considers both richness and evenness of the species present, giving
greater weight to the latter;

- Equitability: Index of diversity that expresses the degree of homogeneity with which individual

microorganisms are distributed among the various species that make up a community.

Methods for studying the microbiome

To define a microbial community, it is importantdwell on the level of investigation:

- Molecular;

- Cellular;

- Multicellular (organism);

- Population;

- Community.

Each level, in general, depends on those below, but any level takbaracteristicthat cannot be
deduced from the analysis of individual components since they are due t@ribes levels'
interactions These characteristics are biologically essémtiathe functioning of the systenfror
examplecertain organic substances are degrdnjedifferent microbial populations where individual
species alone cannot carry out the entire degradation pr&pes#ic analytical tools are needex
investigateeach level of biological complexity eteven thoughmicrobial species are of considerable
importance, longime studieswere based on laboratory methods that depended on bacterial
cultivation At the same tim it is known that most environmental micrganisms cannot be
cultivated by traditional methodssually used in the laboratoryCultureiindependent molecular
techniqus have been developed and applied to study microbial diversity. These new methods have
complemented classical methods, such as pldtare or analysis of the metabolic characteristics of
microbial isolates in culture, enabling greater awareness of microbial divergigneralfechniqus

for analyzing microbial communities can be classified into:

- Conventional methods, whicdmalyze the phenotypic characteristics of microorganisms through
techniques based on their cultivation, such as enrichment for specific metabolic activities or isolation
based on selective culture media

- Molecular methods, which allotihe analysis of geetic characteristics
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Specifically, speaking of genetic studies, we resort to the analyspgeoificgenetic "markers" that
allow us to distinguishhie various individuals in the communities taxonomicatiyill enableus to
highlight the presence of rabolic activities. In this regard, it is possible to divide these techniques
into two groups, namely:

- Techniques based on amplification B¢R;

- Biochemical techniques, which are independent of amplification by PCR.

Amplification-based techniques incaanalyzing the microbiota by amplifying and sequendi6§

DNA (Fakruddin et al., 2013; Sarangi et al., 2019).

16S DNAsequencing for the study of the microbiota

The 16S rRNA gene is a gene consistingten conserved andine hypervariable regions thatre

present in all bacteri@Figure 10) Because of the restrictions to which the structure of rRNA is
subjected, as a consequence of the fact that it must assume a defined secondary structure and mus
interact with several proies to form a functional ribosome, the rate of sequence variation of genes
encoding for rRNA is far lower than that of other gende¢se et al., 1977 and Dallago et al., 2015
Consequentlyit is possible to identify phylogenetic relationships over hexggutionary distances.

This typeof gene functions as a molecular clock and allows accurate determinations of phylogenetic
distances. The information contained in rRNAs (such as the 16S rRNA) means that sequencing the
genes (rDNAs) codindor these macromolecules allows genetically based identification of genera
and species, even in the case of bacteria that are difficult to clagsify these procedures and
molecular sequencing, it is possiblesiudy different bacterial communities idifferent habitats.

This technique allows us to simultaneously analyze a community of microorgaaisiidentify a

single microorganism that is part of the community. In this way, it is possible to study the taxonomy

of the microbiota and hypothesize figctions(Woese et al., 1977).

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 bp

unspecific applications
VARIABLE REGIONS: group or species-specific applications

Figure 10: Schematic digram of the subdivision of hypervariable regions within the 16S rRNA gene sequence
(Reproduced from https://biology.stackexchange.com/questions/5482-8ausaisthe-variable-conserveestructure
in-the-16srrna-gene)

The intestinal microbiota of the calf

The gut microbiota plays a fundamental roleeirery animal's lifeit allows it to contribute to the

state of wellbeing, ensuringhe perfect functioning of the digestive systeinet is one of the main
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factors influencing the composition of the gut microbiota and can also play an importamt role
changes observed over tinrethe ruminal microbiome of newborn calves (Malmuthuge N. et al.,
2015). The microbiota contributes to fm@per functioning and health of the gastrointestinal tract by
influencing nutrient absorptiorhe efficiency of nutrient utilization, anthe subsequent growth of
animals (Malmuthuge N. et al., 2017).

Microbial colonization of the gut

The gastrointestinal traalevelopmentin neonatal humans and animals is a dynamic process
influenced bymany factors such agenetis, environmentgl nutritional and the concomitant
development of the intestinal microbial communitiegure 11) This isalsoaccuratdor ruminants,

where the first month of life imiorechallenging as the rumen is less develo@edin et al., 2021)
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Figure 11: Factors that influence the initial establishment and development of microbial communities throughout the
gastrointestinal of neonatal calveRdproduced fromAmin et al., 2021)

At birth, the intestinal tracdbf the calveds almostempty of bacteria,but due to colonization by
environmental bacteria, its microbial population begins to enrich within a short time. During the first
few days and weeks, as the calf feeds, the esophageal groove causes most of the milk to seep directly
into the abomasum, telensuring effective digestion and absorption of nutrients (ChL@88). Not

all milk ends up in the abomasum; in fact, some of it flows into the rumen, which is still developing,
providing nutrients for the microorganisms in it (Fonty et al., 1987; Morvan et al., 188gs are

born with a rumen that is physiologilyaunable to functionDuring a few weeks, iranswerto
increasedngestionof solid food and increased fermentation of these by microorganisms, the rumen
becoms functional (Heinrichs 2005). The rumen is a bacterradh organ; several studies have

shown how the microbial communities that develop in the first days of life determine the subsequent
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communities present in the adult cattle rumen, thus positively or negatively altaringl
productivity and healtYanezRuiz et al., 2015). Early studiesrdad out on the microbial
communities that develop in the rumen during the neonatal period showed that ittiga#yis rapid
colonization of the ruminal walls by anaerolécultative microbial taxa, which gradually decrease
between 6 and 8 weeks ajeg being replaced by exclusively anaerobic taxa aitgrtweeks of age
(Bryart et al., 182; Fonty et al., 1987; Minato et al., 1999ne of the main factors that can alter the
composition of the microbiota of these animalthisdiet (Malmuthuge etla 2015). Little is known
about the microbiota present beyond the ruminal level in catile study of the composition of the
microbiota present in the feces of calves has shown how microbial diversity increases with increasing
days and undergoes subgitaichanges during the pmeeaning period (Edrington et al., 2012).

A healthy gut microbiota preventise colonization of foreign pathogens and impretest immune
systems through interactions between antigens and immune cells thegayly stage of life. The
increased intestinal permeability and disturbance of gut microbiota are key factors leading
pathogerinduced diarrheaCalf diarrhea associan with both functional dysbiosis and microbial
compositionhas shed lighon diarrheawith microbial modulation of gut ecosysterfsan et al.,
2021).

Microbiota and evaluation of other aspects related to dairy cattle

A potential role indevelopingdysbiosisof gut microbioteand AMR in animal husbandry could be
attributable towaste milk (WM), particularly antibiotiecontaining WM, as it could act on the
intestinal flora of calves by selecting forms with AMR. Accordinga recent study, by feeding a
group of calves with WM containing antimicrobial residues, they devel@oli AMR strains in the
intestine (Duse et al., 2013).stably present in the intestinal microbiota, these forms of AMR may
persist in the herdyeating an environmental shedding resenB#@sed orthe scientific literature, it

is likely that the antimicrobial residues present in WM provide a unique selective environment. This
environment could lead to a growth in the number of resistant baatetithe exchange of genetic
material between bacteria by conjugation or transformation (Ricci et al., 201¥yeasonable to
consider the hypothesis that feeding derived from WM contaminated with antimieredighnt
bacteria (pathogenic or commebhsar contaminated with AMRencoding genes may increase the
risk of the rate of presence of resistant bacteria in the calf.

It would also appear that the young age of the animal has a positive correfittitine elimination

of AMR bacteria. Several stue have shown that feeding WM containing antimicrobial residues in
2- to 3weekold calves increases the elimination Bf coli AMR through feces. This trend would

appear to decrease as calf age increases (Aust et al., 2013; Brunton et al., 2014; Pereira et al., 2014)
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One study confirmed thatfter weaning at 60 days of age, the elimination of resi&aobli drops
dramaticallyto the point of showing no significant differences between animals fed WM and the
control group (Brunton et al., 2014h addition to pathogens, beneficial commensal bacteria that
serve as reservoirs for AMR genes are also present amongaid&led badria: these types of
microorganisms harbor the-galled resistom¢D'Costa et al., 2006; Martinez et al., 2015; Surette
and Wright, 2017; Woolhousand Ward, 2013)(Figure 12. This reservoir resides in a group of
microorganisms of different phylogenetidgins in which horizontal gene transfeccurs Shterzer

and Mizrahi, 2015. Generally mobile elements are involved in gene transfer with AMRs, thus
suggesting that the commensal microbial community may act as a reservoir of AMRS, not only for
intestinal pathogenic bacteria but also for environmental bacteria throughAeeesobic rumial
bacteria possess intrinsic resistance to certain antimicrobials (Fulghum et al.,Gi@68positive
ruminal bacteria are much more sensitive to antimicrobials used as growth promoters (Nagaraja
Taylor, 1987).Confirming this, a positive correlatiohas been observed between feeding the calf
with WM and colostrum containing antimicrobial residue and the increase of bacteria with AMR in
the feces (Berge et al., 2006; Thames et al., 2012; Aust et al., 2013; Brunton et al., 2014; Pereira et
al., 2014).There are essentially three possible causes of this correlation:

- The calf takes on resistant bacteria that are already present in colostrum or WM;

- Antimicrobial residues in milk may select resistant bacteria.:(&gtended Spectrum Beta
LactamaseESBL) - producing bacteria with plasmid localization);

- Antimicrobial residues in milk can create de novo AMR by sele@pantaneous mutant stnai
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Figure 12: Schematic illustration of the contribution of environmental resistome to animal and resishone
(Reproduced frorsurette et Wright, 2017)

On the other hand, other studies have shown that the feeding of calves with raw WM had a more
significant average daily gain and a higher concentration of total whey protein in relation to standard
raw milk (Zou et al., 2017). However, antibiotic residwesl the presence of some bacterial

pathogens may limit the use of raw WM as a source of feed in calves because this could spread
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antibioticresistant bacteria into their feces. Properly pasteurized WM feeding can reduce the bacterial
load in milk and theisk of disease in calves. Nevertheless, it is advisable to avoid feeding raw WM
obtained from cows treated with antibiotics for a kiimge during lactation (Ma et al., 2022).
Maintaining a healthy gastrointestinal microbigdaessential for ruminant health and productivity.

To prevent infections such as metritis or mastitis (Vasquez et al., 2016), the administration of
antibiotics in cows is widely adopted, and these can disrupt the indigenous microbiota and increase
antibiatic-resistant genes in dairy cows (Wichmann et al., 2014; Liu et al., 281t6}). antibiotic
administration, ecological disorders in the microbiota may persist for long periods, and some taxa of
indigenous bacterimay not be recoveregdernberg et al.,®.0; Nobel et al., 2015; Korpela et al.,
2016).Related to intestinal inflammatidiCross et al., 2016}pehavioral responses, and alternating
stress (Daghrir et al., 2013; Martin, 2011)s the microbiotegut-brain axis, bidirectional
communication betweeneural, hormonal, and immunological pathw#Ben Saad et al., 2016)

This twoway communication could direct the activities of brain function (a stedated hormone)

with the immune response through the activities of the intestinal microbiota aiseéqoently, the
behavioral respons@& he gastrointestinal mi crobiota is
important role in animal growth and health, especially in rumingditedies have shown that
gastrointestinal microbes can influence body weggttt digestion and decrease the risks of infection
and autoimmune diseaséhe gastrointestinamicrobiome is a complex ecosystem composed of
various types of microorganisms (bacteria, archaea, protozoa, fungi) interacting with eadhisther;
involved in the regulation dfifferentphysiological parameters of the host, including milk yiéhe,
digestive capacity of nutrients such as starch or pectin, and methane pro@@@bgoret al., 2020)
(Figure 13).
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Figure 11: Animal welfare in the implication and perspective of the gut microbiome
(Reproduced fronChen et al., 2020)

The incidence of mastitis is associated with reduced diversity and a chamgeamammary
microbiota composition (dysbiosiut whether microbial dysbiosis is the cause arseguence of
infectious mastitis remains a debate. The growing intered¢welopingnew drugso treatbovine
mastitis dictates the need better understandthe various factors that can influence mammary
homeostasis. The commensal microbiota inhabitmdfiple niches in the udder, including the teat
apex, teat canal, and intramammary ecosystem, can modulate the cow's susceptibility to IMI by
mastitis pathogens through direct microh&robe crosgalk, indirect stimulation of immunity, or

both. Although ongoinggcurrent understanding of the udder microbial ecosystem suggests that
optimal diversity of the intramammary microbiota, composed of a healthy balance of commensal and
opportunistic bacterial groups, is essential to maintain a balance betweangentiinflammatory
responses and thus to maintain mammary homeostasis. Cow physiology, udder anatomy, genetic
traits associated with immune reactivity, and environmental factors can alter the composition of the
udder microbiotaWhether various profiles of thelder microbiota may confer resistance to IMI by
mastitis pathogens remains poorly known. Much effort is needed to identify the potential mechanisms
by which the commensal microbiota of variauddercompartments interact with each other, with

mastitis patbgens, and with the immune systéberakhshanet al., 2018)Figure 14).
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Aims

Mastitis is one of thenost common and costtliseases affecting dairy ruminantsand its sensitive and
specific detection is afignificart importanceMonitoring and maintaining udder health is critifcal

cows' andsmall ruminard’' welfare and dairy production yield and qualitye clinical evaluation of

udder and mammary secretions is typically combined with the milk SCC and often accompanied by
its bacteriological culture to identify the causative microorganiSeveral norenzynatic milk
proteins, including MSAA, HP, CATH, and LF, have beatudiedas alternative biomarkers of
mastitis for their relationship with mammary gland inflammaaodimmunoassay techniques have
been developed for detection with varying degrees of sacce

Concerning the causative agentsggectious mastitis outbreaks can be causeddijousbacterial
species Among theseNAS and streptococci are common causebBvif According to subclinical
bovine mastitis studies, some spe@€BIAS are more assaaied with IMI, subclinical mastitis, and
increased SCC than othe®btaining accuratespeciesnformationwould enabléettermanagement
choices when these bacteria are isolated from milk.

Concerning the treatment of mastitatibiotic therapy continues to plag crucial role Animals
receiving antibiotics produce milk that cannot be marketed. This is considered waste milk (WM), and
a convenient option for farmers is using it ealffor young animalsAdding to the risk of selecting
resistant bacteria, residual antibiotics might interfere with gut microbiome development and influence
gastrointestinal health.

By putting together these issues and challengegqrés=nt work aims to investigate the application

of new approachet improve the knowledge adairy ruminant mastitis and its related issues in

animal managemerfipecifically, the points addressed are listed below:

I. Applying MALDI -TOF MS and gap PCGRFLP to identify staphylococci and streptococci species
isolated fronthemilk of sheep and goats with mastit¥8e compared the respective results to identify

potential problems and solutions.

II. Definingthe stateof-the-art norenzymatianilk markersof mastitis We conducted aystematic
review on milk proteins as mastitis markers for understandisg)g a iterature search, the
implementation of different protein biomarkers in ruminant mastitis dsignesing immunoassays
with the PRISMA (Preferred Reporting Items for Systematic Reviews and-AMeligses)
guidelines.Our goal was to report systematically and organically what has been publistmgsl in

specific field inthe scientific literature
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[ll. Assessing the impact of feeding waste milk containing antibiotic residues on the calf gut
microbiota. An important issuds the reduction of antibiotic use in animals worldwide and the
understanding of their impact on animal health and antimicrobsastanceWe investigatd the
impact of feeding waste milk with antibiotiobtained from cows with chronic mastittsdairy calves

to evaluate its impact on gut health and microbiota composdioeduce future health issues
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Part I: MALDI -TOF MS and gap PCR RFLP for speciesidentification
of non-aureus Staphylococcyslammaliicoccus and Streptococcuspp.

associated with sheep and goat mastitis

Duringmy Ph.D, | had theopportunityto participate in a collaborative research project betwlsen
University of Milanandlstituto Zooprofilattico Sperimentale della Sardegna (IZSSA). From January
2021 to May 2022, 204 ndaureusstaphylococci (NAS) and mammaliicocci (NASM) and 57
streptocaci were isolated from sheep and goat milk samples that routinely arrive at the 1ZSSA
laboratories for identification of the IMI agent. Milk samples were cultured following the standard
procedures provided liie IZSSA and then identified by MALBTOF MS and PCR RFLPfor 261
nonduplicate isolatesA geographic map indicating tleellection siteof each isolate in the different

provinces of Sardinia was created (Figusg 1
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Figure 15: Geographical distribution of all 261 isolates included in this study. The map reports the location of the 204

nonaureus Staphylococcus and Mammaliicoccus (NA&M)57 Streptococcus isolates in Sardinia, Italy. Each point

represents an individual isokat Circles indicate NASM: red for sheep milk and yellow for goat milk. Triangles indicate
streptococci: blue for sheep milk, and fuchsia for goat (Rkproduced frorRosaet al., 2022)
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Ourresults concerning the speciesN®§SM and streptococci associated with sheep and goat mastitis
followedthosedescribeds causing small ruminant IMI worldwidd ALDI -TOF MS andyapPCR
RFLP provided comparable resufisr the most prevalent specigsap PCR RFLP can offer a
reliable identifcation alternative when MALDTOF MS is not availablebut restriction profiles
differing from the validated reference isolates may not be easily resolvgdpgene sequencing.
RegardingMALDI -TOF MS, mplementingthe spectrum library with small ruminastrains ofS.
haemolyticusand S. microti and their closely related species mightprove identification
performancesThe article has been published Besa NM., Penati M, FusafPoli S, Addis M.F.,
Tola S. Species identification by MALBIOF MS and gap PCHRFLP of noraureus
StaphylococcydMammaliicoccusand Streptococcuspp. associated with sheep and goat mastitis.
Vet Res. 2022 Oct 15;53(1):84. doi: 10.1186/s13682011024. PMID: 36243811; PMCID:
PMC9569034.
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Abstract

Staphylococci and streptococci are common causes of intramammary infection in small ruminants,
and reliable species identification is crucial for understanding epidemiologisamg@act on animal
health and welfare. We applied MALAIOF MS andgap PCR RALP to 204 no@ureus
staphylococci (NAS)mammaliicocci (NASM)and 57 streptococci isolated from the milk of sheep
and goats with mastitis. The top identified NAS v&aphylococcus epidermidj28.9%) followed

by Staph.chromogene$27.9%),haemolyticug15.7%),caprae andsimulang6.4% each), according
to both methods (agreement rate, AR, 100%). By MAIIDIF MS, 13.2% were&taph.microti
(2.9%), xylosus (2.0%), equorum, petrasiiand warneri (1.5% each), Staph. sciuri (nhow
Mammaliicoccus sciufil.0%),arlettae, capitis, cohnii, lentugow M. lentus) pseudintermedius,
succinug(0.5% each), and 3 isolates (1.5%) were not identified.TlRERP showed 100% AR for
Staph.equorum, warneri, arlettae, capiti@ndpseudintermediu§0% for Staph.xylosus and 0%
for the remaining NASM. The top identified streptococcus Baeptococcus uberi§39.5%),
followed by Strep. dysgalactiaeand parauberis (3.5% each) and b¥trep. gallolyticus (1.8%)
according to both methods (AR 100%)AL DI T OF MERHZL ddntified®Rly one isolate
as a different specieMALDIZOF MS and PCRRFLP showed a high level of agreement in
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identifying the most prevalent NAS and streptococci causing small ruminant masaps?CR
RFLP can represent a good identification alédive when MALDETOF MS isunavailable.Some
issues remain foBtaph.haemolyticus minor NAS species includin§taph.microti, and species of

the novel genuMammaliicoccus.

Keywords: Small ruminant, milk, coagulaZeegative staphylococcstreptococci, mammaliicocci,

NAS, NASM, species identificatiofapgene

Introduction

Mastitis is one of the most common and costly diseases affecting dairy sheep and goats., monitoring
and maintaining udder health is critical for small ruminant welfaiek dairy production yield and
quality (Conington et al., 2008; Gelasakis et 2015) A wide variety of bacterial species can cause
infectious mastitis outbreak including the gener&taphylococcugStaph) and Streptococcus
(Strep) (Gelasakis et al., 2015; Dore et al., 2018nong Staphylococcusspp., noraureus
staphylococci (NAS) are the most prevalent and cause mainly subclimti@@hammaryinfection

(IMI) in both ewes and goats, leading to significant economic losses ancededninal welfare
(Marogna et al., 2012; Marogna et al., 201Rgcently based on 16S rRNA sequences, five NAS
species were reclassified and assigned to the novel déammsnaliicoccusnvith Mammaliicoccus

sciuri as the type speci€Madhaiyan et al., 2020)hese species are collectively indicated by the
acronym NASM. The large NASM bacterial group includes numerous species with different
prevalences and epidemiologyGelasakis et al., 201®ore et al., 2016; Bernier Gosselin et al.,
2019. Fromstudies on bovine subclinical mastitis, it is clear that some species are more associated
with IMI, subclinical mastitisand somatic cell count (SCC) increase than others, which are instead
more related to the farm environment or the mammary gland mitefMadhaiyan et al., 2020; De
Buck et al., 2021; Oikonomu et al., 2020; Derakhshani et al., 2Qt&aining precise information

on the species of NASM causing IMI and mastitis is crucial for understanding the epidemiology and
the respective roles in mamary gland health and disea®emake more appropriate management
decisions when these bacteria are isolated from the milk of small rum(Bantser Gosselin et al.,
2019; Vasileiou et al., 2019)n the microbiological laboratory, staphylococci and ptreocci
isolated from milk samples are mainly identified at the species lesirf biochemical tests or
commercial biochemical gallerieEhese methods often fdd correctly identify bacterial species of
veterinary interest because they have been gmohfor the strains associatediwihuman infections

(Onni et al., 2010; Onni et al., 2012; Wanecka et al., 2019; Vanderhaeghen et al.Jr2@i)ast
decade, matrbassisted laser desorption ionization tiofeflight mass spectrometry (MALBTOF
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MS) has emerged as a fast and accurate microbial identification apfg&eud et al., 2013nd is

being successfully applied to bacteria isolated from bovine (Nitkinemann et al., 2019; Hamel et

al., 2020; Conesa et al., 2020here ardew reports of itperformance indentifyingbacteria isolated

from small ruminant milk, especially concerning staphylococci and sheep. Identification methods
based on molecular rather than phenotypic characteristics can also provide a reliable altEneative.
Istituto Zooprofilattico Sperimentale della Sardegna (IZSSA) has developed, comparatively assessed,
and implemented a PCGRstriction fragment length polymorphism (PGRFLP) method based on
PCR amplification of thegap gene followed byAlul enzyme digestion for thedentification of
staphylococci and streptococci isolated from routine diagri@sisi et al., 2010; Onni et al., 2012;
Rosa et al., 2019)n this study, we applied MALBTOF MS andgap PCR RFLP for the species
identification of staphylococci and streptaco isolated from the milk of sheep and goats with
mastitis.We compared their respective results to identify potential issues and solutions. Bacterial

isolates were collected in Sardinia, the region with the largest small ruminant population in Italy.

Materials and methods

Bacterial isolates

From January 2021 to May 2022, 204 NASM andS&&ptococcuspp.were isolated from sheep

and goat milk samples that routinely ardwegt the 1ZSSA laboratories for identification of the IMI

agent. Milk samples ar@ccompanied by a form with a checkbox indicating the presence of clinical
mastitis/visible milk alterations to be selected by the farm veterinarian. Only isolates derived from
samples with these characteristics were included in the study. Milk samp&esuitered following

the standard procedures provided by the | ZSSA
incubated at 37 °C, and evaluated at 24 and ¥8ith the growth of more than one morphologically
different bacterial colony, identificans were not performed, and the sample was classified as
Ami xed bacteri al fisblated andblood @garl anchexaanmed w@nanestaim, e
catalase, and coagulase tests to discriminate between staphylococci and streptococci. All isolates were
stored at T20AC in Brain HRickinson, Sparks,uMD, USA) br o
containing 20% glycerol until further investigation. Only one NASM or streptococcus isolate was
selected from each farm for identification by MALDDF MS and PCRRFLP for 261 non

duplicate isolates. A geographlanap indicating theollection siteof each isolate in the different
provinces of Sardinia was created with the software Microsoft Power Bl using the farm code of each
flock. The geereferenced coordinates veeextracted from the Banca Dati Nazionale (BDN) of the

Italian Health Ministry.
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MALDI ZTOF MS for bacterial identification

At the IZSSA, all bacterial isolates were retrieved from the frozen archives, seeded in 5% sheep blood
agar, and incubated at 37 °C. A#lolates were passaged twige the solid medium before
identification at 24 h of growth. For MALBTOF MS analysis, # direct colony transfer protocol

was applied. A small amount of an isolated colony was deposited in duplicate wells of disposable
target plates using a toothpick, overlaid witlell of U-cyane4-hydroxycinnamic acid (HCCA)
solution in 50% acetonitrile, 45% water, 2.5% trifluoroacetic acid (Bruker Daltonik GmbH,
Bremen, Germany), and left to dry. The target plates were prepared at the IZZSA in the afternoon,
placed in an empty disposable target container once dry, and transported at room temperature to th
animal infectious diseases laboratory at the University of Milan (MILab). In the morning of the
following day, i.e. within 24 h as recommended by the MALDI-Biper (MBT) Bruker user manual,

the mass spectra were acquired with the MBT Microflex LT/SHLRAATOF mass spectrometer
(Bruker Daltonik GmbH) in the positive mode. Each target plate included two spots of Bacterial Test
Standard (Bruker Daltonik GmbH). The obtairsgectra were interpreted against the MBT Compass
Library Revision H (2021), covering893 species/entries. Ti&aphylococcusind Streptococcus
species included in this library revision are listed in Additional file 2. The Ma&mmaliicoccus
speciedM. sciuri and M. lentuswere reported aStaphsciuri andStaphlentusin the library revision
available at the time of this study. The following similarity log score thresholds were considered
(Seng et al., 2010¥% log scor€)?2.0 indicated a reliablgpeciedevel identification, while a log score
between 1.7 and 2.0 indited a presumptivepeciedevel identification. Identifications with log
scores below 1.7 were considered unreliable. All samples producing scores below 1.7 were processed
again with the direct transfer, extended direct transfer, and protein extracoedpres. Specifically,

for the extended direct transfer procedure, after depositing a small amount of the isolated colony in
duplicate wells of the disposable target plate using a toothpick, the sample was overlaiglwath 1

70% formic acid and left tdry before adding the HCCA matrix solution. For the protein extraction,
bacteria from 4 isolated colonies were deposited intog206f HPLC-grade water and vortexed.
Then, 90CL of ethanol absolute were added, the tube was vortexed again, and cethfofugenin

at maximum speed in a microcentrifuge. The supernatant was removed carefully, and the pellet was
left to dry for 10 min at room temperature. Once dried, the pellet was thoroughly resuspended in 25
eL of 70% formic acid, 2%5L of acetonitrile wee added, and the suspension was mixed by pipetting.
The sample was centrifuged again as above, alddf supernatant was deposited on the MALDI

target and left to dry before overlaying with the HCCA matrix.
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DNA extraction and PCR amplification

At thelZSSA, genomic DNA was extracted from all 261 isolates and Type/Reference Strains (T/RS)
as described previous(®nni et al 2010).Species identification was based on PCR amplification of

the glyceraldehyd&-phosphate dehydrogenase gegey) gene(Rosa et a) 2019; Yugueros et al.,

2000). The primers G  { BAT&GTTTTGGTAGAATTGGTCGTTTA3 6 ) a#d {GR
GACATTTCGTTATCATACCAAGCTG3 0 ) were used for staphyl oc
StreptgapF {ABTCCAAGTGTACGAACAAGT-3 0 ) and -gap StR e pB-0
GTCTTGCATTCCGTCGTAT3 6 ) for streptococci . PCR was p
containing 2.&L 10xreaction buffer, 1.5L dNTPs 1.25 mM, EL of each primer (25 pmol each),

1 ¢L DNA template, 0.L Fast Taq (Roche, Basel, Switzerland), and destilivater up to 25L.
Reactions were carried out in an automated DNA thermal cycler (GeneAmp 9700, Applied
Biosystems, CA, USA). Amplification conditions: initial denaturation for 5 min at 95 °C followed by

30 cycles of 1 min at 95 °C, 1 min at 50 °C @taphylococci)/1 min at 54 °C (for streptococci), and

1 min at 72 °C with a final extension step of 10 min at 72 °C. Theb@33taphylococci) and 945

bp (streptococci) amplicons were examined by electrophoresis in 1% agarose gels, stained with Sybr

SafeDNA gel stain (Invitrogen, CA, USA), and visualized under a UV transilluminator.

Restriction fragment length polymorphism (RFLP) analysis

Fifteen microliters of both PCR amplifications were digested in acBOvolume containing
10xFastDigest Green buffer, 0.28 of 20 mg/mL acetylated BSA, and&l of FastDigestAlul
enzyme (Thermo Scientific, CA, USA). Reaction mixtures were incubated &t %or 15 min and
directly loaded on the precast gels. Twenty microliters of digegtpdmplifications were loaded in
12% BisTris NUPAGEM gels (Invitrogen and then electrophoresed in a vertical gel apparatus. For

staphylococci, the following 14 T/R$vere used as reference strains for restriction pattern
comparisonStaph.epidermidisATCC 35983,Staph xylosusATCC 29971T, Staph.saprophyticus
ATCC 153057, Staph.capitis ATCC 278407, Staph haemolyticusATCC 299707, Staphsimulans
ATCC 27848, StaphwarneriATCC 27836 T StapharlettaeATCC 439577, Staphchromogenes
ATCC 437647, Staph.equorumATCC 439587, Staph capraeATCC 355387, Staphsciuri ATCC
29062T, StaphhiycusATCC 11249T, andStaphintermediusATCC 29663T. ThegapPCR RFLP

patterns used foStaphylococcusspecies assignment are illustrated in Additional file 3. For

streptococci, the following 7 T/RS were used denence strains for restriction pattern comparison:
Strep. uberis ATCC 700407, Step. dysgalactiae subsp. dysgalactiaeATCC 43078 T Strep.

dysgalactiaesubspequisimilisDSM 231477, Strep.agalactiaeATCC 13813, Strep.gallolyticus
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subsp.gallolyticus ATCC 49475,Strep.equi subsp.zooepidermicudNCTC 6180, andStrep.suis
ATCC 43765. ThgapPCR RFLP patterns used f@treptococcuspecies assignment are illustrated

in Additional file 4.MALDI -TOF MS confirmed all reference strain species identities

Amplicon sequencing

The gap gene amplicons of all isolates with PORFLP profiles different from those of
Staphylococcusand Streptococcusl/RS were sequenced at BMR Genomics with the Sanger
sequencing option. The nucleotide sequences were compared to sequences in the GenBank databas
using the Basic Local Alignment Search Tool (BLAST).

Comparison of PCR RFLP and MALDI ZTOF MS results

All the data related to MALDITOF MS results, log scores, PORFLP identification,gap gene
sequencing results, and animal species were plotted withosdift Excel for calculatisof
agreement ratio (AR), score ttibution, and relative percentage values. Plots were generated with

Microsoft Excel.

Results

Isolates and geographical distribution

From January 2021 to May 2022, 204 NASM and 57 streptococci, for a total of 261 isolates, were
obtained from sheep and goat milk samples sent to the 1ZSSA for microbiological analysis with a
diagnosis ofclinical mastitis/visible milk alterations by therfa veterinarian. Ovine isolates were

246, of which 19.wereNASM and 55 streptococci. Caprine isolates were 15, of which 13 NASM

andtwo streptococci (Additional file 5).

MALDI ZTOF MS of NASM isolates

All 204 isolates typed as NASM by culturand preliminary biochemical tests were subjected to
MALDI -TOF MS identification by processing two spots per colony with the direct transfer procedure
after 24 h of bacterial growth. This enabled the successful species identification of 201 isolates
(98.5%), with logscores O 2.00 in 1651998036 @¥H%). &ar the b et
remainingthreeisolates (1.%), log scores wergl.7Q with no identification possible even after a
second round atlentification with the direct transfer, extended direct transfer, and protein extraction
procedures (Table 1). The mdsequentlyidentified species werStaph.epidermidis(59, 28.9%),
Staph.chromogeneg57, 27.9%),Staph.haemolyticug32, 15.7%),Stgph. caprae (13, 6.4%), and
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Staph.simulans(13, 6.4%), accounting for 85.3% of all NASM isolates. The remaining 13.2% was
represented bytaph.microti (6, 2.9%),Staph.xylosus(4, 2.0%),Staph.equorum petrasii, and
warneri (3 each, 1.5%)Staph.sciuri (now M. sciuri) (2, 1.0%), andtaph.arlettae, capitis, cohnii,
lentus(now M. lentug, pseudintermediysandsuccinug1 each, 0.5%).

MALDI ZITOF MS of streptococcus isolates

MALDI -TOF MS identification of the 57 streptococcus isolates includedisnstudy enabled the
successful species identification of all isolates (100%) with log s®@r2s 00 in 53 (93
between 1.771.99 in 4 (7.0%). The most frequently identified speciesSteep.uberis (51, 89.5%),

followed byStrep.dysgalactiaeandparauberis(2 each, 3.5%), and [$trep.gallolyticusandsuis(1

each, 1.8%) (Table 1).

PCRi RFLP of NASM isolates

All 204 isolates typed as NASM by cultysndpreliminary biochemical tests were also subjected to
species identification bgap PCR RFLP.A total of 187 (91.7%) isolates showed restriction profiles
identical to thereference strains, while 17 (8.3%) isolates showed a different REIEP pattern
(Table 1). Uporgapgene sequencing (Additional file 6), 12 were identifieGtgph.chromogenes
(1), devriesei (1), epidermidis (1), haemolyticus(3), hyicus (1), jettensis (1), muscae (1),
pseudintermediugl), pseudoxylosugl), andsimulans(1), while five remaining isolates were
classified asStaph.muscag4) andStaphdevriesei(1) by matching with the isolate classified dgp

gene sequencing (Table 2)

As a result, the top three identified species vi&eph.epidermidis(61, 29.9%) Staph.chromogenes
(58, 28.4%), andbtaph.haemolyticug37, 18.1%), followed bystaph.simulans(14, 6.9%)Staph.

caprae(13, 6.4%) Staphmuscag(5, 2.5%),Staph.equorumandwarneri (3, 1.5%),Staph.devriesei

and xylosus(2 each, 1.0%), an8taph.arlettae capitis hyicus jettensis pseudintermediysand

pseudoxylosuél each, 0.5%).

PCRi RFLP of streptococcus isolates

Out of the 57 isolates typed &sreptococcusp. By culture andpreliminary biochemical tests, 53
(93.0%) showedjap PCR RFLP profiles identical to the reference strains, while 4 (7.0%) did not.
Upongapgenesequencing (Additional file 7), these were identifiedsaep.parauberis(2), Strep.
Uberis (1), andStrep.ruminantium(1) (Table 1 and Table 2). As a restitie top identified species
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was Strep.uberis (51, 89.5%), followed bystrep.dysgalactiaeandparauberis(2 each, 3.5%), and
by Strep.gallolyticusandruminantium(1 each, 1.8%).

Comparison of gap PCR RFLP and MALDI ZTOF MS results

The species identification results obtained by MALDOF MS andjapPCR RFLP were in general
agreementas detailedn Table 1 and illustrated in Figure Bor thefive most frequently identified

NAS (Staph.epidermidis chromogeneshaemolyticuscaprae and simulang, the agreement rate

(AR) between MALDITOF MS andgap PCR RFLP was 100%. Log scores were mosily . 0 O ,
although forStaph.haemolyticusonl 'y 56. 3% of the identificatio
between the two identification methods was 100% alsStaph.equorum warneri, arlettag capitis,
andpseudintermediusAR was 50% foStaph.xylosusand 0% forStaph.microti, Staph.petrasii,

Staph sciuri (now M. sciuri), Staph.cohnii, Staphlentus(now M. lentug, andStaphsuccinus(Table

1).
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identified in this study by MALDI-TOF MS (orange) and gap PCR-RFLP (blue).
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Table 1 Summary of species identification results obtained by MALIATOF MS and gapPCRi RFLP on the 261
isolates evaluated in this study

Species ID by MALDI-TOF MS? N. of isolates® Log score AR with gap PCR-RFLP'
=2.0° 1.7-1.99¢ <1.7 (no ID)*
Staphylococci
Staphylococcus epidermidis 59 (28.99) 55 (93.294) 4 (6.8%) - 59 (10096)9
Staphylococcus chromogenes 57 (27.9%) 53 (93.004) 4 (7.0%) - 57 (100%)*
Staphylococcus haemolyticus 32 (15.7%) 18 (56.3%) 14 (43.7%) - 32 (100%)*
Staphylococcus caprae 13 (6.4%) 10 (76.9%) 3(23.1%) - 13 (100%)9
Staphylococcus simufans 13 (6.4%) 13 (100%) - - 13 (100%)°
Staphylococcus micrati 6 (2.9%) 3(50%) 3 (509) - 0 (09%)
Staphylococcus xylosus 4 (2.0%}'S 2 (50%) 2 (50%) - 2 (5004)9
Staphylococcus equorum 3(1.5%) 3 (100%) - - 3 (10096)9
Staphylococcus petrasii 3(1.5%) 3(100%) - - 0 (0%)
Staphylococcus warneri 3(1.5%) 2 (66.7%) 1(33.3%) - 3 (10094)9
Staphylococcus sciur 2 (1.0%) 2 (100%) - - 0 (09%)9
Staphylococcus arlettae 1(0.5%) - 1 (100%) - 1 (1009%6)9
Staphylococcus capitis 1 (0.5%) 1 (100%) - - 1 (1009%)2
Staphylococcus cohnii 1 (0.5%) - 1 (100%) 0 (09%)
Staphylococcus lentus” 1 (0.5%)° - 1(100%) - 0 (0%)
Staphylococcus pseudintermedius 1 (0.5%) - 1 (100%) - 1 (1009%)°
Staphylococcus succinus 1 (0.5%) - 1 (100%) - 0 (0%)
Unidentified 3(1.5%) - - 3(100%) -
Total staphylococci 204 165 (80.9%) 36 (17.6%) 3101.5%) 185 (90.7%)
Streptococci
Streptacoccus uberis 51 (89.5%) 48 (94.1%) 3 (5.9%) - 51 (100%)¢
Streptococeus dysgalactiae®'® 2 (3.5%) 2 (100%) - - 2 (100%)°
Streptococcus parauberis 2 (3.5%) 2 (1009%) - - 201 t}(J%)k
Streptacoccus gallolyticus 1(1.8%) 1 (100%) - - 1 (1009%)9
Streptococcus suis 1(1.8%) - 1 (100%) - 0 (0%)9
Unidentified 0(1.8%) - - - -
Total streptococci 57 53 (93.0%) 4 (7.0%) 0(0%) 56 (98.2%)

a Based on the Bruker MALDI BioTyper System Compas@ Library Revision H (2021), covering 3893
species/entries.

B percent data represent the proportion of a given species isolated among all staphylococci or streptococci (within
the column).

CPpercent data represent the proportion of isolates
the same spece

D percent data represent the proportion of isolates identified with MALDI log scores 1i7.99 among all isolates
of the same species.

E Percent data represent the proportion of isolates with MALDI log scores < 1.7 among all isolates of the same
species and no identification possible (no ID).

F Number of isolates identified as the same species by MALBIOF MS and gap PCRi RFLP. Percent data
represent the proportion of isolates identified as the same species (Agreement Rate, AR).

G The reference strain for this species was included in thgap PCRi RFLP identification panel (please see the
materials and methods section for the reference isolate list).

H These species have been reclassified in tiammaliicoccusgenus(Madhaiyan et al., 2020)
| For one isolate, the first round of MALDI-TOF MS identification was unsuccessful andepeated.
J Streptococcus dysgalactiand Streptococcus canisannot be resolved by MALDFTOF MS.

K Both assigned bygapgene amplicon sequencing and alignment with sequences in the GenBank database using
the Basic Local Alignment Search Tool (BLAST). Details are reported in Additional file 7.
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The discordant species identifications betwt#entwo approaches are reportedrable 2. Of note

was the case of 6 isolates identifiedSagph.microti by MALDI-TOF MS and astaph.muscae(5
isolates) andstaph.simulans(1 isolate) bygap sequencingOnly gap sequencing was provided to
identify Staph among less frequently idetifiNASM speciesmnuscae devriesej hyicus jettensis

and pseudoxylosyswhile only MALDI-TOF MS providedStaph.microti, Staph.petrasii, Staph.
sciuri (now M. sciuri), Staph.lentus(now M. lentus),and Staph.succinus For streptococci, the AR
between MALDITOF MS andgap PCR RFLP was 98.2% (56 of 57). The AR was 100% for the
identification ofStrep.uberis wi th | og scores02.00 in 94. 1%
Strep.dysgalactiae parauberis andgallolyticus. Only one species was identified ep suis by

MALDI -TOF MS (log score 1.78) and &trep.ruminantiumby gapsequencing (Table 2).

Table 2 Detail of the 20 discordant species identification results between MALBIOF MS and gapPCRi RFLP
integrated with gapgene sequencing

MALDI-TOF MS? Log score ID by gap PCR-RFLP® ID by gap sequencing® (% identity)?
Staphylococci

Staphylococcus microti 1.89 - Staphylocaccus muscae (92.79%)
Staphylococcus microti 205 - Staphylococcus muscae®
Staphylococcus microti 206 - Staphylococcus muscae”
Staphylococcus microti 191 - Staphylococcus muscae®
Staphylococcus microti 1.76 - Staphylococcus muscae®
Staphylococcus microti 204 - Staphylococcus simulans (39.89%)
Staphylocaccus petrasii 21 Staphylococcus haemolyticus -

Staphylocaccus petrasii 203 Staphylococcus haemolyticus -

Staphylococcus petrasii 224 - Staphylococcus jettensis (99.29%)
Staphylococcus sciuri’ 223 - Staphylococcus chromogenes (98.75%)
Staphylococcus sciur® 216 - Staphylococcus hyicus (98.69%)
Staphylocaccus xylosus 188 - Staphylococcus devriesei®
Staphylococcus xylosus 1819 - Staphylococcus pseudoxylosus (99.78%)
Staphylococcus cohni 1.7h - Staphylococcus haemolyticus (98.91%)
Staphylococeus lentus” 18" - Staphylococcus epidermidis (98.46%)
Staphylococcus succinus 193 Staphylococcus epidermidis -

Unidentified 16 - Staphylococcus haemolyticus (39.07%)
Unidentified 128 - Staphylocaccus haemolyticus (98.26%)
Unidentified 1.44 - Staphylocaccus devriesei (39.77%)
Streptococci

Streptococcus suis 1.78 - Streptococcus ruminantium (98.15%)

a Based on the Bruker MALDI BioTyper System Compass® Library Revision H (2021), covering 3893
species/entries.

b Species identification was assigned by matching the enzyme digestion pattern of the gap gemplizon with the
reference strain.

¢ All amplicons producing an enzyme digestion pattern different than the reference strains were subjected to
genomic sequencing for species identification.

4 Percent identity of the gap gene amplicon with sequences in the GenBank database using the Basic Local
Alignment Search Tool (BLAST). Details are reported in Additional files 6 and 7.

¢Based on theStaphylococcus muscasolate restriction pattern identified by gap sequencing.

" These species have been reclassified in th&lammaliicoccus genus (Madhaiyan et al., 2020).
9Based on the restriction pattern of theStaphylococcus devriesiolate identified by gap sequencing.

" The first round of MALDI -TOF MS identification was unsuccessful andepeated.
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Discussion

NAS and streptococci are the most prevalent etiological agents of small ruminant rfaskiasakis

et al., 2015Dore etal., 2016).NAS, mammaliicocci, and streptococci can also be foundilik as
contaminantsand components of the mammary gland microbigdadhaiyan et al. 2020;
Oikonomou et al., 2020; Derakhshani et 2018;Addis et al., 2016) Obtaining a reliable species
identification isessential for understanding their epidemiology and roles in mammary gland health
anddiseasd@o make more meaningful management decis{@esnier Gosselin et al., 20;1Pe Buck

et al., 2021Gosselin et al., 2018 the lasdecade, MALDITOF MS has emrged as a dependable
method for microbial identification and is being increasingly applied to bacteria and fungi isolated
from bovine milk. When MALDITOF MS instrumentation is available in the laboratory, this
approach is rapid, cosffective, highthroughput, reliable, and does not require specific knowledge
of mass spectrometry or molecular biology. An isolated colony is sufficient for identificahdn
results are available within minutes. Thanks to the short analytical tmeasy targets can be
processed during the day, making it possible to identify thousands of microbial isAldtether
advantage of MALDITOF MS is the possibility of creating personalized spectrum libraries
including isolates of specific interest, improving bacterial idematifon reliability (Kostrzewa et al
2016).In the last decade, the IZSSA has developed and applied in its diagnostic rgapRGR

RFLP method enabling the identification of NAS and streptococci isolated fromramatiant milk

(Onni et al, 2019; Onni et al., 201Rosa et al., 2019)This approach is reliable but moderately
expensive in terms of materials and labor as it requires DNA extraction, PCR amplification, amplicon
digestion, electrophoresis, and result interpretation by compavidfoRFLP profiles from reference
strains. The restricted number of reference strains is also a limitation, and it may eventually require
gap gene amplicon sequencing for a tentative identification by homolGgp.PCR RFLP may
represent a valuable altetive when MALDI-TOF instrumentation isnavailable. Despitethe low

cost per test, the mass spectrometer acquisition costs are too high for many veterinary diagnostic
facilities, especially in lowesource contexts or in peripheral laboratories. As hdudonsideration,
scarce data are available in the literature applying MALDI-TOF MS identification to the
microorganisms isolated from small ruminant milk, especially concerning NAS and sheep. In this
work, weidentified NASM and streptococci isolatdcom the milk of small ruminants with mastitis

by MALDI-TOF MS andgap PCR RFLP integrated with amplicon sequencing. As a result, the
species most frequentigentified in our study were in line with those reported as causing small
ruminant IMI worldwide (Vasileiou et al., 2019; Vanderhaeghen et al., 20143t is, Staph.
epidermidis chromogeneshaemolyticus caprae and simulansfor NAS and Strep. uberis for

streptococci. Notably, the two identification approaches showed a very high legeeement, even
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for MALDI-TOF MS identifications with log score®1 . 7. A c u tColf.f7 Ifoog sscpc
identification has been validated by various auti@Gmesa et §l2020; Mahmmaod et al., 201Ban

et al., 2015)ns highly appropriate and accur&te bovine NAS. Han et a{Han et al., 201pfound

t hat the O 1.7 | o geachinga significantly higseh leviel bf NAS spbcies d
identification without sacrificing specificity. Cameron et @ameron et al., 201&lsofound that

the eduction of the species level cutoff improved method performance frémt®@H2% when
classifying bovineassociated NAS isolates. In the more recent study by ConesaRaial.et al.,
2020) the Q1.7 score made it possible to successfully identify 36erstrains, as validated by the
comparison with genotypic methods. Based on
considered reliable also for the most prevalent small ruminant NASt&ph haemolyticusthe log
scores wergenerally lower, as 43.7% of isolates had vak@$. Notably, 2 isolates were identified
asStaph.haemolyticudy PCR RFLP and as$taph.petrasiiby MALDI-TOF MS with log scores >
2.0.Thegapgene of three isolates showed a very high sequence idienfitgph.haemolyticusbut
these were either identified &aph.cohnii with a very low log score (1.7) or were not identified by
MALDI -TOF MS. In our routine workStaph.haemolyticussolated from cow milk is also typically
identified with lower scoremamong the most prevale@taphylococcuspp. (M.F.A., personal
communication).Staph. haemolyticusmay be more problematic to identify because of a higher
genomic variability andhe similarity of marker genes with other species. Wanecka éi\&@necka

et al., 2019 foundthat 27 of 33 of theitaph.haemolyticussolates had 99i3.00% similarity of the

16S rRNA gene wittStaph.petrasii subsp.jettensis(now Staph.petrasii subsp.petrasii), Staph.
hominis Staph. epidermidis or Staph. devriesei Also, some Staph. haemolyticushave been
reclassified asStaph.borealis (Pain et al., 2020 Molecular techniques may have limitations
including insufficient discriminatory power in the case of closely related species or the lack of quality
of sequences deposited in the GenBgtéikens et al., 2005as alsabserved in this work fogap
gene sequencing.he absence of reference spedtvathese highly similar minor species in the
MALDI -TOF MS database might be treasm for their identification aStaph.haemolyticuswith
lower log scores. Alsix isolateswereidentified asStaph.microti by MALDI-TOF MS could not be
identified bygap PCR RFLP. Thegapgene sequence showed the highest identity Stdph muscae

(5 out of 6) andStaph.simulans(1 out of §. Staph.microti was described for the first time by
Nov'kov' et al. in 201QNovéakova et al., 20)0asan isolate fromMicrotus arvalis the common
vole, with Staphmuscaeas the nearest relativiés report as a staphylococcal species associated with
mastitis in bovine ad bubaline cows is increasing in association with the implementation of MALDI
TOF MS for NAS identification(Hamel et al., 2020Krél et al., 2016 Addis et al., 202R In

consideration of the high similarity between these spemmekother closely relatk species not
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included in the Bruker spectrum librarguch asStaph.rostri, this requirs further evaluation,
possibly followed by spectrum library integration. An isolate identifieBtaph petrasiiby MALDI -
TOF MS withalog scoreO2 . 00 was Staprejetténsisujoregdp gens sequencing. The
species description &taph.petrasii has been emended, a8thph jettensisshould be reclassified
as a novel subspecies witt8taph petrasii, for which the nam&taph petrasiisubspjettensisubsp.
Nov (De Bel et al., 2014)The identification of this NAS aStaph jettensidy gap gene sequencing
may have resulted from matching GenBank sequences that were not updated following taxonomic
reclassification. In 2020, five NAS species were proposed to be reassigned to the novel
manmaliicoccusgenus, includingstaph.sciuri and Staph.lentus with M. sciuri as the type species
(Madhaiyan et al., 2020)The same authors proposed the reclassificatioGtaih cohnii subsp
urealyticus as the novel speceph.urealyticus TheMammadiicoccusgenus is not included in the
current release of the Bruker librafhis should be considered whifALDI -TOF MS identifies
these speciesith the MBT System and the commercial spectrum library release available at the time
of this study. Concerng the two isolates identified &aph.devrieseiby gapgene sequencing and
PCR RFLP, one was not identified by MALBIOF MS, while the other was identified &&aph.
xylosuswith a score < 2.000ne isolate identified aStaph.hyicusby gap gene sequencing was
identified asStaph.sciuri by MALDI-TOF MS with score) 2 . Stdph.devrieseifalls in theStaph.
haemolyticusgroup (Vasileiou et al., 2019)and Staph sciuri is also reported as belonging to a
separate groufpom Staph.hyicus Staph. hyicuscan be difficult to differentiate frorfS8taph.agnetis
(Adkins et al., 2017)and the latter species was not present in the MAIQIF MS spectrum
database. An isolate was identified &saph. xylosus by MALDI-TOF MS after a second
identification roundwith ascoreof 1.81. The same isolate was identifiedsaaph pseudoxylosuby

gap gne sequencing; this species was not included in the spectrum library. Analogo®&tigmo
ruminantiumspectra were preserior this latter species presumptive identification &rep.suis

was provided witta scoreO 1 .S#ep.ruminantiumis a newspecies of theuisgroup. Strep.suis
includes 35 serotypes, of whislix have been relassified to other bacterial specig€ottschalk et

al., 2020) Among themStrep.suis serotype 33 has been recently classified as a new spBtigs,
ruminantium(Tohya et al., 2018)f which the reference strain was originally isolated from a lamb.
As the two species are biochemically very similar, differentiasafifficult and a PCRspecific for
Strep ruminantiumhas recently been describ@kura et al 2019).All other streptococci showed a
very high agreement rate; both MALDIOF MS and PCRRFLP overcome the known difficulties

in the identification ofGrampositive, catalaseegative cocci by biochemical reactiqiEillieri et

al., 2020; Fortin et al., 2003)sowith streptococci isolated from small ruminaniik. We carried

out microbial cultivation and target preparation at the IZSSA in Sassari, Sardinia, and MAIEDI
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MS identification at the University of Milan in Lodi, Lombardy, on the following day. Accay do

the Bruker MBT User Manual, result reliability is maintained if spectra are generated within 24 h
from target preparatio.his opens the possibility that these may be prepared in one laboratory and
sent to a shared core facility for identificationthin the following day, provided that convenient
logistic solutions are in place. This approach wouldstam instrumental costs while centralizing

the mass spectrometry instrumentation and the spectrum libFarg might also represent a
reasonable #rnative to thegap gene sequencing to integrate the PRRLP identification
approach.n planning such a setup, it would be advisable to thoroughly assess the impact of target
transportation temperatures and conditiongh@reliability of the MALDI-TOF MS identification
results.Our results concerning the species of NASM and streptococci associated with sheep and goat
mastitis were in line with those reportedcasising small ruminant IMI worldwid@/asileiou et al.,

2019; Vanderhaeghen et @&014) MALDI-TOF MS and gap PORRFLP provided comparable
results for the most prevalent speci@ap PCR RFLP can offer a reliable identification alternative
when MALDI-TOF MS isunavailable Restriction profiles differing from the validated reference
isolates(Onni et al., 20100nni et al., 2012Rosa et al., 2019nay notbe easily resolved bgap

gene sequencing. Concerning MALIDOF MS, integrating the spectrum library with small ruminant
strains ofStaph.haemolyticusas well as ofStaph.microti andtheir closely related species might

further improve identification performances
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Appendix

Additional file 1. Geographical distribution of all 261 isolates included in this studyThe map
reports the location of the 204 nanreus Staphylococcumd MammaliicoccugNASM), and 57
Streptococcugsolates in Sardinia, Italy. Each point represents an individual isolate. Circles indicate
NASM: red for sheep milk, and yellow for goat milk. Triangles indicate streptococci: blue for sheep
milk, and fuchsia for goat milk.
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Additional File 2. Staphylocacus and Streptococcus species included in the MBT Compass Library

Rev. H (2021), Document Revision E, covering 3893 species/entries

Staphylococcus spp.

Streptococcus spp.

Staphylococcus argenteus
Staphylococcus arlettae
Staphylococcus aureus
Staphylococcus auricularis
Staphylococcus borealis
Staphylococcus capitis
Staphylococcus caprae
Staphylococcus carnosus
Staphylococcus chromogenes
Staphylococcus cohnii
Staphylococcus condimenti
Staphylococcus delphini
Staphylococcus devriesei
Staphylococcus epidermidis
Staphylococcus equorum
Staphylococcus felis
Staphylococcus fleurettii
Staphylococcus gallinarum
Staphylococcus haemolyticus
Staphylococcus hominis
Staphylococcus hyicus
Staphylococcus intermedius
Staphylococcus kloosii
Staphylococcus lentus
Staphylococcus lugdunensis
Staphylococcus lutrae
Staphylococcus massiliensis
Staphylococcus microti
Staphylococcus muscae
Staphylococcus nepalensis
Staphylococcus pasteuri
Staphylococcus petrasii
Staphylococcus pettenkoferi
Staphylococcus piscifermentans
Staphylococcus pseudintermedius
Staphylococcus saccharolyticus
Staphylococcus saprophyticus
Staphylococcus schieiferi
Staphylococcus schweitzeri
Staphylococcus sciuri
Staphylococcus simiae
Staphylococcus simulans
Staphylococcus sp[2]
Staphylococcus stepanovicii
Staphylococcus succinus
Staphylococcus vitulinus
Staphylococcus warneri
Staphylococcus xylosus

Streptococcus acidominimus
Streptococcus agalactiae
Streptococcus alactolyticus
Streptococcus anginosus
Streptococcus australis
Streptococcus caballi
Streptococcus canis
Streptococcus castoreus
Streptococcus constellatus
Streptococcus criceti
Streptococcus cristatus
Streptococcus dentirousetti
Streptococcus devriesei
Streptococcus didelphis
Streptococcus downei
Streptococcus dysgalactiae
Streptococcus entericus
Streptococcus equi_ssp_equi
Streptococcus equi_ssp_ruminatorum
Streptococcus equi_ssp_zooepidemicus
Streptococcus equinus
Streptococcus ferus
Streptococcus gallinaceus
Streptococcus gallolyticus
Streptococcus gordonii
Streptococcus halichoeri
Streptococcus henryi
Streptococcus hyointestinalis
Streptococcus hyovaginalis
Streptococcus infantarius
Streptococcus infantis
Streptococcus iniae
Streptococcus intermedius
Streptococcus lutetiensis
Streptococcus macacae
Streptococcus marimammalium
Streptococcus massiliensis
Streptococcus merionis
Streptococcus minor
Streptococcus mitis
Streptococcus moroccensis
Streptococcus mutans
Streptococcus oralis
Streptococcus orisratti
Streptococcus orisuis
Streptococcus ovis
Streptococcus parasanguinis
Streptococcus parauberis
Streptococcus penaeicida
Streptococcus peroris
Streptococcus phocae
Streptococcus pluranimalium
Streptococcus plurextorum
Streptococcus pneumoniae
Streptococcus porci
Streptococcus porcinus
Streptococcus porcorum
Streptococcus pseudopneumoniae
Streptococcus pseudoporcinus
Streptococcus pyogenes
Streptococcus ratti
Streptococcus salivarius
Streptococcus salivarius_ssp_thermophilus
Streptococcus sanguinis
Streptococcus sinensis
Streptococcus sobrinus
Streptococcus sp
Streptococcus suis
Streptococcus thoraltensis
Streptococcus uberis
Streptococcus urinalis
Streptococcus vestibularis
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Additional file 3. Restriction fragment length polymorphism (RFLP) pattern of PCR products
of the gap gene obtained after digestion withAlul and used for Staphylococcusspecies
assignment. Fragments were separated by 12% NuPAGE gel. LargtahhylococcugStaph)

epidermidisATCC 35983; lane ZStaph. xylosuATCC 29971; lane 3,Staph. saprophyticusTCC

15303; lane 4,Staph. capitisATCC 27840; lane 5,Staph. haemolyticuBTCC 29970; lane 6,
Staph. simulanATCC 27848; lane 7 Staph. warnerATCC 27836; lane 8,Staph. arlettacATCC

43957 lane 9 Staph. chromogen&sTCC 43764; lane 10Staph. eqorumATCC 43958; lane 11,
Staph. capraéddTCC 35538; lane 12,Staph. sciuriATCC 29062Z; lane 13,Staph. hyicuATCC

11249, and lane 14Staph. intermediuATCC 29663. M, Marker VIII (Roche).

BpM 1l 2 3 45 6 7 8 910 11 12 13 14
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Additional file 4. Restriction fragment length polymorphism (RFLP) pattern of PCR products
of the gap gene obtained after digestion withAlul and used for Streptococcusspecies
assignment. Fragments were separated by 12% NuPAGE gel. LaB&dptococcusiberisATCC
700407; lane 2Strep. dysgalactiasubsp.dysgalactiaeATCC 43078; lane 3, Strepdysgalactiae
subspequisimilisDSM 23147; lane 4,Strep. agalactialdTCC 13813; lane 5,Strep. gallolyticus
subspgallolyticusATCC 49475; lane 65trep. eqi subspzooepidemicuBICTC 6180; and lane 7,
Strep. SUIATCC 43765. M, Marker VIII (Roche).

Bp M 1 2 3 4 5 6 7
489

404
320
242

190
147
110

67

34
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Additional file 5: Excel file detailing PCRRFLP identification, gap gene sequencing information

where obtained, MALDITOF MSidentification, best log score, and animal species.

Sheet 1:All isolates

Isolate N MALDI-TOF MS Log Score PCR-RFLP (gap gene sequencing identity)
2 AR, SO, 2,36 SRR BANlbTIGS
3 SHAR: BRFMRAS, 2,17 SHAR: DRAIBURAFSSRAVENRRS, 99-2% gap)
4 Stren. dysgalactiae/Siep. capis, 2,42 Skrep. dysgalactiae
7 HAR: SHik 178 SHRR: CHRIRARIAAR | $RGUERARg: 97-42% gap)
14 SHRR. DAFBURRLS, 2,18 SHEER, BARANRRLS (s80Uensed, 98.67% gap)
15 SHeR. uberis 2,48 StreR, uberis (seguensed, 99.67% gap)
18 Sk, microti 1,99 Skl TAKARE SRALERRRGh 92.79% gap)
13 2anh, CArOMOgERES 2,16 Staph, chomogsnes
20 %’.@gl;!, gn'mrmj.@l&' i 2,21 E}gm, gm.gg' pml@;{' 3
21 2130k baRmRNNSYS 178 23k, DRAMANHIAYS
22 Shaly, microti 2,04 JeRR, Wtw 99.89% gap)
2z SRR, AR 278 o0k, BUCOIRAIGRSGh 99 29% GoP)
%5 STo0h, DRRRRIVIRS 137 o0k, RRRrs
26 Jank, sciuri 2,16 a0k, DNCHE sRRVENLRS, 98.65% gap)
27 Saeh, pssudintrrmedive 196 2300 BRUdInLerRRdis spaUeNRsd. 98.81% gap)
78 Staeh, SOURDS 235 ook, JOU0S
% STo0h, DRRRRIVIRS 272 o0k, DR s
32 NO QBBUARMAGIANAFION RRIIA 1,44 YBOR DRXUGR) (SPGUERASY. 99-77% gap)
EE] JaeR SIRA 188 Jook GOUESR)
35 Staehy, wlqaus 1,81 Shark, paeudoRsUS A SRALENREGh 99.78% gap)
% e 17 Vot TRARRNS
37 STa0h, RRRRIVIRUS 72 otk Rrirs
39 Jank, sciuri 2,23 Shaaky CRARGEERRT SRAYENREH 98.75% gap)
40 S,tg.gl;!, gn'mr,gm i 2,21 m gmgg' pmuj}g ,
41 ﬁ;a.gla, gm.q,gr.pm i 2,22 Sj.@gkq, gm@g’ pml@}g' 3
42 2aph, CAPIAR 2,13 30t CARLAR
a3 B3k, RUOWOERRRS 242 H1aphy CRIQMORRRES
7 ook, s, 18 ook aiRe.
45 Staph, xdoaus, 2,26 Staph, xylosus
46 Staph. capitis 2,21 Staph. capitis
a7 Staph. simulans 241 Staph. simulans
48 Staph. epidermidis 2,18 Staph. epidermidis
49 Mo organism identification possible 16 Staph. haemolyticus (sequenced, 99.07% gap)
50 Staph. epidermidis 1,95 Staph. epidermidis
51 Staph. epidermidis 2,16 Staph. epidermidis
52 Staph. microti 2,05 Staph. muscae
53 Staph. warneri 1,98 Staph. warneri
54 Staph. equorum 2,31 Staph. equorum
56 Staph. warneri 2 Staph. warneri
57 Staph. chromogenes 242 Staph. chromogenes
59 Staph. haemalyticus 2,06 Staph. haemolyticus
60 Staph. haemolyticus 2,1 Staph. haemolyticus
62 Strep. uberis 2,28 Strep. uberis
63 Strep. uberis 2,18 Strep. uberis
64 Strep. uberis 24 Strep. uberis
65 Strep. uberis 2,29 Strep. uberis
66 Strep. uberis 2,06 Strep. uberis
67 Strep. uberis 1,99 Strep. uberis
68 Strep. uberis 2,2 Strep. uberis
69 Strep. uberis 2,28 Strep. uberis
70 Strep. uberis 2,31 Strep. uberis
71 Strep. uberis 23 Strep. uberis
72 Strep. uberis 2,32 Strep. uberis
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73 Strep. uberis 2,22 Strep. uberis

74 Strep. uberis 221 Strep. uberis

75 Strep. uberis 2,22 Strep. uberis

76 Strep. uberis 2,28 Strep. uberis
77 Strep. uberis 2,15 Strep. uberis

78 Strep. uberis 2,26 Strep. uberis
79 Strep. uberis 2,3 Strep. uberis
80 Strep. uberis 1,8 Strep. uberis

81 Strep. uberis 2,26 Strep. uberis

82 Strep. uberis 1,87 Strep. uberis

83 Strep. uberis 2,4 Strep. uberis
84 Strep. uberis 2,22 Strep. uberis

85 Strep. uberis 2,38 Strep. uberis
86 Strep. uberis 2,2 Strep. uberis
37 Strep. uberis 2,36 Strep. uberis
88 Strep. uberis 2,34 Strep. uberis
90 Strep. uberis 243 Strep. uberis
92 Strep. uberis 2,26 Strep. uberis
93 Strep. uberis 2,21 Strep. uberis
94 Strep. uberis 2,15 Strep. uberis
95 Strep. dysgalactiae 2,22 Strep. dysgalactiae
96 Strep. uberis 2,33 Strep. uberis
98 Strep. uberis 2,3 Strep. uberis
99 Strep. uberis 2,37 Strep. uberis
100 Strep. uberis 231 Strep. uberis
101 Strep. uberis 2,13 Strep. uberis
102 Strep. uberis 2,26 Strep. uberis
104 Strep. uberis 2,39 Strep. uberis
105 Strep. uberis 2,17 Strep. uberis
106 Strep. uberis 2,35 Strep. uberis
107 Strep. uberis 243 Strep. uberis
108 Strep. uberis 2,29 Strep. uberis
109 Strep. uberis 2,15 Strep. uberis
110 Strep. uberis 2,13 Strep. uberis
112 Strep. uberis 2,35 Strep. uberis
113 Strep. uberis 2,3 Strep. uberis
114 Strep. uberis 2,28 Strep. uberis
115 Strep. uberis 2,3 Strep. uberis
116 Strep. uberis 2,08 Strep. uberis
117 Staph. chromogenes 1,93 Staph. chromogenes
118 Staph. chromogenes 2,35 Staph. chromogenes
120 Staph. chromogenes 241 Staph. chromogenes
121 Staph. simulans 2,19 Staph. simulans
122 Staph. simulans 2,29 Staph. simulans
123 Staph. haemolyticus 1,78 Staph. haemolyticus
124 Staph. epidermidis 2,09 Staph. epidermidis
125 Staph. epidermidis 2,09 Staph. epidermidis
126 Staph. epidermidis 2,07 Staph. epidermidis
127 Staph. epidermidis 2,11 Staph. epidermidis
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128 staeh, chromogsRss 2,25 Staph. chromogenes
129 Staph. epidermidis 2,07 Staph. epidermidis
130 Staph. chromogenes 2,19 Staph. chromogenes
131 Staph. chromogenes 2,22 Staph. chromogenes
132 Staph. epidermidis 1,98 Staph. epidermidis
133 Staph. chromogenes 2,31 Staph. chromogenes
134 Staph. chromogenes 2,39 Staph. chromogenes
135 Staph. chromogenes 2,22 Staph. chromogenes
136 Staph. epidermidis 2,08 Staph. epidermidis
137 Staph. epidermidis 2,09 Staph. epidermidis
138 Staph. epidermidis 2,16 Staph. epidermidis
139 Staph. chromogenes 2,23 Staph. chromogenes
140 Staph. chromogenes 2,27 Staph. chromogenes
142 Staph. epidermidis 2,18 Staph. epidermidis
143 Staph. warneri 2,04 Staph. warneri
144 Staph. haemolyticus 1,88 Staph. haemolyticus
146 Staph. epidermidis 2,23 Staph. epidermidis
148 Staph. equorum 2,06 Staph. equorum
145 Staph. petrasii 21 Staph. haemolyticus
150 Staph. epidermidis 2,12 Staph. epidermidis
151 Staph. chromogenes 2,17 Staph. chromogenes
152 Staph. chromogenes 2,35 Staph. chromogenes
153 Staph. chromogenes 2,25 Staph. chromogenes
154 Staph. simulans 2,29 Staph. simulans
155 Staph. chromogenes 2,22 Staph. chromogenes
156 Staph. chromogenes 2,2 Staph. chromogenes
157 Staph. haemolyticus 2,01 Staph. haemolyticus
158 Staph. chromogenes 2,2 Staph. chromogenes
159 Staph. haemolyticus 1,78 Staph. haemolyticus
160 Staph. epidermidis 2,09 Staph. epidermidis
161 Staph. chromogenes 2,19 Staph. chromogenes
162 Staph. epidermidis 2,21 Staph. epidermidis
163 Staph. simulans 2.3 Staph. simulans
164 Staph. chromogenes 2,33 Staph. chromogenes
165 Staph. simulans 2,19 Staph. simulans
166 Staph. chromogenes 2,14 Staph. chromogenes
167 Staph. epidermidis 2,17 Staph. epidermidis
168 Staph. epidermidis 2,03 Staph. epidermidis
169 Staph. chromogenes 2,11 Staph. chromogenes
170 Staph. chromogenes 2,21 Staph. chromogenes
171 Staph. epidermidis 2,29 Staph. epidermidis
172 Staph. epidermidis 2,03 Staph. epidermidis
173 Staph. chromogenes 244 Staph. chromogenes
174 Staph. epidermidis 2,09 Staph. epidermidis
175 Staph. chromogenes 2,34 Staph. chromogenes
176 Staph. chromogenes 2,22 Staph. chromogenes
177 Staph. epidermidis 2,32 Staph. epidermidis
178 Staph. epidermidis 2,22 Staph. epidermidis
179 Staph. epidermidis 2,19 Staph. epidermidis
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180 $1a0b. baemoliisss 2,15 a0b. barmolilus
181 Staph. chromogenes 2,03 Staph. chromogenes
183 Staph. microti 2,06 Staph. muscae
184 Staph. epidermidis 2,18 Staph. epidermidis
185 Staph. microti 1,91 Staph. muscae
186 Staph. equorum 2,2 Staph. equorum
187 Staph. caprae 2,13 Staph. caprae
188 Staph. haemaolyticus 2,25 Staph. haemolyticus
189 Staph. caprae 2,11 Staph. caprae
150 Staph. simulans 2,25 Staph. simulans
191 Staph. chromogenes 2,28 Staph. chromogenes
192 Staph. chromogenes 2,26 Staph. chromogenes
193 Staph. epidermidis 2,21 Staph. epidermidis
194 Staph. epidermidis 2,15 Staph. epidermidis
195 Staph, caprae 1,97 Staph. caprae
196 Staph. chromogenes 1,85 Staph. chromogenes
197 Staph. haemalyticus 2,02 Staph. haemolyticus
198 Staph. epidermidis 2,11 Staph. epidermidis
199 Staph. chromogenes 2,42 Staph. chromogenes
200 Staph. chromogenes 2,33 Staph. chromogenes
201 Staph. haemolyticus 2,08 Staph. haemolyticus
202 Staph. haemalyticus 2,2 Staph. haemolyticus
203 Staph. chromogenes 2,3 Staph. chromogenes
204 Staph. chromogenes 2,16 Staph. chromogenes
205 Staph. caprae 2,07 Staph. caprae
206 Staph. chromogenes 2 Staph. chromogenes
207 Staph. haemaolyticus 1,98 Staph. haemolyticus
208 Staph. haemaolyticus 1,8 Staph. haemolyticus
209 Staph. chromogenes 2,21 Staph. chromogenes
210 Staph. cARrae 2,02 Staph. caprae
211 Staph. haemaolyticus 1,98 Staph. haemolyticus
212 Staph. epidermidis 2,01 Staph. epidermidis
213 Staph. chromogenes 2,12 Staph. chromogenes
214 Staph. petrasii 2,03 Staph. haemolyticus
215 Staph. haemaolyticus 1,91 Staph. haemolyticus
216 Staph. epidermidis 2,11 Staph. epidermidis
217 Staph. haemaolyticus 2,01 Staph. haemolyticus
218 Stapb. canrae 1,92 Staph. caRrae
219 Staph, chromogenes 2,27 Staph. chromogenes
220 Staph. chromogenes 21 Staph. chromogenes
222 Staph. haemalyticus 1,77 Staph. haemolyticus
223 Staph. epidermidis 2,11 Staph. epidermidis
224 Staph. epidermidis 2,15 Staph. epidermidis
225 Staph. caprae 1,83 Staph. caprae
226 Staph. caprae 2,06 Staph. caprae
227 Staph. chromogenes 1,99 Staph. chromogenes
228 Staph. simulans 2,26 Staph. simulans
229 Staph. chromogenes 2,39 Staph. chromogenes
230 Staph. epidermidis 2,2 Staph. epidermidis
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231 Staph. chromogenes 2,34 Staph. chromogenes
232 Staph. lentus 1,8 Staph. epidermidis (sequenced, 98.48% gap)
233 Staph. haemolyticus 1,97 Staph. haemolyticus
234 Staph. epidermidis 1,88 Staph. epidermidis
235 Staph. simulans 2,37 Staph. simulans
236 Staph. chromogenes 2,26 Staph. chromogenes
237 Staph. epidermidis 2,23 Staph. epidermidis
238 Staph. epidermidis 1,97 Staph. epidermidis
239 Staph. simulans 2,21 Staph. simulans
240 Staph. epidermidis 2,21 Staph. epidermidis
241 Staph. epidermidis 2,02 Staph. epidermidis
242 Staph. epidermidis 2,22 Staph. epidermidis
243 Staph. caprae 2 Staph. caprae
244 Staph. chromogenes 1,86 Staph. chromogenes
245 Staph. caprae 2,01 Staph. caprae
246 Staph. simulans 2,36 Staph. simulans
247 Staph. epidermidis 2,16 Staph. epidermidis
248 Staph. chromogenes 2,23 Staph. chromogenes
249 Staph. succinus 1,53 Staph. epidermidis
250 Staph. chromogenes 2,25 Staph. chromogenes
251 Staph. epidermidis 2,08 Staph. epidermidis
252 Staph. haemolyticus 2 Staph. haemolyticus
253 Staph. epidermidis 2,16 Staph. epidermidis
254 Staph. microti 1,76 Staph. muscae
255 Staph. epidermidis 2,25 Staph. epidermidis
256 Staph. epidermidis 2,14 Staph. epidermidis
257 Staph. epidermidis 2,03 Staph. epidermidis
258 Staph. haemolyticus 2,04 Staph. haemolyticus
259 Staph. epidermidis 2,14 Staph. epidermidis
260 Staph. epidermidis 2,16 Staph. epidermidis
261 Staph. chromogenes 2,15 Staph. chromogenes
262 Staph. caprae 2,07 Staph. caprae
263 Staph. haemolyticus 1,92 Staph. haemolyticus
264 MNo organism identification possible 128 Staph. haemolyticus (sequenced, 98.26% gap)
265 Staph. chromogenes 2,19 Staph. chromogenes
266 Staph. epidermidis 2,15 Staph. epidermidis
267 Staph. haemolyticus 1,87 Staph. haemolyticus
268 Staph. chromogenes 2,29 Staph. chromogenes
265 Staph. chromogenes 2,2 Staph. chromogenes
270 Staph. chromogenes 2,18 Staph. chromogenes
271 Staph. simulans 23 Staph. simulans
272 Staph. epidermidis 2,17 Staph. epidermidis
274 Staph. caprae 2,22 Staph. caprae
276 Staph. chromogenes 2,25 Staph. chromogenes
277 Staph. epidermidis 2,07 Staph. epidermidis
278 Staph. epidermidis 2,1 Staph. epidermidis
279 Staph. epidermidis 2,01 Staph. epidermidis
280 Staph. epidermidis 2,16 Staph. epidermidis
281 Staph. haemolyticus 2,07 Staph. haemolyticus
282 Staph. chromogenes 2,24 Staph. chromogenes
283 Staph. xylosus 2,17 Staph. xylosus
284 Staph. chromogenes 2,21 Staph. chromogenes
285 Staph. epidermidis 2,07 Staph. epidermidis
286 Staph. chromogenes 2,31 Staph. chromogenes
287 Staph. epidermidis 2,12 Staph. epidermidis
288 Staph. haemaolyticus 2 Staph. haemolyticus
289 Staph. haemolyticus 2,03 Staph. haemolyticus
290 Staph. haemaolyticus 2,12 Staph. haemolyticus
291 Staph. haemolyticus 1,89 Staph. haemoalyticus
292 Staph. haemaolyticus 2,01 Staph. haemolyticus
294 Strep. uberis 2,16 Strep. uberis
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Sheet 2:MALDI -TOF MS

| sol a MALDBNOF MS Log sco Speci e
2 Strep. gallolyti 2,36 sheep
3 Strep. parauber 2,17 sheep
4 Strep. dysgalacti a 2,42 goat
7 Strep. suis 1,78 sheep
14 Strep. parauber 2,18 sheep
15 Strep. uberis 2,48 sheep
18 Staph. mi croti 1,99 sheep
19 Staph. chromogen 2,16 sheep
20 Staph. epider mio 2,21 goat
21 St alpdemol yticus 1,78 sheep
22 Staph. microti 2,04 sheep
24 St aph. petrasi.i 2,24 sheep
25 Staph. haemol yti 1,97 sheep
26 Staph. sciuri 2,16 sheep
27 Staph. pseudinter 1,96 sheep
28 Staph. simul ans 2,35 sheep
29 Staph. haemol yti 2,22 sheep
32 No organism identif 1, 44 sheep
33 Staph. xyl osus 1, 88 sheep
35 Staph. xyl osus 1,81 sheep
36 Staph. cohni 1,7 sheep
37 Staph. haemol yti 2,2 sheep
39 Staph. sciuri 2,23 sheep
40 St aphi.der mi di s 2,21 sheep
41 Staph. epider mio 2,22 sheep
42 Staph. <caprae 2,13 sheep
43 Staph. chromogen 2,42 sheep
4 4 Staph. arl ett ae 1, 86 goat
45 Staph. xyl osus 2,26 sheep
46 Staph. <capitis 2,21 goat
47 Staph. simul ans 2,41 goat
48 St aphi.der mi di s 2,18 sheep
49 No organism identif 1,6 sheep
50 Staph. epider midg 1,95 sheep
51 Staph. epider midg 2,16 sheep
52 Staph. microti 2,05 sheep
53 Staph. warneri 1,98 sheep
54 Staph. equorum 2,31 sheep
56 Staph. warneri 2 sheep
57 Staph. chromogen 2,42 sheep
59 St aph. haemol yti 2,06 sheep
60 St aph. haemol yti 2,1 sheep
6 2 Strep. wuberis 2,28 sheep
6 3 Strep. uberis 2,18 sheep
6 4 Strep. uberis 2,41 sheep
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65 Strep. uberis 2,29 sheep
66 Strep. uberis 2,06 sheep
67 Strep. uberis 1,99 sheep
6 8 Strep. uberis 2,2 sheep
69 Strep. uberis 2,28 sheep
70 Strep. uberis 2,31 sheep
71 Strep. wuberis 2,3 sheep
72 Strep. uberis 2, 32 sheep
73 Strep. uberis 2,22 sheep
74 Strep. uberis 2,21 sheep
75 St rielper i s 2,22 sheep
76 Strep. uberis 2,28 sheep
77 Strep. uberis 2,15 sheep
8 Strep. uberis 2,26 sheep
79 Strep uberis 2,3 sheep
80 Strep. uberis 1,8 sheep
81 Strep. uberis 2,26 sheep
82 Strep. wuberis 1,87 sheep
83 Strep. uberis 2,4 sheep
84 Strep. uberis 2,22 sheep
85 Strep. uberis 2, 38 sheep
86 Strep. uberis 2,2 sheep
87 Strep. uberis 2,36 sheep
8 8 Strep. uberis 2, 34 sheep
90 Strep. uberis 2,43 sheep
92 Strep. uberis 2,26 sheep
93 Strep. uberis 2,21 sheep
94 Strep. uberis 2,15 sheep
95 Strep. dysgalactia 2,22 sheep
96 Strep. uberis 2, 33 sheep
98 Strep. uberis 2,3 sheep
99 Strep. uberis 2,37 goat
100 Strep. uberis 2,31 sheep
101 Strep. wuberis 2,13 sheep
102 Strep. uberis 2,26 sheep
104 Strep. uberis 2,39 sheep
105 Strep. uberis 2,17 sheep
106 Strep. uberis 2,35 sheep
107 Strep. wuberis 2,43 sheep
108 Strep. uberis 2,29 sheep
109 Strep. wuberis 2,15 sheep
110 Strep. uberis 2,13 sheep
112 Strep. wuberis 2, 35 sheep
113 Strep. uberis 2,3 sheep
114 Strep. uberis 2,28 sheep
115 Strep. uberis 2,3 sheep
116 Strep. uberis 2,08 sheep
117 Staph. chromogen 1,93 sheep
118 Staph. chromogen 2,35 goat
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120 Staph. chromogen 2,41 sheep
121 Staph. simulans 2,19 sheep
122 Staph. simul ans 2,29 sheep
123 St aph. haemol yti 1,78 sheep
124 Staph. epider mio 2,009 sheep
125 Staph. epider midg 2,009 sheep
126 Staph. epider mio 2,07 sheep
127 Staph. epider midg 2,11 goat
128 Staph. chromogen 2,25 goat
129 Staph. epider midg 2,07 sheep
130 Staph. chromogen 2,19 sheep
131 Staph. chromogen 2,22 sheep
132 Staph. epider mig 1,98 sheep
133 Staph. chromogen 2,31 sheep
134 Staph. chromogen 2,39 sheep
135 Staph. chromogen 2,22 sheep
136 Staph. epider midg 2,08 sheep
137 Staph. epider mio 2,009 sheep
138 Staph. epider midg 2,16 sheep
139 Staph. chromogen 2,23 sheep
140 Staph. chromogen 2,27 sheep
142 Staph. epider mig 2,18 sheep
143 Staph. warneri 2,04 sheep
144 St aph. haemol yti 1, 88 sheep
146 St aphi.der mi di s 2,23 sheep
148 Staph. equorum 2,06 sheep
149 Staph. petrasi.i 2,1 sheep
150 Staph. epider midg 2,12 sheep
151 Staph. chromogen 2,17 sheep
152 Staph. chromogen 2,35 sheep
153 Staph. chromogen 2,25 sheep
154 Staph. simul ans 2,29 sheep
155 Staph. chromogen 2,22 sheep
156 Staph. chromogen 2,2 sheep
157 St aph. haemol yti 2,01 sheep
158 Staph. chromogen 2,2 sheep
159 St aph. haemol yti 1,78 sheep
160 Staph. epider mig 2,009 sheep
161 Staph. chromogen 2,19 sheep
162 Staph. epider mig 2,21 sheep
163 Staph. simul ans 2,3 sheep
164 Staph. chromogen 2, 33 sheep
165 Staph. simul ans 2,19 sheep
166 Staph. chromogen 2,14 sheep
167 Staph. epider mig 2,17 sheep
168 Staph. epider midg 2,03 goat
169 St aplhr omogenes 2,11 sheep
170 Staph. chromogen 2,21 sheep
171 Staph. epider mi ¢ 2,29 goat
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223 Staph. epider midg 2,11 sheep
224 Staph. epider mig 2,15 goat
225 Staph. <caprae 1,83 sheep
226 Staph. <caprae 2,06 sheep
227 Staph. chromogen 1,99 sheep
228 Staph. simul ans 2,26 sheep
229 Staph. chromogen 2,39 sheep
230 Staph. epider midg 2,2 sheep
231 Staph. chromogen 2,34 sheep
232 Staph. |l entus 1,8 goat
233 St aph. haemol yti 1,97 sheep
234 Staph. epider midg 1, 88 sheep
235 Staph. simulans 2,37 sheep
236 Staph. chromogen 2,26 sheep
237 Staph. epider midg 2,23 sheep
238 Staph. epider mio 1,97 sheep
239 Staph. simulans 2,21 sheep
240 Staph. epider mio 2,21 goat
241 Staph. epider midg 2,02 sheep
242 Staph. epider mig 2,22 sheep
243 St apdépr ae 2 sheep
244 Staph. chromogen 1, 86 sheep
245 Staph. <caprae 2,01 sheep
246 Staph. simul ans 2, 36 sheep
247 Staph. epider mio 2,16 sheep
248 Staph. chromogen 2,23 sheep
249 Staph. succinus 1,93 sheep
250 Staph. chromogen 2,25 sheep
251 Staph. epider mig 2,08 sheep
252 St aph. haemol yti 2 sheep
253 Staph. epider mig 2,16 sheep
2514 Staph. microti 1,76 sheep
255 Staph. epider midg 2,25 goat
256 Staph. epider mio 2,14 sheep
257 Staph. epider midg 2,03 sheep
258 St alpdemol yticus 2,04 sheep
259 Staph. epider midg 2,14 sheep
260 Staph. epider mig 2,16 sheep
261 Staph. chromogen 2,15 sheep
262 Staph. <caprae 2,07 sheep
263 St aph. haemol yti 1,92 sheep
264 organism identif 1,28 sheep
265 Staph. chromogen 2,19 sheep
266 Staph. epider midg 2,15 sheep
267 St aph. haemol yti 1,87 sheep
268 Staph. chromogen 2,29 sheep
269 Staph. chromogen 2,2 sheep
270 Staph. chromogen 2,18 sheep
271 Staph. simul ans 2,31 sheep
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272 St aphi.der mi di s 2,17 S
274 Staph. <caprae 2,22 S
276 Staph. chromoge 2,25 S
277 Staph. epider mig 2,07 S
278 Staph. epider mio 2,1 S
279 Staph. epider midg 2,01 S
280 Staph. epider mig 2,16 S
281 St alpdemol yticus 2,07 S
282 Staph. chromoge 2,24 S
283 Staph. xyl osus 2,17 S
284 Staph. chromogen 2,21 S
285 Staph. epider midg 2,07 S
286 Staph. chromogen 2,31 S
287 Staph. epider mio 2,12 S
288 St alpdemol yticus S
289 Staph. haemol yti 03 S
290 St aph. haemol yti 12 S
291 Staph. haemol yti , 89 S
292 St aph. haemol yti 01 S
294 Strep. uberis 16 S
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MALDBNOF MS -8&anp N MALDBNOF MS -$&sa N
Staphyl ococcusg 59 28, ¢ Streptococcug 5 89, f
Staphyl ococcus 57 27, ¢ Streptococcus d 2 3,5
Staphyl ococcus 32 15, 1 Streptococcus 2 3,5
Staphyl ococc 13 6, 4 Streptococcus 1 1,8
Staphyl ococcu 13 6, 4 Streptococcu 1 1,8
Staphyl ococcy 6 2,9 Unidenti fi ¢ 0 0,0
Staphyl ococc 4 2,0 Tot al 5 100,
Staphyl ococcu 3 1,5
Staphyl ococc| 3 1,5
Staphyl ococc 3 1,5
Staphyl ococc 2 1,0
Staphyl ococc | 1 0,5
Staphyl ococc 1 0,5
Staphyl ococc 1 0,5
Staphyl ococc 1 0,5
Staphyl ococcus 1 0,5
Staphyl ococcu 1 0,5
Unidenti fi ¢ 3 1,5
204 100,




Sheet 3:PCRRFLP by reference strains

| sol a PCRFLP Speci e
2 Strep. gallolyticus sheep
3 Unidentified strep sheep
4 Strep. dysgal acti ae goat
7 Unidentified strep sheep
14 Unidentified strep sheep
15 Unidentified strep sheep
18 Unidentified staph sheep
19 Staph. chromogenes sheep
20 Staph. epidermidis goat
21 St aph. haemol yticus sheep
22 Unidentified staph sheep
24 Unidentified staph sheep
25 St alpdemol yticus sheep
26 Unidentified staph sheep
27 Unidenti fied staph sheep
28 Staph. simul ans sheep
29 St aph. haemol yticus sheep
32 Unidentified staph sheep
33 Unidentified staph sheep
35 Unidentified staph sheep
36 Unidentified staph sheep
37 Staph. haemolyticus sheep
39 Unidentified staph sheep
40 Staph. epidermidis sheep
41 Staph. epidermidis sheep
42 Staph. <caprae sheep
43 Staph. chromogenes sheep
4 4 Staph. arlettae goat
45 Staph. xyl osus sheep
46 Staph. <capitis goat
47 St apihmul ans goat
48 Staph. epidermidis sheep
49 Unidentified staph sheep
50 Staph. epidermidis sheep
51 Staph. epidermidis sheep
52 Unidentified staph sheep
53 Staph. warneri sheep
54 Staph. equorum sheep
56 Staph. warneri sheep
57 St aplhhr omogenes sheep
59 St aph. haemol yticus sheep
60 St aph. haemol yticus sheep
62 Strep. uberis sheep
6 3 Strep. uberis sheep
6 4 Strep. uberis sheep
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65 Strep. uberis sheep
66 Strep. uberis sheep
67 Strep. uberis sheep
6 8 Strep. uberis sheep
69 Strep. uberis sheep
70 Strep. uberis sheep
71 Strep. uberis sheep
72 Strep. uberis sheep
73 Strep. wuberis sheep
74 Strep. uberis sheep
75 Strep. uberis sheep
76 Strep. uberis sheep
77 Strep. uberis sheep
78 Strep. uberis sheep
79 St rwelper i s sheep
80 Strep. uberis sheep
81 Strep. uberis sheep
82 Strep. uberis sheep
83 Strep. uberis sheep
84 Strep. uberis sheep
85 Strep. uberis sheep
86 Strep. uberis sheep
87 Strep. uberis sheep
8 8 Strep. uberis sheep
90 Strep. uberis sheep
92 Strep. uberis sheep
93 Strep. uberis sheep
94 Strep. uberis sheep
95 Strep. dysgal actiae sheep
96 Strep. uberis sheep
98 Strep. uberis sheep
99 Strep. uberis goat
100 Strep. uberis sheep
101 Strep. uberis sheep
102 Strep. uberis sheep
104 Strep. wuberis sheep
105 Strep. uberis sheep
106 Strep. uberis sheep
107 Strep. uberis sheep
108 Strep. uberis sheep
1009 Strep. uberis sheep
110 Strep. uberis sheep
112 Strep. uberis sheep
113 Strep. uberis sheep
114 Strep. uberis sheep
115 Strep. uberis sheep
116 Strep. uberis sheep
117 Staph. chromogenes sheep
118 Staph. chromogenes goat
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120 Staph. chromogenes sheep
121 Staph. simul ans sheep
122 Staph. simul ans sheep
123 St aph. haemol yticus sheep
124 St aphi.der mi di s sheep
125 Staph. epidermidis sheep
126 Staph. epidermidis sheep
127 Staph. epidermidis goat
128 Staph. chromogenes goat
129 Staph. epidermidis sheep
130 Staph. chromogenes sheep
131 Staph. chromogenes sheep
132 St aphi.der mi di s sheep
133 Staph. chromogenes sheep
134 Staph. chromogenes sheep
135 Staph. chromogenes sheep
136 Staph. epidermidis sheep
137 Staph. epidermidis sheep
138 Staph. epidermidis sheep
139 Staph. chromogenes sheep
140 St aplhr. omogenes sheep
142 Staph. epidermidis sheep
143 Staph. warner.i sheep
144 St aph. haemol yticus sheep
146 Staph. epidermidis sheep
148 Staph. equorum sheep
149 St aph. haemol yticus sheep
150 Staph. epidermidis sheep
151 Staph. chromogenes sheep
152 Staph. chromogenes sheep
153 Staph. chromogenes sheep
154 Staph. simul ans sheep
155 Staph. chromogenes sheep
156 Staph. chromogenes sheep
157 St aph. haemol yticus sheep
158 Staph. chromogenes sheep
159 St aph. haemol yticus sheep
160 St aphi.der mi di s sheep
161 Staph. chromogenes sheep
162 Staph. epidermidis sheep
163 Staph. simul ans sheep
164 Staph. chromogenes sheep
165 Staph. simul ans sheep
166 Staph. chromogenes sheep
167 Staph. epidermidis sheep
168 Staph. epidermidis goat
169 Staph. chromogenes sheep
170 Staph. chromogenes sheep
171 Staph. epidermidis goat
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172 Staph. epidermidis sheep
173 Staph. chromogenes sheep
174 Staph. epidermidis sheep
175 Staph. chromogenes sheep
176 Staph. chromogenes sheep
177 St aphi.der mi di s sheep
178 Staph. epidermidis sheep
179 Staph. epidermidis sheep
180 Staph. haemolyticus sheep
181 Staph. chromogenes sheep
183 Unidentified staph sheep
184 Staph. epidermidis sheep
185 Unidentified staph sheep
186 Staph. equorum sheep
187 Staph. <caprae sheep
188 St aph. haemol ytic sheep
189 Staph. <caprae sheep
190 Staph. simul ans sheep
191 Staph. chromogenes sheep
192 Staph. chromogenes sheep
193 Staph. epidermidis sheep
194 Staph. epidermidis sheep
195 St apdpr ae sheep
196 Staph. chromogenes sheep
197 St aph. haemol yticu sheep
198 Staph. epidermidis sheep
199 Staph. chromogenes sheep
200 Staph. chromogenes sheep
201 St aph. haemol yticu sheep
202 St aph. haemol yticu sheep
203 St aplhhr omogenes sheep
204 Staph. chromogenes sheep
205 Staph. <caprae sheep
206 Staph. chromogenes sheep
207 St aph. haemol yticu sheep
208 Staph. haemol yticu sheep
209 Staph. chromogenes sheep
210 Staph. <caprae sheep
211 St aph. haemol yticu sheep
212 Staph. epidermidis sheep
213 Staph. chromogenes sheep
214 St aph. haemol yticus sheep
215 St aph. haemol yticus sheep
216 Staph. epidermidis sheep
217 St aph. haemol yticus sheep
218 Staph. <caprae sheep
219 Staph. chromogene sheep
220 St aplhr omogenes sheep
222 Staph. haemol ytic sheep
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223 Staph. epidermidis sheep
224 Staph. epidermidis goat
225 Staph. <caprae sheep
226 Staph. <caprae sheep
227 Staph. chromogenes sheep
228 Staph. simulans sheep
229 Staph. chromogenes sheep
230 Staph. epidermidis sheep
231 Staph. chromogenes sheep
232 Unidentified staph goat
233 St aph. haemol yticus sheep
234 Staph. epidermidis sheep
235 Staph. simulans sheep
236 Staph. chromogenes sheep
237 Staph. epidermidis sheep
238 St aphi.der mi di s sheep
239 Staph. simulans sheep
240 Staph. epidermidis goat
241 Staph. epidermidis sheep
242 Staph. epidermidis sheep
243 Staph. <caprae sheep
244 Staph. chromogenes sheep
245 Staph. <caprae sheep
246 Staph. simulans sheep
247 Staph. epidermidis sheep
248 Staph. chromogenes sheep
249 Staph. epidermidis sheep
250 Staph. chromogenes sheep
251 Staph. epidermidis sheep
252 St aph. haemol yticus sheep
253 Staph. epidermidis sheep
254 Unidentified staph sheep
255 St aphi.der mi di s goat
256 Staph. epidermidis sheep
257 Staph. epidermidis sheep
258 Staph. haemolyticus sheep
259 Staph. epidermidis sheep
260 Staph. epidermidis sheep
261 Staph. chromogenes sheep
262 Staph. <caprae sheep
263 St alpdemol yticus sheep
264 Unidentified staph sheep
265 Staph. chromogenes sheep
266 Staph. epidermidis sheep
267 St aph. haemol yticus sheep
268 Staph. chromogenes sheep
269 Staph. chromogenes sheep
270 Staph. chromogenes sheep
271 St apihmul ans sheep
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272 Staph. epidermidis sheep
274 Staph. <caprae sheep
276 Staph. chromogenes sheep
277 Staph. epidermidis sheep
278 Staph. epidermidis sheep
279 Staph. epidermidis sheep
280 Staph. epidermidis sheep
281 St aph. haemol yticus sheep
282 Staph. chromogenes sheep
283 Staph. xyl osus sheep
284 Staph. chromogenes sheep
285 Staph. epidermidis sheep
286 Staph. chromogenes sheep
287 Staph. epidermidis sheep
288 St aph. haemol yticus sheep
289 St aph. haemol yticus sheep
290 St alpdoemol yticus sheep
291 St aph. haemol yticus sheep
292 St aph. haemol yticus sheep
294 Strep. uberis sheep
PCRFLP rStsagh N PCRFLP rStsrud g N
Uni denti fied Sta 17 Uni denti fied 4
Staphyl ococcus 1 Streptococcus d 2

Staphyl ococcus 1 Streptococcus g 1

Staphyl ococcus 13 Streptococcus 50
Staphyl ococcus ¢ 57 Tot al 57
Staphyl ococcus 60

Staphyl ococcus 3

Staphyl ococcus | 34

Staphyl ococcus 13

Staphyl ococcus 3

Staphyl ococcus 2

204
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Sheet 4:PCRRFLP by amplicon sequencing

| sol a PCRFLP (gap gene sequenci| Speci
3 Strep. paraubergap(sequen shee
7 Strep. rumi nanti wmp( seque shee
14 Strep. parauberigsap(sequen shee
15 Strep. uberis dgapquenced shee
18 Staph. muscae (gsapquenced, shee
22 Staph. simulansg§pequenceg shee
24 Staph. jettensigap sequend shee
26 Staph. hyicus ¢gapgquenced shee
27 Staph. pseudinter megdadpus (sq¢ shee
32 Staph. devriesegapsequenc shee
33 Staph. devriesei (assigned shee
35 Staph. pseudoxylogwyp (sequ shee
36 Staph. hemolyticuwysyp(seque shee
39 Staph. chromogenegapf sequer shee
49 Staph. haemol yticauap (sequg shee
52 Staph. muscae (assigned by shee
183 Staph. muscasa midsagiigrnyed oby shee
185 Staph. muscae (assigned by shee
232 Staph. epidermidigs)p(seque goat
254 Staph. muscae (assigned by shee
264 Staph. h a esreaqluyetniccewds, 98. 26 shee
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Sheet 5:Discordant IDs

Il sol MALDBNOF MS Log s PCRFLP (gap gene seq Speci
I;I Strep. sui 1,78 Strep. rumi nant i wmp( s shee
18 Staph. micr 1,99 St aph. muscae (gsagpqu s shee
22 Staph. mi cr 2,04 Staph. simul ansgé@peq shee
24 Staph. petr 2,24 Staph. jettensigap se shee
26 Staph. sciu 2,16 Staph. hyi cus ¢apqucé shee
32 No organism ide 1, 44 Staph. devriesegapse shee
33 Staph. xyl o 1,88 | Staph. devriesei (assi shee
35 Staphyl ococcu 1,81 Saph. pseudoxyl os ugsa)p( shee
36 St aph. cohn 1,7 St aph. haemol yti cauap ( shee
39 Staph. sci u 2,23 Staph. chromogenegad s shee
49 No organism ide 1,6 Staph. haemol yti caap ( shee
52 Staph. micr 2,05 Staph. muscae (assigne shee
149 Staph. petr 2,1 St aph. haemol yt.i shee
183 Staph. micr 2,06 Staph. muscae ( asissiod nael shee
185 Staph. mi cr 1,91 Staph. muscae (assigne shee
214 Staph. petr 2,03 Staph. haemol yti shee
232 Staphyl ococcu 1,8 Staph. epidermidis ( goat
249 St aplhhcci nus 1,93 Staph. epider mi shee
254 Staph. micr 1,76 Staph. muscae (assigne shee
264 No organism i de 1,28 Staph. haemol yti caap ( shee
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Additional file 6: Genomic sequence of tigapgene and sequence similarity datasfaphylococci.

Isolate N. 18 (100979) - Staphylococcus muscae (ldentity ID 92.79%)

GTAGAAATTGGTCGTTTAGCATTTAGAAGAAATTCAAGATGTAGAAAATATCGAAAGTTGTAGCAGTTAACGATTTAA
CAGACGATGACATGCTTGCACACTTATTAAAATATGACACAATGCAAGGACGTTTTACTGAAGAAGTAGAAGTAATTG
ACGGTGGGTTCCGCGTAAACGGTAAAGAAGTAAAATCATTCTCAGAACCAGAACCTTCAAAATTACCATGGGCTGACT
TAGGTGTAGATGTAGTGCTTGAATGTACAGGTTTCTTCACATCTAAAGAAAAAGCTGAAGCACACATTGAAGCAGGTG
CTAAAAAAGTATTAATCTCTGCTCCTGGTCAAGGCGACCTTAAAACAATCGTATACAATGTTAACCACGAATTATTAGA
CGGTTCTGAAACAGTAGTTTCTGGTGCATCATGTACTACAAACTCACTTGCACCAGTAGCTAAAACTTTACAAGATTCA
TTCGGTATCGTTGAAGGTCTTATGACTACAATTCACGCATACACTGGTGACCAAAATACACAAGACTCACCACACCGTA
AAGGCGACAAACGTCGTGCGCGTGCAGCTGCAGAAAACATCATTCCTAACTCAACAGGTGCTGCTAAAGCAATCGGT
CTTGTAATCCCAGAAATTGCTGGTAAATTAGACGGTGGCGCACAACGTGTACCAGTAGCAACAGGTTCATTAACTGAA
TTAACAGTAGTTCTTGAAAAAGAAGTAACAGTTGAAGAAGTTAACCAAGCAATGAAAGACGCAACTAACGAATCATTC
GGTTACACTGAAGACGAAATCGTATCTTCTGACGTAGTAGGTATGACATTCGGTGCATTATTCGATGCAACACA

Max Total Query E Per
Description Sclantific Nama Ace Lon | Accoss
. v Score Score Cover value Ident v -

v v v v v

Staphylosoccus muscas glyceraldehyde-3-phosphate debydrogenase (gan).oene . padial cd Staphylococe 1323 1323 100% 00 9279% 931  DQI216941
Staphylococcus muscae strain ATCC 49910 chromosome._complete genome Suphylococcus . 1301 1301 100% 00  9236% 2095131 CP0278481

Staphyl 1301 1301 100% 00 9236% 2095116 LI9064641

0R.gane. partial oo 1aphylosocey 123 1123 100% 00 8888% 931

1aphyle

M8 1118 100% 00 8B77% 2424566 CPOJ14711

[CH<H<H<N<N<

taphylococcus M2 112 100% 00 8867% 2350748 CP046028.1

Isolate N. 22 (82394) - Staphylococcus simulans (Identity ID 99.89%)

AGAATTGGTCGTTTAGCATTCAGAAGAATTCAAGATGTTGAAGGTATCGATGTAGTAGCAGTAAACGACTTAACAGAT
GATGAAATGTTAGCACACTTATTAAAATACGATACAATGCAAGGACGTTTCACTGAAGAAGTTGAAGTTGTAGATGGC
GGATTCCGCGTGAATGGTAAAGAAGTTAAATCATTCGAAGAACCAGATGCAAGCAAATTACCTTGGAAAGATTTAGA
CATTGATGTCGTATTAGAATGTACTGGTTTCTACACTAGCGACGAAAAAGCACAAGCTCACATTGACGCAGGTGCTAA
AAAAGTATTAATCTCTGCACCAGCAACTGGTGACGTTAAAACAATTGTTTATAACGTAAACCAAGATACTTTAGACAGC
TCTGACGTAATCGTTTCAGGTGCTTCTTGTACTACAAACTCACTTGCTCCAGTAGCAAAAGTATTAAATGACAGCTTCG
GTTTAGTAGAAGGTTTCATGACTACTATCCACGCTTACACTGGTGACCAAAATACTCAAGACGGTCCACACAGAAAAG
GCGACAAACGTCGTGCACGTGCAGCAGCTGAAAACATCGTTCCTAACTCAACTGGTGCTGCTAAAGCAATCGGTAAA
GTAATTCCTGAAATCGACGGAAAATTAGACGGTGGCGCTCAACGTGTTCCTGTAGCAACTGGTTCATTAACTGAATTA
ACAGTTGTATTAGACAAAGACGTAACAATCGAAGAAGTAAACGAAGCTATGAAAGCAGCTTCTAACGAATCATTCGG
TTACAACGAAGACGAAATCGTATCTTCAGACGTAGTTGGTATGACATTCGGTTCATTATTCGATGCAACTCAAACTCGT
GTTATGACTGTATCC

Max  Total Quer Per
Description Scientific Name " Query | & Acc. Len

Score Score Cover wvalue Ident Accession
- - - -

1663 1663 100% 00 99.89% 2661512 CP015642.1
1663 1663 100% 00 99.89% 2680372 CPOY
1

0% 00 9989% 2685102 CPO1

0

1663 1663 100% 00 99.89% 2679685 CP017428 1

1663 1663 100% 00 9989% b X1 DQ321698.1

ahylo:
hylo
3taphyloco 1663 1663
byl
ohyl
ahylo:

[<H<H<H<N<N<]

1657 1657 100% 00 99.78% 2675237 LR1342641
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Isolate N. 24 (18886) - Staphylococcus jettensis (Identity ID 99.29%, Total score 1520)

GTATGATAACGCAAATGTACAGACTTAACTGATGACGAAATGTTAGCTCATTTATTAAAATATGACACTATGCAAGGTC
GCTTCACTAGTGAAGTTGAAGTTATCGATGGTGGTTTCCGTGTAAATGGTAAAGAAGTTAAATCTTACGAAGAACCAG
ATGCAAGCAAATTACCTTGGGGCGATTTAGATATCGACGTAGTATTAGAATGTACTGGTTTCTATACTGATAAAGAAA
AAGCAGAAGCTCACATCAATGCAGGAGCTAAAAAAGTATTAATTTCTGCACCAGCTAAAGGTGACGTTAAAACAATCG
TATTCAACACTAACCACAAAGACTTAGATGGTTCTGAAACAGTAGTATCAGGTGCTTCATGTACTACTAACTCATTAGC
ACCAGTTGCTAAAGTATTAAGCGATGAATTCGGTATCGTTGAAGGTTTAATGACAACTATCCACGCTTACACTGGTGA
CCAAATGACTCAAGACGGTCCTCACAAAAAAGGTGACAAACGTCGTGCTCGTGCAGCAGCTCAAAACATCGTACCTAA
CTCAACAGGTGCAGCTAAAGCTATCGGTAAAGTAATTCCTGAAATCGATGGTAAATTAGACGGTGGTGCACAACGTGT
ACCTGTAGCAACTGGTTCATTAACTGAAGTAACAGTTGTATTAGAAAAAGACGTTACAGTTGAAGACGTTAACAATGC
TATGAAAAACGCTTCAAACGAATCATTCGGTTACACTGAAGACGAAATCGTTTCTTCAGACGTAGTTGGTATGACTTAC
GGTTCATTATTCGATGCTACACAAAACTCGTGTAATGTCAGTTGGTGACCGTCAAATTTAGTTTAAAGTTTGCAGCTTG
GTATTGATAACGAAAAA

Max Total Query E Par
Daescription Sclantific Nama | _ 4

- Score Score Cover value  Ident

- v - - -

Acc.Len  acconsion

1520 1520 96% 00 9929% 903
1606 1508 96% 00 9893% 805
1606 1506 96% 00 98.93% 907

1506 1506 96% 00 98.93% 906

1604 1504 96% 00 98.93% 800

)
]
)

)
1504 1504 96% 00 9893% 903 IND9;
)
1502 1502 94% 00 9940% 8a0 J

)

<E<N<E<N<N< BN

1498 1498 95% 00 98.93% 910

Isolate N. 26 (62676) - Staphylococcus hyicus (ldentity ID 98.69%)

GGTAGAATTGGTCGTTTAGCATTTAGAAGAATTCAAGACGTAGAAAAACATTGAGGTAGTAGGCTGTCAAATGATTTA
AACTGACGACGACATGCTTGCACACTTATTAAAAGTATGATACTATGCAAGGACGTTTTACTGAAGAAGTAGATGTAA
TTGATGGTGGTTTCCGCGTAAATGGTAAAGAAGTGAAATCATTCTCTGAACCAGAACCATCTAAATTACCTTGGAAAG
ATTTAGAAGTAGATGTTGTATTAGAATGTACTGGTTTCTTCACATCTAAAGAAAAAGCTGAAGCACACATCGAAGCTG
GTGCTAAAAAAGTTTTAATTTCAGCTCCAGGTACTGGCGATCTTAAAACAATCGTATACAACGTTAACCATGAAGAATT
AGACGGTTCAGAAACAGTTGTTTCAGGTGCATCTTGTACTACAAACTCATTAGCACCAGTAGCGAAAACATTACACGA
TGAATTTGGCATCGTTGAAGGTTTAATGACTACGATTCACGCTTACACAGGTGACCAAAATACACAAGATTCACCTCAC
AGAAAAGGTGACAAACGTCGTGCACGTGCAGCAGCTGAAAACATCATCCCTAACTCAACTGGTGCTGCAAAAGCAAT
CGGTTTAGTTATTCCAGAAATCGCTGGTAAATTAGATGGTGGGGCACAACGTGTACCAGTTGCTACAGGTTCATTAAC
AGAATTAACTGTAGTTTTAGAAAAAGAAGTTTCTGTTGAAGAAGTAAACAATGCTATGAAAAATGCAACGAATTATTG
TTTTGGTAGA

. - Max  Total Query E Per
Description Scientific Nama Acc. Len  Aecqssion
v - Score Score Cover value  Ident - =

1626 1626 100% 0.0 9869% 926  FJS7800¢

1622 1622 99% 0.0 98.69% 2449249 CP
occus . 1622 1622 99% 0.0 98.69% 2345021 CPO31266.1
1622 1622 99% 0.0 98.69% 2474434 CPO09GE2D 1Y
1622 1622 99% 00 98.69% 2489066 CPOE10151

1520 1520 100% 00  9663% M

1482 1482 100% 00  9587% 53

Ml BN BN



Isolate N. 27 (63653) - Staphylococcus pseudintermedius (Identity ID 98.81%)

GGTTTTTGGTGAGAAATTGGTCGTTTAGGCATTTAGAAGAATTCAAGATGTGGAAAAATATCGACGTTGTAGCAGTAA
AATGATTTAACAGACGACGATATGCTTGCACACTTATAAAAATATGACTCAACACAAGGTCGTTTTACTGAAGAAGTA
GAAGTAATTGACGGTGGTTTTCCGTGTAAATGGTAAAGAAGTGAAATCATTCTCTGAACCAGAAACCTAAAAACTTAC
CATGGGGCGAGTTAGACATCGACGTGGTATTAGAATGTACGGGTTTCTTCACTGATAAAGAAAAAGCTGAAGCACAC
ATCGAAGCAGGCGCGAAAAAAGTATTAATTTCTGCACCAGCTAAAGGTGACCTTAAAACAGTTGTATATAACGTTAAC
CACGAAATTTTAGATGGTACTGAAACAGTTGTTTCTGGTGCTTCATGTACAACAAACTCATTAGCACCTGTTGCCAAAA
CTTTACAAGACAACTTTGGTATCGTTGAAGGTTTAATGACAACAATTCACGCTTACACTGGTGACCAAAACACATTAGA
CGCACCTCACAGAAAAGGTGACAAACGTCGTGCGCGTGCAGCTGCTGAAAACATTATCCCTAACTCAACTGGTGCTGC
GAAAGCAATCGGTTTAGTTATTCCTGAAATCGATGGTAAATTAGACGGTGGTGCACAACGTGTTCCTGTAGCAACTGG
TTCATTAACTGAATTAACAGTTGTATTAGAAAAAGAAGTTTCAGTTGAAGAAGTTAACAAAGT

Max | Total Quary E Par
Dascription Sciantific Nama Acc Len  Accossion
- e Score Score Cover walue  Ident - ceaey
= v v - =

1639 1639 99% 0.0 9881% 2883513 CPO3ST421
1639 1639 99% 0.0  9881% 2766566 CPO15626.1

compléte genoms

1633 1633 98% 00 9891% 2750501

1633 1633 98% 0.0  9891% 2623199 CP0O30374
1633 1633 99% 00 98.70% 2531995 CPO0S120
1633 1633 99% 0.0 98.70% 2593941 CPO35T40

1633 1633 98% 0.0  9891% 2615959 (

1633 1633 99% 0.0  98.70% 2512363 CPO3IET42

oo @

1633 1633 98% 0.0  98.91% 2584763 CPO3ST4I

sdintermedius strain 49_44 chromosome

Isolate N. 32 (10255) - Staphylococcus devriesei (Identity ID 99.77%)

TTTTTGTAGAATTGGTCGTTTAGCATTTAGAAGAATTCAAGACGTAGAAGGTATTGAAGTAGTTGCAGTAAACGACTT
AACTGACGACGAAATGTTAGCTCATTTATTAAAATATGACACTATGCAAGGACGCTTCACTGGTGAAGTTGAAGTCGT
TGATGGTGGTTTCCGCGTAAATGGTAAAGAAGTTAAATCATACGAAGAACCAGACGCAAGCAAATTACCTTGGGGCG
ATTTAGATATCGACGTAGTATTAGAATGTACTGGTTTCTATACAGATAAAGAAAAAGCAGAAGCACACATTAATGCAG
GAGCTAAAAAAGTATTAATCTCTGCTCCAGCTAAAGGTGACGTTAAAACAATCGTATATAACACTAACCACAGCGACT
TAGACGGTTCAGAAACAGTTGTTTCAGGTGCTTCATGTACTACTAACTCATTAGCACCAGTTGCAAAAGTATTAAGTGA
TGAATTCGGTATCGTTGAAGGTTTAATGACTACTATCCATGCATACACTGGTGACCAAATGACTCAAGACGGTCCTCAT
AAAAAAGGCGACAAACGTCGTGCACGTGCAGCAGCTCAAAACATCGTACCTAACTCAACAGGTGCTGCTAAAGCTAT
CGGTAAAGTTATTCCTGAAATCGATGGTAAATTAGACGGCGGTGCACAACGTGTACCAGTAGCAACTGGTTCATTAAC
TGAAGTAACAGTTGTATTAGAAAAAGACGTTTCAGTTGAAGACGTTAACAATGCAATGAAAAATGCTTCAAACGAATC
ATTCGGTTACACTGAAGACGAAATCGTATCTTCAGACGTAGTAGGTATGACTTACGGTTCATTATTCGACGCTACACAA
ACTCGTGTAATGTCAGTAGGCGACCGTC

Max | Total Cuery E ar
Score Score Cover walue  Ident
- - v - v

Description Seiuntific Name

Ace. Len | Accession

1615 1615 96% 99.77% 880

- 1611 1511 90% 99.76% 824

1419 1419 99% 965.02% 07

147 1417 100% 94.73% 2517683 CPO5

1417 1417 99%

0
0
0.0
0.0
0 95.01% 903
0

<E<E<N<N<N<]

1417 1417 9% 9501% 905
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Isolate N. 35 (22815) - Staphylococcus pseudoxylosus (ldentity ID 99.78%)

GGTAGAATTGGTCGTTTAGCATTCAGAAGAATTCAAAACGTTGATGGAATTGACGTAGTAGCAGTAAATGATTTAACA
GATGACGAAATGTTAGCACATTTATTAAAATATGACACTATGCAAGGACGCTTCACAGGAGAAGTTGAAGTTGAAATG
ACGGTTTCCGTGTTAACGGACAAGAAGTAAAATCATTCTCTGAGCCAGAACCAAGTAAATTACCTTGGAAAGACTTAG
ACATTGATGTTGTATTAGAATGTACTGGTTTCTTCGCTGATAAAGAAAAAGCAGAAGCTCATATTGAAGCAGGTGCTA
AAAAAGTATTAATCTCTGCTCCAGCTACTGGTGACTTAAAAACAATCGTTTATAACACAAACCACCAAGAATTAGATGG
TTCAGAAACAGTAGTTTCAGGTGCTTCATGTACTACTAACTCATTAGCTCCAGTTGCAAAAGTATTAAACGATGACTTC
GGTTTAGTAGAAGGTTTCATGACTACAATCCATGCTTACACTGGTGACCAAAGCACACAAGATGCTCCACACAGAAAA
GGCGACAAACGTCGTGCGCGTGCAGCAGCTGAAAACATTATTCCTAACTCAACTGGTGCTGCTAAAGCAATTGGCCTA
GTAATCCCTGAAATCGATGGTAAATTAGACGGTGGAGCGCAACGTGTTCCTGTAGCTACTGGTTCTTTAACTGAATTA
ACAGTTGTATTAGAGAAAAATGTAAGTATTGAAGACGTTAATGCTTCAATGAAAAATGCATCAAACGAATCATTCGGT
TACACTGAAGATGAAATCGTTTCTTCTGACGTAATTGGTATGACTTACGGTTCATTATTCGATGCAACACAAACACGTG
TAA

Per
Ace. Lan

Idont Accession

Sig | 1674 1674 99% 0.0 9978% 2910290 CPOGET12.1
& iph 1670 1670 93% 0.0 9985% 860

£ 1563 1563 93% 00  9953% 859

& 1522 1522 93% 00 9894% 862

c

1493 1493 89% 00 997T5% 815 K0234971

Isolate N. 36 (6441) - Staphylococcus haemolyticus (ldentity 1D 98.91%)

TTITTTGGTAGAAATTGGTCGTTTAGCATTTAGAAGAAATTCAAGACGTAGAAGGTATTGAAGTAGTTGCAGTAAACGA
CTTAACAGACGACGAAATGTTAGCTCATTTATTAAAATATGACACTATGCAAGGTCGTTTTACAGGAGAAGTTGAAGT
TATTGATGGTGGTTTCCGCGTAAATGGTAAAGAAGTTAAATCATACGAAGAACCAGATGCAAGCAAATTACCTTGGG
GCGATTTAGATATCGACGTAGTATTAGAATGTACTGGTTTCTATACAGATAAAGAAAAAGCTGAAGCACACATCAATG
CAGGTGCTAAAAAAGTATTAATCTCTGCACCAGCTAAAGGTGATGTTAAAACAATCGTATTCAACACTAACCACAATG
ACTTAGATGGTTCAGAAACAGTTGTTTCAGGTGCATCATGTACTACTAACTCATTAGCACCAGTTGCTAAAGTGTTAAG
TGACGAATTTGGTTTAGTTGAAGGTTTAATGACAACTATTCACGCATACACTGGTGACCAAATGACTCAAGACGGTCC
ACATAAAAAAGGCGATAAACGTCGTGCGCGTGCAGCAGCTCAAAACATCGTACCAAACTCAACAGGTGCTGCAAAAG
CTATCGGTAAAGTTATTCCTGAAATCGATGGTAAATTAGACGGTGGTGCTCAACGTGTACCAGTTGCTACAGGTTCATT
AACTGAAGTAACAGTTGTATTAGAAAAAGACGTTACTGTTGAAGACGTTAACAAAGCAATGAAAAACGCTTCAAACG
AATCATTCGGTTACACTGAAGACGAAATCGTTTCTTCAGACGTAGTTGGTATGACTTACGGTTCATTATTCGATGCTAC
TCAAACTCGTGTAATG

Description Seleniis Rame T [ Cusy RN e | R
- - Score 3 Cover wvalue Ident -
v v -

| su s strain GDYBPAOP by omplate ganome Staphylococcus . 1639 1639 99% 0.0 98.91% 2715677 CPOR3443 1
@ su us strnin SE2 14 chromosoma, complals ganama Staphylococcus .. 1600 1600 99% 00 98.16% 2323230 C
St Staphylococtus 1600 1600 99% [} 98.15% 2323407 CPO84220.1
[ Staphyvlococoy: 1600 1600 99% [} 80.15% 2472146 CPI
u Sig Staphylococcus 1600 1800 99% [} 9B.15% 2323296 C
Stg Staphylococey: 1589 1589 959% [} 97.93% 2256150 CPD520651
5 sembly_chromosome: | Staphylococtus .. 1569 1589 99% 0.0 97.93% 2426012 LI
B su Staphylococcus . 1589 1569 99% 0.0  97.93% 2339810 CP
S Staphylococcys 1589 1569 99% (] 97.93% 2341142 CPI
Staphylococcys .. 1589 1569 99% 0.0  97.93% 2339731
9 : Staphylococcus .. 1589 1569 99% 0.0 97.93% 2685015
: Staphylococcus .. 1683 1683 09% 0.0  97.83% 2699292
m Stanhulnearens  1RRT 1RRY GG% N 67 A% JRGGDMA ¢

11¢€



Isolate N. 39 (22) - Staphylococcus chromogenes (Identity ID 98.75%)

CGTGTTTGAGTTGCATCAAATAATGCACCAAAAGTCATGCCTACAACATCTGAAGATACGATTTCGTCTTCAGTGTAAC
CGAATGATTCGTTAGTTGCATTTTTCATTGCATTGTTAACGTCTTCTACTGATACTTCTTTATCTAAAACAACTGTTAATT
CAGTTAATGAACCTGTTGCTACTGGTACACGTTGTGCGCCACCGTCTAATTTTCCATCAATTTCAGGGATAACTAAACC
GATTGCTTTCGCAGCACCTGTTGAGTTAGGAATAATGTTTTCTGCAGCTGCACGTGCACGACGTTTGTCACCTTTICTG
TGTGGTGAGTCTTGTGTATTTTGGTCACCAGTGTATGCGTGAATTGTAGTCATTAAACCTTCAACGATACCAAATTCAT
CGTTTAAAGTTTTTGCTACTGGTGCTAATGAGTTTGTTGTACAAGAAGCACCTGATACAACTGTTTCAGAACCGTCTAA
TTCTTCATGGTTGACATTATATACGATTGTTTTAAGATCGCCAGTTCCTGGTGCAGAAATTAATACTTTTTTAGCACCTG
CTTCAATGTGAGTTTCTGCTTTTTCTTTTGATGTAAAGAAACCTGTACATTCTAAAACAACATCTACGTCAAGATCTTTCC
ATGGTAATTTTGATGGTTCTGGTTCAGAGAATGATTTCACTTCTTTACCATTTACGCGGAAACCACCATCAATTACATCT
ACTTCTTCAGTAAAACGACCTTGCATTGTGTCATATTTCAATAAATGTGCAAGCATATCGTCGTCTGTTAAATCGTTTAC
AGCTACAACCTCAATATTTTCTACGTCTTGAATTCTTCTGAATGCTAAACGAC

Max  Total Query E e,
Description Scientific Name = Acc. Lan -
L = Score Score Cover value  Ident - Accession
- - - - -

w0

1561 1561 100% 0.0  98.75% 2424566 CP0O314711
1561 1561 100% 0.0 98.75% 931

1555 1555 100% 0.0 9864% 2350748

1555 1555 100% 0.0 9864% 2351540 CPO3

1550 1550 100% 0.0 9852% 2369172 CPI

<N NN

e

megenes stiain SG glyceraldeh ghate dehydresnass (gap).gsne. partial cds 5. 1546 1548 $5% 0.0 9863% 8% O

Isolate N. 49 (17963) - Staphylococcus haemolyticus (Identity ID 99.07%)

GGTAGAATTGGTCGTTTAGCATTTAGAAGAAATTCAAAGACGTAGAAAGGTATTGAAGTAGTTGCAGTAAACGACTT
AACAGACGACGAAATGTTAGCTCATTTATTAAAATATGACACTATGCAAGGTCGTTTTACAGGAGAAGTTGAAGTTAT
TGATGGTGGTTTCCGCGTAAATGGTAAAGAAGTTAAATCATACGAAGAACCAGATGCAAGCAAATTACCTTGGGGCG
ATTTAGATATCGACGTAGTATTAGAATGTACTGGTTTCTATACAGATAAAGAAAAAGCTGAAGCACACATCAATGCAG
GTGCTAAAAAAGTATTAATCTCTGCACCAGCTAAAGGTGATGTTAAAACAATCGTATTCAACACTAACCACAATGACTT
AGATGGTTCAGAAACAGTTGTTTCAGGTGCATCATGTACTACTAACTCATTAGCACCAGTTGCTAAAGTGTTAAGTGAC
GAATTTGGTTTAGTTGAAGGTTTAATGACAACTATTCACGCATACACTGGTGACCAAATGACTCAAGACGGTCCACAT
AAAAAAGGCGATAAACGTCGTGCGCGTGCAGCAGCTCAAAACATCGTACCAAACTCAACAGGTGCTGCAAAAGCTAT
CGGTAAAGTTATTCCTGAAATCGATGGTAAATTAGACGGTGGTGCTCAACGTGTACCAGTTGCTACAGGTTCATTAAC
TGAAGTAACAGTTGTATTAGAAAAAGACGTTACTGTTGAAGACGTTAACAAAGCAATGAAAAACGCTTCAAACGAATC
ATTCGGTTACACTGAAGACGAAATCGTTTCTTCAGACGTAGTTGGTATGACTTACGGTTCATTATTCGATGCTACTCAA
A

Max  Total Query E Par

Description Sclentific Name
vlpl — Score Score Cover value Ident
- - - v -

Acc.Len  Accession

1574 1574 100% 98.98% 2715577

1539 153% 9T% 99 07% 864

1535 1535 100% 93.18% 2323407 Cl

1535 1535 100% 98.18% 2472145

0.0
oo
1535 1535 100% 0.0 9518% 2323230
0.0
0.0
0.0

<E<N<N<N<N<]

5 strain SE3.9 chromosome. complets genome 1535 1535 100% 98.18% 2323296 CPO.

12C
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