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SUMMARY

Milk production in Ethiopia is increasing. Howevelye to unhygienic and traditional milk
production and processing practices the issue W saifety remains a challenge. If these
safety issues are not properly addressed, therhigiitional composition and neutral pH of
milk may convey many milk-borne pathogens, inclgdBtaphylococcus aureusyhich
imposes health risks to the consun®raureuss an important food-borne pathogen globally
as it can cause staphylococcal food poisoning (@) also readily develops antibiotic
resistance.

The objectives of this study were: i) to study ttistribution of S. aureusand other
Staphylococcuspecies in milk and milk products along the migkue chain of the studied
area, ii) to assess the enterotoxigenic potenfigh@®S. aureudsolates; iii) to evaluate the
antimicrobial resistance profiles of tBe aureussolates to 12 antibiotics commonly used in
the studied area and verify the presence or abs#moethicillin-resistans. aureug§MRSA)

Iv) to assess the genetic relatedness of the eéoxégenic and multidrug resistance (MDR)
S. aureustrains usingpatying method; v) evaluate the performance oftiez¢ PCR (QPCR

) targeting thenuc gene for quantification db. aureusn bulk milk, in comparison with the
plate count method.

Along the milk value chain, the prevalenceSfaureusanged from 29.5% in traditional
dairies to 48.2% in cafeterias and restaurants.olieeall prevalence was 38.7% with mean
count of 4.35 + 0.97 Log CFU ml Odds ratio analysis indicated that samples fromalls
scale dairies (46.4%) were twice more likely tacbataminated bg. aureughan milk from
the traditional dairies (29.5%) (P < 0.05, OR =2.(Highest prevalence @&. aureusvas
registered in Shireendaselasse and the lowest iichlda sampling areas (p < 0.05).
Coagulase-negative staphylococci (CNS) were foundi1i6% of milk samples with mean
count of 6.0 + 1.21 Log CFU il Ten species of CNS were identified e®depidermidis
was the most frequent.

Using a modified multiplex PCR method, 82 of 16Q%® S. aureussolates were found to
harbor one or more enterotoxin genes Nine enteirogenes were identifiedpa(n=12),seb
(n=3), sec(n=3), sed(n=4), seg(n=49, seh(n=2), sei (n=40),sej(n=1), tsst-1(n=24), and
the classical type of enterotoxin genes accoume®%. The most frequent gene association
was observed betweseriandsegand theseaandsebwere frequently found associated with

new types of enterotoxin genes. Eighteen entemta@enotypes were identified. The
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enterotoxigeniS. aureugprevalence was higher (P < 0.05) in bulk milk tiathe products
and 32% of the samples contained > 5 Log CFU 8l aureus

To ascertain antibiotic susceptibility, the Kirbyer disk diffusion method and PCR for the
detection of eithemecAor mecCgenes were employed. From 180aureudairy isolates,
137 (86%) were resistant to one or more types tbiatic of which 61 (45%) were multi
drug-resistant (MDR) strains. The MDR strains shd\88&-resistance patterns and 61% of
isolates were resistant to 5 or more types of aiids. Resistance to penicillin G (69%) was
most commonly encountered, followed by streptomy&8%) and erythromycin (41%).
Thirty-two (23%, 32/137) isolates were classifiedbamrderline oxacillin-resista@. aureus
(BORSA) because they showed phenotypic oxacillgistance without having eitherecA

or mecCgenes and yet were susceptibl@dactamase inhibitors.

spatyping of the enterotoxigenic and MDR aureussolates from milk and milk products
identified 22spatypes and 3 novedpa sequences, showing their wide genetic diversity.
Greaterspatype diversity was observed in bulk milk samplesnpared to milk product
samples. No apparent correlation or pattern wesemied between thepatypes and thee
genotypes or between thBpatypes and resistance pattern of the MDR straihespatypes
t314, t458 and t6218 were the most common and wately distributed in three of eight
localities of the studied area.

The performance dhe gPCRassayn terms of amplification efficiency (91%) of thiaadard
curve, repeatability (Standard Deviation (SD) =20-10.3) and reproducibility (SD = 0.29 -
0.5) were within acceptable range. The primers caifferentiateS. aureusfrom other
Staphylococcuspecies. The detection limit was 18 copiesuwfgene/PCR. The gPCR assay
(SCE mlY) showed higher cell count (P< 0.05) than theeptatunt (CFU mi!) and 29%
samples that contained < 5 Log CFU #. aureusy the plating method were found to
have > 5 Log SCE mt S. aureususing qPCR assay. The difference between the mgiko
likely to be due to detection of dead cells for §RCR method and clustering of bacteria
leading to that more bacteria form only one colonythe agar plates. Hence gPCR was not
only faster, it also has benefits in cases wheadtien of dead and non-cultural8e aureus

is desired.

This study showed the wide distribution of entexagenic and MDRS. aureussolates in
milk and milk products. The isolates showed a difiexd genetic background and may
impose SFP risks as well as antibiotic resistaredated problems for the dairy food

consumer.



SAMMENDRAG

Melkeproduksjon gker i Etiopia. Imidlertid er mikiologisk trygghet av melk en utfordring
pad grunn av uhygienisk og tradisjonell melkeprogiuksog prosessering. Om disse
sikkerhetsaspektene ikke blir tilstrekkelig adregsekan melkens hgye naeringsinnhold og
neytrale pH fare til at melk blir baerer av mangethéme patogener, inkludert
Staphylococcus aureuBette representerer en helserisiko for konsume®eaureuser en
viktig matbaren patogen fordi den kan forarsakéyktiokkintoksikasjon, og lett kan utvikle
antibiotikaresistens.

Malene for dette studiet var: i) a studere dissjbn avS. aureusog andreStaphylococcus
arter i melk og melkeprodukter langs verdikjeddigiray regionen; ii) & vurdere potensialet
for enterotoksinproduksjon h@. aureussolatene; iii) & evaluere resistens [®saureus
isolatene mot 12 ulike antibiotika som brukes aft@igray regionen, samt verifisere
tilstedevaerelse av meticillin-resistente (MRSA); d&vvurdere genetisk slektskap, ved hjelp
av spa-typing, hos de enterotoksigene og antilzsictistente (MDR) isolatene; v) evaluere
kvantifisering avS. aureus melk ved hjelp av real time PCR (gPCR ) baséamuyc genet,
sammenlignet med platetelling.

utbredelse a\S. aureuslangs verdikjeden varierte fra 29.5% i melk hoadisjonelle
melkeprodusenter til 48.2% i melk og melkeprodukted kafeteriaer og restauranter.
Utbredelsen malt for hele prgvemengden var 38.7&d giennomsnittstall 4.35 + 0.97 Log
CFU mH av S. aureus Odds ratio analyse viste at sannsynligheten fopraver fra
smaskalameierier var kontaminert m&d aureus(46.4%) var det dobbelt av det fra
tradisjonelle meierier (29.5%) (P < 0.05, OR =2.®¥)yest insidens &. aureuble funnet

i Shireendaselasse og lavest i Maichew omradene< (0.05). Koagulase-negative
stafylokokker (CNS) ble funnet i 51.6% av melkegee med gjennomsnitt 6.0 + 1.21 Log
CFU mlL. Ti arter CNS ble identifisert 8. epidermidivar den mest vanlig.

Ved bruk av en modifisert multiplex PCR metode, ldet funnet en eller flere
enterotoksingener i 82 av 160 (51%)aureussolater. Ni enterotoksingener ble identifisert:
sea(n=12),seb(n=3),sec(n=3), sed(n=4), seg(n=49, seh(n=2), sei(n=40),sej(n=1) og
tsst-1(n=24). De klassiske enterotoksingenene utgjordé av alle toksingenene. Den mest
vanlige kombinasjonen ble observert mellsenog seg.Geneneseaogsebble ofte assosiert
med nye typer av enterotoksingener. Atten entesiokgenotyper ble identifisert.
Utbredelsen av enterotoksinogenBkaureussar hgyere (P <0.05) i samlemelk pa garden

enn i meieriprodukter og 32% av prgvene inneholfitbeg CFU mtt S. aureus



Antibiotikaresistens ble studert ved bruk av KiBguer diskdiffusjon metoden, og PCR ble
brukt for deteksjon awmecAog mecCgener. Fra 16(5. aureusisolater, var 137 (86%)
resistente mot minst en type antibiotika og 61 (}#38 isolatene var resistente mot flere
antibiotika (MDR). MDR isolatene viste 35 ulikesistensmgnstrene og 61% av isolatene
var resistente mot 5 eller flere antibiotika. Resis mot penicillin G (69%) var det mest
vanlige, etterfulgt av streptomycin (53%) og ergtingcin (41%). Trettito (23%, 32/137) av
isolatene ble klassifisert som heteroresiste8te aureus (BORSA) ettersom de viste
fenotypisk oxacillin resistens uten a ha verkeecAeller mecCgener, men var fglesomme
til B-lactamase inhibitorer.

spatyping av enterotoksinogene og MDR isolaterSaxaureudra melk og melkeprodukter
identifiserte 22spatyper samt 3 nyepa sekvenser, dvs stor genetisk diversitet mellom
isolatene. Stgrre diversitetpatype ble observert blandt melkeprgver enn i melb@pktene.
Ingen tydelig korrelasjon eller mgnster kunne segken mellonmspatyper ogse genotyper
eller mellomspatyper og resistensmgnster for antibiotilspatypene t314, t458 og 16218
var de mest vanlige og var spredt bredt i 3 av du8erte lokaliteter i Tigray.
Amplifiseringseffektiviteten av gPCRssayet var pa 91 % i forhold til standardkurven,
(Standard avvik (SD) = 0.12 - 0.3), og reprodusdrbia(SD = 0.29 - 0.5) var innenfor
akseptable grenser. De valgte primerne differetesianellom S. aureusog andre
Staphylococcuarter. Deteksjonsgrensen var 18 kopienae genet/PCR. gPCR (som SCE
mlY) viste et hgyere resultat (P< 0.05) enn plateglisom CFU m}) og 29% prgver som
inneholdt < 5 Log CFU mitt S. aureusved platetelling viste seg & ha >5 Log SCE 8\
aureusved bruk av gPCR assayet. Arsaken til forskjellentrolig deteksjon av dgde celler

i gPCR assayet og klumping av bakterier slik ak@oni pa dyrkingsplater i en del tilfeller
kom fra flere bakterier. gqPCR metoden er derforeikdbare en raskere analyse enn
platedyrking, den har fordeler i de tilfellene mamsker & detektere dgde bakterier. Studiet
viste bred forekomst av enterotoxigene- og MDR5. aureusisolater i melk og
melkeprodukter.S. aureusisolatene viste sveert ulik genetisk sammensetrmiggkan
representere en risiko for matintoksikasjon fordanenten i tillegg til problemer relatert til

antibiotika resistens.
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1.INTRODUCTION

1. 1 Background and justification of the study

The milk production of Ethiopia in general and &igrregion in particular is increasing. The
country showed 3 % increase in annual milk proaurcitn the past decade compared to 1.63-
1.66 % of the previous two decades (Ahmed et @04 Currently, the cow milk production
of the country is planned to increase by 93% inrtbet five years (Shapiro et al., 2015).
However, due to unhygienic and traditional milkgwotion and processing practices the milk
safety issue remains a challenge (Yilma et al. 1201 milk safety and quality standards are
not in place, the high nutritional composition araaitral pH of milk may convey many milk-
borne pathogens and thereby constitute a publithhesk to the consumers (Angulo et al.,
2009). Currently, in Ethiopia, clinical and subatal mastitis mainly caused 8. aureuss

a major health problem (Abera et al., 2010; Lakéwal.e2009; Sori, 2011). In addition, milk-
borne diseases such as brucellosis (Asmare 204B; Berhe et al., 2007; Geresu et al., 2016;
Jergefa et al., 2009), salmonellosis (Tadesse abdeBedhin, 2015) and bovine tuberculosis
(Ameni et al., 2007; Kelly et al., 2016; Shitayeaét 2007; Wendmagegn et al., 2016) are
widely reported from different dairy farms and bteck management systems in the different
parts of the country. Moreover, a recent surveydooted in central Ethiopia reported that
31.8% of farmers consume raw milk (Makita et all12) thus increasing the risk of milk-
borne disease.

The World Health Organization (WHO) defined foodHi® disease (FBD) dgliseases or
infections of toxic nature caused by, or thoughibéccaused by, the consumption of food or
water”. Accordingly, more than 250 FBD have been registgietally and in two thirds of
foodborne outbreaks, bacteria are incriminatedr(levial., 2003). Among these bacteria,
Staphylococcus aure(S. aureusjs the most common and is responsible for Staplogical
Food Poisoning (SFP). SFP results from the ingestié one or more preformed
staphylococcal enterotoxins (SESs) in the staphyloabcontaminated food. Ingestion of less
than 1.0 ug enterotoxin causes SFP (Seo and BoP@@h). The disease is characterized by
nausea, vomiting, acute prostration and abdomirahps (Bennett and Hait, 2011). Milk
and milk products are foodstuffs commonly assodiatgh SFP (Cretenet et al., 2011).

SFP is among the most prevalent causes of gastritentvorldwide. In the United States,

the 2006 annual report showed tl&t aureusenterotoxicatiorwas ranked third among

1



bacterial food-borne outbreaks (CDC, 2009) whilewds ranked as fourth in Europe
(European Food Safety Authority, 2010). In Chinaresrospective study (1994-2005)
revealed thaS. aureusvas the second most common food-borne agent ireb@ivang et
al., 2007). In developing countries, there is ifisiént data on SFP. The poor disease
reporting system and the lack of appropriate diatjodacilities hinders the collection of
sufficient data on the SFP situation. Although datdoodborne diseases in Africa is scanty,
limited studies showed th&t aureuss one of the prevalent foodborne diseases inehieon
(De Waal and Robert, 2005). In Ethiopia, takinginbnsideration the poor hygiene during
food production and preparation, the shortage oficg facilities combined with the wide
distribution of clinical and subclinical mastiti&lému et al., 2014; Duguma et al., 2014;
Tolosa et al., 2015) a high incidence of SFP islyik

Antimicrobial resistance is an ever-increasingahte global public health. Nowadays, it is
well documented that clinically important bacteara not only characterized by a single drug
resistance but also by multiple antibiotic resisea(Levy and Marshall, 2004%. aureuss
notorious for its ability to become resistant tdilaintics. The development of multidrug
resistance irs. aureuss a global problenmS. aureusdevelops drug resistance more readily
because of its ability to produce an exopolysaddkeacapsule and the location in the
microabscess limits access of the drug to the limfgcells (Jeljaszewicz et al., 2000). The
emerging of livestock-associated methicillin-resmtStaphylococcus aure®RSA) and
other antimicrobial resista®t aureustrains in food of animals origin such as dairyducts
are of public health concern as these resistaainstcould be transferred to humans and cause
health problems (Verkade and Kluytmans, 2014). ldesarveying and monitoring of the

antimicrobial resistance of bacteria in food ofnaai origin is of paramount importance.

To protect consumers from microbial hazards itfiparamount importance to study and
monitor the type, level and potential risk imposgdnilk-borne pathogens such®&saureus

in the milk value chain. Such surveillance data rpeyvide the basis for risk assessment
studies with the ultimate goal of securing foodesathrough control and prevention of milk
borne pathogens.

The purpose of this PhD research, which was coeduict the Tigray region in Northern
Ethiopia, was to investigate the risks imposedaioydfood consumers b$. aureusf dairy
isolates as a potential cause of SFP and souraetibiotic resistance. This research project
has four sub-parts. Paper 1 describes the distiibof S. aureusand otheiStaphylococcus

species in the milk value chain of the study arbdenpaper 2 assessed the enterotoxin genes



profiles of S. aureusof the dairy isolates. Paper 3 studied the artibresistance profile of
the S. aureudsolates for 12 antibiotics, which are commonlgdisn the studied area, and
verified the presence or absence of MRSA in théaies. The genetic relatedness of the
enterotoxigenic and multidrug resistar®&eaureusvas also assesseeddpatyping method.
Finally, Paper 4 evaluated the performance of a BYBeen | real time PCR assay for the
guantification ofS. aureusn raw cow milk and compared with the conventioplake count

method.

The first section of the thesis contains a shoscdption of the project area, followed by
literature reviews on biological characteristicSofiureusSFP, antibiotic resistance and the
laboratory methods employed in the study. The rfiagings of the study are discussed in

the consecutive section and finally the resultghisf study, paper 1- 4 are enclosed within.
1.2 Description of the studied area

1.2.1. The studied area

The study was conducted in the Tigray region ofthenn Ethiopia. The region has a
population of 4.3 million (CSA, 2013). Accordingttte Tigray regional bureau of agriculture
and rural development (TBARD), the livestock popiola of the region is estimated at cattle,
4 065,080, goats, 3,191,183, Equines, 585,999, lsai®®, 946, poultry, 5,003,126 and bee
colonies of 382 036 (TBARD, 2015).

For this study, seven towns/cities and their viasi (Mekelle, Shireendasselase,
Hagreselame, Adigudome, Wukro, Adigrate and Maighewre purposely selected (non-
probability sampling) in order to include the majowns/cities of the region with relatively

large numbers of milk and milk product shop/ coapiges, different geographical locations
(south, north, west and east) and agro-climatiegdghighland, medium and lowland). The
location of the region in Ethiopia, and the digitibn of the sampling areas within the region

with their metrological data are presented in Fig.1
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Fig. 1. Map of the project area: spatial distribatiand metrological data of the sampling

areas (source: Ethiopia metrological agency, 2013).

Samples were collected from the aforementionedrssaenpling points following the milk

value chain, starting from traditionally managedida at household level, small-scale dairy

farms, milk collection centres/cooperatives, mitkdamilk product shops, market places,

cafeteria and restaurants as well as from milk eoress at household level. Free informed

consent was obtained from the milk and milk produehers, after explaining the research

purpose, potential benefits, risks if any, and mw@rftiality of the research project. The value

chain is described by Kaplinsky (2000) as “the falhige of activities, which are required to

bring a product or service from conception, through intermediary phases of design,

production, delivery to the final consumers, améfidisposal after use”.

1. 2. 2. Milk production system and milk processing practices

The milk production systems, generally in Ethiopiad particularly in Tigray region are

classified into rural/traditional, peri-urban andban production systems (Redda, 2001). The
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traditional/rural dairy represents the milk prodoiatin the mixed and pastoral/agro-pastoral
farming systems and accounts for 98 % of the t#ibnal production (Ketema, 2000). The
majority of the milking cows here are the indigesaabubreed. The peri-urban and urban
production systems include small and large scatg tiems with a business-oriented purpose
and use exotic cross breed animals for milk pradodiAhmed et al., 2004).

The country showed a 3 % increase in annual mitklgpetion in the past decade compared
to 1.63 - 1.66 % of the previous two decades, aigdtiend is also predicted to continue as
there is great livestock potential and a suitabfeatic environment for dairying (Ahmed et
al., 2004). Currently the government is plannindptmst the annual cow milk production
from the current 4,132 million litres of cows mitk 7,967 million litres in the next five years.
This 93% increase in cows milk production will beheeved through upgrading the genetic
potential of the lactating cow via artificial inseration, through improving the quality and
guantity of feed as well as through improving thenaal health service of the country
(Shapiro et al., 2015). According to the TBARD, reuntly one small-scale dairy processing
plant located at Mekelle is functional and anotfwer at Mekeonne and Humera are under
construction. They are expected to finalize sodARD, 2015).

Like in all parts of Africa, traditional milk prossing activities are common practice in

Ethiopia. Thesour milkor Regoes prepared by natural spontaneous fermentatibaléfraw

milk for 2-3 days at ambient temperature of 20 “G0After churning of the sour milk for

around 2 hours using a traditional methlodlteris separated (Fig 2).

A 7 R 3, Lo
= ¥ 4 . 3

Fig. 2. A typical traditional milk processing praet in the studied area



The remaining defatted sour milk is callbdttermilk or Awsolt is a common practice to

consume the buttermilk as it is, mixed with pepgad spices at household level. Cooking of

the buttermilk (defatted sour milk) at 50-7Q for few minutes separates tEghiopian

cottage cheesg@\jiebo from the whey Kaychebd Few farms owned by non-governmental
organisations (NGOs) and the Mekelle milk proceggilant, produce hard cheese. Besides,
some is also brought from Addis Abeba, the capitglof the country. In most of the cases,
the hard cheese is consumed at big Hotels andurasta of the region.

Generally, the traditional milk production and peesing activities has been shown to be
unhygienic and consequently expose to microbiatazomation (Yilma et al., 2007). Many
milk-borne diseases that threaten the dairy foéetyphave been reported also in the region.
Clinical and sub-clinical mastitis are common udtealth problems in cows and small
ruminates in the region (Gebrewahid et al., 201@n¥ne et al., 2015). Milk-borne diseases
such as brucellosis and bovine tuberculosis wese r@ported at different prevalence in the
region. Haileselassie et al. (2010) reported heedglence of bovine brucellosis at 63.6%
from the western part of the region. Bovine tubkrsis was also documented at prevalence
of 6.6 % at dairy cow level and 61. 3% in herd lemethe region (Romha et al., 2013). All
these conditions call for detail study on the mitlerne diseases in order to implement

appropriate control measures.



2. LITERATURE REVIEW

2. 1. Classification of Staphylococcus species

Staphylococciare small, spherical gram-positive bacteria hawngiameter ranging from
approximately 0.5 to 1.bm. They are catalase-positive (thus differentiditech enterococci
and streptococci) having a DNA composition of 3@d@mol% guanine-plus-cytosine (G+C)
content. They are non spore-forming, non motile faicdlItative anaerobic. Microscopically,
cells are arranged in clusters resembling grapé® Bergeys Manual of Systematic
Bacteriologyclassified staphylococci in the famijicrococcaceaeThis family includes the
generaMicrococcus, Staphylococcus, Stomatococcus andotartus.To date, the genus
Staphylococcuss validly further subdivided into more than 47 sipe and 23 subspecies
(Becker et al., 2014). They are present everywherhe air, dust, in surfaces, as well as in
humans and animals. Due to human, animal and emaigatal contamination, many of them
are present in food (Seo and Bohach, 2007).

Traditionally theStaphylococcugenus is classified into two broad categoriesoagjalase-
positive staphylococci (CPS) and coagulase-negatajehylococci (CNS) depending on the
ability to produce the coagulase enzyme. Takinguatzese as major categorizing criterion,
Becker et al. (2014) have classified the gerfsisphylococcusinto clinical and
epidemiological important groups as shown in Figt3 CPS includeS. aureusand others
staphylococci such & intermediusindS. hyicusFrom SFP and other clinical perspectives,
S. aureuss the most important species among the CPS. Tjerity of the CNS are found
as food-associated saprophytes (Becker et al.,)2d1d! living in association with humans
and animals forming a commensal relationship ((&@1,0). Some CNS such 8s xyloss
andS. carnosusire also used as starter cultures in meat andgeh@eparation because of
their positive impact on fermentation and good egnfiavour (Irlinger, 2008). On the other
hand, CNS such aS. epidermidisand S. haemolyticusare reported to cause hospital-
associated infection and post-operative wound cm@pbns in humans (Mazzariol et al.,
2012).



A simplified system for bio-typing of th®. aureusstrains depending on animal host origin
was developed. By using tRdhaemolysin, staphylokinase, coagulation of bopilasma and
the crystal-violet tests, it was possible to biegdh4 of 80%5. aureusstrains from humans,
poultry, cattle, pigs, goats, rabbits and food ifttor eco variants typically associated with
man, poultry, sheep and goat, cattle and thefiifih-specific biotypes (Devriese, 1984).

Fig 3. Classification of the gen®&aphylococcuslepending on presence or absence of coagulase

Coagulase-positive/variable
staphylococci (CoPS)

Animal-

g Human-
associated associated
and other

CoPS
CoNS

S.carnosus
subsp.

carnosus S il
S. felis

subsp. aureus
S. caprae

S. lentus
and others

enzymes taking also into consideration the clingcal epidemiological importance of the genus
Adapted from, Becker et al. (2014)

2.2. Staphylococcus aureus growth requirements
S. aureugyrows at a wide temperature range between 6°C4®ith optimum of 37°C. It

tolerates a pH between 4 — 10 with optimum of § a Zalt concentration of 0 - 20 % with
optimum of 0; and water activity g level range of 0.85 - 0.99 with optimum of 0.99
(Cretenet et al., 2011). However, the productioStaiphylococcus Enterotoxin (SE) occurs
at much narrower range than the growth of the bac{@atini, 1973). Table 1 shows the
physical requirement &. aureugor growth and SE production.



Table 1. Physical requirements®faureudor growth and SE production

Factor Optimal Growth limit Optimal SE  SE production
growth production limit
Temperature  35-41°C 6-48°C 34-40°C 10-45°C
pH 6-7 4-10 7-8 5-9.6
Aw 0.99 0.85>0.99 0.99 0.86 > 0.99
NaCl 0% 0.20% 0% 0-10%

Redox potential > +200 mV > +200 to >+200 >+200 mV > 100 to >+200

(Eh) mV Mv
Atmosphere Aerobic Anaerobic- Aerobic Anaerobic-
aerobic aerobic

Source; Anonymous et al. 2010 in Cretenal. (2011)
The ability of theS. aureudo grow at low water activity level @ and in wide range of
sodium chloride concentration allows the bactesiaurvive in potentially dry and stressful
environments such as the human nose, skin andammate objects such as cloths and
surfaces. This biological characteristic allowslaeteria to contaminate and grow in a wide
range of foodstuffs including milk and dairy protki@Kadariya et al., 2014; Loir et al., 2003;
Meyrand et al., 1998). HoweveB, aureuss quite sensitive to microbial competition. This
feature has been particularly well studied in famted food products. Genigeorgis (1989)
demonstrated that the higher the concentrationooipeting microorganisms in milk, the
lower the rate of5. aureuggrowth and SE production. The negative growthaféd lactic
acid starter bacteria dh aureuss mainly due to lactic acid production, lower gitydrogen
peroxide production, competition for nutrients asdsometimes due to the synthesis of

antimicrobial substances, such as bacteriocing @&bal., 2003)S. aureusan also resist
freezing temperature and can survive well in faodes! below — 20C, however, the viability
is reduced at temperature of -D0to 0'C. S. aureushas a relatively high heat resistance. The

observed D-value (the value at which the initiah@entration of bacteria cells would be

reduced by 1 Log unit) was 4-6 -6.6 min. at 6(C when heated in broth. However,

pasteurization temperature, 71.7 °C 15 sec. rekilgyS. aureugStewart, 2003).



2.3. Staphylococcus aureus cell components and virulence factors

2.3.1. S. aureus cell components

The genome, the cell wall and the cell capsuleSofaureusforms important cellular
components of the pathogen.

A recent genome sequence studySofaureusstrain Ml (HIP 5827) revealed that the
chromosomal and plasmid genome siz&oaureuss 2,860,370 bp (G+C content 32.9%)
and 55,980 bp (G+C content 29.%) respectively (iHigina et al., 2016). Another genome
sequence study reported also that the genontg @iureuswas composed of a complex
mixture of genes that mostly acquired through loorial gene transfer mechanism.
Moreover, the study identified three new classegabhogenicity islands namely; the toxin-
shock—syndrome toxin island family, the exotoxilansls and the enterotoxin islands. The
exotoxin islands and the enterotoxin islands wermd linked with other genes forming a

cluster that encodes putative pathogenic factowsdq#a et al., 2001).

About 50 % of the cell wall is composed of peptigogn layer by weight. Difference in the
peptidoglycan structure of staphylococcal straiay mwontribute to variation in their capacity
to disseminate intravascular coagulation and ieorted that the peptidoglycan layer has
endotoxin-like activity (Kessler et al., 1991). Rab teichoic acid and lipoteichoic acid are
important components of the cell wall that form peptidoglycan layer (Fig 3). Penicillin-
binding protein (PBP) structures are also locatedhe cytoplasmic membrane and are

involved in the assembly of the cell wall (Lowy,9B).

Capsular exopolysaccharides formed by some stodiSs aureugplay important role in the
pathogenesis and antibiotics resistance abilithefpathogen (Begun et al., 2007).
According to Lee (1996) 11 types of microcapsulasia@ be produced by more than 90% of
Staphylococcuspecies. Staphylococtiiat could synthesis types 5 and 8 are responfsible
75 % of human infections. Most methicillin resigtataphylococci (MRSA) have type 5
microcapsule.

2.3.2. Staphylococcus aureus vir ulence factor s

S. aureusas more than 50 virulence factors, with a wideyeaof biological activities. They
are responsible for a variety of toxin-mediated angpurative diseases (Ferry et al., 2005).

These virulence factors can be divided into twomtategories as cell-surface- associated
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(surface proteins) and secreted proteins (exotpxXipswy, 1998). The different surface
proteins and secreted proteins as well as thenessmn time during the growth phase of the
bacteria are summarized Fig. 4.

Except for the toxin-mediated diseases such as shack syndrome (TSS), the causation of
staphylococcal infections is not due to a singleilence factor. The different virulence
factors participate, in a stepwise manner, in gib@yenesis of the various diseases. In each
step, one or more virulent factor may be involvédrfy et al., 2005). First, a virulence
determinant that aids the bacterium to adhere @ohtbst surface or tissue, and virulence
factors that avoid or invade the immune systerh@tiost will be functional. For this purpose,
the surface proteins such as protein A and coll&@geaing proteins will be expressed during
the exponential growth phase. In the meantimes#tend step, that involves the secretion
of exotoxins or proteins that cause a harmful tefiect to the host will follow (Costa et al.,
2013).

A Surface proteins Secreted proteins
(exponential-growth phase) (stationary phase)
Coagulase Enterotoxin B
Protein A é ’/TSST-1T )
g 2 a-Toxin
Elastin- il i c r @ Peptidoglycan Capsule
binding o 3 3 -/' [ 1 L
Proltein P J) N B ‘r‘ \g "'ﬂ— Ribitol
pu’ \ 4 5 2
VL = Stationary \ A "‘“ teichoic  #
Collagen- /S phase R acid
H A ¥ @ A
blndlr.\g f s Peniciilind 4 .} B-Lactamase
prozein -2 ! binding
2 Exponential- i protein & Cross-linking
8 growth phase A ¢ iy peptides
Fibronectin- o fi ) . o= WY
A = /~— Cytoplasmic £ o .
5 J
blndlr}g S y rriafiE e § Llpote!chmc
protein /3 acid
LG &y T
g c
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Repeats Ligand-binding

Cell-wall-
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Fig 4. A. Types of surface and secreted proteil® alireusnd the time of expression during
the growth phase of the bacteria. B. The structofethe cell envelope that include the
cytoplasmic membrane, the cell wall and the capdDleTypical structure of the surface

proteins. They are made of repeats and firmly hdddo the cell wall. Source: (Lowy, 1998).

The major virulence factors and their putative tiorcas described by Costa et al. (2013) are

the following. A.Cell surface proteins
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Staphylococcal protein:As a 42 KD sized protein encoded ¢pagene. The protein binds
to 1gG, thus interfering the phagocytosis actiwafythe host immune system.
Collagen-binding proteinAdherence to collagenous and cartilage parteehbst tissue.
Clumping factor proteins (CIfA and ClfBYediate clumping and adherence to fibrinogen in
the presence of fibronectin. By doing so it briagput clumping of the blood plasma.

B. Secreted Factors/proteins

The secreted virulence factors include the supiyemd, cytolytic toxins and various
exotoxins.

SuperantigensStaphylococcal enterotoxins (SEA, SEB...etc) andalk& shock syndrome
toxin (TSST-1) are exotoxins secreted by sofeaureusstrains that brings massive
activation of T cells and antibody-presenting cells

Cytolytic toxinsThe-hemolysin and:- hemolysins induce lysis of erythrocytes, monocytes
and platelets whereganton-valentine leucocidin (PVirduces lysis of the leukocytes.
Various exoenzymesS. aureugproduces various enzymes suchpesteinase lipases and
hyaluronidasethat destroy the tissue and helps the bactesanead to the adjacent tissues.

S lactamasas an enzyme that inactivatg@dactam group of antibiotics.

2.4. Staphylococcus aureus Enterotoxins

2.4.1. Nomenclature, structur e and classification of enter otoxins

Staphylococcus enterotoxins (SEs) are exotoxindymed byStaphylococcus aureusiring
exponential growth or during the transition fronperential to stationary growth phase of
the bacteria (Czop and Bergdoll, 1997; Lowy, 1998)nsumption of sufficient amount of
one or more SEs causes Staphylococcal food pogqi@RP) (Argudin et al., 2010). In
addition toS. aureusotherStaphylococcuspecies, including CPS such &sintermedius
(Becker et al., 2001) and CNS suclBagpidermisS. cohnii, S. xylosuandS. haemolyticus
can also produce the exotoxins (Bautista et aB8LHowever, nearly all cases of SFP are
attributed toS. aureugproduced toxins (Seo and Bohach, 2007).

2.4.1.1. Nomenclature of SE

Although, all SEs have super-antigenic charactesigtBalaban and Rasooly, 2000), the
naming of the SE depends on the their emetic éietsviLina et al., 2004). In order to be
designated as a SE besides to super-antigen pctivit protein must produce emesis after
oral administration to primates. Related toxing #ither lack emetic properties or that have

not been tested, should be designated “Staphyloso@nterotoxin-like” (SEI). For
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nomenclature, dependent on the order of discoxeesgequential letter of the alphabet was

assigned to each SE. However, for SEF, the noraemel has been changed to TSST-1

(Hennekinne et al., 2011; Seo and Bohach, 2007).

To date, 22 SE and SEI are identified (Argudinlet2010; Hennekinne et al., 2011). The

type, the general characteristic and mode of digs/have been reviewed by Hennekinne et

al. (2011) (Table 2).

Toxins which showed > 90% similar with the existiBf or SEls are designated either by a
number subtype or called variant. The SEA, SEB, SE¥D and SEE are nhamedcessical

because they are mostly involved in SFP outbrealisage classified in distinct serological

types. The remaining are namecdhasv type®f SE and SEI (Argudin et al., 2010).

Table 2. Staphylococcal enterotoxins types to dagir molecular weight, genetic background and

super antigenic and emetic characteristics. Saudsmnekinne et al. (2011)

General characteristic

Mode of activity

Toxin References
ype Molecular weight Genetic basis of SE Super
(Da) action®
SEA 27 10( Prophag Betley and Mekalanos (19¢
Borst and Betley (1994)
SEE 28 33¢ Chromosome Jones and Khan (19¢
plasmid, Shafer and landolo (1978)
pathogenicity island Shalitaet al (1977)
Altboumet al. (1985)
SEG23 =~ 27500 Plasmid, Bohach and Schlievert
(1987)
Hovde et al. (1990)
Altboum et al. (1985)
Fitzgerald et al. (2001a)
SED 26 360 Plasmid Chang et al. (1995)
Bayles and landolo (1989)
SEE 26 42t Prophag Couch et al. (198t
SEG 27043 enterotoxin gene Munson et al. (1998a)
cluster €99, Jarraud et al. (2001)
chromosome
SEH 25210 Transposon Su and Wong (1996)
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Noto and Archer (2006)

SEI 24 928 Egc,chromosome +) Munson et al. (1998a)
Jarraud et al. (2001)

SEIJ 28565 Plasmids nk Zhang et al. (1998a)

SEK 25 53¢ Pathogenicity islar nk Orwin et al. (2001

SEIL 25 21¢ Pathogenicity islar -£ Orwin et al. (200z

SEIM 24 842 egg chromosome nk Jarraud et al. (2001)

SEIN 26 067 egc,chromosom nk Jarraud et al. (200

SEIO 26 777 egc,chromosome nk Jarraud et al. (2001)

SEIP 26 608 Prophage nkt Kuroda et al. (2001)
Omoe et al. (2005)

SEIQ 25076 Pathogenicity island - Jarraud e2802)
Diep et al. (2006)

SER 27 04¢ Plasmic + Omoeet al (2003

SES 26217 Plasmid + Oebal. (2008)

SET 2261« Plasmid + + Ono et al. (200¢

SEIU 27 192 egg chromosome + nk Letertet al. (2003)

SEIU, 26 672 egg chromosome + nk Thomas al. (2006)

SEIV 2499} eg¢, chromosome + nk Thomaset é&l. (2006

B:+ Positive reaction

*+, positive reaction; (+) weak reaction; negatigaation; nk, not known

£; For SEIL, emetic activity was not demonstrateiicaca nemestrinenonkey

t For SEIP, emetic activity was demonstrate8imcus murinubut not in primate model.

2.4.1.2. Structure of SE

SEs and SEI are small globular or compact sing&ncproteins with molecular weight of
22,000-29,000 Da (Hennekinne et al., 2011; Sedatdhch, 2007). Structural studies of SE
and SEI revealed that all have similar three-dirmerad topologies. The globular molecules
have an overall ellipsoidal shape and are foldéd two domains, the amino- terminal
(Domain 1) and carboxy-terminal (Domain 2) whicle @onnected by-helixes (Fig 5).
Domain 1, the N- terminal, contains residue nea&r Khterminal but not the N-terminal
residues themselves. The folding conformation af tHomain may have potential

significance for the function of the toxin. The etltprominent feature of domain 1 is that it
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contains two cysteine (Cys 93 and Cys 110) resjdubih are linked by disulfide bonds to
form a cysteine loop. The cysteine loop is reportedbe an important structure for
conformation of the SE and is probably involvedhea emetic activity (Loir et al., 2003). The
domain 2 is the larger, carboxyl terminal and cstssof four to five stran@-sheet that is
packed against a highly conservwetielix (Mitchell et al., 2000). The two domains o
shallow cavity that the T-cell receptor (TCR) bimglisite encompassed as well as the MHCII
molecule binds to an adjacent site (Swaminathah. £1992). According to Deringer et al.
(1997), the specificity TCR to each SE is determibg the amino acid residue located in the
top of this shallow cavity. Structural and biocheatistudies have indicated that some SEs
needs zinc atom for proper functioning as wellas properly binding to MHCII (Seo and
Bohach, 2007).

Domain 2 A’-il\zo
o2 A N Cys 93
239 § . ' ys
> -
: T 7 ) 60
5 { b i ) : Cys 110
Ok W R . |
L 1o ﬁ&a‘é B, a4 g D
140 o h \ &S f
_ \QN \@; 3 r&4o
0 i , \J\)
—\ i >y ; >80 .
¥ _;’\ ? Zn
. , Domain 1
¥\ 230 b v £ jH118
N (’ﬂ f { §N\ _7_7./‘

Fig 5. Crystal structure showing domain 1 and don2aof SEC. The cysteine loop formed
by disulfide bond between Cys 93 and cys 110 kelinto the35 stand. The zinc molecule is
also attached to the SEC Structure. Source: Sg®&ahach (2007), pp 507.

TSST-11t is a single polypeptide protein having a molacwveight of 22,000 Da and has a
isoelectric point (pl) of 7.2 Although TSST-1 hasigh percentage of hydrophobic amino
acids, it is highly soluble in water. Generallye ttoxin is resistant to heat and proteolytic
enzymes such as trypsin. There are no cysteingluesiin the structure of TSST-1.

Antigenically, TSST-1 is distinct from other pyraoge toxin super antigens (PTSAgs) and
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does not have significant primary sequence homaloggher known proteins, including SE
and SEI (Fig 5). The mode of attachment of the T-&SWith the TCR has some differences,
in comparison with the mode of attachment of th®& &d SEC. The former is attached on
the top back of the TCR where as the SEs attach#tettop front of the TCR. Besides, the
TSST-1 appears to insert much more into the pegtideve of the major histocompatibility
complex (MHC) molecule, occluding many of the centites between the MHC class Il and
the TCR. This may exert some differences on thersaptigen characteristics of the TSST-
1 and the SE (Dinges et al., 2000).

2.4.1.3. Classification of SE

Many studies have shown that there is primary amiid sequence homology among SEs
and SEls. The homology of the amino acid sequemug SEs could reach 33- 42 % (Loir
etal., 2003) or/and up to 22- 33 % (Balaban aasioRly, 2000). Another study reported also
that 15% of the SE residues are conserved (Dingak, €000). Depending on the primary

amino acid sequence the SE, SEl and TSST-1 amedivnto four groups as shown in Fig 6.

SEIQ
SEIM
SEIK Group 3
SEl
SEIL
I SEIR
SEG
SEIU
SECovine
SECbovine
sSEc1 Group 1
SEC2
’_ SEC3

SEB

TSST—1

I SEIO

— SEIN
SEIH

SEIP
—L =
SEE Group 2

SEJ
SED

Fig. 6. Molecular relatedness of the currently tdesd SE, SEI and TSST-1 as expressed by

cluster analysis of the amino acid sequences. A&ddpbm Seo and Bohach (2007).

Not only have the primary amino acid sequencesEosigilarity to each other, but show
remarkable relatedness with pyrogenic toxin (PThifes. For example, Balaban and
Rasooly (2000) reported that the primary amino aeduences of SEC and SEB showed
around 51- 81 % relatedness with streptococcahtaxhich is in the PT family.
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2.4.2. Physiochemical property of SE

SE are hygroscopic peptides that are easily solablater and salt solutions. They have an
isoelectric point (pl) of 7.0-8.6 (Loir et al., 2B)0 The SEs are more stable in many respects
than most proteins. They are highly heat resistamd, this heat resistance appears to be
greater in food than in laboratory culture medier@doll and Wong, 2006). This
characteristic is most important in terms of foafesy in that it imposes a significant

challenge for the food industry (Balaban and Ras@&f00). Anderson et al. (1996) reported
that the biological activity of SEA was retainetkeafthe toxin was exposed to 141 for 28

min. in mushrooms. According to (Balaban and Ragdf00), the heat stability of SE seems
to depend on the media in which the toxin is presiie pH, salt concentration and other
environmental factors. They are also highly resista freezing and drying. They are also
resistant to low pH and proteolytic enzymes sucpegsin and trypsin and this allows the SE
to be functional in the gastrointestinal tract (Hekinne et al., 2011; Loir et al., 2003).
Although pepsin can digest the enterotoxins at piier of 2.0 and below (Bergdoll, 1970)
this acidic level does not exist in the stomacheunnabrmal condition, particularly in the

presence of food.

The mechanism by which the SE causes emesis daanty elucidated but a simian model
study showed that SE affects the intestinal epitheto result in the stimulation of the local
neural receptor of vagus nerves and sympathetieesehat transfer impulses to medullar

emetic center to result in emesis (Sugiyama andakiay 1965).

As described in the previous section, one chariatiteof the toxins is the presence of two
cysteine residues near the center of the molebateare joined by a disulfide bond, forming
what is referred to as theystine loop(Merlin, and Amy, 2006; Seo and Bohach, 2007).
According to Loir, Baron and Gautier (2003) thegstine loops are required for proper
conformation of the SE and are probably involvethmemetic activity of the SE. However,
others commented this hypothesis as some SE su@Ehsdo not have the loop but
nevertheless exhibit weak emetic activities (Hemmeket al., 2011). They suggested that the
cysteine loop may not be directly involved in thmesis but may stabilize the critical

conformation of the SE which is important for tation (Hovde et al., 1994).
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The SE belongs to a family of the so-callpgrogenic toxins(PTs) originating from
Staphylococcusaind Streptococcusspecies. Pyrogenic toxins include SEs, Toxic Shock
Syndrome Toxin (TSST), exfoliatin A and B afdreptococcupyrogenic toxins. These
toxins share some structural, functional and secpieimilarities (Balaban and Rasooly,
2000; Dinges et al., 2000; Seo and Bohach, 2007. dne feature in common to all PTs,

including SEs, is their unique ability to act apauantigens (SAgs).

To exert their biological action, the super-antg@must interact with epithelial cells of the
intestine through transcytosis to pass the ep#hekll barrier. Then the induction of the

inflammatory state will continue after activationtbe cell (Hennekinne et al., 2011).

SAgs are molecules that have the ability to stiteutan exceptionally high percentage of T
cells. The mechanism by which this occurs distisges them from mitogens and
conventional antigens (Ags). SAgs are bifunctiomadlecules that interact with major
histocompatibility complex class Il (MHCII) molead on Ag-presenting cells (APCs) (Fig
7). Unlike interactions involving the conventionags, this interaction does not require
processing and occurs outside of the MHCII pephioheling groove. The MHCII molecules—
SAg complex interacts with the T-cell receptor (TICRhe interaction in the TCR is also
nonconventional and relatively nonspecific; for m84gs, binding occurs at a variable (V)
location on the TCE-chain (the \B region). Since SAgs bind outside the area on R T
used for Ag recognition, they activate a much higtercentage of T-cells, which is above
the order of antigen specific activation. The highbliferation of T-cells also stimulates the
production of high cytokines such as interleuklr){1, IL-2, tumor necrosis factor (TNFe)

B and interferon (IFN)=, which are responsible for toxic shock syndrofiréaal signs such
as fever, hypotension and organ failure (McCorneitkl., 2001). SEB

is reported as a potent super antigen that is deresii as potential microbiological weapon
of warfare and terrorism (Greenfield et al., 2002).
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MHC Class I
Antigen-presenting cel

Fig 7. Activation of T-cells by conventional antigéA) and super antigen (B) . There is a
difference in the attachment of the two types digem to the MHC Class Il and T- cell

receptors (TCR). This leads to difference in thedlt production. Adapted from : Balaban
and Rasooly (2000) in (Loir et al., 2003).

Hoffman (1990) described that the enterotoxins Haeen labelled super antigens because
they can activate as many as 10% of the mousesl Tegertoire, whereas conventional
antigens stimulate less than 1% of all T cells.

A high correlation exists between the super antay@mhemetic characteristics of SE since, in
most cases, genetic mutations resulting in a lbssiper antigen activity results in loss of

emetic activity (Harris et al., 1993).

2.4.3. Location of genes encoding SE
All seandsei genes are carried by accessary genetic elemewist &l them are mobile

genetic elements, which can spread among strairs. @iureusthrough horizontal gene
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transfer. This phenomena enables the bacteria thfyniteir ability to cause diseases and
thereby contributes to the evolution of the baetéArgudin et al., 2010). The mobile genetic
elements where thee andsel genes located includes plasmids, propha§egyhylococcus
aureuspathogenicity Islands, and vSa genomic islands. Jénetic location of eadeand

selgenes in the chromosome and in mobile geneticaxi&sms presented in Table 2.

Argudin et al. (2010) reviewed the genetic locatdrenterotoxin genes in different mobile
genetic elements &. aureusn a relatively detailed manner. The main poirftthe review

are summarised as follows:

Plasmids The two most common plasmids$n aureusvhich are known to carrseandsel
genes arplB485andpF5. They were identified fror8. aureustrain KS11410 and Fukuoka.

It is reported that they are well-characterizediplals.

ProphagesThe temperate tailes. aureuphages belong to ttf&#phoviridagfamily and carry
se and sel genes. It is also documented that apart freemand sel genes carriage, the

bacteriophages also carry other virulent factovslired in evasion of the innate immunity.

Staphylococcus aureus Pathogenicity Islands (SafPhey are common and widely
distributed mobile genetic elementsSn aureusThey range in size from 15-17 Kb. They

carry and transfeseandsel genes including the genes encodissj-1

vSa Genomic Island§hese genetic elements are exclusively prese8t mureussolates.
They have a locus that is inserted to the bactenedmosome. These genetic elements are
acquired by horizontal gene transfer although tier® evidence that they move. There are
two major types of vSa genomic islands, thepv&ad vSa having a size ranging from 20-
30 kb. These two structures have a Saul type ficgeh-modification system. The system
will digest DNA transferred from different lineagéile transferred DNA of the same lineage
will allow and protected from restriction. Due teese characteristics the Saul type | system

is considered as key player in monitoring of lireagolution.

Both vS$ and vSa structures of the genomic island contain many gdusers inside. The
vSg3 carries a gene cluster that harbors msegndselgenes and is called enterotoxin gene
cluster €gqg. This cluster carries a variable numbersefand sei genes linked together
forming an operon (Jarraud et al., 2001). €hgeis suggested to have been created from
ancestrabe gene through random duplication and gene recortibméhat could be able to

produce various toxins having different biologicaitivities (Thomas et al., 2006). The
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dynamic evaluation of this gene cluster is congideas a nursery akeandseigenes that is

observed by the presence of many variants of ther (Fitzgerald et al., 2001b; Jarraud et

al.,, 2001). The differerggcvariants, the types afe andsel genes carried by this structure

and the strain db. aureughat acquires this cluster is presented in Fig 8.
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AY205305
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NC_002952.2

EF030427, EF030428

Fig 8: The different structures of tlegcclusters variants. Modified from Thomas et al. @0and
Collery et al. (2009) and based on the accessiobets indicated to the right of the Figure. Adopted
from Argudin et al. (2010)

2.4.4 Regulation of SE Production
Depend on its phase of growth, and in responshdalanging environmern$. aureuss

able to switch on and off different sets of genesrecent years, a great deal has been

discovered about the regulatory system that cottiese responses, but much still remains to

be understood. In general terms, proteins fadgiigghdhesion and invasion 8f aureusare

manufactured during the exponential phase of battgowth, while enzymes and exotoxins,

including the SEs, are synthesized in the post+egptal phase of growth (Lowy, 1998).
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These processes are controlled by complex netwafrkegulatory genes. These complex
regulatory genes can be categorized in two majaadrgroups the two-component
regulatory systems (TCR&)d theglobal regulatory systerfCheung et al., 2004). The TCRS
include also the accessory gene regulagr)(and the staphylococcal accessory elements
(sa8. Theagr is the main gene regulatory system in the exprassi virulence factors i§.
aureus The agr locus regulates more than 70 genes of which 23elaged to virulence
factors. However, not all SEs expression are régdlayagr. For example SED and SEJ,
which have more similarity in primary amino acidjgence, and yet the expression of SED
is regulated bygr whereas the expression of SEJ is not (Zhang,et388b). The expression
of SEA is not regulated 3gr (Tremaine et al., 1993). On the other hand, Cetst (2013)
noted that all the aforementioned regulatory nekwaxert their influence in interactive
manner, not singly, to ensure that specific virakegenes are expressed when required.
According to Seo and Bohach (2007) cell densitgjlability of nutrients and environmental
signals temporarily control the expression of ende factors. The density-sensiagr
system ofS. aureuscould enable the bacteria to respond to envirosahahanges with
typical bacterial two components sense and respehseacteristics (Novick, 2003).
Environmental signals, such as high salt conceatrapH, and sub-inhibitory concentration
of antibiotics, affect the production of extracédiuproteins (Herbert et al., 2001). For
example the production of SEB and SEC has beebitetiin the presence of glucose as a
result of inhibitory effect oagr expression due to low pH resulted from glucoséabyaism
(Regassa et al., 1992). It is well-documented tigaitral pH is the optimum condition for
production of SE (Table 1).

2.4.5. Frequency of enterotoxigenic strainsfrom S. aureusisolates

Many studies have investigated the occurrencegénes irS. aureugrom various sources
in different geographical locations. Overadle genes are prevalent in moSt aureus
populations, but certain differences in prevaleand distribution of segene profiles may
exist depending on the source of isolates and gpbgral regions (Larsen et al., 2002)
Among Staphylococcus aureustrains isolated from food samples, the percentaige
enterotoxigenic strains is estimated to be aroub ZLoir, Baron and Gautier, 2003).
However, estimations vary considerably from onedf¢o another and from one area to
another area. A prevalence of 52.2% enterotoxig8niaureusvere reported from bovine

milk in Norway (Jgrgensen et al., 2005b) while ior& 50% of th&. aureussolates from

22



ready-to —eat- food were enterotoxigenic (Kim et 2011). In USA 95 % of th8. aureus
isolates from a bakery involved in SFP were entigenic (Hait et al., 2014).

2.5 Staphylococcal food poisoning and other diseases

2.5.1 Staphylococcal food poisoning

2.5.1.1 Epidemiology

SFP is one of the most common food-borne diseasddwide. It is the most reported food-
borne disease in the United States (Kadariya e2@14) and is the leading cause of food-
borne outbreaks in the European Union (EFSA, 20T8g true incidence of SFP is
underestimated for many reasons among which ngedgs, unreported minor outbreaks,
improper sample collection and laboratory examoratiave been noted (Argudin et al.,
2010). In developing countries, there is not sigfit data on SFP due to the poor disease
reporting system. However, considering the pooiidnjig conditions during food production
and processing, coupled with absence /shortagealing facilities, a high prevalence is
likely.

The ability of S. aureusto grow in wide range of growth environments, uathg in a
potentially dry and stressful environment, favogrewth in many foodstuffs (Loir et al.,
2003) including in salted food products (Qi andI®fil 2000; Scott, 1953). Meat and meat
products, poultry and egg products, salads, bakegucts, especially cream-filled pastries,
cakes and sandwich filing have been frequently icagdd in SFP (Argudin et al., 2010;
Hennekinne et al., 2011).

Milk and milk products are also foodstuffs commoaBsociated with SFP (Cretenet et al.,
2011; Seo and Bohach, 2007). Retrospective anatyss&=P outbreaks indicated that milk
and milk products are usually involved in SFP. Ateasive SFP outbreak that affected
13,420 people in Japan (Asao et al., 2003), tlye&rSFP registered in USA (Evenson et al.,
1988a) the SFP outbreak in a christening partyem@ny (Fetsch et al., 2014) and the recent
outbreak of SFP in Swiss boarding school (Johled.e2015) are a few of many outbreaks
that were caused by the consumptiosofiureuscontaminated milk and milk products.
Humans and animals are reservoirsSofaureuson their skin and mucous membranes
(Hennekinne et al., 2011). According to Kluytmamns! &/ertheim (2005), around 10-35 %
and 20-75% of humans are persistent and intermitiariers ofS. aureusrespectively.
AlthoughS. aureuscolonized persons do not show the clinical sigithe diseases, they are

important sources of contamination to other persmaisalso to food. The transfer&faureus
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from the carrier to another person or food occhreugh direct contact, indirectly through
skin fragments or through respiratory dropletss lalso reported that most SFP outbreaks
occur due to human contamination (Seo and Boh&fy,;2Vertheim et al., 2005).

Cows with mastitis are also a common sourc®.@fureusn raw milk (Kadariya et al., 2014).
A cow with clinical or subclinical staphylococcahbstitis can excrete up to 8 Log CFU nl
of S. aureugPeles et al., 2007). Many SFP outbreaks havermatwhere the sole source of
contamination of the bulk milk was from a mastitiow. In Brazil 328 individuals were
affected with SFP where the sourceSofaureusvas mastitic cows (do Carmo et al., 2002).
Improper handling of food pre- and post- cookinggiminated as important risk factor for
SFP outbreaks. Post-cooking environmental surfd@@same in contact with food and even
gloves worn by food employees, if not changed feeqly, could serve as sourcefaureus
contamination (Lues and Van Tonder, 2007; Syné 2@13). Retrospective analysis of SFP
outbreaks and other studies indicate also thatedwaring food processing and preparation
may lead to SFP outbreaks. These errors includesujficient time and temperature during
initial cooking ii) prolonged exposure of foods rabm temperature iii) slow cooling of
prepared food iv) inadequate refrigeration, v) prem food for extended period of time prior
to serving vi) Insufficient cleaning of food proseyy equipment and storage of food in a
contaminated environment (Bennett et al., 2013)addition, prolonged use of warming
plates when serving food may favour the multiplmatof S. aureusand hence production of
SE (Bryan, 1976).

2.5.1.2. Clinical signs

SFP is caused by consumption of food that contamesor more types of SEs produced by
enterotoxigenic strains &. aureusThe disease is characterized by a short incubpgoiond
(an average of 4.4 h), nausea, violent vomitingloatinal cramps, headache and diarrhoea.
The amount of toxin ingested and the susceptibdftyhe person influences the severity of
the clinical signs (Hennekinne et al., 2011). S&Rsually a self-limiting illness but death
occasionally occurs with case fatality rate randgnogn 0.03% for general public to 4.4% for
more susceptible populations such as children badetderly. Death results from severe
dehydration and electrolyte imbalance (Holmberg Blatke, 1984b).

Depending on individual sensitivity and body wejgtite amount of toxins required to
produce SFP in a person can vary. However, thet#fattecommunity agree that the dose of

0.1-1 pg/kg body weight will cause SFP illnessumians. The basal level 1 nanogram of SE
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per gram of contaminated food can cause the SFBteyms and 1-5 g of ingested toxin has
been associated with many outbreaks (Seo and BpR@6#). Outbreaks have

also been observed for lower concentrations; 0/fh@g milk (Evenson et al., 1988a).
Although the mortality from SFP is low (Burgey dt, 2016), the actual impact of the
intoxication is large due to loss of working daysdgroductivity, hospital expenses and
economic loss for restaurants and food industieslériya et al., 2014; Murray, 2005).
Alone or in combination with other SE or SEI, SEEAhe most common enterotoxin involved
in SFP worldwide, followed by SED, SEB and SEC (dim et al., 2010; Johler et al., 2013;
Johler et al., 2015; Kérouanton et al., 2007; lalet2015). The extraordinary high resistance
of the SEA to proteolytic enzymes (Bhatia and Zah@607; Holmberg and Blake, 1984a)
may contribute to the high prevalence of SEA in n®fSP outbreaks (Argudin et al., 2010).
Although SEA is commonly found in SFP outbreaksBSioduce more severe clinical
symptoms of SFP than SEA. This may be related thighhigher amount of toxin produced
by SEB than SEA. Although the production of SE dejseon the strain of tH&. aureusSEB
and SEC are generally produced in highest quasttitie to 350 pg /ml while SEA, SED and
SEE produce as little as 189/ml (Seo and Bohach, 2007).

2.5.1.3. Diagnosis of SFP

The development of typical SFP clinical signs sashprojectile vomiting, diarrhoea, etc
starting within 30 min. after consumption of foodyrsuggesStaphylococcumtoxication.

If the clinical signs are also manifested in twormre people who consume the food, then it
should be tentatively diagnosis as SFP (Bergdoli &Wong, 2006). However for
confirmation, microbiological, immunological and laoular examinations of food or vomit,
alone or in combination, should be carried out. pagose of this is either for isolation and
enumeration o8. aureusr for detection of SE in food remnants. An ovewiof the current

assays for characterization of SFP outbreaks hers teeviewed by Hennekinne et al. (2011)
(Fig 9)
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Fig 9. The general microbiological, immunologigablecular and physiochemical analytical

methods employed for diagnosis of SFP. Source:rjelldnne et al., 2011)

2.5.1.3.1. Isolation and enumeration of S. aureus

Isolation, identification and enumeration®faureugrom the remnants food is an important
step in the diagnosis of SFP. For isolation andresration of CPS including. aureugrom
food remnants, Baird—Parker agar differential adctive media (EN/ISO 6888-1) or Rabbit
plasma fibrinogen agar (EN/ISO 6888-2) are employddcording to European
microbiological criteria, raw milk cheeses shouddnalysed according to EN/ISO 6888-2,
while other milk and milk products can be analysesihg either 6888-1 or 6888-2 (EU
regulation 2073/2005). The Rabbit plasma fibrinoggar is however challenging to prepare
and apply in field studies, and Baird-Parker mediartherefore often used in this kind of
research studies. Numbers of at least Lo@BU gram™ of S. aureusrom the food is

generally confirmatory of SFP (Hennekinne et 201 D).

Outbreaks of SFP could also occurred from conswnptif cooked or processed food
products, in these casBsaureusnay die during the process. However, the thernestBEs
(Balaban and Rasooly, 2000; Hennekinne et al., P@hich are responsible for the disease,

may be investigated by one of the following methods
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2. 5.1.3.2. Biological method

The rhesus or cynomologus young monkey has beamessftlly used for detection of SE.
Oral administration of SE causes emesis which us # biological detection of the toxin.
However, due to the cost of the monkeys, expeniskseping them, ethical aspects and the
development of resistance of the monkey to SE weperted as drawback of the method
(Bergdoll and Wong, 2006).

Even though this method is useful in research etudl toxicity of e.g new toxins, this method
is not applicable for analysis of toxins in foodromtine basis, for analysis of many samples
or in outbreak investigations.

2. 5.1.3.3. Immunological methods

A commonly used immunological method for detectioh SEs from isolates of
Staphylococcus is the micro-slide gel double diinsreversed passive latex agglutination
(RPLA). The sensitivity of this technique is approately 0.01- 0.02 pg/ml and it is possible
to detect low enterotoxin-producir® aureusstrains. As 0.1- 0.2 ug of enterotoxin A, the
most common SE identified in SFP, is necessaryddyze illness (Evenson et al., 1988b),
and hence the application of this sensitive diatinaschnique for detection of SE during
outbreak investigation is possible (Bergdoll andrigy,c2006).

For food samples, enzyme-linked immunosorbent as@&lyISA) are most used. The official
methods in Europe are based on the Ridascreen&kiValas methodology. It is possible to
detect SE below the level of 0.001 pg/g of contated food (Freed et al., 1982).

There are some limitations and drawbacks of theunmstogical method for detection of SE
in food. It is very difficult and expensive to peep a highly-purified antibody against the
SEs, which are required for the immunological {egnnekinne et al., 2011). The specificity
(false positive) of the immunological assays magéereased if the food contains peroxidase,
Protein A or other endogenous substances. Onlyaniens SEA-SEE can be detected by
immunological methods as antibodies for the othéro® SEI are not yet commercially
available (Bennett and Hait, 2011).

2.5.1.3.4. Molecular method

The molecular assay includes the extractios.odureusDNA either directly from food or
from a cultured broth and then testing for the @neg of enterotoxin genes. It is possible to
examine the presence of many enterotoxins genadtameously with one PCR run using
multiplex PCR. However, presence of the genes doeautomatically imply that toxins are

produced in the food, and this is the main drawhafcthe method. On the other hand, the

27



assay reduces time and also gives valuable infawmabout the enterotoxigenic potential of
theS. aureugHait et al., 2014; Kim et al., 2011; Lgvseth ket 2004; Morandi et al., 2007).
Besides, for the detection of enterotoxin genes,atso possible to quantify. aureusn the
dairy food and other foodstuff by real time PCRagsfAlarco'n et al., 2006; Hein et al.,
2005). This may be an important step in diagnosd risk-assessment studies of SFP. It is
also reported that with using the reverse-transoripreal time PCR (RT-qPCR) assay, it is
possible to determine the SE gene expressionté&laureussolates in different food types
by quantifying the mRNA (Duquenne et al., 2010; ke¢al., 2007).

2. 5.1.3.5.Mass spectrometry method

As alternative approach, to overcome some techniaitations observed in the
immunological method, mass spectrometry technolag/been employed for detection and
quantification of SEs in different food matrixesy Bombining immune-capture and protein
standard absolute quantification strategy, masstispretry assay has been able to detect and
quantify SEA in food matrixes to a level of 1.4085 ng/g of food (Dupuis et al., 2008).
For the first time, absolute quantitative mass spetetry has been also applied successfully
for characterization of SE in coconut pearls SFPm@ak (Hennekinne et al., 2009). In apple
juice, taken as model food matrix, Callahan et(2006) demonstrated the detection, and
guantification of SEB using the mass spectromeisag. On the other hand, the cost incurred
per analysis by mass spectrophotometry as compamenunological assay was reported as
expensive. However, due to low method developmest and some technical advantages
(such as applies for detection of all SEs and $HItagh sensitivity) the mass spectrometry
is considered as good alternative (Hennekinne. €2@11).

2.5.1.4. Control of SFP

S. aureusis ubiquitous organism and 20- 75% of humans areiecs of the organism
(Kluytmans and Wertheim, 2005). Therefore, food chhinas not been refrigerated and has
been handled by humans, has a high probability ootacnination withStaphylococcus
species. Cooking of food after handling by humaraniimportant step in the control of SFP.
However the food should not be kept unrefrigerdtedong period of time a$. aureuss
able to multiply at room temperature and SE mayifeeluced, but not degraded at a later

time by cooking temperatures (Bergdoll and WongQ&0 The ideal refrigeration and

cooking temperature of food should be belo¥C5nd greater than 6C, respectively, aS.

aureuscan multiply and produce SE at temperatures inahge of £C — 46°C.
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As the mastitic udder has been reported as imgostaurce ofS. aureusontamination in
dairy products (Kadariya et al., 2014; Loir et 2003; Seo and Bohach, 2007) controlling
mastitis at the dairy farm level is a very impottarep in the control of SFP.

Public awareness of proper food handling, procgsaimd preparation, and disinfection of
equipment used in food processing and preparatienngportant measures to control SFP
(Hennekinne et al., 2011; Weese et al., 2010). ysmabf epidemiological data from Europe,
Northern America, Australia, and New Zealand shothadl a substantial cause of food borne
disease was due to improper food preparation pexin the consumer’s home (Redmond
and Griffith, 2003). Adherence to Hazard Analysml &ritical Control Point (HACCP),
Good Manufacturing Practice (GMP) and Good HygielRractice (GHP) developed by
World Health Organization (WHO) is reported to belpful to controlS. aureusfood

intoxications (Syne et al., 2013).

2.5.2. Other S. aureusinfectionsin humans and animal

S. aureusis major human pathogen responsible for a varw@tytoxin-mediated and
suppurative diseases. In the last 20 years the eunflcommunity-acquired and hospital—
acquired staphylococcal infections has increaseddfam treatment scheme has become very

difficult due to the emergence of multidrug registstrains (Lowy, 1998).

2.5.2.1. Staphylococcal toxic shock syndrome (TSS)
TSS is caused by diffusion of TSST-1 toxin into heod stream. Multiplication d8. aureus
in a localized infected area of the body produc8ST-1 which enters the vascular system

and exerts these generalized symptoms (Murray,)20tS is an acute onset, multisystem

iliness characterized by five clinical symptoms e&m fever (> 38.9°C), hypotension

(systolic pressure < 90 mm Hg), a diffuse erythemstrash, variable multi-organ
involvement (vomiting, or diarrhoea at onset, mucbyperaemia, acute renal failure, etc)
and cutaneous desquamation (occurs up to 2 weeksoaket). The mortality rate is about 5
% (Ferry et al., 2005).

2.5.2.2. Staphylococcal scalded skin syndrome (SSSS)

It is a superficial blistering skin disorder causedinly by toxin exfoliating B toxin. SSSS
typically affects neonates and infants but can atswr in predisposed adults. In localized

form — bullous impetigo (mainly caused by the tokifA), the skin damage is restricted to
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the site of infection. In generalized SSSS, whiffacas the entire body surface, exfoliative
toxin spreads through the bloodstream from thelfsita of infection (Ferry et al., 2005)
Besides skin diseaseS, aureuss responsible for suppurative soft tissue, redpiy, bone,
joint and endocardial disorders (Libman and Arb&&84). Suppurative collection at these
sites serves as potential foci for recurrent infext (Musher et al., 1994)S. aureus
endocarditis is characterized by rapid onset, Feglr, and frequent involvement of normal
cardiac valves (CHAMBERS et al., 1983).

2.5.2.3. Staphylococcus septic shock

One of the most frequent causes of septic shocB. isureus It is a disorder due to
uncontrolled inflammatory response to the staptgdeal toxins. Superantigen toxins trigger
T- proliferation, which may in turn lead to massiie 1 cytokine production such as TNF-
a, IL-1B, IL-6 and IFN (Ferry et al., 2005). The overallntadity rate ofS. aureuseptic shock

is 40-60% (Astiz and Rackow, 1998).

2.5.2.4 Intra-mammary infection of lactating cows

S. aureuss well known for being a causative agent of slibigal mastitis in cows and other
lactating animals such as buffalo (Kant et al.,2®rabhu et al., 2015). Sub-clinical mastitis,
besides causing a significant reduction in milkdarction, has also public health importance
asS. aureugan transmit to humans via the milk value chaial@ida et al., 2007; Hameed et
al., 2006).

2. 6 Antibiotic resistance of S. aureus

2.6.1. Antibiotic resistance problem and causes

Antimicrobial resistance is an ever-increasing glgiublic health threat. Nowadays, it is well
documented that clinically important bacteria aot¢ only characterized by a single drug
resistance but also by multiple antibiotic resistaflLevy and Marshall, 2004). The WHO
2014 annual report indicated that resistance toncomantibiotics has reached alarming
levels in many parts of the world indicating thaamyg of the available treatment options for
common infections in some settings are becominijeaive (WHO, 2014).

The ever-increasing antimicrobial resistance prmobig not only associated with potential
treatment failure but also brings a fundamentaration in the microbial ecosystems of
humans, animals and the environment. In additibalso increases the infection rates and
facilitates the emergence of more virulent bactg@hogens that could lead to more severe

infections (Barza et al., 2002).
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Globally, the widely accepted cause of antibio@isistance is the over use and misuse of
antibiotics. In developing countries the situatisrescalating in that besides the increasing
use of antibiotics and their ready availability watit prescription, poor sanitation condition
around premises aid the spread of resistant stflaévy and Marshall, 2004).

One of the biggest issues in antimicrobial resistan the use of antibiotics in animals. There
is a continuous debate on the association betwaé@niarobial use in the production of food
animals and the emergence of resistant organismsumans. In veterinary medicine,
antibiotics are given for treatment of contagiousl @anfectious animal diseases including
clinical and subclinical mastitis at dairy farm évHowever, besides human and veterinary
use, antibiotics are widely used in animal husbpadd other agricultural practices and this
has significantly exaggerated the antibiotic resisé problem globally (Aarestrup, 2005). Of
these practices, the most serious is the continadosnistration of sub-therapeutic doses of
antibiotics as growth promoters for food animal&isTpractice favours emergence and
propagation of a large number of resistance ggiMarshall and Levy, 2011). Commensal
bacteria could constitute a risk by being a resenfaesistance genes. Resistant commensal
bacteria of food animals may pass on their resigtan zoonotic bacteria and reach the
intestine tract of humans (van den Bogaard andb@totgh, 2000). Presumably tineec
region of themecAgene ofS. aureuswas originally transferred from CNS (Brakstad and
Meeland, 1997).

2.6.2. Biological causes of antibiotic resistance

When antibiotics come into contact with microorganms, they may inhibit or kill susceptible
microorganisms while microorganisms with a resistagenetic determinant will be selected
by the antibiotics and survive (Levy, 1994, 200Bhis selective pressure of antibiotics
enables that microorganism to survive as a regisgtain. Not only will the resistant
microorganisms multiply and give rise to resistafispring but also they can transfer the
resistance gene horizontally to other microorgasismdifferent hosts and geographical
locations (Levy and Marshall, 2004). These condgigropagate and amplify antibiotic
resistance problems elsewhere. This selective ymessf antibiotics is a centre of the
resistance problem, but the spread of the resistgaeoes through horizontal gene transfer
also plays a significant role.

The misuse and extended use of antibiotics in hemaaterinary medicine, agriculture and
in stock farming as growth promoters are some seéepressures that encourage the bacteria

to develop antimicrobial drug resistance at andasing rate (Andremont, 2015).
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Prolonged use of antimicrobial agents (for morenth@ days) not only lead to development
of resistance to a single antibiotics but alsam@any types of antibiotics, the so-called
multidrug resistance (MDR) (Levy et al., 1976). Aoding to Levy and Marshall (2004) this
indicates that the different resistant genes amgechby the same genetic material such as
plasmids or transposons. However, they pointedhatitit is not clear why prolonged use of
single antibiotics brings about multiple resistanbaracteristics.

Bacteria includinds. aureusacquire resistance genes in two main ways.

1) The genes responsible for antibiotic resistanceanged by mobile genetic elements
(MGE) such as bacteriophages, plasmids, naked DNAansposons and transfer of
this genetic material occurs through horizontaleggansfer. In the same lineage the
transfer of MGE occurs at high frequency and th@nteansfer system is reported to
be generalized transduction, although conjugatian ccur, followed by
transformation at much lower frequency (Lindsayl20 Some transposons /naked
DNA contains integrons, more complex genetic matetthat contain a site for
integrating different antibiotic resistance genesl @ene cassettes in tandem for
expression from a single prompter (Bennett, 1994\ &t al., 1999).

2) Resistance could also occur through mutation of dhemosome. This type of
antibiotic resistance is characterized by step-wisgression from low level to high
level (Schneiders et al., 2003; Wang et al., 2001).

There is also another type of resistance callednsit type of resistance. This type of
resistance is an innate ability of a bacteria §=etd resist activity of a particular antimicrobial
agent through inherited structural or functionadreltteristics. For example, Gram negative
bacteria are resistant to vancomycin (CDC, 2016).

2.6.3. Mechanism of antibiotic resistance

Microorganisms develop antimicrobial resistancerabieristics through different
mechanisms (Fig 10). Some produce an enzyme teabgs the antibiotics. Enzymes such
asp-lactamase disintegrate penicillin and cephalosp®ther enzymes also modify the
structure of the antibiotics so that it will no ter be effective. Such resistance mechanisms
are observed against chloramphenicol and aminogligeantibiotics. Some resistance
mechanisms also interfere with the transportatiaih@ antibiotics inside the cell by
pumping out the antibiotics from the cell to theéside. Such mechanisms of resistance has
emerged for tetracycline, chloramphenicol and fthgpinolones (Coyle, 2005; Levy and

Marshall, 2004). One type of resistance mechanembe expressed by many types of
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genes and also for one type of antibiotic more thrze type of resistance mechanisms can
be expressed (Levy et al., 1999; Martinez-Martietea., 1998).
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Fig 10. Antimicrobial resistance mechanism of micganisms. Source: Levy and Marshall
(2004)

2.6.4. Antibiotic resistance of S. aureus

S. aureuss notorious for its ability to become resistantatttibiotics. The development of
multidrug resistance @. aureuss a global problent. aureuslevelops drug resistance more
readily because of its ability to produce an exgpatcharide barrier and their location in the
micro abscess that limit access of the antimiciqdeljaszewicz et al., 2000).

Of all the resistance traitS. aureushas acquired since the introduction of antimicrbbia
chemotherapy in 1930s , methicillin resistancdirsaally the most important, since a single
genetic element confers resistance to the most @omynprescribed class of antimicrobials -
the beta-lactam antibiotics, which include peniigjllcephalosporin and carbapenems
(Grundmann et al., 2006).

Hospital- associated MRSA is currently a major tieptoblem among hospitals patients and
health workers. It is an endemic problem globakgept in Scandinavian countries and in
The Netherlands, where they are controlled by artdeand destroy” strategy (Kluytmans,
2010). In addition to this, a community-associat®dSA is currently emerging which is
epidemiologically linked to food animals. The filistestock associated MRSA was isolated
from the milk of a mastitic cow (Devriese et aB9¥) Since then, the prevalence of livestock-
associated MRSA in food animals is increasing.kdde and Kluytmans (2014) reported

that MRSA type CC398 is spread extensively in faadnals and in people in close contact
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with these animals. They described direct contétt animals, environmental contamination,
as well as eating or handling contaminated foodhasmain routes where the livestock
associated MRSA can transfer to humans. Surve#latadies indicate also that in the last
15 years the epidemiology of MRSA has changedast become an emerging organism in
livestock settings around the world including Ewepfsia and Northern America (Smith and
Pearson, 2011).

Globally, there are many reports that indicate pinesence of MRSA in milk and milk
products. A 4% herd prevalence from Minnesota ddi#$A (Haran et al., 2012) and 1.3%
of milk and dairy products from lItaly (Carfora dt, 2015) were reported as contaminated
with MRSA. Furthermore, 16.6% of Turkish cheeser(@ad Celik, 2012), 32.1% of ti®
aureuscollected from milk of Brazilian dairy farms (O&ura et al., 2015), and 5.3% of dairy
S. aureussolates in Egypt (Kamal et al., 2013), are btéwa examples in which dairy food
and isolates were found to be contaminated with MRBhe emergence of livestock-
associated MRSA and other multi-drug resistanaureusstrains in food of animal origin
such as dairy products is of public health conesrthese resistant strains could be transferred
from food to humans. The transfer could be effedtgdne of the following ways: i) by
means of antibiotic residues in food ii) through transfer of resistant food-borne pathogens
iii) through the ingestion of resistant parts oé thriginal food microflora and resistance
transfer to pathogenic microorganisms (Verkade Klugtmans, 2014). Hence, surveying
and monitoring of antimicrobial resistance in foofl animal origin is of paramount
importance (Dunne and Belkum, 2014).

The methicillin resistance trait @. aureuds attributed to the penicillin-binding proteins
(PBP2a), which is encoded by the chromosom@tAgene. This protein has a low affinity
to the lactam antibiotics such as penicillin, okacand methicillin.

The mechanism of action ¢¥-lactam antibiotics is that they bind to penicibmding
proteins (PBPs) of the bacteria which are imporfantsynthesis of the cell wall of the
bacteria by acting as peptidoglycan transpeptidd$en thef-lactam antibiotics inactivate
PBPs, the synthesis of the cell wall of the baatevill be inhibited and that leads to the
disintegration of the bacterial cell wall (suscblg&ito lactam antibiotics). MSSA have PBP1,
PBP2, PBP3 and PBP4 which could be inactivate@-lactam antibiotics. MRSA are able
to produce a protein called PBP2a, which is encdiyegime® gene that has low affinity to
B-lactam antibiotics. To inactivate the PBP2a, a&2ifines higher penicillin concentration
than PBP2 is required or 20 times higher penictlincentration than needed for inactivation

of PBP1 is required. The staphylococcal cassettmmobsome (SCReq is a mobile genetic
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element that carries the central determinantsroeidrspectruni-lactam resistance encoded
by themecAgene. The SC@eccontains aneccomplex that includes threecAgene and one
or two regulatory genes and a cassette chromoseswmbinaseccr) (Deurenberg and
Stobberingh, 2008a). The S@@care classified into 7 types by hierarchical systesn
SCdmecl, SCOmecll, SCOmeclll, SCOneclV, SCAnecV, SCOnecVI, SCAnecVII,
SCamecVIl. Types are defined by a combination of thedyofccr gene allotype and the
class of thenecgene complex (International Working Group, 2009).

The presence ahecAhas been the “golden standard” for detection ohi#tin resistantS.
aureus However recently a novehecC(mecA Leazs1 ) gene, which has 70 % nucleotide
homology with the conventionahecAhas been investigated from MRSA of bovine and
human isolates which have a typically livestoniedges; CC130, CC705 and ST 425
(Garcia-Alvarez et al., 2011). They were reporteunf western Switzerland (Basset et al.,
2013) Austria (Kerschner et al., 2015) UK (Garciaahez et al., 2011) and Denmark and
their epidemiology is associated with rural areaslavestock settings (Petersen et al., 2013).
SomeS. aureustrains have neithenecAnormecCgene but showed partial or full resistance
to methicillin and oxacillin. McDougal and Thornshe(1986) have reported the presence
of such S. aureusstrains and they named them as borderline oxacékistant
Staphylococcus aureUBORSA). There are many reports that indicate g¢kistence of
BORSA from food as well as from clinical isolatéd/ang et al. (2015) reported the
emergence of MRSA withouhecAgene in Chinese dairy farms and reported thenhas t
predominate strain. In Portugal, out of 138aureudood isolates including milk and dairy
products, 38% (n=56) were found to be oxacillingest but withoutmecAgene except one
(Pereira et al., 2009). According to Brakstad arellthd (1997) three mechanism by which
these strains develop resistance to methicillirditva have been explained:

1. Hyper-production of-lactamase enzyme. This is reported as a majoomfas BORSA

2. Modified penicillin-binding protein 1, 2, andd reduce the binding capacities with fhe
lactam antibiotics than the same proteins in sug@estrains

3. Production of methicillinase enzymes, mostlyastsed in clinical isolates

Unlike MRSA, when oxacillin is administered in comdition withp-lactamase inhibitors the
BORSA become fully susceptible to oxacillin in aghffusion testing. This shows that
lactamase inhibitors are helpful to differentiateBSA from MRSA (Chang et al., 1995; Liu
and Lewis, 1992; McDougal and Thornsberry, 1986nMaoari et al., 1990; Sierra-Mader et
al., 1988)
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Leahy et al. (2011) hypothesized that BORSA haveeldped as a result of antibiotic
pressure. As MRSA developed timecAgene to resist the antibiotic pressure, BORSA also
developed the above-mentioned mechanism to challantibiotic pressure.

Two disease outbreaks caused by BORAS in a deragadal unit of human medicine have
been reported in Denmark. Molecular typing of th©RSA by pulsed field gel
electrophoresis (PFGE) argpha typing showed no genetic relatedness among tleadie
(Balslev et al., 2005; Thomsen et al., 2006). # been reported also that detection of BORSA
influences the choice of antibiotics treatment andect identification in clinical cases is
important (Leahy et al., 2011; Maalej et al., 2012)

Sometimes, it is possible to encounter MRSA whiah themecAgene but is phenotypically
oxacillin susceptible as the gene is not expresSadh strains are termed as heterogeneous
MRSA. On the other hand, homogenous MRSA straing flaemecAgene fully expressed
and showed complete resistance to oxacillin (CB085).

2.6.5. Classes of antibiotics and mode of action

The action of antibiotics can be classified into tvas bacteriostatic agents and as bactericidal
agents. Bacteriostatic types of antimicrobial agestuch as tetracycline inhibit the
multiplication and growth of the microorganisms. &drthe antimicrobial agent is removed,
the microorganisms recommence multiplication. Bacitdal agents such as fluoroquonoline
disintegrate and kill the microorganisms and th@ads irreversible (Coyle, 2005). There
are at least six mechanisms of action by whichmantbbials exert their action to the target
microorganisms. These include inhibition of cell lwsynthesis, inhibition of protein
synthesis either the 30S ribosomal subunit or @ Bbosomal subunit proteins, inhibition
of DNA synthesis, competitive inhibition of folica synthesis, inhibition of RNA synthesis
and the use of other DNA inhibitors. The major stss of antimicrobial agents with their
mode of action are presented in Table 3 (AnneXéd). adapted and modified from Moore
(2015) and Levy and Marshall (2004).

2.7. Laboratory methods used in this study

2.7.1. Conventional plate count method

Baird-Parker agar (BPA) is a medium that was depesdidoy BairdParker (1962) and is used

as a selective and differential medium for isolawd CPS from food. It is also recommended
by the International Organization for Standard@aiflSO) for isolation and enumeration of
CPS from food (ISO, 2015). The selectivity of BPA&dium toStaphylococcuspecies is due
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to the presence of lithium chloride and potassialutite in the agar base. After incubation

at 35°C for 24-48 hours, aStaphylococcuspecies grow as black colonies in PBA medium

and in addition,S. aureusshows a halo clear zone around the colony. Thactexh of
potassium tellurite to tellurium gives the colonyblack colour with allStaphylococcus
species while the clear halo zone aro8ndureusolonies is due to lecithinase activitySif
aureuswhich breaks down the added egg yolk thus causiolgar zone. A clear halo zone
around the black colony is a differential charaster feature forS. aureusn the medium.
The PBA supplement with egg-yolk tellurite emulsibas opalescent and canary yellow
colour. In the present study, the BPA medium supplged with egg-yolk tellurite emulsion
was used for isolation and identification@tphylococcuspecies including. aureugrom

milk and milk products.

2.7.2. 16SrRNA gene sequencing

The identification of bacteria to species levell®5 rRNA gene sequencing is in line with
the principle that phylogenetic relationship of Eling things could be determined by
comparing the stable part of the genetic code as@B8S rRNA or 16S rRNA (Woese et al.,
1985; Woese, 1987). The use of 16S rRNA gene fentiication of bacteria in clinical
microbiology has been recommended by Clarridge 4288 the following reasons: i) The
16S rRNA gene is a critical component of the cefldtion. It is needed for synthesis of
enzymes that are vital for life. Hence it is a ygtonserved gene which tolerates mutation
more frequently and therefore, could act as mo&ctironometer that can show the long-
term variation among bacterial species. It can neatutionary distances and relatedness of
the organisms ii) It is a long gene (around 1550vtith variable and conserved regions (Fig
11) having enough interspecific polymorphisms tlean provided distinguishing and
statistically valid measurements. iii) In GenBatile largest nucleotide sequence data base,
the 16S rRNA gene sequence has been determinadvéay large number of strains iv) The
16S rRNA is universal gene present in all bactesjadcies. Therefore, using this gene, it is
possible to determine the genetic relationship aptba bacteria.

The work flow for identification of a bacteria tpecies level by sequencing the 16S rRNA
includes extraction of DNA, PCR amplification ofetdi6S rRNA gene using a universal
primer, verification of the amplicon with gel elemphoresis, purification of the PCR product,

sequencing of the 16S rRNA, bioediting the sequeasalt and blast the sequence in the
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global database such as GenBank, EMBL, DDJB, rimasalatabase and EzTAXON data
base.
In the present study éitaphylococcuspecies identified were confirmed to species léyel

sequencing the 16S rRNA gene.
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Fig. 11. 16S rRNA gene illustrating the conserv&tegn) and variable (Gray) region.
Source: (Alimetrics, 2012).

Although sequence trumps phenotype (Clarridge, b4 method may have limitations
due to the present of multiple copies of 16S rRNMAttmay evoke problems during the

identification.

2.7.3. Multiplex PCR

Multiplex PCR is a modification of PCR, which enabkimultaneous amplification of many
target or loci of interest in one reaction by usingre than one pair of primers. This assay
has been applied for many purposes including pa&tmadentification, DNA testing for
deletion, mutation, and polymorphisms, quantitatagsay and reverse transcription PCR,
genotyping applications where simultaneous analysmaultiple markers is required. For a
successful multiplex PCR assay, optimization of ynegaction parameters is necessary.
Henegariu et al. (1997) have developed a stepdyyfatotocol for successful multiplex PCR
assay that focuses on optimization of the relatowgentrations of the primers at various loci,
the concentration of the PCR buffer, the cyclingperature and the balance between the
magnesium chloride and deoxynucleotide.

Multiplex PCR has many advantages over conventiB@R. It save time and money as it
gives many results in a single PCR reaction. Besidas also possible to include internal
controls in order to detect the presence of PChbitdrs in the reaction or each amplicon

provides an internal control for the other amptiffeagment.
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However, multiplex PCR is not without limitatioriSormation of primer-dimers as result of
complex primer-primer reactions and some time egjtere is necessary for optimization of

the multiplex PCR reaction.

2.7.4. Real time PCR (gPCR)

Real-time quantitative PCR (qPCR) is a culture pedelent molecular method that can detect
and quantify pathogens from different foodstuffson@pared to the culture-based
conventional methods, qPCR is reported to be $astsitive and more specific (Postollec et
al., 2011). The gPCR is a recent modification o ttonventional PCR. It enables
guantification of specific nucleic acids in a compmixture even if the initial amount is very
low. The quantification of the DNA is performed impnitoring the amplification of the target
sequence in theeal time,using a fluorescent technology. The gPCR can gyaarnplicon
production at the exponential phase of the PCRtiaim contrast to measuring the amount
of product at the end-point of the reaction ahedase in conventional PCR (Fraga et al.,
2014). The exponential increase of the amplicongp(#ication products) can be monitored
at every cycle (in real time) using a fluorescerggorter. The increase in fluorescence is
plotted against the cycle number to generate thelioation curve, from which a
guantification cycle (Cq) value can be determinEde Cq corresponds to the number of
cycles for which the amount of fluorescence (hesfademplate) is significantly higher than
the background fluorescence.

Several detection chemistries are now availablegvewin food microbiology, the two more
popular are the non specific DNA binding dye (egBRYGreen |) and the strand-specific
probes 5‘ nuclease assay (eg TaqmaMolecular Beacons). The principle behind the 8YB
Green family of dyes is that they undergo 20-10d focrease in their fluorescence upon
binding with dsDNA that is detected by gPCR mackidetector. Thus, as the amount of
dsDNA increases in the reaction mix, there will &ecorresponding increase in the
fluorescence signal. One limitation of the dyehiattit does not distinguish dsDNA of the
target amplicons from any other dsDNA in the reactiHowever, this problem can be
resolved by gel electrophoresis and melting panatysis of the PCR products.

TagMan probes are sequence- specific oligonuclestiith two fluorophores labelled at
either end. One fluorophore is termed the quen@ieand, MGB or TAMRA) and the other
end is the reporter (5’ end, FAM, JOE, NED.etc).aWlthe PCR amplification takes place,

the probe is displaced and cleaved. Hereby thedtimome is released from the quencher
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and fluorescence is emitted. The emitted fluoreseésn measured in each PCR cycle. Thus,
there is a corresponding increase in fluorescehes iis correlated with the specific
amplification of the target sequence. Besides piscHicity, the other advantages of the
strand-specific probe system is that multiple psoten be combined or multiplexed, and thus
information about several target sequences cattaéned from one reaction. However, it is
more expensive than SYBR Green | dye.

The application of gPCR for detection and enumenadif S. aureusand other pathogens in
milk and milk products has been reported. The g€y has been used for detection and
enumeration o8. aureusfrom dairy products (Pilla et al., 2013; Studeale, 2008) as well
as for detection and enumeration of other pathogaok ad.isteria (Vanegas et al., 2009),
E. coli (Singh et al., 2009Bacillus cereugWebhrle et al., 2010) from dairy products and
other foodstuffs.

There are two types of real time quantification moels. Absolute quantification and relative
guantification.

Absolute quantificationallows the quantification of a single target seage and expresses
the final result as an absolute value (viral loadcopies/ml). This method depends on
comparison of the Cq value of the samples withdaeshcurve generated from amplification
of a known/referenc8. aureugyene.

Relative quantificationcompares the levels of two different target seqgaesrin a single

sample and expresses the final result as a ratleese targets.

2.7.5. spatyping

Molecular typing of pathogens such@saureuss important for two main reasons. The first
is to know the genetic micro-variation at straindalineage level during outbreak
investigation, which is useful to trace the sowand understand the transmission. The second
is to apply the genetic macro-variation for phylogéc and population based studies
(Narukawa et al., 2009; O Hara et al., 2016).

There are two main molecular typing methods: “bdmased” and “sequence —based” The
sequence-based molecular typing has advantagestm/érand-based method because the
data is exchangeable (Deurenberg and Stobbering®3b2. spa typing is one of the
sequence-based molecular typing methods developé&ddmay et al. (1996) for molecular
typing of methicillin-resistant staphylococcus (MRS The spatyping method depends on
sequence variation of the polymorphic X —regiorthef protein A genespg. This region is
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composed of mainly 24 bp length repeats, which shapelymorphism due to point mutation,
deletions and duplications (Kahl et al., 2005; St al., 1999).

There are many molecular methods for typing patheg&he choice of method depends on
the purpose for which the typing will be used (Guogret al., 2013; O'Hara et al., 2016).
Pulsed-field gel electrophoresis (PFGE) is the gotdandard fo. aureusyping. However,
some studies reported that the method faced temhpioblems for long term macro-
epidemiological studies of MRSA (Blanc et al., 2J)02 addition that the method is laborious
and has technical difficulties that require intalpdratory standardization (Cookson et al.,
1996). On the other hand, the sequence-bapadyping shows sensitivity comparable to
PFGE and yet it is rapid and easy to handle withweer cost (Narukawa et al., 2009). The
spatyping is also reported to show a highly comparabkult with multi-locus sequence
typing (MLST) in macro-epidemiology and evolutiopatudies ofS. aureusvhen combined
with Based Upon Repeat Pattern (BURP) clusterimgprghm (O Hara et al., 2016).
Generally, the sequence-baspatyping is becoming a preferred and promising metioo
macro-epidemiology and evolutionary investigatiamsl is even considered as a front line
tool in epidemiological typing (Koreen et al., 20@trommenger et al., 2008).

Due to easy performance, interpretation and exahahgesults as well as due to its low cost
the spatyping method is widely in use and obtains incegiapopularity. However, some
studies suggested that,sgmtyping is a single-locus-based method, it shouédgrably used

in combination with additional markers such as Isydgroccus cassette chromosomec
typing or resistance or virulence gene detectiomll{il et al., 2007). Other reported
limitations ofspatyping is that 1-2 % of strains may be designatethon-typeable” by this
method if there is a rearrangement in the 1gG regicdhe gene where the forwaspaprimer

is located (Votintseva et al., 2014). Moreover, simes thespa typing/BURP method lacks
discriminatory power. This may happen due to tlesence of the same or relagg@loci or
spa repeat successions in different clonal lineagehjchv may be caused by gene

recombination event (Robinson and Enright, 200dr8inenger et al., 2008).
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3. OBJECTIVES

3.1. General objective

To evaluate the potential food safety risks impdsg8. aureussolates from milk and milk
products through characterization of enterotoxigguatential, antimicrobial resistance and

genetic relatedness.

3.2. Specific objectives

* To study the occurrence and distribution &f aureusand otherStaphylococcus
species in bulk milk and milk products along thdknvialue chain of the study area
(Paper 1)

* To assess the enterotoxigenic potentig.chureusrom milk and milk products, and
to characterize the genetic relatedness of theanieégenic isolates usirgpatyping
(Paper 2).

 To assess the antimicrobial resistance profilesS.ofiureusfrom milk and milk
products to 12 antibiotics commonly used in thelgtarea, to verify the presence or
absence of MRSA in the isolates and then to evaltie genetic relatedness of the

resistant isolates usirgpatyping (Paper 3).

» To evaluate the performance of SYBR Green 1 bassdime PCR (QPCR), targeting
the nuc gene, for quantification of. aureusin bulk milk, and to compare with

conventional culture dependent method (Paper 4).
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4. MAIN RESULTS AND GENERAL DISCUSSION

S. aureusis one of the most important food-borne pathogéms to its toxin-mediated
virulence factors and propensity to develop antibiesistance. Milk and milk products are
commonly contaminated by this pathogen. Therefstadying and understanding the

pathogen in these foods is of public health concern

4.1. Thedistribution of S. aureus and other Staphylococcus species

The main purpose of Paper 1 was to assess th#digin and occurrence &. aureusand
otherStaphylococcuspecies in bulk raw milk and milk products alohg milk value chain.
All isolates in the study were identified to spadievel by sequencing the 16S rRNA gene.
The overall point prevalence 8t aureusn milk and milk product samples was 38.7%, with
mean count of 4.35 + 0.97 Log CFU-Along the milk value chain, the distribution &f
aureusranged from from 29.5% in milk from a traditiorgdiry to 48.2% in milk and milk
products in cafeterias and restaurants. The prevalevas significantly higher in raw milk
than in milk products. Furthermore, odds ratio gsial of the results indicated that samples
from small-scale dairies (46.4%) were twice asljikem be contaminated b$. aureus
compared to the traditional dairy samples (29.996% 0.05, OR =2.07). Significantly higher
S. aureuscontamination rate was registered in the Shiresgldase sampling area and the
lowest was in Maichew area. Of all tBe aureugositive milk samples, 34% were found to
contain > 5 Log CFU mil of S. aureus Coagulase-negative staphylococci (CNS) were
identified in 51.6% of samples with mean count & 6 1.21 Log CFU ml. Ten species of
CNS (. epidermidisS. warnerj S. cohnij S. hemolyticusS. carnosusS. sciurj S.hominis

S. devrieseiS. succinusand S. caprag were identified and. epidermidisvas the most
frequent.

The overall result of Paper 1 showed tBataureuss widely distributed in milk and milk
products in the studied area. From a public hgaitht of view this finding is significant, as
the isolates could harbor enterotoxigenic geneshwéie responsible for staphylococcal food
poisoning (SFP) (Argudin et al., 2010; Bergdoll aldng, 2006; Hennekinne et al., 2011)
and carry antibiotic resistance genes that coultrdresferred to humans through the food
chain (Verkade and Kluytmans, 2014; Verraes e2@lL33). The enterotoxigenic potential and

antibiotic resistance profiles of the isolates wiekestigated in Papers 2 and 3, respectively.
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Clinical and subclinical mastitis are major probgeim milk production systems in Ethiopia,
as indeed they are in all parts of the world wharlk production occurs (Duguma et al.,
2014; Tolosa et al., 2015; Yemane et al., 2015)s therefore likely that one source of
contamination 0. aureusn milk is mastitis. It is well documented thaétmastitic cow and
humans are two major sourcesofaureusn milk and milk products (Kadariya et al., 2014;
Loir et al., 2003; Seo and Bohach, 2007). Peled.g2007) have reported that cows with
clinical and subclinical staphylococcal mastitia excrete up to 8 Log CFU rmbf S. aureus

to the milk and the occurrence of SFP where the solirce o6. aureuss mastitic cow has
been documented (do Carmo et al., 2002). Howelversusceptibility of the lactating cow to
mastitis may vary, among other factors, due tdteed of cow (Govignon-Gion et al., 2015;
Iraguha et al., 2015). Accordingly, in the pressntly, a highe®. aureusontamination rate
(46.4%) was observed in milk from the small-scad@rydfarms where the exotic lactating
cows are the dominant breed compared to prevalenoglk from the traditional dairies
(29.5%) where the dominant milking cows are theeanid zebubreed When introducing
exotic animals in order to increase milk productitie susceptibility of the animal to diseases
should be considered.

Another possible source @&. aureuscontamination in milk and dairy products can be
humans. Around 10- 35% and 20-75% of humans amggpent or intermittent carriers 6f
aureus respectively (Kluytmans and Wertheim, 2005). Atkmroduction and processing
activities in the studied area are unhygienic (let al., 2007), humans can be considered
as a possible source for contamination of milk aml@& products. Another possible indicator
for involvement of humans in contamination of dafpod could be the more frequent
contamination observed in the milk value chain fitoaditional dairy (29.5%) to the cafeteria
and restaurants (48.2%). As 98% of the milk supplyrom traditional dairies (Ketema,
2000), the observed increase in contamination atbegnilk value chain could be due to a
human source. Through skin fragments and respyratiaplets,S. aureusan transfer from
humans to food (Wertheim et al., 2005). Of couasmther possible reason for this increase
in contamination could be the multiplication of tpathogens during milk storage and
transportation as there are no cold chain fadlitie these settings. A molecular
epidemiological study could verify the actual seuby comparing the genetic relatedness of
theS. aureusn the milk and milk products with tH& aureusf strains of human and bovine
origin (Deurenberg and Stobberingh, 2008b; Stedadi Agodi, 2000).

Comparison of the presence®faureusn milk in the different sampling localities shoave

greatest prevalence &. aureuscontamination in Shireendaselasse localities aadtlin
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Maichew localities. This difference may be ass@xawith poor hygiene during production

and processing of the milk and milk products. Femtiore, differences in climate (annual

mean temperature of Shire is 2106and Maichew 17.1C) and community-associated factors

such as demography and public sanitation may grésftlenceS. aureuscontamination
(Kim et al., 2011).

In the present study, the low&: aureuscontamination rate observed in milk products

compared to raw bulk milk may be related to heaatment (50-100C) and the natural

fermentation process undertaken during the traditinilking processes. These two factors
may kill or significantly reduce the numbers&faureusn the milk productsS. aureuss a
poor competitor when mixed with other microbes sasHactic acid bacteria (Genigeorgis,
1989). Whert. aureugrows together with lactic acid bacteria, its giloand SE production
will be reduced due to competition for nutrientsyeell as influenced by developing low pH,

the presence of 4., and possibly bacteriocins (Loir et al., 2003).

The high prevalence and numbers of CNS in the ami#t milk products may also indicate
poor hygiene and sanitation conditions during rpileduction and processing and this needs
future attention for improvement. Furthermore, @lthh all the species of CNS identified are
regarded as part of the normal flora of the cow Hredenvironment, the presence Sf
epidermidisat high frequency and numbers compared to othe8 @idy suggest that there
may also be considerable human contamination inmilevalue chain a$. epidermidiss
part of the normal flora of human skin (Ahlstrandle, 2014; Becker et al., 2014; Otto, 2009;
Villari et al., 2000).

The finding that 34% of the milk samples contaire® Log CFU mlt of S. aureusis
important with relation to SFP, as this level imsidered critical for production of SE (Food
and Drug Adminstration, 2012). However, the trigk of SFP could be assessed only after
evaluating the enterotoxigenic potential of Sieaureusas described in Paper 2. According
to the result of paper 2, among tBeaureussolates collected during this study 51.5% were

found to carry one or more enterotoxin genes.
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4.2. Enterotoxigenic potential of the S. aureusisolates

Paper 2 describes the enterotoxigenic potentith®®. aureussolates from milk and milk
products of the studied area. The objectives of shedy were to investigate the
enterotoxigenic potential &. aureudsolates from milk and milk products and to evétua
the genetic relatedness of the enterotoxigenimnstisingspa typing. A modified multiplex
PCR assay (Lgvseth et al., 2004) was employeddtaction of the enterotoxigenic genes
(se)

To increase the number 8f aureugdairy isolates for the enterotoxigenic genes stuly
addition to the 120 isolates obtained from the aglence study (Paper 1), an additionals40
aureusstrains were isolated from milk and milk produatsring the second field trip to the
study area. Hence in total, 160 aureussolates from milk and milk product were subjected
for enterotoxin gene determination using modifiedtiplex PCR.

From these 16(. aureussolates from milk and milk products, 82 (51%) wédound to
harbor one or more enterotoxin genes. Thirty-twacget of these isolates were identified in
samples having >5 Log CFU m8B. aureusount. The enterotoxigen®. aureusprevalence
was higher in bulk milk (70%) than the products %30 Odds ratio (OR=1.85, 95% CI
0.9706-3.548) analysis showed that raw milk is 1if@es more likely to contain
enterotoxigeni&. aureushan milk products. Nine types of enterotoxin gewere identified;
sea(n=12),seb(n=3),sec(n=3),sed(n=4),seg(n=49, seh(n=2),sei(n=40),sej(n=1),tsst-

1 (n=24), and the classical type enterotoxin genemwtded for 27%. Out of the total
enterotoxigeni@S. aureussolates, 53.9% were found to harbor two or mppes ofsegenes
(the remainingsepositive isolates had only ors®) and overall 18 enterotoxin genotypes
were documented. The most frequent gene associaisrshown betweesei andsegand
seaandsebwere also frequently found associated with nevesypf enterotoxin genes.

The finding that 51% 0%. aureuslairy isolates were enterotoxigenic, and 32% es&were
present in samples with > 5 Log CFUh8. aureusount indicate a potential risk of SFP to
the consumers in the study area. If the quantibiodtad been carried out using gPCR assay,
as described in Paper 4, the estimated numbersiawie been higher than this. According
to the gPCR study (Paper 4) 29% of samples whichblegn reported as having less than 5
Log CFU mit S. aureuswith the plate count method were found to havele@ SCE ml?
when analysed using gPCR

The remaining 68% enterotoxiger aureuswith < 5 Log CFU ml?t in milk and milk

products could also grow to the critical level dmshortage or absence of cold chain facilities
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in the study area. The growth of enterotoxigehiaureusbove > 5 Log CFU milis critical

as itis around this level that SE may be produced.

The general susceptibility of the individuals te tioxin and type of the SE produced could
influence the severity of SFP symptoms (Seo andaBloh2007). But lower concentrations,
as low as 144 + 50 ng, were found to be respongibla SFP outbreak in a dairy product in
USA (Evenson et al., 1988b).

Seventy-three percent of the identified enterot@enes, including thisst-1 were shown to
be the new types skgenes. Although the involvement of the newly-idfeed SE in the SFP

is not widely described like the classical typesS&, there are many reports that show the
emetic and super-antigenic characteristics of thes@s. Thesegandsei which were the
frequently identifiedsein the present study, are well characterized apdnted to produce
emesis at 80 pg and 150 pg-kgose in a monkey model (Munson et al., 1998b). ©&eto
al. (2002) demonstrated that aureusvith seggene produced SEH capable of causing food
poisoning and other staphylococcal super antigkxte@ diseases. Furthermore, SEH has
been implicated in SFP outbreaks in Norway, follayvconsumption of mashed potato to
which raw milk had been added (Jgrgensen et &5&0and in Japan after consumption of
reconstituted milk (Ikeda et al., 2005).

The association betweseiandsegis interesting and may be related to their adtuation

in the genetic material @. aureusBoth are located in an accessary genetic elemdlatica
vSagenomic island (Argudin et al., 2010). In this g&n element, they form a chromosomal
operon in a tandem orientation known as an enteirotgene clustereggqg. In addition to
these, the three genesglg selm selnand two pseudogenes, theenta landy enta 2,are
found in this cluster (Jarraud et al., 2001). Tdlisster is consider as a nurseryseandsei
genes due to its dynamic evolutionary nature wisabbserved by the presence of different
egcvariants €gc 1, egc 2, egc Ariant,etc) (Collery et al., 2009; Fitzgeraldakét 2001b;
Jarraud et al., 2001).

Our study showed that 27% of the isolates harbotlvedlassical type of enterotoxin genes
alone (18%) or in association with the new typemterotoxins (82%). The majority of SFP
outbreaks are caused by the classical type of@oténs alone or together with a new type
of SE/SEI (Argudin et al., 2010; Hennekinne et2011; Loir et al., 2003; Tang et al., 2011).
Global retrospective analysis of the SFP outbréadieate that SEA is the most common
toxin involved in the SFP outbreaks, followed byDs&nd SEB (Argudin et al., 2010; Johler
et al., 2015; Kérouanton et al., 2007; Li et a12). In the present study, among the total
identified classicategenes, 55% wergeathus suggesting a likely high risk of SFP if cohtro
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measures are not in pladehas been suggested that the extraordinary leigistance of SEA
to proteolytic enzymes in the gut may help thisiriobo frequently be involved in SFP
outbreaks (Balaban and Rasooly, 2000; Bergdoli8198

The high prevalence of enterotoxige®icaureusn raw milk samples compared to the milk
product samples may require attention particularlgreas where consumption of raw milk
is common. A study report indicated that 31.8%avhfers in Ethiopia consume raw milk
(Makita et al., 2012).

Many researchers have reported the presence agbtigienic CNS in milk (Oliveira et al.,
2011) and in milk products such as cheese (Rall.e2010). SFP outbreaks causeSy
epidermidishave been also reported (Breckinridge and Bergdd@V1). Postollec et al.
(2011) pointed out that there is localized pathemgenome of CNS that is involved in coding
and expression of SEs. Therefore, the finding bigh incidence of CNS in milk and milk
products in the study area (Paper 1) merits furtheestigation on the enterotoxigenic
potential of CNS. Among the 10 species of CNS idient S. epidermidisS. cohnij andS.
hemolyticusave been reported to produce SE (Bautista €1388).

4.3. Antibiotic resistance profilesof the S. aureusisolates

The antibiotic resistance profiles of the 160 aureusdairy isolates, and their genetic
relatedness usingpatyping were assessed in Paper 3. Verification workpresence or
absence of MRSA was also conducted. The Kirby-Bdigdr diffusion method was used for
testing phenotypic antimicrobial susceptibilityd types of antibiotics that are commonly
in use in the studied area. In addition, PCR wasl fisr the detection of eitherecAor mecC
which are considered as verification for the presast MRSA.

Of the tested 16(5. aureusdairy isolates, 86% were resistant to one or mgpes of
antibiotics and of these 45 % (61/137) were muitigdesistant (MDR) strains. In these MDR
strains, 35 resistance patterns were observed Hidvéere resistant to 5 or more types of
antibiotics. A higher frequency of resistance wassavved for penicilin G (69%),
streptomycin (53%) and erythromycin (41%). Thinyet isolates were classified as
borderline oxacillin-resistantStaphylococcus aureu$BORSA) because they showed
oxacillin resistance phenotypically without havimgithermecAnor MecCgene and yet were
susceptible to amoxicillin/clavulanic acid, whicé a B-lactamase inhibitor. Of the total

BORSA strains, 91% were multi-drug resistant.
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Many studies have reported that antibiotic reststaran be transferred to humans via the
food chain. (Mayrhofer et al., 2004; Verraes et2013). The intestinal tract of humans can
be colonized bys. aureugRay et al., 2003; Vollaard and Clasener, 1994)the number of

S. aureugan be particularly high in infants (Lindberg bt 2000) and immunocompromised
people (Ray et al., 2003). Consumption of milk amtk products contaminated with MDR
S. aureuscould enable the establishment of strains beamagy resistance genes in the
intestinal tract. Further, through horizontal gdrensfer, the resistance genes could be
transferred to the normal gut microflora and taeogmathogenic bacteria, if present (Lindsay,
2013). The development of MDR commensal gut miorafimay result in a significant health
problem to the individual as the members of the mgidroflora could in turn transfer the
multidrug resistance genes to pathogenic bacteatamay infect the individual. Milk-borne
pathogenic zoonotic diseases such as brucellaéispgaellosis, and tuberculosis are common
in Ethiopia, including in the study area (Asmaralet2013; Geresu et al., 2016; Haileselassie
et al.,, 2010; Kelly et al.,, 2016; Romha et al., 20Tadesse and Gebremedhin, 2015).
Therefore the presence of MOR aureusn dairy food may increase the risk of the transfe
of resistance genes to these pathogens.

The MDRS. aureusstrains that may colonise the intestinal tradhefdairy food consumer
could also be involved in invasive staphylococcdigdtions (ISI) that affect other organs
(lung, heart, bone, etc.) and thereby lead to mghtality and morbidity (Lowy, 1998; Song
et al., 2013). Food-originated ISI, caused by MRB#s been documented in the Netherlands
with the result of high morbidity and five fataéi (Kluytmans et al., 1995).

Although the conventionahecAor mecCgene-mediated MRSA was not identified in the
dairy isolates, oxacillin-resistant strains, witiffetent mechanisms of action, were noted.
High B-lactamase production that can hydrolyze the lacgmoup (McDougal and
Thornsberry, 1986), plasmid-mediated methicillinpseluction (Montanari et al., 1996) and
modification of penicillin-binding proteins that dmt bind oxacillin effectively (Nadarajah
etal., 2006; Tomasz et al., 1989) are the mecheiy which BORSA may show phenotypic
oxacillin resistance. The selective pressure fromibatics is suggested as the main reason
for development of such strains (Leahy et al., 20Ttvo skin disease outbreaks caused by
BORSA were reported in Denmark (Balslev et al.,20thomsen et al., 2006).

The MDRS. aureusstrains in the milk and milk products may haveyioated from the cow
or from the humans around. As it has been mentiahede, mastitis causes By aureuss
major health problem in the majority of the daigyrhs in the studied area. Prolonged and

inappropriate use of antibiotics for treatmenthaf tisease may lead to development of MDR
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strains. In addition, human MDR. aureusarriers could contaminate the dairy food along
the milk value chain (Paper 1). Studies conduate@entral and Southwest Ethiopia showed
that nasal carriage &. aureusn farm workers was 33% (Mekuria et al., 2013) aR8%
(Kejela and Bacha, 2013) in school children andottommunity members were found to
harbour MDRS. aureusstrains.

Generally it has been elucidated that the majoseand antibiotic resistance at cell level is
the selection pressure of the antibiotics on tretdse,and furthermorethe horizontal gene
transfer plays an important role in the spreadhef resistance genes (Levy and Marshall,
2004). There is much misuse and prolonged usettdiatics both in human and veterinary
medicine in the study area. According to authorigedsonnel in the study area, the use of
antibiotics without prescription, and administratiof the wrong dose for the wrong number

of days by unauthorized personnel is common.

4.4 Correlation between enterotoxigenic and MDR S. aureus

Out of the 82 enterotoxigenic isolatesfaureus53 (65%) were found to be MDR strains.
It is possible to get such results as the gendstiwde the SE and antibiotic resistance are
carried by mobile genetic elements that can mowsn fone bacteria to other via horizontal
gene transfer. However, the two virulence determtsare not located on the same mobile
genetic element. According to Ortega et al. (201@p well-defined classes of mobile
elements carry the two types of virulence gene® Jtaphylococcal pathogenicity island
(SaPl) carries only enterotoxin genes whereas glapbccal chromosome cassette
methicillin-resistance islands (S@@c$ carry genes for resistance determinants.

In line with our finding, other studies also remattthe presence of antibiotic resistance in
enterotoxigenicS. aureudsolates from dairy and other foodstuffs (Normamta@l., 2007;
Pereira et al.,, 2009). As SFP is not treated bybitics, antibiotic resistance in
enterotoxigenic strains may not be a significambm. However some studies reported
that enterotoxin-producing strains of MRSA may @awm®socomial antibiotic-associated
diarrhoea (Boyce and Havill, 2005).

Twenty-eight percent (15/53) of the MOR aureusstrains harbored thsst-1gene (Papers

2 and 3). This gene is responsible for non-menktel@ed toxic shock syndrome (NMTSS).
An infection caused by enterotoxigeric aureusbearing thetsst- 1gene could cause
NMTSS (Murray, 2005) The disease is charactermeahulti organ failure, hypotension and
other shock symptoms and yet, according to Stexeals (2006) NMTSS is treated with high
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doses of antibiotics. In light of these facts, phesence of MDF5. aureuswith tsst-1gene

constitute a possible risk to milk and milk prodaohsumers in the study area.

4.5 Molecular characterization of isolates using spa typing

In the present study, the sequence-basmatyping method was utilized to assess the genetic
realatedness of the enterotoxigenic (paper 2) aunlidrug resistant (paper 3. aureus
isolates from milk and milk products. The assagasy to perform, has a low cost and shows
comparable performance with multilocus sequencety(MLST). The method has therefore
been suggested for use in macro-epidemiological eradutionary studies o$. aureus
(O'Hara et al., 2016). Strommenger et al. (2008) abnsidered the method as a front line
tool in epidemiological typing db. aureus

4.5.1 spatyping of the enter otoxigenic S. aureus

Spatyping of the enterotoxigeni8. aureusidentified 22spatypes and three novebpa
sequences, however, no apparent relationship wrpatvas observed betwespatype and
segenotypes. The genetic relatedness amongphg/pes, the number of isolates and types
of sein eaclspatypes is explained by a minimum spanning tree (M8Paper 2 (Annexed).
Of the total 25spatypes, 13 were identified from bulk milk, 3 fromilknproducts and the
remaining 9 from both sample types. The t314 (n2077%), t458 (n= 15, 18.3%) and 16218
(n=8, 9.8%) were the most commepatypes and were widely distributed in three of the
seven localities of the studies area.

4.5.2. spatyping of the MDR S. aureus

Out of the 20spatypes and 3 novelpasequences identified from the MDR strains, t314,
t458, and t6218 were also the most frequent an@ weainly found in Shireendaselasse,
Mekelle and Wukro localities, respectively. No dfiecassociation or relationship was
apparent betweespatypes and the 35 resistance patterns. Geneticsitiv@mondS. aureus
isolates in the milk and milk product was observed.

The distribution of the 28patypes and 3 novalpasequences showed that there was genetic
diversity among the enterotoxigenic and MBRaureusstrains. This genetic diversity was
also reflected in the two types of the dairy sampletra bulk milkspatypes variation was
significant (13 types in bulk milk samples). Allese observations may suggested that there
is a wide range of source 8f aureuscontamination in milk and milk products across the
study area. On the other hand, the absence ofpetjfie pattern of correlation betwespa

types andse genotypes and resistance pattern of the antiBiotiay indicate that this is no
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specific risk of SFP and development of antibiotiesistance by a specifgpatype in the
studied area.

Molecular characterization of enterotoxigenic anBRIS. aureusstrains withspatyping is

a public health issue because it is important duain outbreak investigation to identify the
source, and to understand the transmission, atefpaff infections. If there is a SFP outbreak
in an area, comparison of tkpatypes with the suspected sources may help to titeek
source of infection and to understand the moderafismission. Moreover, molecular
characterization is of importance for epidemiolagisurveillance of enterotoxin and
antibiotic resistance genes in order to understa@ghylogenetic evolution of tt& aureus
lineages across countries and frontiers (Koreeml.et2004; Stefani and Agodi, 2000;
Strommenger et al., 2008).

From a macro-epidemiological surveillance perspecthe t314, t458 and t6218 are the most
commonspatypes reported in present study. Likewise, sinsfzatypes from enterotoxigenic
S. aureushave been reported from different parts of theldvdrhe t314, t127 and t3Zpa
types were reported from five African cities, Caowr, Madagascar, Morocco, Niger and
Senegal and t314 was the most common type (Bretralc, 2011). Moreover, thepatype
t127 harboringseh was reported from Korea, (Hwang et al.,, 2010) &witzerland
(Hummerjohann et al., 2014). Tepatype, t127, which is the5most commorspatype in
this study, was registered as one of the top tgistered clones in the global frequencysof
aureuson the Radonspadatabase server (Ridom, 2004). In Ghanasplagypes t314, t311

and t355 were also identified from clinical MECBR aureusstrains.

Although spatyping has many advantages, the method is nobwitlimitation. Besides, to
the least discriminatory power (Robinson and Enri¢®04) and some strains may be
designated as “non-typeable” by this method (Veema et al.,, 2014). Others have
commented also that, apatyping depends on a single locus, it is therepvederable to use
the method in combination with other virulent genarkers such as S@&cor se genes
(Hallin et al., 2007).

4.6 Comparison of gPCR and Plate count method

EnterotoxigenicS. aureugproduce SEs when the population exceeds > 5 Ldd @Fin
the contaminated food. Hence from food safety prtyge, it important to monitor the level

of S. aureusn the food with a reliable, sensitive and fastags The purpose of paper 4 was
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to evaluate the performance of the culture indepph8YBR Green | based gPCR assay that
targets thenuc gene for quantificatios. aureusn bulk milk and compare the outcome with
plate count method (Paperl).

In this study, milk artificially contaminated witthe referenceS. aureusstrain and 72
naturally-contaminated milk samples selected frtunys 1 (Paper 1) were analysed.
Performance indicators of the qPCR assa@kie amplification efficiency and the coefficient
of determination (R of the standard curve were 91% and 0.98, resgdgtiThe detection
limit of the assay was 18 copies mic gene/PCR. The repeatability and reproducibility of
the assay, as expressed by standard deviation,iwéne range of 0.12-0.30 and 0.29-0.5,
respectively. With wide quantification cycle (Cdjference, the primers could differentiate
S. aureugCq = 13.83 + 0.93) from oth&taphylococcuspecies (Cq = 30.34 + 2.65).
Quantification resultin artificially contaminated milk samples, the do@ént of correlation
between CFU mit! count andS. aureuscell equivalent (SCE) mit count was 0.95. The
performance of the gPCR assay as evaluated by @ke d¥ficiency, detection limit and
precision were within acceptable limits. The primeould differentiat&. aureugrom other
Staphylococcuspecies by a wide difference in Cq value. Howemesamples when the level
of the S. aureusvas low, the Cq value increased and could potgntaerlap the Cqg value
of other Staphylococcuspecies. To overcome this problem the amplificatigcles were
reduced from 40 to 35. This reduction in cycle nembhas shown some effect on the
detection limit of the assay.

In naturally contaminated milk samples, qPCR gawvgeneral a higher result than the plate
count method and this increased, by 29%, the ptigmoof samples with an amouat S.
aureusover 5 Log cells ml. This may be due to several reasons. The presémuact DNA
from dead cells as well as the presence of viabienbt cultivable (VNC) cells, would only
be detected by qPCR assay (Chen et al.,, 1997; Méntet al., 1997; Montville and
Matthews, 2007). Moreover, one colony on a platg wréginate from more than one cell
and, in addition, some primers involved in molecuissay may target multiply copy genes
(16s rRNA) that could increase the apparent cddein( et al., 2001). However, the detection
and quantification of dead cells, like in the prasgPCR assay, is important because it may
provide a retrospective analysis of the foodSoaureugxposure (Hein et al., 2005; Postollec
et al., 2011). The identification of 29% more sagsptontaining. aureusvith > 5 Log SCE

ml - count by gPCR assay could indicate an increasathpility of SEs production (Food
and Drug Adminstration, 2012) in the milk sampleswaning that 51 % of the. aureusare

enterotoxigenic (Paper 2). Once the SEs are pradiihey will persist in the food as they are
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thermostable and resistant to freezing and lowkdéhfekinne et al., 2011; Loir et al., 2003).
The heat stability of SEs imposes a challengeiferféod industry as the bacterial cells may
die but the toxin remains in the food (Balaban Radooly, 2000).

Generally, not only does qPCR give quantified datmrding the total viable and non-viable
S. aureusn milk, which is important for microbial risk asssment study, but also generates
the data within a short period of time. This speed great advantage during diagnosis of
food poisonings outbreaks.

In addition, it has been demonstrated that the gB&Jy is an efficient alternative to the
plate count method in monitoring intermammary ititac (Graber et al., 2007; Studer et al.,
2008), which is relevant to the study area wheirgazl and subclinical mastitis is a major
problem. Furthermore, it has been reported thaSt¥BR Green based qPCR is a rapid and
reliable method for detection and quantificatiorBofiureusarbouring the enterotoxin gene
cluster €gqg in raw milk. It has been suggested as a promidiagnostic tool in the control
of SFP in milk and milk products (Fusco et al., 201
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5. CONCLUSIONS AND FUTURE PERSPECTIVES

5.1 Conclusions

S. aureusand otheiStaphylococcuspecies were found widely distributed in milk andkm
products along the milk value chain of the studiesh. The prevalence 8f aures ranged
from 29.5% in traditional dairies to 48.2% in cefés and restaurants. The overall
prevalence was 38.7% with a mean count of 4.359%¥ Qog CFU mf. The S. aureus
prevalence was significantly higher (P < 0.05) irkbmilk (47%) than in milk products
(28.8%). CNS were found in 51.6% of samples withean count of 6.0 £ 1.21 Log CFUmlI
1, Ten species of CNS were identified éhcepidermidisvas the most frequent.

Of the totalS. aureussolates from milk and milk products 51 % wererfdiharbouring one
or morese genes forming 18 enterotoxin genotypes. Nine etd&in genessea, seb, sec,
sed, seg, seh, sei, sajdtsst-1were identified of which 27% were the classicakty. Among
the total enterotoxigeni8. aureussolates, 32% were present above the critical  CBU

ml -1 count, which indicates a potentially high riskS¥#P.

Antibiotic resistance was common amadBgaureussolates from milk and milk products,
thus raising a public health concern as antibiagssstance could transfer to humans trough
food chain. Of the total isolates, 86% (137/16@vebd resistance to one and more antibiotics
and, of these, 45% (61/137) were MDR showing 3®sypf resistance profiles. Of the total
MDR strains, 61% showed resistance to five or notaieses of antibiotics. MRSA were not
detected but BORSA, strains which are phenotypicakacillin resistant having different
mechanism of resistance, were identified. The nfi@gjuently found resistance was for
penicillin G (69.4%), streptomycin (53%) and ergimycin (42%).

Among the total 61 MDRS. aureusstrains, 65% (53/61) were found to carry one oremo
enterotoxin genes. This may increase the risk dP @Rd antibiotic resistance-related
complications in a singl8. aureussolates.

spatyping of the enterotoxigenic and MDR aureussolates from milk and milk products
revealed 23patypes and 3 novalpasequences thus showing the diverse genetic baakdro
of the isolates. Greatspatype diversity was documented in milk than theknpifoducts,
which may be associated with the diversified souofecontamination. No apparent
correlation or patterns were observed neither batviirespatypes and theegenotypes nor
between thespatype and antibiotic-resistance patterns of the MidRins. The t314, t458
and t6218 were the most common spa types and wenel in three of seven localities of the

study area.
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Generally, this study showed the wide distributadrenterotoxigenic and MDFS. aureus
isolates from milk and milk products and the stsarad a diversified genetic background.
This may impose a risk to dairy food consumers tduthe likelihood of food intoxication
and antibiotic resistance problems. Control intetis to curb the current situation and

further research to fill gaps identified for furthenderstanding the situation are important.

5. 2 Future per spectives

Research gaps identified during this work will be focus of future research:

1. Molecular epidemiological studies on enterotoxigeMDR, and BORSAS. aureus
isolates in order to understand their source aadsmission to the milk and milk
products. Besides, further molecular characterizbeoisolates in order to understand
the epidemiological and phylogenetic relatedneds alinical MRSA isolates around

is important.

2. Study the factors and determinants that influenice production of SE by
enterotoxigenic strains @&. aureusn milk and milk products. The study will also

investigate the toxin-producing potential of thevrtgpe ofsegenes.

3. Study on enterotoxigenic potential of CNS as welttee role of CNS as a reservoir

of antibiotic resistance genes, particularly iratiein to dairy setting are important.
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6. APPENDICES
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Figure 2. Minimum spanning tree (MST) of 3atypes according to antibiotics resistance patbéthe 61
MDR S. aureugrom milk and milk products. In 61 MDR. aureus35 resistance patterns were documented.
The 35 different resistance pattern are represdntehe different colors on the right side of thgufe.. The
size of the circles represent number of MDR isalatéhin thespatype and the distance between the circles
represent the genetic relatedness. The more tleayearer to each other, the more they have genetic
relatedness. The colors inside the circles reptebenesistance pattern exhibited by spatype.
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Table 3 Major classes of antibiotics and their nagidm of action

Antibiotics
mechanism of Class Classmechanisms
) Drugs
action
Penicillin Penicillin Penicillin G, Benzathin

Inhibition of cell

wall synthesis

(Bactericidal: Block
cross linking via
competitive inhibition
of the transpeptidase
enzyme)

penicillin G

Aminopenicillins

Ampicillin, Amoxicillin

Penicillinase-resistant penicillins

Methicillin, Kdllin, Oxacillin,
Cloxacillin, Dicloxacillin

Antipseudomonal penicillir

Carbenicillin, Ticarcillin,

Piperacillin

Cephalosporins

Bactericidal: Inhibits
bacterial cell wall
synthesis via
competitive inhibition
of the transpeptidase
enzyme)

18! generation

Cefazolin, Cephalexin

2" generatio

Cefoxitin, Cefaclor, Cefuroxin

39 generatio

Ceftriaxone, Cefotaxime
Ceftazidime, Cefepime

Other cell wall

inhibitors

Vancomycin (Bactericidal: disrup
peptidoglycan cross-linkage)

Vancomycir

Beta-lactamase inhibitors

(Bactericidal: blocking cross-linking)

Clavulanic Acid, Sulbactam,

Tazobactam

Carbapenen Imipenem, Meropenen
Doripenem, Ertapenem

Aztreonam Aztreonam

Polymyxins Polymyxin B, Polymyxin E

Bacitracir Bacitracir

Anti-30S ribosomal

subunit

Aminoglycosides (Bactericida
Irreversible binding to 30S)

Gentamicin, Neomycir
Amikacin,

Tobramycin, Streptomycin
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Inhibition of Protein

Synthesis

Tetracycline(Bacteriostatic: block Tetracycline, Doxycycline
tRNA) Minocycline

Demeclocycline

Anti-50S ribosomal

subunit

Macrolides, (Bacteriostatic: reversibl Erythromycin, Azithromyci
binds 50S) Clarithromycin

Chloramphenicol, (bacteriostatic) Chloramphenicol

Lincosamide (Bacteriostatic: inhibits  Clindamycin
peptidyl transferase by interfering
with amino acyl-tRNA complex)

Inhibition of DNA

Fluoroquinolones
(Bacteriocidal: Inhibits

DNA gyrase enzyme,

Linezolid, (variable) Linezolid

Streptogramins Quinupristin, Dalfopristin

15! generation Nalidixic acid

2" generation Ciprofloxacin, Norfloxacin,
Enoxacin

syntheses inhibiting DNA Ofloxacin, Levofloxacin
synthesis) _ _ i
39 generation Gatifloxacin
4™ generation Moxifloxacin, Gemifloxacin
Competitive Trimethoprim/Sulfonamides Trimethoprim/Sulfamethoxazole

inhibition of folic

Folic acid synthesis

(Bacteriostatic: inhibition with PABA) (SMX)

acid synthesis inhibitors Sulfisoxazole, Sulfadiazine
Pyrimethamine Pyrimethamine
Inhibition of RNA RNA synthesis Rifampin Rifampin
synthesis Inhibitors (bactericidal: inhibits RNA
transcription by inhibiting RNA
polymerase)
Other DNA Other DNA Inhibitor:  Metronidazole (Bacteridical: Metronidazole (Flagy
Inhibitors metabolic biproducts disrupt DNA)

Adapted and modified: from Moore (2015) and Levd &arshall (2004)
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Staphylococcus aureus is an important pathogen that can cause Staphylococcal Food Poisoning (SFP).
Milk and dairy products are frequently contaminated by this bacterium. In this study, 310 samples (168
bovine raw milk and 142 dairy products) were collected in the Tigray region of Northern Ethiopia, with
the objective of detection and enumeration of S. aureus and other Staphylococcus species. Baird-
Parker agar for isolation and 16S rRNA gene sequencing for species identification were employed. S.
aureus was found in 38.7% of samples with mean count of 4.35 +/- 0.97 log ;0 CFU ml 1 The prevalence
of S. aureus was significantly greater in raw milk samples (47%) than in dairy products (28.8%). Of all S.
aureus positive samples, 34.2% contained >5 log;, CFU mI™. Samples from cafeterias and restaurants
showed the greatest prevalence of S. aureus (P<0.05) compared to other sampling points. Samples from
small-scale dairies were twice more likely to be contaminated by S. aureus than traditionally managed
dairies (P<0.05, OR=2.0). Coagulase-negative staphylococci (CNS) were found in 51.6% of the samples,
with mean count of 6.0+1.21 log;, CFU ml™. Ten species of CNS were identified and S. epidermidis
(36.13%) was the most frequent. The frequency of isolation found in this study indicates that S. aureus
and other Staphylococcus spp. may impose public health hazard in dairy products. Therefore, further
studies on the enterotoxigenic potential of the isolates, and molecular epidemiology to trace the
sources of the contamination are recommended.

Key words: Coagulase negative staphylococcus (CNS), dairy products, Ethiopia, Staphylococcus aureus, raw
milk.

INTRODUCTION

Staphylococcal Food Poisoning (SFP) is among the most prevalent causes of gastroenteritis worldwide. In the
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United States, the 2006 Centre for Disease Control
(CDC) annual report showed that Staphylococcus aureus
enterotoxication was ranked third among bacterial food-
borne outbreaks (CDC, 2009), while it was ranked as
fourth in Europe (European Food Safety Authority, 2010).
In China, a retrospective study (1994 to 2005) revealed
that S. aureus was the second most common food-borne
agent in homes (Wang et al., 2007). In developing
counties like Ethiopia, there is little available data on the
incidence of SFP. However, considering the poor hygiene
conditions during production & processing of foods, as
well as the shortage of cooling facilities, a high
occurrence of SFP is likely. S. aureus grows at a wide
temperature range between 6 to 48°C with optimum of 35
to 41°C. It tolerates a pH between 4 to 10 with optimum
of 6 to 7, a salt concentration of 0 to 20%, and a water
activity (aw ) level of 0.83 to 0.99 with optimum at 0.99
(Cretenet et al., 2011).

These growth characteristics enable the bacterium to
grow in a wide range of foodstuffs including milk and
dairy products (Loir et al., 2003; Meyrand et al., 1998).
Although, S. aureus is ubiquitous in nature, humans and
animals are the primary reservoirs. Around 50% of
healthy individuals harbour the bacteria in their nasal
passage, throat and skin (Bergdoll and Wong, 2006;
Hennekinne et al., 2011) whereas the mastitic cow is a
common source of S. aureus in raw milk (Kadariya et al.,
2014; Loir et al., 2003). S. aureus has many potential
virulence factors and staphylococcus enterotoxin (SE) is
one of among several responsible for food poisoning.
Ingestion of less than 1.0 pg enterotoxin causes SFP
(Seo and Bohach, 2007). To date, 21 SE and SEIl
(Staphylococcus Enterotoxin Like: SE that lack emetic
properties) have been identified and designated as SEA-
SEE (classical), SEG-SEl (new), SEIJ-SEIV (new)
(Argudin et al.,, 2010; Bennett and Hait, 2011;
Hennekinne et al.,, 2011; Ortega et al., 2010). Recent
research reported that among S. aureus food isolates,
57% up to 72.8% harbour the classical and/or new SE
genes (Akineden et al., 2001; Rosec and Gigaud, 2002).

The milk production systems in Ethiopia are classified
into rural/traditional, peri-urban and urban production
systems (Redda, 2001). The traditional/rural dairy
represents the milk production in the mixed and
pastoral/agro-pastoral farming systems and accounts for
97% of the total national production. The majority of the
milking cows here are the indigenous zebu breed. The
urban and peri-urban production systems include small
and large scale dairy farms with a commercially oriented
purpose and use exotic cross breed animals (Ahmed et
al., 2003). Like all parts of Africa, traditional milk
processing is a common practice in Ethiopia. The
naturally sour/fermented milk (Rego) and buttermilk
(Auso) are made from raw bulked milk. Butter and
Ethiopian cottage cheese (Ajibo) are made by churning of
soured milk and heating of sour buttermilk, respectively.
The traditional milk preparation activities have been

shown to be unhygienic and consequently expose to
microbial contamination (Yilma et al., 2007).

Due to favourable agricultural policy and gradual
improvement in living standards of the population, there
is an on-going expansion of small-scale dairy farmers
around the major cities of Ethiopia. The country showed 3
% increase in annual milk production in the past decade
compared to 1.63-1.66 % of the previous two decades.
This trend is also predicted to continue as there is great
livestock potential and a suitable climatic environment for
dairying (Ahmed et al., 2004).

However, if milk safety and quality standards are not in
place, the high nutritional composition and neutral pH of
milk may convey many food-borne pathogens and
thereby constitute a public health challenge to consumers
(Angulo et al., 2009). In the country clinical and
subclinical mastitis mainly caused by S. aureus are a
major challenge in the majority of Ethiopian dairy farms
(Abera et al., 2010; 2009; Sori, 2011), moreover, a recent
survey conducted in central Ethiopia also reported that
31.8% of farmers consume raw milk (Makita et al., 2012)
that increased the risk of milk borne contaminations.

Therefore, in order to protect consumers from microbial
hazards it is of paramount importance to study and
monitor the type and level of pathogenic microbes such
as S. aureus in the milk value chain. Such surveillance
data may provide a basis for risk assessment study as
well as give a foundation for the establishment of national
milk quality standards that currently do not exist in
Ethiopia. In light of this, there is a knowledge gap
concerning the occurrence and distribution of S. aureus
and other Staphylococcus species in the milk value chain
in the Northern part of Ethiopia. The present study has
therefore been designed to fill this gap.

MATERIALS AND METHODS
Project area and origin of samples

The study was conducted in Tigray region, Northern Ethiopia.
Seven sampling areas (Mekelle, Shireendasselase, Hagreselame,
Adigudome, Woukro, Adigrate and Maichew) were selected
purposely in order to cover the major cities (with relatively large
number of milk and milk product shop or cooperatives),
geographical location (south, north, west and east) and agro
climatic zones (highland medium and lowland). The spatial
distribution of the sampling areas in the region and their
metrological data are presented in Figure 1 and Table 1,
respectively.

Study design and sampling points

A cross sectional study was conducted from August, 2012 to
January, 2013. Samples were collected randomly from small-scale
dairy farms, traditionally managed dairies at household level, milk
collection centres/cooperatives, milk and milk product shops,
market places and cafeteria and restaurants. A free informed
consent was obtained from the milk and milk product owners, after
explaining the research purpose, potential benefits, risks if any, and
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Figure 1. Map of the project area: Spatial distribution of the sampling sites.

Table 1. Metrological data of the sampling areas.

Code Name Elevation (m) Mean annual temperature (°C)

1 Adigrat 2509 15.51
2 Adigudom 2107 -

3 Hagereselam 2663 16.75
4 ichew 2402 17.11
5 Mekelle 2221 18.32
6 Shire Endaselassie 1732 21.57
7 Wukro 1783 19.6

Source: Ethiopian meteorology agency, 2013.

confidentiality of the research project.

Sampled milk and products

A total of 310 samples (168 bovine raw bulk milk and 142 milk
product) were collected. These were: raw bovine bulk milk (n= 168),
naturally soured/fermented raw milk (n=51), butter milk (n=44),
butter (n= 32), Ethiopian cottage cheese (n=7), Cheese (n= 4) and
Cake made from milk (n=4).

Sampling methodology

From each sampling unit, 100 ml of mixed raw bulk milk or 100 g of

milk product was collected in a sterile container and maintained at
4°C.

Microbial analysis
Milk and milk products

From the raw milk samples, tenfold serial dilutions were made.
While for the milk products, 11 g of the product was mixed with 99
ml peptone water (Sigma-Aldrich, Switzerland) and blended for 2
min in a stomacher (Stomacher® 400, UK) before further dilutions.
The isolation and enumeration of S. aureus were performed as per
Ahmed and Carolyn (2003) with some modifications. Briefly, 100 pl
of each tenfold dilution of the samples was spread with a sterile
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bent glass rod into duplicate Baird-Parker agar (Oxoid, England)
supplemented with egg yolk tellurite (Merck, Germany). Typical and
non-typical colonies were differentially counted after incubation of
the plates at 37°C for 48 h. Circular colonies of 2 to 3 mm diameter,
jet-black to gray-black in colour and surrounded by an opaque halo
and clear zone were considered as a typical S. aureus colonies
while gray colonies without halos or clear zones were considered
as non-typical.

Both typical and non typical colonies were gram-stained and
tested for catalase activity (3% H.0,, VWR/International).
Moreover, to ensure the purity of the colony before further
biochemical tests, 3 to 4 colonies from each type of colony were
sub-cultured into Brain Heart Infusion (BHI) broth (Oxoid, England)
and incubated overnight at 37°C. From the overnight culture, the
following tests were performed as per Benntt and Lancette (2001)
recommendations: tube coagulase test on rabbit plasma with EDTA
(Remel, Lenexa, KS, USA); DNase test on agar with toluidine blue
(Sigma-Aldrich, USA), and anaerobic fermentation of 1% mannitol
(Sigma-Aldrich, USA).

Pure cultures were preserved with 85% glycerol in cryovials
(Sarstedt, Nimbrecht, Germany) and stored at — 20°C until they
were transported to Norwegian University of Life Sciences (NMBU),
Norway for further molecular work. At NMBU, they were stored at -
80 until analysis.

Genetic identification

The isolates of Staphylococcus species were cultured on Baird
Parker agar, supplemented with egg yolk tellurite, followed by sub-
culturing of a single colony in BHI to obtain a pure culture.

DNA extraction

From the over-night BHI culture, DNA was extracted by GenElute ™
Bacterial Genomic DNA Kit (Sigma-Aldrich, USA) as per the
manufacturer’s instructions with some minor modifications. In
summary, 1 ml of the broth was centrifuged at 16 363 x g for 2 min.
The pellet was washed twice with 0.9% aqueous NaCl solution,
homogenized with 200 pl of lysosome solution and incubated at
37°C for 90 min. The suspension was treated with 20 pl each of
RNase and proteinase K, followed by 200 pl of lysis solution C, and
incubated at 55°C for 60 min. The lysate was treated with 200 pl of
ethanol and transferred into the new binding column and
centrifuged at 3968 x g for 1 min. The content was washed twice
with washing solution 1 and concentrated wash solution and the
eluate was discarded. The column was put into a new 2 ml tube
and the DNA was collected with elution buffer solution. The
concentration (ng/ pl) and quality (260/280 and 260/230 ratio) of the
collected DNA was determined by NanoDrop® - 2000
spectrophotometer (Thermo Fischer Scientific Inc. Waltham MA,
USA). The genomic DNA was stored at -20°C until use.

16S rRNA gene sequencing

According to the recommendation by Clarridgelll (2004), the final
identification of the isolates to species level was performed by
sequencing the 16S RNA gene. The oligonucleotide sequences:
Forward:5 TCCTACGGGAGGCAGCAG3'Reverse: 5
CGGTTACCTTGTTACGACTT 3 primers described by Vebg et al.
(2011) were used to amplify the 16S rRNA gene with expected
1200 bp product. The amplification was conducted with a final PCR
reaction volume of 50 pl. It contained, 5 pl of 10x Thermopol™
reaction buffer (BioLabs, New England, USA), 0.25 pl Taq
Polymerase of 5,000 p/ml ( BioLabs), 1 ul of each primer of 10 pMol
con, 1pul of 10 Mm deoxynucletide triphosphate mixture (Sigma-

Aldrich, USA) 2 ul of genomic DNA and finally adjusted to final
volume of 50 pl with milliQwater. The amplification was carried out
in C1000 ™Thermal cycler (BIO RAD laboratories) programmed to
initial denaturation of 95°C for 1 min, 30 cycles of 95°C for 30 sec.,
55°C for 30 sec. 68°C for 80 s and a final extension period at 68°C
for 5 min.

After amplification, the expected PCR product (1200 bp) was
verified by gel-electrophoresis (Figure 2) and purified by QIAquick R
PCR purification kit (QIAGEN®, Oslo, Norway) as per the
company’s procedures. The purified PCR products were mixed with
the same primer and sent to GATC Biotech AG (European Genome
and Diagnostic Centre, Konstanz, Germany) for sequencing as per
the company’s instructions. The sequence results were bioedited
(BioEdit version 7.0.0) and compared in GenBank using the
nucleotide  BLAST algorithm  (http://www.ncbi.nlm.gov/blast).
Maximum identification at species level was considered with result
scores of 99 to 100% that appear in the first row.

Statistical analysis

Descriptive statistics (mean, max., min. SD, median) and log-
transformed counts was calculated using Microsoft Excel (Windows
version 8.1 version). Epi info™ version 7.1.3.10 (CDC, Atlanta,
USA) was utilized to analyse rates, confidence intervals (Cl) and
significant associations between explanatory variables (type of
samples, different localities, sampling points) and the
contaminations. Difference with P-values <0.05 was considered as
statistically significant.

RESULTS
S. aureus in milk and milk products

The overall point prevalence of S. aureus in both raw milk
and milk products was 38.7% (95% CI 33.4 to 44.2%)
with a mean count of 4.35 + 0.97 log 1o CFU ml . A
significant difference (P< 0.05) in the occurrence of S.
aureus was observed between raw bulk milk, 47.0%,
(95% CI 39.63 - 54.5%) and milk products, 28.9%, (95%
Cl 22 — 36.8%) (Table 2).

S. aureus in dairy products in different localities

The prevalence of S. aureus in products in the different
geographical localities of the project area is shown in
Figure 3. The highest prevalence (56.38%, 95% CI 46.3
to 65.9%) was observed in Shire area and the lowest
(8.69 and 95% CI 2.41 - 26.7%) in Maichew area (P<0.05).

S. aureus at different sampling points in the milk
chain

Analysis of the prevalence of S. aureus in relation to
sampling points in the milk supply chain showed that the
prevalence was significantly (P<0.05) higher in samples
from cafeterias and restaurants than in samples from
other sampling points (Table 3). Odds ratio analysis of
two dairy production systems indicated that milk samples
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Figure 2. Gel electrophoresis of PCR product of 16 S RNA gene amplified with universal primer (lane 1= 100 bp DNA
ladder, lane 2, 4, 5, 6, 7, 8= Amplified PCR product (1200 bp) positive samples, lane 3=negative control.

Table 2. Prevalence and mean count of S. aureus in raw bulk milk and milk products.

Type of sample N Numt_)(_gr of % prevalence Mean count + SE)
positives (95% CI) (log 10 CFU Ml ™)
Milk
Raw bulk milk 168 79 47 (39.6-54.6) 4.34+0. 98
Milk products
Naturally soured/fermented raw milk 51 13 25.4 (15.6-38.9) 4.02+1.06
Butter milk 44 14 31.8 (20-46.6) 4.47+0.94
Butter 32 8 25 (13.3-42.1) 4.89+0.87
Ethiopian cottage cheese 7 2 28.6 (8.22-64.1)) 3.31+0.43
Cheese 4 2 50 (15-85) 4.46+0.91
Cakes made from milk 4 2 50 (15-85) 4.32+1.58
Sub total 142 41 28.9 (22-36.8) 4.34+0.99
Total 310 120 38.7 (33-44.2) 4.35+0.97

from small- scale dairies (46.42%) were twice more likely
to be contaminated by S. aureus than samples from
traditional dairies (29.49%) (P< 0.05, OR = 2.07).

Classification of S. aureus counts

Out of the total 120 S. aureus Positive samples 41 (34.2
%) contained >5 log;o CFU ml — S. aureus. Classification

of samples based on their S. aureus count is shown
Table 4.

Identification of coagulase-negative staphylococcus
(CNS) and other microorganisms

Based on the microbiological and 16 S r RNA gene
sequence results, out of the total 310 milk and milk
product samples, 276 (89%) were found contaminated
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Figure 3. Point prevalence (%) of S. aureus in different localities of the project area.

Table 3. Distribution of S. aureus at different sampling points in the milk supply chain.

Sampling site

Total sampled

Positive for S. aureus % (95 % CI)

Small scale dairy farms 56
Traditional dairies 139
Milk and milk product shops, milk

. . 32
collection center/Cooperatives
Cafeterias and Restaurants 83
Total 310

26 46.4 (34-59.3)
41 29.5 (22.5-37.6)
13 40.6 (25.5-57.7)
40 48.2 (37.8 -58.8)
120 -

Table 4. Classification of S. aureus positive samples based on S. aureus count (log 10 CFU ml ™).

Sample type <3log 10 CFUmI ™* >3-<5log 10 CFUmI* 5 log 10 CFUmI *
Raw milk - 50 29

rI\Tl]:i;}tkurally fermented 1 9 3

Buttermilk - 11 3

Butter 4 4

Cottage cheese 1 1 -

Cheese - 1 1

Cakes made from milk - 1 1

Total 2 (1.67 %) 77 (64.2%) 41 (34.2%)

with one or two types of either Staphylococcus species or
other microorganisms (Enterococcus and Macrococcus
species). From the 276 positive samples, 318 isolates
were identified. Coagulase-negative staphylococci (CNS)
were found in 51.61% of the samples with a mean count
of 6.07£1.21 log;, CFU ml 1. Ten different species of
CNS were identified and S. epidermidis was the dominant
species (36.13%). The type of identified isolates and their

respective microbial load is summarized in Table 5.

DISCUSSION

S. aureus is one of the most important food-borne
microorganisms, responsible for SFP. Consumption of
100 ng of Staphylococcus enterotoxin (SE) produced by



Tarekgne et al. 573

Table 5. Prevalence and microbial count of Staphylococcus species and others microorganisms from milk and milk

products.

Identified species

Isolates (n)

Microbial count Log 10 CFU ml ™

%

Mean Max Min SD
Coagulase positive staphylococcus (CPS)
Species
Staphylococcus aureus 120 38.7 4.35 5.95 3 0.97
Coagulase negative staphylococcus (CNS)
Species
Staphylococcus epidermidis 112 36.13 6 8.81 3 1.26
Staphylococcus cohnii 16 5.16 5.6 7.8 4.07 1.01
Staphylococcus haemoltyicus 10 3.22 6.78 8.61 5.72 0.85
Staphylococcus sciuri 6 1.94 6.99 7.81 6.07 0.82
Staphylococcus warneri 5 1.61 6.28 7.81 5.07 0.94
Staphylococcus hominis 5 1.61 6.27 7.81 5 11
Staphylococcus succinus 2 0.65 5.48 5.65 5.32 0.17
Staphylococcus carnosus 2 0.32 6.17 6.81 5.54 0.63
Staphylococcus caprae 1 0.32 7.81 - - -
Staphylococcus devriesei 1 0.32 6.81 - - -
Sub-total 160 51.61 6.07 8.81 3 1.21
Other microorganisms
© ;e s0  7m 45 oss
Macrococcus caseolticus 2 0.65 6.49 6.81 6.17 0.32
Sub-total 38 12.26 6.04 7.81 4.57 0.98
Total isolates 318 - 5.41 8.81 3 1.38

enterotoxigenic strains causes SFP (Hennekinne et al.,
2011; Seo and Bohach, 2007). This amount of toxin is
produced when the enterotoxigenic S. aureus population
is greater than 5 logy, CFU ml * (Food and Drug
Adminstration, 2012; IESR, 2001). In the present study,
34.4% of the positive samples contained >5 log ;o CFU
ml " of S. aureus which implies that there was high
probability for production of SE. Once SE is produced, it
will remain structurally stable and biologically active as it
is thermo-stable, and also resistant to low pH, freezing,
and to the action of different enzymes. Normal
pasteurization does not denature the toxin (Bergdoll and
Wong, 2006; Hennekinne et al., 2011; Loir et al., 2003).

S. aureus could multiply in wide range of growth limiting
determinants such as temperature, aw, NaCl and
gaseous atmosphere (Cretenet et al., 2011; Kadariya et
al., 2014) and hence samples that contained < 5 log 19
CFU ml * of S. aureus could also impose a public health
hazard. An increase in time or temperature before
consumption could lead to further proliferation of the
pathogen and the production of toxins by enterotoxigenic
strains if any.

The point prevalence of S. aureus in the Shire area is
statistically higher (P< 0.5) than the Maichew area. This

difference may be attributed to differences in the milk
hygiene situation during production, transportation, milk
processing or storage. In addition to this situation, the
relatively higher annual mean temperature of Shire
(21.6°C) may encourage greater growth of the pathogens
than Maichew, where the temperature is cooler (17.3°C).
In agreement with this suggestion, Luca et al. (1997)
reported that S. aureus is more prevalent during the
warmest months of the year suggesting the impact of
temperature on the prevalence of the pathogen.

This study shows that S. aureus was statistically more
prevalent (P<0.05) in raw bulk milk than in the milk
products. This may be related to the fact that during the
traditional milk product preparation such as natural sour
milk, butter milk and Ethiopian cottage cheese, the milk
usually undergoes a natural spontaneous fermentation
and/or is exposed to heat treatment, usually in the range
of 50°C to 100°C for 50 to 70 min (Yilma et al., 2007),
which may Kkill the S. aureus. Fermentation process may
also reduce the growth of S. aureus as it competes poorly
with other microbes like lactic acid bacteria. Whenever
there are competing microorganisms in the milk, the
growth, and SE production of S. aureus will be decreased
as a result of low pH and presence of H,O, and possibly
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other antimicrobial substances (Hennekinne et al., 2011,
Loir et al., 2003).

The prevalence of S. aureus was significantly higher in
cafeteria and restaurant samples than from other
sampling points. This situation may occur because the
initial S. aureus load from the farm may multiply during
transportation, as cold chain facilities are not available in
all sampling points, or more S. aureus, from human
sources, may contaminate the milk because of poor
personal and/or equipment hygiene during the value
chain. Although a molecular epidemiological study is
required to verify the source, the obtained results
indicates that there is need to improving food handlers
and equipment hygiene as well as application of cold
chain facilities in the milk value chain in order to protect
the consumer from milk-borne hazards.

The higher prevalence of S. aureus in small-scale dairy
farms compared to the traditionally managed dairy
(P<0.05) may be associated with the type of milking cows
available in the respective farms. In the traditional dairy,
the local indigenous zebu breed is usual, whereas in
small-scale dairy farms, cross-bred animals are the
dominant milking cows. S. aureus is the major causative
agent of sub-clinical mastitis in dairy cows (Akineden et
al., 2011; Petersson-Wolfe et al., 2010), and
consequently a major source of raw milk contamination
(Kadariya et al., 2014). However, the susceptibility of the
dairy cows to mastitis varies between breeds. Pure dairy
cows are 6.3 times and crossbred cows are 3.1 times
more likely to be exposed to mastitis than the local zebu
breed (Katsande et al.,, 2013). Therefore, this genetic
difference may be a further reason for the difference in
the occurrence of S. aureus in the two dairying systems.

S. aureus is one of the most important food-borne
pathogens in Africa as well as in other parts of world. In
Zimbabwe, a prevalence of 75.8% with mean count of 5.4
log;o CFU ml™ in raw milk and 40% with mean count of
4.7 log, CFU ml™* in processed mik was reported
(Mhone et al., 2011), which is higher than this study. Poor
hygienic practices during production and /or processing
may give rise to this situation. In Nigeria, S. aureus was
reported in the range of 25 to 45% in locally produced
fermented milk, Nono (Nnadi, 2006) while in Pretoria,
South Africa, 40% of the milk samples collected from milk
shops were found to be contaminated with S. aureus
(O Ferrall-Berndt, 2003). Milk collected from large and
small-scale dairy farms in Kenya for a multidrug
resistance study reported a 30.6% prevalence of S.
aureus (Shitandi and Sternesj, 2004). The
aforementioned similar prevalence of S. aureus in milk
and milk products indicates that S. aureus is one the
most important public health concerns and warrants
further attention in the improvement of food safety in
Africa.

In Europe, Asia and USA, S. aureus has become one
of the most important milk-borne pathogens. S. aureus
was reported at a prevalence of 62% at dairy farms in

Minnesota, USA, (Haran et al., 2011) and at prevalence
of 26% from milk-producing herds in Ireland (Murphy et
al., 2010). In Italy, 43% of raw milk intended for Caprino
cheese making (Foschino et al., 2002) and 68% of raw
milk from the Reconcavo area, Brazil (Oliverira et al.,
2011) was positive for S. aureus. In India, a prevalence
ranging from 61.7 to 65.6% was reported in raw cow’s
milk (Lingathurai and Vellathurai, 2010; Singh et al.,
2010). Similar to this study, all the above surveys showed
the importance of S. aureus in the milk supply chain of
the respective areas.

In this study, the presence of 51.61% CNS with a mean
count of 6.07+1.21 logy, CFU ml* in the samples
indicated that the hygienic condition of the milk and milk
products, during production, transportation, processing
and storage was poor and needs attention for
improvements. In a similar research conducted in Sudan
by Suliman and Mohamed (2010), out of 644 raw milk
samples, 44.7% were positive for CNS, which is lower
than that of this study, however, similar to this study
finding, the dominant species was S. epidermidis. In
addition to the above hygiene-related implications, the
finding of high percentage of CNS in the milk and milk
product may have some risk associated with
Staphylococcal Food Poisoning. Recent research outputs
reported the enterotoxinogenic potential of CNS
(Guimardes et al., 2013; Loir et al, 2003
Madhusoodanan et al., 2011; Park et al., 2011; Vera et
al., 2010) and the involvement of CNS in SFP. Podkowik
et al. (2013), confirmed the presence of localized
elements in the genome of some CNS which are involved
in the coding and production of SE. A food-borne disease
outbreak caused by S. epidermidis was also reported in
USA (Breckinridge and Bergdoll, 1971). These facts
necessitate further screening of the CNS for
enterotoxinogenic potential.

Conclusions

The study showed that Staphylococcus spp. in general,
and S. aureus in particular, are common in milk and milk
products in the study area and may impose a public
health hazard. From a food safety point of view, food
handlers at different points in the milk value chain should
be educated on how to reduce contamination of milk and
milk products from staphylococci species and other
pathogens through personal and equipment hygiene as
well as through provision of cold-chain equipment in the
milk supply chain. On the other hand, farmers should also
be educated on methods of reducing raw milk
contamination from the environment and from the cow
(mastitis) itself. Governmental regulatory bodies should
also propose a standard for microbial limits for milk and
milk products that reach the consumer and the milk
processing plants. Further study on the enterotoxigenic
potential of S. aureus and the other coagulase-negative



staphylococcus (CNS) to assess the risk of SFP should
be undertaken. Molecular epidemiological studies aimed
to trace the source of S. aureus in milk and milk products
will be of paramount importance in the control strategy.
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ABSTRAC

Staphylococcal food poisoning (SFP) is importantifmorne disease worldwide and milk and milk prosluct
are commonly associated with SFP outbreaks. Thectibgs of this study were to investigate the

distribution of enterotoxin genes 8taphylococcus aureus (S. aurefus)n raw cow milk and milk

products and to assess their genetic backgroumdspéityping method. Of the 549 samples (297 bulk milk
and 162 products) collected from Tigray region,tRem Ethiopia, 160 (29.1%) were positive $raureus
out of which 82 (51%) were found to harbor entexitogenes by a modified multiplex PCR. Nine
enterotoxin genesé@ were identifiedsea(n=12),seb(n=3),sec(n=3), sed(n=4),seg(n=49, seh(n=2),

sei (n=40), sej (n=1), tsst-1 (n=24), and the classical type of genes accounted27%. Of the 82
enterotoxigenic isolates, 41.5% and 12.4% harbtwvedand moresegenes, respectively. The highest gene
association was observed betwseiandsegwhile seaandsebwere always found together with the new
types ofsegenes. Altogether, 18 genotypes of toxin genes wientified and 32% of the samples contained
> 5 log CFU mI' S. aureusount.spatyping identified 2%patypes and three novspasequences which
showed high genetic diversity of the isolates. [dpaaent relationship was observed betwsgatype and
segenes. Out of the 2§patypes, 13 (52%) were from raw milk, 3 (12%) fronogucts and 9 (36%) from
both samples. The t314 (20.7%, n=17), t458 (18r3%45) and 16218 (9.8%, n=8) were the most common
spatypes identified and were widely distributed inatd out of the eight localities of the studied afdas

is the first study from Tigray region that reportbe high distribution of enterotoxigen& aureusrom
dairy food having diversified genetic backgroundeBtudy may provide valuable data for microbialdfo

safety risk assessment, molecular epidemiologypémytbgenetic studies &. aureusn Ethiopia.
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Staphylococcal food poisoning (SFP) is one of tlstimportant foodborne diseases worldw(tié, 47)

It is caused by consumption of food that contaims or more types of staphylococcal enterotox8y
produced by enterotoxigenic strains Staphylococcus aureus (S. aureu®ne nano gram of
staphylococcal enterotoxin (SE) per gram of contameid food can cause SFP symptd#®, however
outbreaks have been observed for lower concemisath5 ng/ml in milK14). The disease is characterized
by a short incubation period (an average of 4.A&lsea, violent vomiting, abdominal cramps, helaglac
and diarrhea. SFP is usually a self-limiting illedsit death occasionally occurs with case fatastgs
ranging from 0.03% for general public to 4.4% foore susceptible populations such as children amd th
elderly. Death results from severe dehydrationeladtrolyte imbalancgl8). Although the mortality from
SFP is lom9), the actual impact of the intoxication is largeeda loss of working days and productivity,

hospital expenses and economic loss for restauaadt$ood industrie®4, 37)

Milk and milk products are commonly associated v8#P(11). An extensive SFP outbreak that affected
more than 13000 persons in Jaga) and the recent outbreak of SFP at a Swiss baastihool that
affected 14 school student{®1) are examples of outbreaks that were caused byuogi®on of

contaminated milk and milk products.

Humans and animals are reservoir§Sofureuson their skin and mucosal membrar(gg). It is reported
that, 10-35% and 20-75% of humans are persistehird@rmittent carriers db. aureusrespectively28).
Cows with mastitis are also a common source.@ureusn raw milk(24). S. aureugan also be introduced
to food by contaminated equipment used in food g¢ssing. Furthermore, inadequate refrigeration,
preparation of food in advance, prolonged use ahwag plates when serving foods and poor personal
hygiene are favorable conditions that promote stimglocci growth and the production of SEs in f¢4ad).

The main rule is that enterotoxigerfic aureusnust grow to a population greater than 5 log pef g

contaminated food before sufficient SEs are prodtceesult the food intoxicatiofl5).

SEs are small proteins that range in size fromp228tkDa. They are highly stable and resistantdaoym
gastric proteolytic enzymes such as pepsin or iimyd$hey are soluble in water and saline solutiimey

1
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are also highly resistant to heat, such as°@fbr 15 min., freezing and dryir(@7, 31) The heat stability

of SE imposes a challenge in processed food dsaitteria may have been killed but the toxin remgns
To date, 22 SEs and 8HSE that lack emetic activity or have not bestet#) excluding molecular variants,
have been identifie). TheclassicalSEs include SEA, SEB, SEC (SEC1, SEC2, SEC3, Sk and
SEC bovine variants), SED and SEE. The involvernétite toxins in SFP has been clearly elucidated an
have distinct serological types. Thewtypes of SE and SEincludes SEG, SEH, SEI, SER, SES, SET
and SEJ, SEHK, SHL SEM, SHN, SHO, SHP, SHQ, SHU SHU2 and SEV. The toxin formerly
designated as SEF was renamed as toxic shock syadoxin (TSST) because it lacks emetic actifity
Studies have shown that 57-72 %Sofaureudood isolates, harboured the classical and/or nEvgéhes

(1, 44)

Molecular typing of pathogens such@saureuss important for two main reasons. The first ikbow the
genetic micro variation at strain and lineage legethis is useful during outbreak investigatiotrace the
source and understand the transmission. The seson@pply the genetic macro variation for phyloige
and population based studi{@8, 39) There are many molecular methods for typing pgehes. The choice
of method depends on the purpose for which thentypiill be used16, 39) Although pulsed-field gel
electrophoresis (PFGE) is the gold#andard foiS. aureugyping, the sequence-bassghtyping shows
comparable sensitivity to PFGE and yet it is ragod easy to handle with less c@8). Thespatyping
method depends on sequencing of the polymorphigp2dariable-number tandem (VNTR) within the X
region of theS aureuspecific Staphylococcus protein gpatyping has been considered as a frontline tool

in epidemiological typing o6. aureug51).

Due to the present Ethiopian agricultural policyl @he gradual increase in living standards ther@nis
expansion of small-scale dairy farms in and aradhednajor cities of Ethiopia. The country has sh@¥n
increase in annual milk production in the past decaompared to 1.6% in the previous two decadég. T
production of cows milk in Ethiopia may increased36 in the next five yeai@8). However, cows on
the majority of dairy farms commonly suffer frominital and sub-clinical mastitié€3, 13, 54) Milk
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processing activity of the country in general dml Tigray region in particular is traditional anthygienic
(57) and 31.8% farmers were reported as consumersaofmiék (33). A recent study conducted in the
project area, reported point prevalenc&otureust 38.7% from milk and milk produc(53). However,
the study did not describe the enterotoxigenicmakof the isolates. All these conditions call farther

study on milk hygiene in order to protect consunfies milk borne pathogens such%saureus

The objectives of this study were to investigae distribution of enterotoxin genes$ aureussolates

from milk and milk products in the Tigray regionpfthern Ethiopia by multiplex PCR and to charaeteri
the genetic background of the enterotoxigehi@ureususingspatyping. This hazard identification and
molecular typing work may serve as an input inrtherobial food safety risk assessment, epidemiackagi

investigations and phylogenetic studiessofiureusn Ethiopia.

MATERIALS AND METHODS

Collected sample types and sizé total of 549 milk and milk products were colledtieom Tigray
region, Northern Ethiopia, from August 2012 to M&314. They were collected from eight cities/towns
and their vicinities, of the region, namely Meke{le=147), Shireendaselase (n=139), Wurko (n=60),
Adigudome (n=52), Hagreselame (n=21), Maichew (n=2&ligrate (n=43) and Abi-adi (n=34). The
cities/towns were selected purposely in order teeco) major cities/towns of the region with rélatly
larger number of dairy farms, milk and milk prodshbps and dairy cooperatives, ii) geographicaltioos
(south, north, east and west) and agroclimatic z¢mghland, medium and lowlands). The samplingzoi
included dairy farms, milk collection centers, mdkd milk product shops, restaurants and cafeterias
Samples were collected by the previously reportedqulurg53). The samples comprised raw, bulk milk
(n=297), buttermilk (n=64), butter (n=58), sour kn{spontaneously fermented milk) (h=97), Ethiopian

cottage cheese (n=14), cheese (n=15) and cake fnaadenilk (n=4).

Isolation, enumeration and molecular identification The isolation, enumeration and molecular
identification of the isolates were performed by thethods detailed previoughB). Briefly, Baird-Parker

agar (Oxoid, England) supplemented with egg-yolkutige (Meck, Germany) was the media used for
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isolation and enumeration. Conventional biochemieats were used for identification, however, final
confirmation to species level was performed by seging the 16S rRNA ger(@0). DNA was extracted

by GenEluté Bacterial Genomic DNA Kit (Sigma-Aldrich, USA) asmpthe manufacturer’s instruction.

Multiplex PCR for detection of enterotoxin genesA modified multiplex PCR was used for
detection of enterotoxin genes from Beaureussolateq32). The method tests 9 enterotoxin genes (s
seb, sec, sed, see, seg, seh, sei,tbejisst-1and 16S rRNA of the isolates in two independenttiplek
PCR reactions mixtures. Primers &md, see, seg, sandtsst-1were combined in reaction mixture 1 and
primers forsea, seb, sec, seh, sgjd 16S rRNA were combined in reaction mixtur@t2e primers used

are listed in Table 1. They were supplied by ogen (Life Technologies, USA).

Each multiplex PCR reaction was performed withIfigaction volume of 5@ul. It was comprised of 45
pl of reaction mixture containing final concentratioh 1x AmpliTaq buffer, 4 mM MgG| 2 U of

AmpliTaq Gold polymerase (all from Applied Biosyste, USA), 40uM dNTP, (BioLabs, USA) and 300
nM each SE primer and 60 nM 16S r RNA primers. I§n& pl of DNA (10 ng/ul) was added to the

mixture.

The PCR amplification was performed in a C1®Thermal Cycler (BIO RAD laboratories, USA) which

was adjusted to initial denaturation at’@for 10 min. followed by 15 cycles of 96 for 1 min, 68’C for
45 s, 72°C for 1 min, 20 cycles of 9% for 1 min, 64°C for 45 s 72C for 1 min and a final extension at

72°C for 10 min. Ten microliters of the PCR productswasolved by electrophoresis in a 2.5 % agarose

gel at 100 V for 100 min. For comparison the GerneRb0 bp ladder (Thermo Scientific) was used. The

DNA products were visualized on UV trans illumina@el Doc¢™ documentation system (BioRad, USA).

Control strains. Six S. aureustrains obtained from the European Union referdalgeratory for
coagulase positive staphylococci (Anses, MaisomrglfFrance) (Table 2) were used as positive contro

and MilliQ water as a negative control.
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spatyping of enterotoxigenicS. aureus isolates Amplification of the region X of thepa (protein
A) gene was performed using primers spa -1113ABGACGATCCTTCGGTGAGC-3) andspa-1514r
(5-CAGCAGTAGTGCCGTTTGCTT-3 (43). PCR was performed in 40 uL final volume contajnirX
of buffer HF, 0.4 uM of each primer, 200 uM of dNsTéhd 0.02 U/uL of iProof™ taq polymerase (Biorad,
Hercules, CA, USA). The PCR reaction for amplifioatof the DNA were: initial denaturation at 98°@ f
30 sec, followed by 35 cycles of denaturation &C9#r 15 sec, annealing at 60°C for 30 sec analgeltion
at 72°C for 20 sec. Final elongation was performiet2°C for 10 min. The PCR was purified using IX o
Agencourt AMPure XP beads (Beckman Coulter, InceaBrCA, USA) according to manufacture
instruction and submitted to GATC-biotech AG (GADB®tech AG, Konstanz, Germany) for sequencing.
Sequences were processed using Geneioy25)and thespatypes were determined using DNAQé€2).

Minimum spanning trees were prepared using BioNunsaftware as described I46).

Data analysis The chi-square test from Epi Infersion 7.1.3.10 wassed to explore statistically
significant differences in the distribution of emm®xigenicS. aureusamong raw milk and milk products

as well as among different localities. P valuesG5@vere considered as significant.
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RESULTS

Distribution of S. aureusn milk and milk products. Out of the total 549 milk and milk product

samples, 160 (29.1%) samples were shown to coStaanreus.

Detection of SE encoding genes by Multiplex PCRAmong the 1605. aureuslairy isolates, 82
(51%) were found to harbor staphylococcus entemtganes $6). Nine types obegenes were identified,
comprisingsea(n=12),seb(n=3) sec(n=3), sed(n=4), seg(n=49, seh(n=2), sei (n=40),sej(n=1) tsst-1
(n=24). Thamost frequent gene identified wseg followed byseiandtsst-1 The least frequently identified
were sehandsej and seewas not detected. Among the 82 enterotoxigenidnstr®22 (26.8%) isolates
harbored the classicak genes ¢ea seb,secand sed either alone or in combination with the newly

identifiedsegenes geg, seh, sei, and ¥ej

Among the 82 enterotoxigenic strains, 38 (46.3%bbiged one type, 34 (41.5%) two types and 10 (12.2%
more than 2 types of enterotoxjanes. Accordingly, from the total enterotoxigestiains 1&egenotypes

were identified. The highest gene association viseiwved betweeseiandseg(Table 3).

SE encoding genes and type of sampleSmong the 82 enterotoxigen8. aureusstrains, 69.5%
(57/82) were identified from raw bulk milk and 3%525/82) from milk products. Chi-square analysis
indicated that there is statistically significartfetence in the prevalence of enterotoxigeSicaureus
between raw bulk milk and milk products (P < 0.@xlds ratio (OR= 1.85, 95% CI 0.9706- 3.548) anslys
showed that consumption of raw milk is 1.8 timegeniikely to contain enterotoxigents. aureughan
consumption of a milk product. The total number spiecimens collected, the type and number of

enterotoxigenic genes identified is presented inld 3.

SE encoding genes and the level/count 8f aureusn the food.Out of the 82 milk and milk product
samples which were positive for one or meegenes, 32.9% and 67.1% of the original food samples
contained > 5 log CFU mtand 3 — 5 log CFU mt of S. aureusounts, respectively (Table 4). Of the 27

samples with > 5 log CFU rmlof S. aureus18 were raw bulk milk.
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Enterotoxigenic S. aureustrain distribution in different localities. The distribution of the different
segenes in different localities of the project are@resented in Table 5. There is statisticallyigicant
difference (P < 0.05) in the overall distributioh enterotoxigenicS. aureusamong the five sampling
localities (the other not included because of umdpresentation) being higher in Adigudome and Wukr

localities.

spatyping. Twenty-two differenspatypes and 3 novepasequences, (not present in the Ridom data
base) were identified. Of the total 8patypes 13 (52%) were from raw milk, 3 (12%) fronogucts and
9 (36%) from both samples (Table 6). Only 36 %haf identifiedspatypes were found in both milk and
product samples, whereas the remaining 64% wenereht milk or in the product. Figure 1 shows the
relatedness of th®. aureussolates according to theipatypes, and colored according to their toxin gene
profile. No clear clustering betwespatype and toxin genes is observed. The size ofithkes represent
the number of isolates within trepa type and the distance between the circles reprebengenetic
relatedness. The more they are nearer to each, dttlgeemore they have genetic relatedness. The t458
(18.3%, n=15), t314 (20.7%, n=17) and t6218 (9.61¢8) (shown as multi-segmented large circles) were

the most commoapatypes identified and found harboring 7, 6 andffed@nt toxin profiles, respectively.

The aforementioned three most comnspatypes were frequently distributed in three outhu eight
localities of the studied area (Table 6). The t3pd typewas more frequent in Shireendaselase (n=12,

71%), the t458 in Mekelle (n=9, 60%) and the t6R18/ukro (n=4, 50%) localities of the studied area.

DISCUSSION

The characterization of enterotoxine genes fidmaureusof dairy isolates has not been previously
documented in Tigray region, Northern Ethiopia. ldoer, a similar study conducted in Central Ethiopia
reported a prevalence of 25.8% enterotoxig&niaureusn bulk milk sampleg12), which is lower than in

the current study. In ltaly, 53% of the isolatemfirmilk and milk product$8) and in Norway, 52.5% of
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bovine bulk milk sample@3) were reported to harbor enterotoxigeBicaureusvhich are comparable to
our observation. However, in Sweden, 70%5ofureussolates from cheese, made from raw milk, were

found to harbor one or more enterotoxin gef@és.

Of the 82 milk and milk samples that contained emtxigenicS. aureus33 % showe. aureugxceeding

5 log CFU ml?, which is considered to be a critical level foxitoproduction(15). Moreover, 67% of
samples containing 3-5 log CFU #iB. aureuscould also constitute a SFP risk if the food ipased to
ambient temperature during transport and storaggedhowing the bacteria to grow. The expressioSbf

is highly regulated by growth phase, environmeoatalditions and a complex network of regulatory gene
among which the accessary gene regulagr)(plays a major role. Thagr is activated by a quorum
sensing system when cell numbers reach a critiaabf#7). Once the SE is produced in the food, it retains
its biological activity, as it is thermostable aedistant to low pH, freezing, and drying, condiighat can

easily destroy the bacterial cells that produceddin(6, 17, 24)

In the present study, from the total number of idieal enterotoxin genes 27% were genes that encode
classical SEs. It is reported elsewhere that ar@m8d of SFP are caused by classica(=E. Among the
classical SE, SEA is the most common involved i Sfrldwide, followed by SED, SEB and SEG

20, 21, 26, 30)However, in terms of severity, SEB results in enimtense symptoms of SFP than SEA.

Among the total classical types ¢ genes, 81% were found in association with the yegéntified se
genes. In line with our observation, another staldp reported the association of 64% of the claksie

with the newly identifiedsegeneq36).

In the current study, the newly identifisdgenes includingsst-laccounted for 73% of the total identified
genes. Other researchers have also noted the encarof a significant number of the newly identifse
genes in dairy products and other foodst(®s27, 34) From the new type of SE, SEH is reported to

produce significant amount of SE that could lea&f#(40). For example, SEH was responsible for SFP
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outbreaks in Norway after consumption of mashedtpanade with added raw mi|{R2) and in Japan after

consumption of reconstituted milk, in the lattes&@n combination with SEAL9).

Theseggene was found most frequently in association gaihSimilar to this finding, many researchers
showed also thagegwas found linked wittsei. (8, 27, 40)and were carried by a genomic island-borne
structure called the enterotoxin gene clustgc].This genetic structure is reported to carry addilgem

senandseogeneg55) and it has been hypothesized thatébgecluster may act as reservoir and nursery

for other SE genes other than the aforementionietbpy egcrelated gene@t).

Differences in the distribution afegenes were observed between the five samplindjitiesaP < 0.05),
which may be indicative of the spread of cert@iraureugypes within a specific geographical afga).
The majority of the SE encoding genes are carneahabile genetic elements (MGE) such as plasmids an
prophages and spread among isolates at high freglgra horizontal gene transfer mechan(86). This

characteristic may enable the bacteria to modifgatpacity to cause diseases and contributedadtation

(4)-

The high prevalence and numbers of enterotoxig8n@ureusn raw milk, compared to dairy products,
may have two important practical implications. fyrsin areas where raw milk consumption is a commo
practice (33) there would be high probability of SFP episodegcdddly, although molecular
epidemiological study may verify the assumptiong ah the major sources of contamination to the raw
bulk milk could be mastitic cows. A cow with cliicor subclinical staphylococcal mastitis can etecge

aureusin numbers up to log 8 CFU mil (42).

Thetsst-1gene was found in 29% (24/82) of the isolates. Tthig is responsible for toxic shock syndrome,
which is characterized by high fever, a diffusetleeynatous rash, desquamation of skin, hypotenaiah,
involvement of three or more organ system fail#dg. Multiplication ofS. aureusn a localized infected

area of the body produces TSST-1 which entersakeutar system and exerts these generalized syraptom
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(37). Similar to our studygombined with other enterotoxigemjenes, &sstgene prevalence of 25.6 % was

reported from milk of cows with mastit{S0).

spatyping was used to assess the genetic backgroutit afhterotoxigeni&. aureugsolated from milk
and dairy products. This molecular typing methodresommended for national and international
surveillance as well as for the analysis of sterrntlocal epidemiological studies due to its maghvantage

of being easy to conduct and easy to interpretexetiange the resul(51). Besides, it was reported that
spatyping performed better than multilocus enzymectetphoresis (MLEE), PFGE, armba typing in

degree of agreement with the microarray at varaydogenetic dept(9).

The spatyping identified 22spatypes and 3 novedpasequences from the 82 enterotoxigehi@ureus
thus revealing a wide genetic diversity of thease$. The 18egenotypes were found distributed evenly
in all spatypes without showing specific pattern. This magicate that risk of SFP due to specse

genotype having specific genetic background maybeapparent.

The genetic similarity between the milk and milloghicts isolates, in terms of identicgatypes, were
only observed in 9 (36%gpatypes that may suggest that both sample groupshaag, among other
reasons, small common source of contaminationsorang to thespatyping results, the dominant genetic
characteristic documented among the two samplepgrauvas genetic diversity rather than genetic
relatedness as they differed in 64% of the idexdtiipa types. Moreover, higher intra milkpa type
variation was also documented. And hence, all tbbservations may probably indicate that there beay
many source of contaminations in the milk valueith@he X region of thepagene, which is composed
many 24 —bp variable tandem repeats, shows hignmmophism due to deletion, point mutation and
duplication of the repeats. Variation in type omher of the repeats generates diffesgatypes(49). The
t314, t458 and t6218 were the most comrspatypes among the isolates harboring the majorithese
genes identified and were also at higher prevalentwee of the eight localities of the studiedas. The
generation of such molecular typing information ak paramount important for population based

epidemiological, disease outbreak and phylogestitidies ofS. aureusn the studied ared recent study

10
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conducted in USA reported thapatyping showed comparable performance with multibsequence
typing (MLST) and suggested for use in macro epidergy and evolutionary studies 8f aureusyiven

its lower implementation co$89).

One reported limitation dpatyping method is that 1-2 % of strains may be glesied as “non-typeable”
by this method if there is a rearrangement in ft& tegion of the gene where the forwamhprimer is

located(56).

In conclusion, this study is the first report fr@ngray region of Northern Ethiopia, that has docuoted

the high occurrence of enterotoxigeicaureushaving 18 genotypes in dairy isolates. Moreoversjza
types and 3 novedpasequences were also identified. The high prevalef@nterotoxigenic@S. aureus
with diversified genetic background in milk and knpproducts may impose considerable SFP risk to
consumers. Control of mastitis at farm level, pastation of milk before consumption as well aseating
farmers via agricultural extension network, to ntaiim hygienic environment during traditional milk
processing as well as not to consume raw milk @gortant public health measures to reduce the risk.
Educating of food handlers in the preparation dnchge of food and the provision of cooling fa@tin

the milk value chain are necessary measures tcedthe risk of SFP. Using the output of this stadya
springboard, molecular epidemiological studies dirae tracing source of enterotoxigerc aureusn
order to facilitate control intervention can befukd-urthermore, research on production of SEead food
matrices to further characterize the risk, and hisic research on the role of the newly identiS8&dSEI

in causation of SFP are recommended.
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Figure legends

FIGURE 1. Minimum spanning tree of 8patypes according to theegenotypes of the 82 enterotoxigenic
S. aureustrains. The size of the circles represent thelmuraf isolates within thgpatype and the distance
between the circles represent the genetic relassdif@de more they are nearer to each other, the tney
have genetic relatedness. The colors inside tkkeaepresent the types of toxin genes inside.
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1  TABLE 1. List of primers sequences used for detection obgemic exotoxins by multiplex PCR

Amplified GeneBank accession no.
Primer @ Primer sequence (5’ — 3") product size (bp)
seaforw. GCA GGG AACAGCTTTAGG C 521 M18970
searev. GTT CTG TAG AAG TAT GAA ACA CG
seb-sedorw ACA TGT AAT TTT GAT ATT CGC ACT G 667 M11118eb)
sebrev. TGC AGG CAT CAT GTC ATACCA
secforw CTT GTATGT ATG GAG GAA TAA CAA 284 X05815¢¢c )
AY450554 gec?2)
X51661 6ec3)
secrev TGC AGG CAT CAT ATC ATACCA
sedforw GTG GTG AAATAG ATAGGACTGC 385 M28521
sedrev. ATATGAAGG TGC TCT GTG G
seeforw TAC CAATTAACT TGT GGA TAG AC 171 M21319
seerev. CTCTTT GCA CCT TAC CGC
segforw CGTCTCCACCTGTTG AAG G 328 AF064773
segrev. CCAAGT GATTGT CTATTG TCG
sehforw CAACTG CTG ATT TAG CTC AG 359 ul11702
sehrev. GTC GAATGA GTAATC TCT AGG
seiforw CAACTC GAATTT TCA ACA GGT ACC 466 AF064774
seirev. CAG GCAGTC CAT CTC CTG
sejforw CAT CAG AAC TGT TGT TCC GCT AG 142 AF053140
sejrev. CTG AAT TTT ACC ATC AAA GGT AC
tsst-1 forw GCT TGC GAC AAC TGC TAC AG 559 J02615
tsst-1 rev. TGG ATCCGT CATTCATTGTTAT
16S rRNA GTA GGT GGC AAG CGT TAT CC 228 X68417
forw
16S rRNAev CGCACATCAGCGTCAG
2 a forw, forward; rev, reverse Source: Lgvsethlgt2004(32)
3
4

5 TABLE 2. References. aureusstrains used as positive control for encoding etdeigenic genes

Strain Genes
07CEB 167 STA sea, sec, seh
46A (FRI326) see
09CEBS89 STA seb
R5010 (PK) VI 50757 sei, sed, seg
3169 (PK) VI 50767 tsst-1 , sed
R5010 (PK) VI 50757 sej

6 Source: Anses, Maison Alfort, France

7

8

9

20



10 TABLE 3. The 18se genotypes identified from 82 isolates of enterigeric S. aureusand their
11  distribution in the different samples types
Sample types
Raw Butter Butter Sour milk Cheese Ethiopian cottage Cake Total (%)
milk milk cheese
Samples collected 297 64 58 97 15 14 4 549
S. aureuspositive (%) 100 (33.7) 28 (43.7) 10 (17.2) 16 (16.5) 1(26.7)  (2B4) 2 (50) 160 (29.1)
senegative 43 18 5 7 - 3 2 78
sepositive (%) 57 (57) 10 (35.7) 5 (50) 9(56.3)  1(100) - - 82 (51)
sec 3 - - - - - - 3
sed 1 - - - - - - 1
seg 12 2 - - - - 14
*i 7 - - - - - - 7
tsst-1 7 1 1 3 1 - - 13
sea, tsst-1 3 - - - - - - 3
sea, sei 1 1 - - - - - 2
seb, seg 1 - - - - - - 1
sed, seg 1 - - - - - - 1
seg, tsst-1 2 - 1 1 - - - 4
seg, sei 10 5 2 4 - - - 21
sei, tsst-1 2 - - - - - 2
sea, seg, sei 2 1 - 1 - - - 4
sea, seh, tsst-1 1 - 1 - - - - 2
seb, seg, sei 1 - - - - - - 1
sed, seg, sei, 1 - - - - - - 1
sea, seb, seg, sei 1 1
sed, seg, sei, sej 1 - - - - - - 1
12
13
14

21



15
16
17

TABLE 4. Grouping of enterotoxigeni. aureusased on the level of ti& aureusn the original food

S. aureusount

No of samples positive for 1 or/and >

Type and distribution adegenes

(log CFU miY) 1 type ofsegenes (%)
sea seb sec sed seg seh sei sej  tsst-1
3-5 55 (67.1) 7 2 2 2 36 2 26 1 14
>5 27 (32.9) 5 1 1 2 13 14 10
Total 82 12 3 3 4 49 2 40 1 24
18
19
20
21  TABLE 5. The distribution of staphylococcal entexxdh (s genes 0. aureusn respect to the different
22 sampling localities
Total Number  Number of Type and number* odeidentified
samples of S. aureus
Localities collected samples isolates sea seb sec sed seg seh sei sej tsst
positive  positive for -1
for se (%)
S. aureus
Mekelle 147 46 18 (39) 2 1 - 2 7 - 8 7
Shire 139 60 24 (40) 1 1 2 - 17 - 4 8
Adigudome 52 16 15 (93.6) 3 - - - 9 1 11 4
Adigrate 43 9 5 (55.5) 1 . - 1 2 - 1 - 2
Wukro 60 15 11 (73.3) 3 1 - 1 6 1 9 2
Hagreselame 21 3 2 (67) - - 1 - 1 - 1 -
Abi-Adi 34 3 2 (67) - - - - 2 - 1 - 1
Maichew 53 8 5 (62.5) 2 - - - 5 - 5 - -
Total 549 160 82(51) 12 3 3 4 49 2 40 24
23 *se alone or in combination with othee,Chi-square value = 19.82, df = 4, p value= 0.0@$5 4
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
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41

42
43
44  Table 6. The identifiedpatypes in respect to number of isolates within, ganype and their
45  geographical distribution in the studied area
Isolates Sample type Studied cities/towns
N (%) Shire- Adi- Adi- Hagre- Adi- Mai-
spatypes Milk Produ Mekelle endaselasse gudome grate  Wukro selame Adi chew
ct
042 3(3.7) 3 - 1 1 - - 1 - - -
t085 1(1.2) 1 - - - - 1 - - - .
t127 3(3.7) 1 2 - - 2 - 1 - - .
11828 2 (2.4) 1 1 - - 2 - R - - .
2164 3(3.7) - 3 - - - - - - - 3
t223 1(1.2) 1 - - 1 - - - - - -
t2398 33.7) 2 1 2 1 - - - - - -
t2453 2 (2.4 2 - - - 2 - - - - -
12613 2(2.4) 2 - - 2 - - - - - -
12856 1(1.2) 1 - - - - - - - - 1
t306 1(1.2) - 1 - - 1 - - - - .
t311 1(1.2) - 1 - - 1 - - - - .
t314 17 (20.7) 14 3 2 12 1 - - 1 1
t325 33.7) 3 - - 2 - - 1 - - -
t346 2(2.4) 1 1 2 - - - - - - -
t355 33.7) 2 1 - 2 - 1 - - - -
436 1(1.2) 1 - - 1 - - - - . .
t458 15 (18.3) 11 4 9 1 2 - 2 - 1 -
t559 1(1.2) 1 - - - - - 1 - - .
t605 1(1.2) 1 - 1 - - - - - - .
6218 8(9.8) 4 4 - 1 2 1 4 . - .
t7685 1(1.2) 1 - - 1 - - - - . _
New 1 1(1.2) 1 - - - - - - - 1 .
New 2 2(2.4) 2 - - 1 - 1 - - - -
New 3 4 (4.9) 1 3 - - 2 - 1 1 - -
Total 82 (100) 57 25 17 26 15 4 11 2 2 5
(%) (69.5) (30.5) (31.7) (31.7) (18.2) (4.9) (13.4) (2.4) (2.4) (6)
46
47
48
49
50
51
52
53
54
55
56
57
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Abstract

Antimicrobial resistance is one of the greatesbglgublic health threats aisiaphylococcus (S.)
aureushas marked ability to become resistant to antinbiels. The objectives of this study were
to assess the antimicrobial resistance profils.@ureusrom dairy isolates to the commonly used
human and veterinary antibiotics, to verify thegamt or absence of methicillin-resist&tureus
(MRSA) and, in addition, to assess the genetic ¢pazknd of the resistance strainsdpatyping.
One hundred sixty genetically confirm8daureussolates from bulk milk and milk products were
subjected to 12 types of antibiotics for suscelitybiThe Kirby-Bauer disk diffusion was used for
phenotypic susceptibility tests and PCR was useddtection oimecAandmecCgenes. Out of
these 160 isolates, 137 (86%) isolates showedtaesis to one or more types of antibiotics of
which 61 (45%) were multidrug resistant (MDR) shogB5 types of resistance patterns. Of the
total MDR strains, 61% showed resistance to fivenore classes of antibiotics. MDR strains were
more frequent in milk (69%) than products (30%)irfiiatwo (23%) strains were also borderline
oxacillin-resistantS. aureus(BORSA), showing oxacillin-resistance phenotydicabut with
neithermecAnor themecCgene carriage. However, they were susceptibpe tactam inhibitor
(amoxycllin/clavulanic acid). The most common resise was observed for penicillin G (69.4),
followed by streptomycin (53.1%) and erythromyci#i.©%). The least common resistance was
for ciprofloxacin (4.3%). Thepatyping of MDRS. aureusand BORSA showed Xpatypes and

3 novelspasequences, thus indicating a high genetic diyeesitong the resistant strains. There

was no observed pattern or correlation betwagsatypes and resistance profiles. Of the tsfz
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types, 12 were identified from milk, 4 from prodsieind only 7 from both samples, indicating that
the source of contaminations may be diversifiect 3jpa types t314, t458 and t6218 were the most
common and were widely distributed in three logaditof the studied area. The study showed a
wide spread of MDRS. aureusand BORSAwith diversified genetic background in dairy food

which is of public health concern.

Key words: S. aureusMultidrug resistance (MDR), BORSA, Dairy produdpatyping, Ethiopia
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I ntroduction

Staphylococcus (S.) aureus an ubiquitous organism and may be found in hwnanimals and the
environment.S. aureuscauses many health problems in humans and animalgadits toxin-mediated
virulence factors, invasiveness and propensity diatibiotic resistance (Ortega et al.,, 2010). Beside
staphylococcal food poisoning and toxic shock sgndr (TSS), which are mediated by exotoxins, the
bacterium is responsible for various skin and dipar infections (furuncles, boils) and may alsdect
internal organs resulting in pneumonia, osteomgeaditd endocarditis (Dinges et al., 2000; Liu et24111).

In particular, methicillin-resistar@taphylococcus aureMRSA) presents a serious health problem due to
its resistance to antibiotic treatment. In anim#ig, bacterium causes subclinical mastitis in deows.
This significantly reduces milk production and taso public health importance & aureusmay be

transferred to consumers via milk or milk produékineden et al., 2011).

Humans and animals are reservoir§ofureuson their skin and mucosal membranes (Hennekinag, et
2011). According to Kluytmans and Wertheim (20@spund 10-35% and 20-75% of humans are persistent
and intermittent carriers &. aureus respectivelyS. aureugarriers are at high risk of infection and could
also act as source of infection for others. Thenmadde of transmission is usually skin-to skin eshbut

contaminated objects and surfaces may also hasle §é3eo and Bohach, 2007).

Antimicrobial resistance is an ever-increasing glgiublic health threat. The WHO 2014 annual report
indicated that resistance to common bacteria hasheal an alarming level in many parts of the world
indicating that many of the available treatmentia® for common infections in some settings are

becoming ineffective (WHO, 2014).

Globally, widely-accepted causes of antibiotic s&sice are the over-use and misuse of antibidhcs.
developing countries, the situation is escalatingesbesides the increasing use of antibioticsraadily
availability of the antibiotics without prescriptipthe poor sanitation condition around premisdsrathe

spread of resistance strains (Levy and Marshall4p0
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One of the biggest issues in antimicrobial resitais the use of antibiotics in animals. There is a
continuous debate on the association between antimal use in the production of food animals amel t
emergence of resistant organisms in human popokatio veterinary medicine, antibiotics are given f
treatment of contagious and infectious animal diss@ncluding clinical and subclinical mastitis vwer,

in addition, antibiotics are widely administratadsaeb-therapeutic doses to animals as a growth qerm
This practice favors emergence and propagatiormrgiel number of resistance genes (Aarestrup, 2005;

Marshall and Levy, 2011).

S. aureuds notorious for its ability to become resistantatttibiotics and the development of multidrug
resistance irs. aureuss a global problentS. aureusan develop drug resistance more readily because of
its ability to produce an exopolysaccharide baraied also their location in the body in micro-alsses

that limit the penetration of the drug (Jeljaszemet al., 2000). Of all the resistance tr&tsaureushas
acquired since the introduction of antimicrobiakgtotherapy in the 1930s, methicillin resistance is
clinically the most important, since a single geanetement confers resistance to fhakactam antibiotics,
which are the most commonly prescribed class ofmarobials and which include penicillins,

cephalosporins and carbapenems (Grundmann e0@b).2

MRSA is currently a major health problem among litaspatients and health workers. It is an endemic
problem globally except in Scandinavian countrind @ The Netherlands, where it is controlled by a
“search and destroy” strategy (Kluytmans, 2010)adidition to this, a community-associated MRSA is
currently emerging which is epidemiologically linke food animals. The first livestock-associatedSA

was isolated from the milk of a mastitic cow (Dege et al., 1997) and since then the prevalence of
livestock associated MRSA in food animals has stgatcreased. There are many reports showing the
transfer of antibiotic-resistant microorganismsnirdood animals to humans. Resistance genes and
resistance patterns observed in food animals hega lentified in humans, particularly those wheeha
been in contact with the animals, such as vetednarand farm attendants (Aarestrup et al., 20@@; L

2003). Verkade and Kluytmans (2014) reported th&3A type CC398 is spread extensively in food
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animals and also in people in close contact wids¢hanimals. Direct contact with animals, enviromizie
contamination, as well as eating or handling comated food are the main routes by which livestock-
associated MRSA could be transferred to humanse8iance studies also indicated that the epidengipl
of the MRSA has changed in the last 15 years dmakitbbecome an emerging organism in livestockngstti

around the world including Europe, Asia and Nomh&merica (Smith and Pearson, 2011).

The methicillin-resistance trait &. aureuss attributed to the penicillin-binding proteinBP) 2a protein,
which is encoded by chromosomaécAgene (Deurenberg and Stobberingh, 2008a). ThempreoinecA

has been the “golden standard” for detection of MR$owever recently a novehecC(mecA a5 ) gene,
which has 70 % nucleotide homology with the conweral mecA,has been investigated from MRSA of
bovine and human isolates which typically havevadiock lineage; CC130, CC705 and ST 425 (Garcia-
Alvarez et al., 2011). The epidemiology of the ées was associated with rural areas and livesteitikgs

(Petersen et al., 2013).

SomeS. aureusstrains have neithenecAnor mecCgene but nevertheless show resistance to meiticill
and oxacillin. McDougal and Thornsberry (1986) hasported the presence of su8haureusstrains,
which exhibit total resistance to penicillin andtp resistance to oxacillin, methicillin and cépaspores
and yet do not have threecAgene. They named them as borderline oxacillinstast Staphylococcus
aureus(BORSA). According to Brakstad and Maeland (1987, main mechanism by which these strains

develop resistance to methicillin/oxacillin is dwehyper-production o-lactamase enzyme.

It is important to differentiate heterogeneous MRf&#nN BORSA, in that the former hasecAgene but
does not express the gene during growth and hergeenotypically susceptible to oxacillin. On ttilees
hand, BORSA do not have thmecA gene but showed full or intermediate oxacillin isesce
characteristics (Coyle, 2005). There are repo#sitidicate the occurrence of BORSA in food andicél
isolates. In Portugal, out of 56 phenotypically citen-resistantS. aureusf food isolates, all wermecA
negative except one (0.68%) (Pereira et al., 2009)unisia, Maalej et al. (2012) reported the ttfezation

of 23 BORSA from clinical isolates.
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Molecular typing ofS. aureuss important for many reasons. From a moleculédexpiology perspective,
typing of S. aureusis important in order to trace the source and tstded transmission during
epidemiological disease outbreak investigationssamdeillance studies. Besides, it is importarfotow

the phylogenetic evolution of the strains and usiderd their genetic relatedness or diversity (Kiorete
al., 2004; Stefani and Agodi, 2000). There are tmain molecular typing methods: “band-based” and
“sequence-based” The sequence-based method likeothspa typing is preferable, because data is
exchangeable among researchers and institutionsrébDeerg and Stobberingh, 2008pa typing
depends on the polymorphic X-region of the proteigene §pg which is composed mainly of a number
of repeats of 24 bp in length. The region shows/mpolphism due to point mutation, deletions and
duplication of the repeats (Kahl et al., 2005; St al., 1999). It became a popular and preferab
method for local short-term epidemiological studiezause of its comparable performance with pulse-
field gel electrophoresis (PFGE) and multi-locugusnce typing (MLST) methods and yet rapid and low
cost (O'Hara et al.,, 2016; Strommenger et al., 2008e PFGE, MLST, staphylococcal cassette
chromosome (SC@)ec (International Working Group, 2009)nd spa typing are widely employed for
characterization 0. aureugo understand the resistance pattern and moleepidemiology in dairy and

other foodstuffs (Feltrin et al., 2016; Haran et 2011; Vossenkuhl et al., 2014).

There is a major gap in knowledge about the madeitf antibiotic resistance problem globally andhsu
information is needed to guide urgent public healttion (WHO, 2014). In light of this, there is no
documented data on resistance profil&oaureusand MRSA in food value chain, particularly in foofl
animal origin in Northern Ethiopia. The status aittibiotic resistance profiles db. aureusincluding
community associated MRSA in food of animal origuth as milk and milk products is not studied. pxce
very few veterinary medicine-related preliminaryieaicrobial resistance studies focusing on treatnaén
mastitis there is, to date, not sufficient datatw antimicrobial resistance profile 8f aureusncluding

MRSA from bulk raw milk and dairy products in thegfiay region, Northern Ethiopia.
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Hence, the objectives of this study were: i) teasghe antimicrobial resistance profilessofiureussolated
from milk and milk products to the commonly-usedilaintics in veterinary and human medicine in the
project area ii) to verify the presence or abseoic®RSA in the isolates. iii) to assess the genetic

background of multidrug resistant strains usipgtyping.
Material and methods
Bulk milk and dairy product samples

A total of 549 bulk raw cows milk and milk productsere collected from the Tigray region, Northern
Ethiopia, from August 2012 to May 2014. The sammemprised raw bulk milk (n=297), buttermilk
(n=64), butter (n=58), sour milk (spontaneouslyrfented milk, n=97), Ethiopian cottage cheese (n=14)
cheese (n=15) and cake made from milk (n=4). Theyewcollected from eight purposely-selected
cities/towns of the region, namely Mekelle (n=14Mjreendaselase (h=139), Wurko (n=60), Adigudome
(n=52), Hagreselame (n=21), Maichew (n=53), Adigr@=43) and Abi-adi (n=34). The sampling points

included dairy farms, milk collection centers, maikd milk product vendors, restaurants and cageteri
Isolation and molecular identification of S. aureus

The isolation and molecular identification of tiselates to species level were performed as deschpe
Tarekgne et al. (2015). Briefly, Baird-Parker a¢@xoid, England) supplement with egg-yolk tellurite
(Merck, Germany) was used for isolation and coriesiad biochemical tests were employed for
identification. Final confirmation to species lewehs carried out by sequencing the 16S rRNA gene
(Clarridge, 2004). DNA was extracted by GenE/t8acterial Genomic DNA Kit (Sigma-Aldrich, USA)

according to the manufacturer’s instructions.

Antimicrobial susceptibility test
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Antimicrobial susceptibility test was performedisalates ofS. aureusrom milk and milk products using
the disc diffusion according to the Bauer and Kintgthod (Coyle, 2005) using Muller-Hinton agar (@ixo
CMO0405B, UK). The isolates were tested for 12 dotibs which had been reported as being commonly in
use in the project area, confirmed by a pharmaca&lutvholesaler and veterinary team of the region.
Accordingly, the following antibiotics were testetained from Oxoid and Remel (UK): Penicillin 8)(
units), Oxacillin (Jug), Ceftiofur (30ug), Vancomycin 80 pg, Amoxicillin/Clavulanic acid (30ug),
Gentamicin {0 pg, Streptomycin (1Qug), Tetracycline (3Qug), Erythromycin (5 pg) Ciprofloxacin 80

K@), Norfloxacin (5ug), and. Trimethoprim-Sulfamethoxazo@5(ug. The procedures recommended by
National Committee on Clinical Laboratory Standa(dCCLS, 2005) for antimicrobial susceptibility
testing was followed. Accordingly, ea&h aureussolate was grown on tryptic soya agar (Remel, &K)

18 hours. From the fresh growth of each isolate c@lonies were taken to prepare a suspensiosaitirge
water and the turbidity was adjusted to 0.5 McKaflstandard using a spectrophotometer (HACH-
Company, USA). A petri dish of Muller-Hinton agaasvinoculated with the colony suspension using a
fresh sterile cotton tipped swab. To each inocdlgtiate, 4 antibiotics discs were applied usingsa d
dispenser (Oxoid). The plates were incubated aC3r 16- 18 hours (24 hours for Oxacillin) and the
zone of inhibition was measured and compared twdsrals as per the manufacturer's recommendation.
Results were recorded as susceptible, intermedmteesistant according to the size of the zorgrakth
inhibition.

Detection of mecA or mecC genes/Search for MRSA

For phenotypically oxacillin-resistaft aureustrains, a conventional PCR was performed to détect
presence of eithenecAor mecCgenes, as the presencerdcAor mecChas been the “golden standard”

for detection of MRSA.

FormecAgene detection the utilized primers were: 5’-CTGARACTGCTATCCACC-3' (upstream)
and 5-CCTTGGTATATCTTCACC-3' (Downstream) describley Hedin and Lgfdahl (1993) with

expected 449 bp product and foecCgene the primers 5-GAAAAAAAGGCTTAGAACGCCTC-3
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(mecAcazsiMUltiFP) and 5’GAAGATCTTTTCCGTTTTCAGC-3' (mecAaszs1 MultiRP) recommended
by Stegger et al2012 with expected PCR product of 138 bp. The PCR peaformed with final

volume of 20 jithat contain 10 x PCR buffer, 25mM of dNTP, 0.4 pMeach primer, and Taq

Polymerase and 1l jof genomic DNA. The program was adjusted to ru®sa€ for 15 min, and 30

cycles of 95C for 25 sec., 56C for 30 sec. 7 for 30 sec. and finally 7& for 5 min.

Control strain

A penicillin-susceptible (ATCC 25923), penicilliegistant but oxacillin-susceptible (ATCC 29213) and
oxacillin-resistant (ATCC 4330@. aureustrains were used as controls in the antimicrctuateptibility
test. TheS. aureusstrains 2012-50-2037 and ATCC4330 were use asiymsiontrols for detection of

mecCgene ananecAgene, respectively.

spatyping of the MDRS. aureudsolates. Amplification of the region X of thspa (protein A)
gene was performed using primers spa -111XABGACGATCCTTCGGTGAGC-3) andspa-1514r
(5-CAGCAGTAGTGCCGTTTGCTT-3 (Ridom, 2004). PCR was performed in 40 uL finalume
containing 1X of buffer HF, 0.4 puM of each prim@g0 uM of dNTPs and 0.02 U/uL of iProof™ taq
polymerase (Biorad, Hercules, CA, USA). The PCRtiea for amplification of the DNA was: initial
denaturation at 98 °C for 30 sec, followed by 38e&y of denaturation at 98 °C for 15 sec, annealirG
°C for 30 sec and elongation at 72 °C for 20 semxallelongation was performed at 72 °C for 10 riime
PCR was purified using 1X of Agencourt AMPure XRatte (Beckman Coulter, Inc., Brea, CA, USA)
according to manufacturers instruction and subohitteSAT C-biotech AG (GATC-biotech AG, Konstanz,
Germany) for sequencing. Sequences were processegi@eneious V7 (Kearse et al., 2012) andstiee
types were determined using DNAgear (AL-Tam et 2012). Minimum spanning trees were prepared

using BioNumerix software as described by (Roussal., 2015).
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Statistical analysisMicrosoft Excel (Windows version 8.1 version) wadsized for descriptive analysis of
the data and to generate the box plot that showrnealence of antibiotic resistance in the studiesh.
Epi info™ version 7.1.3.10 (CDC, Atlanta, USA) was utilizedcalculate rates with confidence intervals

(CI) which were required for the box plot.

Results
S. aureuswas isolated from 160 (29.1%) of the 549 milk anitk product samples: raw milk (n=100),
butter milk (n = 28), butter (n = 10), sour milk n16), cheese (n = 1), Ethiopian cottage cheese3n

and cake made from milk (n=2).

Antimicrobial susceptibility test

The 160S. aureudood isolates were tested for 12 antibiotics and (8%%) strains showed resistance to
one or more types of antimicrobial agents. Amorepéhl37 resistant strains, 22 (16%) were resigtant
one type of antibiotic, 54 (16%) to two types/ctsssf antibiotics and 61 (45%) to three or moresda

of antibiotics. Among the antimicrobial agents ¢elstthe resistance most frequently observed was for
penicillin G (69.4%) followed by streptomycin (5%6), and erythromycin (41.9%). Less frequent
resistance was observed for ciprofloxacin (4.3%{l amoxicillin/clavulanic acid (4.4%). Oxacillin
resistance was observed in 32 (20%)aureusisolates, among which 28 (17.5%, 28/160) wereyfull
resistant and 4 (2.5%, 4/160) showed intermedidestance (Table 1). According to the descriptipn b
Wendlandt et al. (2015) the 61 (45%)aureusvere considered as multidrug resistant (MDR) bsedley
showed resistance to three or more classes ofi@tit# From the 61 MDR strains, 35 types of resise
patterns were observed, of which 24 (39%) showsdtance to 3 - 4 classes of antibiotics and 37061
to 5 or more classes of antibiotics (Table 2). Amtre 61 MDRS. aureussolates, 69% (42/61) were from

bulk milk and 31 % (19/61) from milk products ( Tal3).

Detection of mecA and mecC genes



255  To confirm the presence of MRSA, DNA from the 3@sts of phenotypically intermediate/full oxacilin
256  resistantS. aureusvas subjected to PCR for detection of eittiecAor MecCgenes. None of the strains
257  were positive for thesgenes. However, analysis of the phenotypic resfiésch isolate to each antibiotic
258 revealed that of the 32 strains of intermediatB/fakacillin resistantS. aureus28 (87%) were fully
259  susceptible to amoxycllin/clavulanic acid. Suchaisis of S. aureusare named as borderline oxacillin-
260 resistantStaphylococcus aureUB8ORSA). According to McDougal and Thornsberry §68 BORSA
261  exhibits resistance to lactam group antibioticshsag oxacillin and methicillin by an extrinsic norecA
262  mediated mechanism. BORSA develop intermediateubbrrésistance to oxacillin due to mainly high

263  production off-lactamase that could partially hydrolysis thedatigroup.

264  The distribution of the 32 BORSA in milk and milkgduct samples and in the different localitiesif t
265  studied areas is presented in Table 4. Among tiaé 3@ BORSA isolates, 91 % (29/32) were with MDR

266 characteristics.

267  Antimicrobial resistance profile in different sarepl

268  Among the 135. aureustrains that exhibited resistance to one or motiengrobial agents, 86 (62.8%)
269  were from raw bulk milk, 14 (10.2%) from sour mi& (18.2%) from butter milk, 9 (6.6%) from butter,

270 1 (0.7%) from Ethiopian cottage cheese, 1 (0.7%nfcheese, 1 (0.7%) from cake made from milk.

271  Antimicrobial susceptibility profile in differenb¢alities

272 The distribution of antibiotic resistance in stsafrom different localities of the studied aregissented
273  inFigure 1. Generally, the percent prevalencaentbatic resistance of th®. aureusn the studies localities

274  is high. It ranged from 61% in Mekelle to 100% imr8endaselasse.

275  Spatyping

276  Spa typing of MDR isolates: spgping of the 61 MDRS. aureudsolates identified 28patypes and 3

277  novelspasequences (not available in the Ridom data baab)e 3 presents the distribution of thespa
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types and sequences in milk and milk product sasmbewell as in different localities of the studézda.
The most commospatypes identified were t314 (25%, n=15), t458 (18%411) and t6218 (7%, n=4) .
Out of the 23patypes, only Bpatypes (1127, t1828, t2613, t314, t355, 1458, &24.8) were common to
both bulk milk and products. The remainingsigtypes were found distributed either in bulk mitk=(2)

or milk products (n= 4) samples. The minimum spagriree (Figure 2) shows the genetic relatedness of
the identifiedspatypes to each other and distribution of antibiosistance pattern (the 35 identified
resistance pattern) on eagpatype. The distance between the circles showedehetic relatedness. The
nearer they are to each other, the greater theatigerelatedness. For example, the most conspatype,
t314, is genetically more related $pa sequence t3 and t2613 than to t355 and t186, wdniehat far
distance. The color inside the circles showed tfierdnt antibiotics profiles. There is no cleattpan or
relationship betweespatypes and antibiotics resistance patterns. The aizthe circles represent the

number of isolates within thepatypes.

The most commosgpatypes, t314, 1458 and t6218 were more prevale8hireendaselase (n=11), Mekelle

(n=7) and Wukro (n=3) of the studied area, respelsti

spatyping of BORSA: The identifiedpatypes in BORSA strains, their distribution in gemples and in
the studies areas is presented in Table 4. Toiéllgpatypes and 3 spa sequences were identified. The
t458, 12613 and t314 were the commgpa types identified and distributed mainly in Mekebad
Shireendaselasse localities. Out of the total ifledtBORSA, 63% were from bulk milk and 37 % from

products.

Discussion

The present study showed that 86 % o&ureusrom dairy food were resistant to different anttime, out
of which 45 % were MDR having 35 different resistapatterns with diversified genetic backgroundsTh
may impose public health risk to the consumerséim&robial resistance could transfer to humamasthe

food chain. The transfer of antimicrobial resisenould occur through antibiotic residues in fabdough
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the transfer of resistance food-borne pathogerntyrough ingestion of resistant strains of theiodagfood
microflora and then resistance transfer to pathisgaitroorganisms (Khan et al., 2000; Kruse andi8gr
1994; Mayrhofer et al., 2004; Pesavento et al.,7208 MDR S. aureusn a dairy food may be ingested
and colonize in the intestinal tract of the consymparticularly of immunocompromised people (Velsted

et al., 2006). The resistance genes may furthesfigato the commensal gut microflora via horizbgene
transfer. The majority of genes responsible foibéotic resistance are carried by mobile genetiarants
(MGE) and transfer at high frequency between isslas common (Levy and Marshall, 2004; Lindsay,
2013). This condition constitutes a high risk amownsal intestinal bacteria could act as a reseofoi
resistance genes for pathogenic bacteria. Furthrerradnen the number of resistant bacteria in ttestme

is high, they may disseminate to the outside wa$eand contaminate the environment (Andremon;201
van den Bogaard and Stobberingh, 2000). Stiefel Rodskey (2004) reported that there is a strong
evidence that colonization with resistant bactexiggh asS. aureusplays an important role in the

dissemination of resistance to other bacterial fajmns.

It is well documented th&. aureusauses a wide range of serious diseases in hurmanhsahge from
sepsis and abscess formation to endocarditis aimtigbock syndrome (Astiz and Rackow, 1998; Fetry e
al., 2005; Libman and Arbeit, 1984; Lowy, 1998).thvihis risk, the emergence of multidrug resistant
aureusmay lead to increased morbidity and mortality dutherapeutic failure. From a veterinary medicine
perspective, the emergence of MBRaureusnay have significant therapeutic impact, as thedsecis
responsible for many animal diseases includindgadirand subclinical mastitis. Mastitis is the midjealth
problem in the majority of dairy farms of the cagnincluding in the studied area (Alemu et al., 201
Duguma et al., 2014; Tolosa et al., 2015). Faibfrreatment leads to high economical losses aher ot

public health consequences.

Literature on resistance profiles $f aureugrom dairy foods generally in Ethiopia and speéifig in the
studied area is scant. However, a recent antiliiesistance study &. aureusrom milk and milk products

in Central Ethiopia reported that 57 % of the issdavere resistant to more than one type of anibamd
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the highest resistance was documented for peni¢8i3%) and the lowest for amoxicillin/clavulanicich
(3%) (Tigabu et al., 2015). Another study on antmobial susceptibility ofS. aureusrom cow milk
samples reported 45% MDR aureusstrains and the highest resistance was documémtgenicillin G
(92.2%) followed by tetracycline (66.7%) (Mekuritia., 2013). On the other hand, hospital-assadiate

MRSA prevalence was estimated at 55 % in Ethiopaagas et al., 2013).

Likewise, in other countries, there are many repihrdt show the emergence of antibiotic resisSaatireus
from milk and dairy products. In Italy, 68.8% $f aureussolates from dairy and other foods were found
resistant to at least one type of antibiotics (Nammo et al., 2007). Sasidharan et al. (2011) reddtte
present of antibiotic resistan8eaureusn three dairy food products and pointed out alrfeea preventive
strategy as antibiotic resistance could be traresfido human consumers. In South Africa 599% adiureus
isolates from bulk milk were MDR (Akindolire et a015). A recent study conducted in Iran (Jamali e
al., 2015), reported also that 5.8% and 2.1% ofShaureussolates from milk and dairy products were
resistant to gentamicin and streptomycin, respelstivDifferences in the prevalence of antibiotic
resistance, as reported in the above studies, magthbuted by many factors among which the fragye
and manner of antibiotics use as well as the d@ritaondition prevailing in the study areas majuience

the development of resistant strains in a givergggghical area (Levy and Marshall, 2004).

In the present study, 32 phenotypically oxacillsistantS. aureusarried neithemecAnor mecCgenes
which implies that their oxacillin resistance claeaistic is not mediated by the conventional PRPahd
hence they could not be considered as MRSA. Howelkoxacillin-resistantS. aureusstrains were
susceptible to amoxicillin/clavulanic acid, whichf-lactamase inhibitor. Based on these observations,
these strains can be considered as BORSA. AccotdifgcDougal and Thornsberry (1986) BORSA
exhibit resistance to lactam group antibiotics sastoxacillin and methicillin by an extrinsic narecA
mediated mechanism. BORSA develop intermediatellbrdsistance to oxacillin and other beta lactams
such as cephalothin and methicillin due to a higldpction off-lactamase that could partially hydrolyse

the lactams group (Cavalieri et al., 2005; McDowgal Thornsberry, 1986). Unlike MRSA, when oxaailli



352 is administered in combination witrlactamase inhibitors, the BORSA become fully spsbée to
353  oxacillin in agar-diffusion testing. This shows thectamase inhibitors are helpful to differentiB@RSA
354  from MRSA (Chang et al., 1995; Liu and Lewis, 198®;Dougal and Thornsberry, 1986; Montanari et al.,
355  1990; Sierra-Mader et al., 1988). In addition te blyper-production d§-lactamase, other mechanisms for
356  the phenotypic oxacillin-resistant characterisi@@RSA have been also identified. A plasmid-mestiat
357 methicillinase production (Montanari et al., 1998)d modification of PBP that does not bind oxatilli
358 efficiently due to amino acid substitutions in thenspeptidase domain (Nadarajah et al., 2006; $orat
359 al., 1989) were also documented as additional nmesimes for the phenotypic character of BORSA. In the
360  present study, out of the 32 oxacillin-resistarndureus4 (8%) were not susceptible to amoxillin/clavutani
361 acid. This may suggest that the mechanism by wihiebe strains develop oxacillin-resistance maybrot
362 related with hyper-production d-lactamase but with one or a combination of thereafeentioned
363 mechanisms of action. Whatsoever, BORSA is one faraoxacillin resistance pattern. Leahy et al. (201
364  suggested that BORSA have developed as a resatitiiotic pressure. As MRSA developescAgene
365  to resist the antibiotic pressure, BORSA also dgwedl the above-described mechanism to counteract

366  antibiotic pressure (Brakstad and Amaeland, 1997).

367  Similar to our study, other researchers includmgthiopia have reported the presence of phendaiijpic
368  oxacillin-resistantS. aureusvithout mecAgene carriage in dairy foods. Wang et al. (20&pprted that
369  out of 34 phenotypically considered MRSA strair8,S2 aureusstrains were withoumecAgene. They
370 described them as predominant strains in Chinesg fdams. In South Africa, from 92 phenotypically
371  oxacillin- resistans. aureugrom milk isolates, 80% were negative to PBP2a B Pa latex agglutination
372 test (Akindolire et al., 2015). In central Ethiopt8 phenotypically cefoxitin resistait aureugrom milk

373  isolates were negative farecAgene (Tigabu et al., 2015).

374  From a clinical perspective, BORSA are importardiat that are commonly reported in hospital sgétin
375 Two human skin disease outbreaks caused by BOR&sthave been documented from Denmark.

376  Molecular typing of the BORSA by pulsed field gét@rophoresis (PFGE) argpatyping showed no
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genetic relatedness among the lineage (Balslel, &@0®5; Thomsen et al., 2006). As choice of treait
to BORSA depends on its identification, correcoiabory identification of BORSA from the clinicases

is very important (Leahy et al., 2011; Maalej et 2012).

Antibiotic resistantS. aureusn dairy products may be from two sources; eitlhemfthe mastitic cow or
from a human carrier involved in dairy food prodoit transportation or processirf). aureuss reported

as a common causative agent of clinical and subalimastitis and hence prolonged or inappropuse

of the antibiotics for treatment of mastitis mydea the development of multidrug resistance. Meeep

it is well-documented that humans are carrierSofiureusand a major source of food contaminants
(Kluytmans and Wertheim, 2005; Seo and Bohach, PaUwre are reports in Ethiopia and elsewhere that
showed that humans carry MDIR aureusAmong school children and other community memifiens
Southwest Ethiopia, 23% (39/168) aureusrom nasal isolates were MDR (Kejela and Bachd,320
Mekuria et al. (2013) also reported 33% MBRaureussolates from nasal swab of farm workers in Addis
Abeba, Ethiopia. In Botswana, out of the 200 foaddiers examined, 57% were carriers of MBRwreus
showing resistance to 9 types of antimicrobial &andifferent frequencies, including vancomydiogto

et al., 2007). Furthermore, contamination of anintgl human MRSA carriers has been also documented

in a veterinary teaching hospital in USA (Seguialgt1999b).

In light of the above facts, the prolonged and isésaf antibiotics are the major problem in deveigpi
resistance strains in a given geographical locqtiewy and Marshall, 2004). With this perspectitresre
are many misuse practices of antibiotics in thdistllarea. The use of antibiotics without presmipand
administration of the incorrect dose for the wrowgnber days by unauthorized personnel is commaoa. Th
availability of illegal veterinary drugs on the opmarket encourages farmers to treat their siakalsi by
themselves, particularly in the Shireendaselasse\ehere the prevalence of MDR is relatively higiar
Abrhame, personal communication, 2016). All thesenaajor misuse practices that increases the pirgyai

antibiotic resistance problem of the studied aa@d, this should be addressed. Nevertheless, althiieg
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use of antibiotics as a growth promoter is one eaislevelopment of resistance strains globallig, ith

not widely practice in the studied area.

spatyping of the MDRS. aureussolates from milk and milk product generatedspatypes and 3 novel
spasequences, thus showing the genetic diversitiyeoisolates. Knowledge of the wide distributioritef
commonspatypes, in Shireendaselase (t314), Mekelle (t458)\&iukro (t6218) is important for further
molecular understanding of the source, transmisamahother epidemiological significant factors dDR

S. aureusstrains. Such data are of paramount importance netpect to proposals of antibiotics control
interventions. From a macro-epidemiological peripecthe documentation of such data is also ingwdrt
in order to understand the phylogenetic lineagh®MDRS. aureussolates from milk and milk products
in these geographical areas. In Ghana for exarsphélar to our report, thepatypes t314, t311and t355
were identified from MDRS. aureu<linical isolates andpatype t314 was the most common. (Egyir et
al., 2014). Thespatypes t314, t127 and t325 were also reported fiwenAfrican countries, Cameroon,
Niger, Senegal, Madagascar and Morocco but in mithisusceptibles. aureugMSSA) isolates (Breurec
et al., 2011). Thepatype t127 which is the5commonspain this study, was registered as one of the top

ten-registered clones in the global frequenc$.adureu®n the Radomspadata base server (Ridom, 2004).

The minimum spanning tree analysis of #patypes versus the resistance profile of the MDRaiss
indicated that there is no specific pattern ortr@fship betweespatypes and resistance pattern. This

showed that risk of specific MDR. aureusattributed by specifispatype is not apparent.

According to thespatyping results, genetic diversity was observedvieen bulk milk and milk products.
Out of the total 23patypes, only 7spatypes were common to both types of samples whiel6spa
types were different. This may indicate that therses of MDRS. aureusontamination to bulk milk and

milk products may be different.

In contrast to the wide application gppatying for epidemiological investigations, some liation of the

method has been reported such as least discrimyjnptawver (Robinson and Enright, 2004) and some
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strains may be designated as “non-typeable” bynthéhod (Votintseva et al., 2014). Moreover, some
suggested also that sigatyping depends on a single locus, it is preferéblese the method in combination

with other virulent gene markers such as &@Cor segenes (Hallin et al., 2007).

To conclude, MDR and BORSA. aureusisolates with diversified genetic backgrounds waidely
distributed in bulk cows milk and dairy productsio¢ studied areas and this is of public healtrteomas
antibiotic resistance could be transferred to husthrough food chain. Furthermore, from a human and
veterinary medicine perspective, therapeutic faildue to resistant strains is inevitable. Therefore
measures should be implemented to control the musenario through education of the community and
regulatory action of the government. Such measshesild include: educating the community to use
antibiotics for human and animal infections onlteafrescribed by the authorized professional, ikeep
personal hygiene of personnel involving dairy fpodduction and preparation as well as control ddtitia

at farm level.

A regular antibiotic resistance-monitoring prograauld expose the magnitude of the problem and also
intervene with control measures on time when neelliedecular epidemiological studies to characterize
the resistant strains and lineages not only enhamcenderstanding of the source, spread, andrriag®n

of the resistance genes but also give scientifitiigds to propose long-term strategies for the obofr

antimicrobial resistance at a regional and natitensd!.
Conflict of interest: The authors have no conflicts of interest to aexl

Acknowledgements. This work was financially supported by the acadernitaboration project between
Mekelle University (MU) and Norwegian University bffe Sciences (NMBU). The authors also thank
technical staff and others at the College of Vatast Medicine, MU, NMBU and the Norwegian Veteriyar
Institute, for their assistance. Ato Mulugeta HlaSsie, Pharmacist at Mekelle city and Dr Abraham

Gebremedhine at TRBANR, are also acknowledgeduppling relevant data for the study.



449

450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493

References

Aarestrup, F.M., Agerso, Y., Gerner-Smidt, P., Madsen, M., Jensen, L.B., 2000. Comparison of
antimicrobial resistance phenotypes and resistance genes in Enterococcus faecalis and Enterococcus
faecium from humans in the community, broilers, and pigs in Denmark. Diagnostic microbiology and
infectious disease 37, 127-137.

Aarestrup, M.F., 2005. Veterinary Drug Usage and Antimicrbial Resistance in Bacteria of Animal Origin.
Basic & Clinical Pharmacology &Toxicology 96, 271-281.

Akindolire, M.A., Babalola, 0.0., Ateba, C.N., 2015. Detection of Antibiotics Resistant Staphylococcus
aureus from Milk: A public Health Implication. Int. j. Environ. Res. Public Health 12, 10254-10275.

Akineden, O., Hassan, A.A,, Schneider, E., Usleber, E., 2011. A coagulase-negative variant of
Staphylococcus aureus from bovine mastitis milk. Journal of Dairy Research 78, 38-42.

AL-Tam, F., Brunel, A., Bouzinbi, N., Carne, P., Banuls, A., Shahbazkia, H.R., 2012. DNAGear- a free
software for spa types identification in Staphylococcus aureus BMC Research Notes 5, 1-5.

Alemu, G., Almaw, G., Abera, M., 2014. Incidence rate of Staphylococcus aureus and Streptococcus
agalactiae in subclinical mastitis at smallholder dairy cattle in Hawassa, Ethiopia. Afr. J. Microbiol. Res. 8

(3).

Andremont, A., 2015. What to do about resistant bacteria in the food-chain?, In: Bull World Health
Organ, pp. 217-218.

Astiz, M.E., Rackow, E.C., 1998. Septic shock. The Lancet 351, 1501-1505.

Balslev, U., Bremmelgaard, A., Svejgaard, E., Havstreym, J., Westh, H., 2005. An outbreak of borderline
oxacillin-resistant Staphylococcus aureus (BORSA) in a dermatological unit. Microbial Drug Resistance
11, 78-81.

Brakstad, O.G., Amaeland, J., 1997. Mechanisms of methicillin resistance in staphylococci. Apmis 105,
264-276.

Brakstad, O.G., Maland, J., 1997. Mechanisms of methicillin resistance in staphylococci. APMIS 105,
264-276.

Breurec, S., Fall, C., Pouillot, R., Boisier, P., Brisse, S., Diene-Sarr, F., Djibo, S., Etienne, J., Fonkoua, M.C,,
Perrier-Gros-Claude, J.D., Ramarokoto, C.E., Randrianirina, F., Thiberge, J.M., Zriouil, S.B., Garin, B.,
Laurent, F., 2011. Epidemiology of methicillin-susceptible Staphylococcus aureus lineages in five major
African towns: high prevalence of Panton-Valentine leukocidin genes. Clinical Microbiology and Infection
17, 633-639.

Cavalieri, S., Harbeck, R., McCarter, Y., Ortez, J., Rankin, I., Sautter, R., Sharp, S., Spiegel, C., 2005.
Manual of Antimicrobial Suscetibility Testing.



494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541

Chang, S.-C., Hsieh, W.-C., Luh, K.-T., 1995. Influence of B-lactamase inhibitors on the activity of oxacillin
against methicillin-resistant Staphylococcus aureus. Diagnostic microbiology and infectious disease 21,
81-84.

Clarridge, J.E., 2004. Impact of 16S rRNA Gene Sequence Analysis for Identification of Bacteria on Clinical
Microbiology and Infectios Diseases Clinical Microbiology Reviews 17, 840 - 862.

Coyle, M., B., 2005. Manual of Antimicrobial Susceptibility Testing. American Society for Microbiology.
Deurenberg, R.H., Stobberingh, E.E., 2008a. The evolution of Staphylococcus aureus. Infection, Genetics
and Evolution 8, 747-763.

Deurenberg, R.H., Stobberingh, E.E., 2008b. The evolution of Staphylococcus aureus. Infection, Genetics
and Evolution 8, 747-763.

Devriese, L.A., Damme, L.R.V., Fameree, L., 1997. Methicillin (Cloxacillin)- Resistant Staphylococcus
aureus strains isolated from bovine mastitis cases. Zbl. Vet. Med. B. 19, 598-605.

Dinges, M.M., Orwin, P.M., Schlievert, P., 2000. Exotoxins of Staphylococcus aureus Clinical Microbiology
Reviews, 16-34.

Duguma, A,, Tolosa, T., Yohannes, A., 2014. Prevalence of clinical and sub-clinical mastitis on cross bred
dairy cows at Holleta Africultural Research Centre, Central Ethiopia. J. Vet. Med. Anim. Health 6(1), 13-
17.

Egyir, B., Guardabassi, L., Serum, M., Nielsen, S.S., Kolekang, A., Frimpong, E., Addo, K.K., Newman, M.J.,
Larsen, A.R., 2014. Molecular epidemiology and antimicrobial susceptibility of clinical Staphylococcus
aureus from healthcare institutions in Ghana. PLoS One 9, e89716.

Falagas, M.E., Karageorgopoulos, D.E., Leptidis, J., Korbila, I.P., 2013. MRSA in Africa: filling the global
map of antimicrobial resistance. PloS one 8, €68024.

Feltrin, F., Alba, P., Kraushaar, B., lanzano, A., Argudin, M.A., Di Matteo, P., Porrero, M.C., Aarestrup,
F.M., Butaye, P., Franco, A., 2016. A Livestock-Associated, Multidrug-Resistant, Methicillin-Resistant
Staphylococcus aureus Clonal Complex 97 Lineage Spreading in Dairy Cattle and Pigs in Italy. Applied and
environmental microbiology 82, 816-821.

Ferry, T., Perpoint, T., Vandenesch, F., Etienne, J., 2005. Virulence Determinants in Staphylococcus
aureus and their Involvement in Clinical Syndromes. Current Infectious Disease Reports 7, 420-428.

Garcia-Alvarez, L., Holden, M.T.G., Lindsay, H., Webb, C.R., Brown, D.F.J., Curran, M.D., Walpole, E.,
Brooks, K., Pickard, D.J., Teale, C., Parkhill, J., Bentley, S.D., Edwards, G.F., Girvan, E.K., Kearns, A.M.,
Pichon, B., Hill, R.L.R., Larsen, A.R., Skov, R.L., Peacock, S.J., Maskell, D.J., Holmes, M.A., 2011. Meticillin-
resistant Staphylococcus aureus with a novel mecA homologue in human and bovine populations in the
UK and Denmark: a descriptive study. The Lancet Infectious Diseases 11, 595-603.

Grundmann, H., Aires-de-Sousa, M., Boyce, J., Tiemersma, E., 2006. Emergence and resurgence of
meticillin-resistant Staphylococcus aureus as a public-health threat. The Lancet 368, 874-885.



542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589

Hallin, M., Deplano, A., Denis, O., De Mendonga, R., De Ryck, R., Struelens, M., 2007. Validation of
pulsed-field gel electrophoresis and spa typing for long-term, nationwide epidemiological surveillance
studies of Staphylococcus aureus infections. Journal of clinical microbiology 45, 127-133.

Haran, K.P., Godden, S.M., Boxrud, D., Jawahir, S., Bender, J.B., Sreevatsan, S., 2011. Prevalence and
Characterization of Staphylococcus aureus, including Methicillin Resistant Staphylococcus aureus,
Isolated from Bulk Tank Milk from Minnesota Dairy Farms. journal of Clinical Microbiology 50, 688 - 695.

Hedin, G., Lgfdahl, S., 1993. Detecting methicillin-resistant Staphylococcus epidermidis-desc diffusion,
broth breakpoint or polymerase chain reaction? Acta Pathologica Micrbiologica et Immunologica
Scandinavica 101, 311-318.

Hennekinne, J.-A., Buyser, M.-L.D., Dragacci, S., 2011. Staphylococcus aureus and its food poisoning
toxins: characterization and outbreak investigation. FEMS Microbiol Rev. , 1-22.

International Working Group, 0.t.C.0.5.C.C.E., 2009. Classification of staphylococcal cassette
chromosome mec (SCCmec): guidelines for reporting novel SCCmec elements. Antimicrobial Agents and
Chemotherapy 53, 4961-4967.

Jamali, H., Paydar, M., Radmehr, B., Ismail, S., Dadrasnia, A., 2015. Prevalence and antimicrobial
resistance of Staphylococcus aureus isolated from raw milk and dairy products. Food Control 54, 383-
388.

Jeljaszewicz, J., Mlynarczyk, G., Mlynarczyk, A., 2000. Antibiotic resistance in Gram-positive cocci.
International Journal of Antimicrobial Agents 16, 473-478.

Kahl, B.C., Mellmann, A., Deiwick, S., Peters, G., Harmsen, D., 2005. Variation of the polymorphic region
X of the protein A gene during persistent airway infection of cystic fibrosis patients reflects two
independent mechanisms of genetic change in Staphylococcus aureus. Journal of clinical microbiology
43, 502-505.

Kearse, M., Moir, R., Wilson, A., Stones-Havas, S., Cheung, M., Sturrock, S., Buxton, S., Cooper, A.,
Markowitz, S., Duran, C., Thierer, T., Ashton, B., Meintjes, P., Drummond, A., 2012. Geneious Basic: An
integrated and extendable desktop software platforum for the organization and analysis of sequence
data. Bioinformatics 28, 1647-1649.

Kejela, T., Bacha, K., 2013. Prevalence and antibiotic susceptibility pattern of methicillin-resistant
Staphylococcus aureus (MRSA) among primary school children and prisoners in Jimma Town, Southwest
Ethiopia. Annals of clinical microbiology and antimicrobials 12, 1.

Khan, S.A., Nawaz, M., Khan, A, Cerniglia, C.E., 2000. Transfer of Erythromycin Resistance from Poultry
to Human Clinical Strains of Staphylococcus aureus Journal of Clinical Microbiology 38, 1832-1838.

Kluytmans, J.A.J.-W., 2010. Methicillin-resistant Staphylococcus aureus in food products: casuse for
concern or case for complacency? . Clinical Microbiology and Infections 16, 11-15.

Kluytmans, J.A.J.-W., Wertheim, H.F.L., 2005. Nasal carriage of Staphylococcus aureus and prevention of
nosocomial infection. Infection 33, 3-8.



590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636

Koreen, L., Ramaswamy, S.V., Graviss, E.A., Naidich, S., Musser, J.M., Kreiswirth, B.N., 2004. spa Typing
Method for Discriminating among Staphylococcus aureus lsolates: Implications for Use of a Single
Marker To Detect Genetic Micro-and Macrovariation. J. Clin. Microbiol. 42, 792-799.

Kruse, H., Sgrum, H., 1994. Transfer of multiple drug resistance plasmids between bacteria of diverse
origins in natural microenvironments. Applied and Environmental Microbiology 60, 4015-4021.

Leahy, T.R,, Yau, Y.C., Atenafu, E., Corey, M., Ratjen, F., Waters, V., 2011. Epidemiology of borderline
oxacillin-resistant Staphylococcus aureus in Pediatric cystic fibrosis. Pediatric pulmonology 46, 489-496.

Lee, J.H., 2003. Methicillin (oxacillin)-resistant Staphylococcus aureus strains isolated from major food
animals and their potential transmission to humans. Applied and environmental microbiology 69, 6489-
6494,

Levy, S.B., Marshall, B., 2004. Antibactrial resistance worldwide: causes, challenges and resposnses.
nature medicine 10, S122-5129.

Libman, H., Arbeit, R.D., 1984. Complications associated with Staphylococcus aureus bacteremia.
Archives of internal medicine 144, 541-545.

Lindsay, J., A., 2013. Staphylococcus aureus genomics and the impact of horizontal gene transfer.
International Journal of Medical Microbiology.

Liu, C., Bayer, A., Cosgrove, S.E., Daum, R.S., Fridkin, S.K., Gorwitz, R.J., Kapla, S.L., Karchmer, A., W.,
Levine, D., P., Murray, B.E., Rybak, M.J., Talan, D.A., Chambers, H.F., 2011. Clinical Practice Guidelines by
the Infectious Diseases Society of America for the Treatment of Methicillin-Resistant Staphylococcus
Aureus Infections in Adult and Childern Clinical Infectious Diseases 52, 1-38.

Liu, H., Lewis, N., 1992. Comparsion of Ampicillin/Sulbactam and Amoxicillin/Clavulanic Acid for
Detection of Borderline Oxacillin-Resistant Staphylococcus aureus. Eur. J. Clin. Microbiol. Infect. Dis. 11,
47-51.

Loeto, D., Matsheka, M.I., Gashe, B.A., 2007. Enterotoxigenic and Antibiotic Resistance Determination of
Staphlococcus aureus strains Isolated from Food Handlers in Gaborone, Botswana. Journal of Food
Protection 70, 2764-2768.

Lowy, F.D., 1998. Staphylococcus aureus Infections. The New England Journal of Medicine 339, 520-532.
Maalej, M.S., Rhim, F.M., Fines, M., Mnif, B., leclercq, R., Hammami, A., 2012. Analysis of borderline
oxacillin resistant Staphylococcus aureus (BORSA) isolated in Tunisia. Journal of Clinical Microbiology 50,
3345-3348.

Marshall, B., Levy, S.B., 2011. Food Animals and Antimicrobials: Impacts on Human Health. Clinical
Microbiology Reviews 24, 718-733.

Mayrhofer, S., Paulsen, P., Smulders, F.J., Hilbert, F., 2004. Antimicrobial resistance profile of five major
food-borne pathogens isolated from beef, pork and poultry. International journal of food microbiology
97, 23-29.



637
638

639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682

McDougal, L.M., Thornsberry, C., 1986. The role of beta-lactamase in staphylococcal resistance to
penicillinase-resstant penicillins and cephalosporins. Journal of Clinical Microbiology 23, 832-839.

Mekuria, A., Asrat, D., Woldemanuel, Y., Tefera, G., 2013. Identification and antimicrobial suscetibility of
Staphylococcus aureus isolated from milk samples of dairy cows and nasal swabs of farm workers in
selected dairy farms around Addis Abeba, Ethiopia. Africa Journal of Microbiology Research 7, 3501-
3510.

Montanari, M., Massidda, O., Mingoia, M., Varaldo, P., 1996. Borderline Susceptibility to methicillin in
Staphylococcus aureus: A New Mechanism of Resistance? . Microbial Drug Resistance 2, 257-269.

Montanari, M., Tonin, E., Biavasco, F., Varaldo, P., 1990. Further Characterization of Borderline
Metbhicillin -Resistant Staphylococcus aureus and Analysis of Penicillin-Binding Proteins. Antimicrobial
Agents and Chemotherapy 34, 911-913.

Nadarajah, J., Lee, M.J,, Louie, L., Simor, A., Louie, M., McGavin, M., 2006. Identification of different
clonal complexes and diverse amino acid substitutions in penicillin-binding protein 2 (PBP2) assocaited
with borderline oxacillin resistance in Canadian Staphylococcus aureus isolates. Journal of Medical
Microbiology 55, 1675-1683.

Normanno, G., La Salandra, G., Dambrosio, A., Quaglia, N.C., Corrente, M., Parisi, A., Santagada, G.,
Firinu, A., Crisetti, E., Celano, G.V., 2007. Occurrence, characterization and antimicrobial resistance of
enterotoxigenic Staphylococcus aureus isolated from meat and dairy products. International journal of
food microbiology 115, 290-296.

O'Hara, P.F., Suaya, J.A,, Ray, G.T., Baxter, R., Brown, M., Mera, R., Close, N., Thomas, E., Amrine-
Madsen, 2016. spa Typing and Multilocus Sequencing Typing Show Compararable Performance in
Macroepidemiologic Study of Staphylococcus aureus in the United States. Microb Drug Resist 22, 88-96.

Ortega, E., Abriouel, H., Lucas, R., Galvez, A., 2010. Multiple Roles of Staphylococcus aureus
Enterotoxins: Pathogenicity, Superantigenic Activity, and Correlation to Antibiotic Resistance. Toxins 2,
2117 -2131

Pereira, V., Lopes, C., Castro, A., Silva, J., Gibbs, P., Teixeira, P., 2009. Characterization for enterotoxin
production, virulence factors, and antibiotic susceptibility of Staphylococcus aureus isolates from
various foods in Portugal. Food Microbiology 26, 278-282.

Pesavento, G., Ducci, B., Comodo, N., Nostro, A.L., 2007. Antimicrobial resistance profile of
Staphylococcus aureus isolated from raw meat: A search for methicillin resistant Staphylococcus aureus
(MASA) Food Control 18, 196-200.

Petersen, A., Stegger, M., Heltberg, O., Christensen, J., Zeuthen, A., Knudsen, L.K., Urth, T., Sorum, M.,
Schouls, L., Larsen, J., Skov, R., Larsen, A.R., 2013. Epidemiology of methicillin-resistant Staphylococcus
aureus carrying the novel mecC gene in Denmark corroborates a zoonotic reservoir with transmission to
humans. Clinical Microbiology and Infection 19, E16-E22.

Ridom, B., 2004. DNA Sequencing of the spa Gene. Ridom GmbH.



683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721

722
723
724
725
726
727

Robinson, D.A., Enright, M.C., 2004. Evolution of Staphylococcus aureus by large chromosomal
replacements. Journal of bacteriology 186, 1060-1064.

Roussel, S., Felix, B., Vingadassalon, N., Grout, J., Hennekinne, J.A., Guillier, L., Brisabois, A., Auvray, F.,
2015. Staphylococcus aureus strains associated with food poisoning outbreaks in France: comparsion of
different molecular typing methods, including MLVA. Frontiers in Microbiology 6, 1-12.

Sasidharan, S., Prema, B., Yoga Latha, L., 2011. Antimicrobial drug resistance of Staphylococcus aureus in
dairy products. Asian Pacific Journal of Tropical Biomedicine 1, 130-132.

Seguin, J., Walker, R.D., Caron, J.P., Kloos, W.E., George, C.G., Hollis, R.J., Jones, R.N., Pfaller, M., 1999a.
Methicillin -Resistant Staphylococcus aureus outbreak in a Vetrinary Teaching Hospital: Potential Human
to Animal Journal of Clinical Microbiology 37, 1459-1463.

Seguin, J.C., Walker, R.D., Caron, J.P., Kloos, W.E., George, C.G., Hollis, R.J., Jones, R.N., Pfaller, M.A,,
1999b. Methicillin-resistant Staphylococcus aureus outbreak in a veterinary teaching hospital: potential
human-to-animal transmission. Journal of clinical microbiology 37, 1459-1463.

Seo, K.S., Bohach, G.A., 2007. Staphylococcus aureus, In: Food Microbiology, Fundamentals and Frontiers
3rd ed. ASM Press, Washington, D.C., pp. 493-518.

Shopsin, B., Gomez, M., Montgomery, S., Smith, D., Waddington, M., Dodge, D., Bost, D., Riehman, M.,
Naidich, S., Kreiswirth, B., 1999. Evaluation of protein A gene polymorphic region DNA sequencing for
typing of Staphylococcus aureus strains. Journal of Clinical Microbiology 37, 3556-3563.

Sierra-Mader, J.G., Knapp, C., Karaffa, C., Washington, J., 1988. Role of b-Lactamase and Different
Testing Conditions in Oxacillin-Borderline-Susceptible Staphylococci. Antimicrobial Agents and
Chemotherapy 32, 1754-1757.

Smith, T.C., Pearson, N., 2011. The Emergence of Staphylococcus aureus ST 398. Vector-borne and
Zoonotic Diseases 11, 327-339.

Stefani, S., Agodi, A., 2000. Molecular epidemiology of antibiotic resistance. International Journal of
Antimicrobial Agents 13, 143-153.

Stegger, M., Andersen, P.S., Kearns, A., Pichon, B., Holmes, M.A., Edwards, G., Laurent, F., Teale, C.,
Skov, R., Larsen, A.R., 2012. Rapid detection, differentiation and typing of methicillin-resistant
Staphylococcus aureus harbouring either mecA or new mecA homologue mecA gazs1. Clinical
Microbiology and Infections 18, 395-400.

Stiefel, U., Donskey, C.J., 2004. The role of the intestinal tract as a source for transmission of nosocomial
pathogens. Current infectious disease reports 6, 420-425.

Strommenger, B., Braulke, C., Heuck, D., Schmidt, C., Pasemann, B., Nubel, U., Witte, W., 2008. spa
Typing of Staphylococcus aureus as a Frontline Tool in Epidemiological Typing. J. Clin. Microbiol. 46, 574-
581.



728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775

Tarekgne, E., Skeie, S., Rudi, K., Skjerdal, T., Narvhus, J.A., 2015. Staphylococcus aureus and other
staphylococcus species in milk and milk products from Tigray region, Northern Ethiopia. Afr. J. Food Sci.
9, 567-576.

Thomsen, M.K., Rasmussen, M., Fuursted, K., Westh, H., Pedersen, L.N., Deleuran, M., Mgller, J.K., 2006.
Clonal spread of Staphylococcus aureus with reduced susceptibility to oxacillin in a dermatological
hospital unit. Acta dermato-venereologica 86, 230-234.

Tigabu, E., Kassa, T., Asrat, D., Alemayehu, H., Sinmegn, T., Adkins, P., Gebreyes, W., 2015. Phenotypic
and geneotypic characterization of Staphylococcus aureus isolates recovered from bovine milk in central
highlands of Ethiopia. Afr. J. Microbiol. Res. 9, 2209-2217.

Tolosa, T., Verbeke, J., Ayana, Z., Piepers, S., Supré, K., De Vliegher, S., 2015. Pathogen group specific risk
factors for clinical mastitis, intramammary infection and blind quarters at the herd, cow and quarter
level in smallholder dairy farms in Jimma, Ethiopia. Prev. Vet. Med. 120, 306-312.

Tomasz, A., Drugeon, H., Lencastre, H.M., Jabes, D., McDougal, L.M., Bille, J., 1989. New Mechanism for
Methicillin Resistance in Staphylococcus aureus: Clinical Isolates That Lack the PBP 2a Gene and Contain
Normal Penicillin -Binding Proteins with Modified Penicillin-Binding Capacity. Antimicrobial Agents and
Chemotherapy 33, 1869-1874.

van den Bogaard, A.E., Stobberingh, E.E., 2000. Epidemiology of resistance to antibiotics: Links between
animals and humans. International Journal of Antimicrobial Agents 14, 327-335.

Verkade, E., Kluytmans, J., 2014. Livestock-associated Staphylococcus aureus CC398: Animal reservoirs
and human infections. Infection, Genetics and Evolution 21, 523-530.

Vesterlund, S., Karp, M., Salminen, S., C. ouwehand, A., 2006. Staphylococcus aureus adheres to human
interstinal mucus but can be displaced by certain lactic acid bacteria. Micrbiology 152, 1819-1826.

Vossenkuhl, B., Brandt, J., Fetsch, A., Kdsbohrer, A., Kraushaar, B., Alt, K., Tenhagen, B.-A., 2014.
Comparison of spa Types, SCC mec Types and Antimicrobial Resistance Profiles of MRSA Isolated from
Turkeys at Farm, Slaughter and from Retail Meat Indicates Transmission along the Production Chain.
PloS one 9, €96308.

Votintseva, A.A., Fung, R., Miller, R.R., Knox, K., Godwin, H., Wyllie, D., Bowden, R., Crook, D.W., Walker,
A.S., 2014. Prevalence of Staphylococcus aureus protein A (spa) mutants in the community and hospitals
in Oxfordshire. BMC Microbiology 14, 3-11.

Wang, D., Wang, Z., Yan, Z.,, Wu, J., Ali, T., Li, J., Lv, Y., Han, B., 2015. Bovine mastitis Staphylococcus
aureus: Antibiotic susceptibility profile, resistance genes and molecular typing of methicillin-resistant
and methicillin-sensitive strains in China. Infection, Genetics and Evolution 31, 9-16.

Wendlandt, S., Shen, J., Kadlec, K., Wang, Y., Li, B., Zhang, W.-J., Fel}ler, A.T., Wu, C., Schwarz, S., 2015.
Multidrug resistance genes in staphylococci from animals that confer resistance to critically and highly

important antimicrobial agents in human medicine. Trends in Microbiology 23, 44-54.

WHO, 2014. Antimicrobial Resistance Global Report on Surveillance. WHO.



776

777

778

779

Table 1. Susceptibility test results of 180aureuslairy isolates to different antimicrobial agents

Type of the antimicrobial agents

Number of strains (%)

S I R
1 Penicillin G (P) 49 (30.6) - 111 (694)
2 Oxacillin (OX) 114 (71.3) 4 (2.5) 28 (17.5)
3 Ceftiofur (EFT) 124 (77.5) 11 (6.9) 25 (15.6)
4 Vancomycin (VA) 152 (95) - 8 (5)
5 Amoxicillin/Clavulanic acid (AMC) 153 (95.6) - @.4)
6 Gentamicin (CN) 118 (73.7) 2(1.3) 40 (25)
7 Streptomycin (S) 21 (15) 54 (32) 85 (53)
8 Tetracycline (TE) 115 (71.9) - 45 (28.1)
9  Erythromycin (E) 56 (35.6) 36 (22.5) 67 (41.9)
9 Ciprofloxacin (CIP) 75 (46.9) 78 (48.8) 7 (4.3)
10  Norfloxacin (NOR) 81 (50.6) 54 (33.8) 25 (15.6)
11  Sulphamethoxazole/Trimethoprim (SXT) 130 (81.2) 12 (7.5) 18 (11.3)

S=susceptible, I= Intermediate R= Resistant
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782  Table 2. The observed 35 antibiotic resistanceepattin the 61MDR strains & aureussolated from milk and milk products

Number of Number of
Antibiotic resistance pattern isolates Antibiotic resistance pattern isolates
1 P-E-CIP 2 19 P-OX-EFT-VA-AMC/CLA-CN-S-TE-E-CIP- 2
NOR
2 P-E-NOR 4 20 P-OX-EFT-VA-AMC/CLA-CN-S-TE-E-NOR 1
3 P-E-CIP-NOR 4 21  P-OX-EFT-VA-CN-S-TE-E-CIP-NOR 2
4 P-E-CIP-NOR-SXT 1 22  O-OX-EFT-VA-CN-S-TE-E-CIP-NOR-SXT 1
5 P-NOR-SXT 2 23  P-OX-S-CIP-NOR 1
6 P-OX-CN-S-TE-E-CIP-NOR 1 24 | P-OX-TE-NOR 1
7 P-OX-CN-S-TE-SXT 1 25 P-S-CIP 1
8 P-OX-CN-S-E-CIP-NOR 1 26 P-S-E 6
9 P-OX-EFT-CN-E-CIP-NOR 1 27 P-S-E-CIP 1
10 | P-OX-CN-S-E-CIP-NOR 1 28  P-S-E-CIP-NOR 4
11 | P-OX-EFT-CN-E-CIP-NOR-SXT 1 29  P-S-E-CIP-NOR-SXT 2
12 | P-OX-EFT-CN-S-E 1 30 P-S-TE-CIP 1
13 | P-OX-EFT-CN-S-E-CIP-NOR 4 31 P-S-TE-CIP-NOR 1
14 | P-OX-EFT-CN-S-E-CIP-NOR- 1 32 P-S-TE-E 1
SXT
15 | P-OX-EFT-CN-S-TE-E-CIP-NOR 4 33  P-S-TE-E-SXT 1
16 | P-OX-EFT-CN-S-TE-E-CIP- 2 34 | P-S-TE-SXT 1
NOR-SXT

17 | P.OX-EFT-CN-S-TE-E-NOR 1 35 P-TE-SXT 1
18 | P-OX-EFT-S-E 1
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Table 3. Thespatypes and spa sequences identified from 61 MDRureussolates from milk and milk products and theirtdigition in the
studied area

=
REBowo~v~ouos~wNR

NNNNR R RERERR R
WNRPOWOWOWNOO U AW

spatypes

t042

t085

t127

11828

t186

12164

t223

t2453
12613
12856

t306

t314

t325

t346

t355

t436

t458

t605

16218
t5725

New type 1
New type 2
New type 3
Total

Number
of
isolates

(n)

wHHth—‘EHwI—‘wGHHNNHHHNNHN

(o]
[ty

Sample type Distribution of the spatypesin the studied area

Bulk Milk Shire-

milk Products Mekelle Endaselasse Hagreselam Adigudome  Wukro  Agigrate Abi-adi  Maichew
2 - - - - - 1 1 - -
1 -- - - - - 1 - -
1 1 - - - 1 1 - - -
1 1 - - - 2 - - - -
- 1 - 1 - - - - - -
- 1 - - = = = = = 1
1 - - 1 - - - - - -
2 - - - - 2 - - - -
1 1 - 2 - - - - - -
1 - - = = = = = = 1
- 1 - - - 1 - - - -
12 3 2 11 1 1 - - - =
3 - - 2 - - 1 - - -
1 - 1 - - - - - - -
2 1 - 2 - - 1 - - -
1 - - 1 - - - - - =
8 3 7 - - 2 - 1 1 -
1 - 1 - - - - - - -
1 3 - 1 - - 3 - - -
1 - - 1 - - - - - =
1 - - - - - - - 1 -
1 - - 1 - - - - - =
- 3 - - A 2 - - - -

42 19 11 23 2 11 7 3 2 2
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Table 4. The identified 189patypes andgpasequences of the 32 BORSA isolates from milk aitkl pnoducts and their distribution in the studied

area
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spatypes

t042

t085

t186

12164

t223

12453
t2613

t314

t325

t346

t355

t436

t458

t605

16218
t5725

New type 1
New type 2
New type 3
Total

Number
of
isolates

(n)
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Sample type Distribution of the spatypesin the studied area
Bulk Milk Shire-
milk Products Mekelle  Endaselasse Hagresslam  Adigudome  Wukro Agigrate Abi-adi  Maichew
1 - - - - - - 1 - -
1 - - - - - - 1 - -
- 1 - 1 - - - - - -
- 1 - - - - - - - 1
1 - - 1 - - - - - -
1 - - - - 1 - - - -
1 2 - 3 - - - - - -
2 1 1 2 - - - - - -
1 - - 1 - - - - - -
1 - 1 - - - - - - -
1 1 - 1 - - - 1 - -
1 - - 1 - - - - - -
5 3 5 1 - 1 - - 1 -
1 - 1 - - - - - - -
1 2 - - - - 2 - - -
1 - - 1 - - - - - -
1 - - - - - - 1 -
1 - - 1 - - - - - -
1 - - - - 1 - - - -
20 12 8 13 - 3 2 3 2 1
(63 %) (37%)
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Figure 1. Box plot showing the percent resistare@glence 05. aureugo 12 types of commonly used antibiotics in 8 siamggocalities of the

studied area. There is no statistically signifiadifference among the different localities, beinghhin all areas.
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Abstract

Staphylococcal food poisoning (SFP) is caused bgstion of staphylococcal enterotoxins (SEs) which
are produced by enterotoxiger8taphylococcus aurewghen the cell-population exceeds 5 CFU gtam
contaminated food. As milk and dairy products ammmonly associated with SFP outbreaks, monitoring
the S. aureudevel in such foodstuffs is of public health siiiggance. The objectives of the study were to
evaluate the performance of SYBR Green 1 basedimalPCR (gPCR) that targets thac gene for
guantification ofS. aureusand to compare the assay with traditional platentaethod. The gPCR was
applied for quantification of5. aureusin artificial and 72 naturally contaminated bulklkmsamples

collected from Tigray region, Northern Ethiopia.

The primers were able to discrimina® aureusfrom other species dbtaphylococcusvith a large
difference in quantification cycle (Cq) (me8naureusCq = 13.83+ 0.93; other staphylococci Cqg= 30.34
+ 2.65).The standard curve showed 91 % amplificaéifficiency and 0.98 coefficient of correlation?R
that indicated the linearity of the amplificatiofhe detection and quantification limit of the assas 1.8
copies ofnucgene /PCR. The precision of the assay as exprégsstdndard deviation was 0.12 — 0.3 for

intra-assay variation and 0.29 — 0.5 for inter-gssaiability.

In artificially contaminated milk, the Fbetween CFU mil andS. aureuscell equivalent (SCE) nilwas
0.95, which showed that estimation of CFU'imlraw milk by gPCR is possible. In naturally cantaated
milk samples higher, statistically significant (F005), SCE mi‘count by gPCR was documented than
CFU ml! by plate count method. A quarter of the sampleishvcontained < 5 Log mIS. aureusy plate
count were found to have > 5 Loghhily gPCR which has an implication in microbial rasessment. The
study showed that qPCR was reliable, sensitivéfastdr than the plate count method, which are itapor

factors in microbial food safety risk assessmenta@ther food poisoning related studies.

Key words: S. aureusqPCR nucgene, bulk milk.
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I ntroduction

Staphylococcal food poisoning (SFP) cause&taphylococcus aureus an important foodborne disease
worldwide.S. aureusias many virulence factors and staphylococcusanotén (SE) is one among others,
which is responsible for food poisoning. Ingestidress than 1.0 pg of SE can cause SFP. Milk afid m
products are commonly associated with SFP (Cretdradt, 2011). Enterotoxigen®: aureusan produce
SE to a level that can cause illness when the ptipnlexceeds 5 Log CFU'@f contaminated food (Food

and Drug Adminstration, 2012).

Quantitative data db. aureusn bulk milk and dairy products during productigmpcessing and storage is
of food safety concern as this information refletis microbial quality of the food. The presencdigh
numbers ofS. aureusn the product is an indicator of poor cow headtid /or hygiene and hence the
possibility of SE production. However, if the numbef S. aureusin the food are low, it does not
necessarily indicate the absence of the SE. Thye lbacterial populations which are prerequisite for
production of SE may die during food processing tbe produced SE can survive in the milk and pctslu
as SE is thermostable and resistant to differemyreatic actions (Hennekinne et al., 2011; Loir let a

2003).

Several countries set a microbiological criteriongresence d. aureusn milk and dairy products, to be
taken as microbiological standards. For exampl&tirepean Commission directive 2073/2007, statad th
in milk powder and whey powder, < 10 CFUJ gf coagulase positive staphylococci is considered
acceptable level, 10-100 CFUJ gas marginally acceptable and > 100 CEU as an unacceptable level
(EU, 2005). The enumeration 8f aureuss also important for microbial risk assessmeutigts of SFP
(Postollec et al., 2011). Moreover, in diagnosisa@FP outbreak, enumerationSfaureuss important
as the finding of 5 Log CFUg! S. aureusin the food remnants is confirmatory for SFP oeébr

(Hennekinne et al., 2011).



69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

There are two approaches for detection and enuimeraftS. aureusn milk and milk products; culture-
dependent and culture-independent. The conventiamudure dependent methods, including the
conventional plate count method and most-probabiebers (MPN), are laborious. They require up to 6
days for detection, enumeration and verificatio® ohureugrom the food samples (Alarco'n et al., 2006).
Real-time quantitative PCR (qPCR) is a culture peselent molecular method that can detect and dyanti
S. aureusnd other pathogens from different foods. Compérdle culture- based conventional methods,
gPCR is reported to be fast, sensitive and moreifspgPostollec et al., 2011), but requires spkcia
equipment.

For detection and enumeration $f aureusseveral molecular markers have been developedested
such as the enterotoxin genes (Johnson et al.), 1283 rDNA (Straub et al., 1999) afeinA, fmhAgenes
(Riyaz-Ul-Hassan et al., 2008). DetectionSofaureushased on thauc gene was initially developed by
Brakstad et al. (1992) and was the gene widely asesimolecular marker f&: aureudrom clinical and
food samples. However, it has been reported to fmimer-dimers and non-specific products when used
with SYBR Green | in gPCR assay (Hein et al., 2Q0Tb solve this problem, a new SYBR Green-based
primer that targets theuc gene has been developed, tested and reporteddfidotive (Alarco'n et al.,
2006). As SYBR Green | is cheaper and the desigrieters are reported to be appropriate, it is irtgur

to evaluate and assess this qPCR protocol, astenmative approach to the conventional culture-thase

method, in the local food matrixes and local sgahthe studied area.

The objectives of this study were to evaluate tedgomance of SYBR Green | based qPCR that targets
thenuc gene for quantification db. aureusn both artificially and naturally contaminatedilbmilk from

the Tigray region, Northern Ethiopia, and to conepifie assay with the conventional plate count nietho
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Material and methods
Milk and milk product samples

A total of 310 dairy food samples were collectezhfrthe Northern part of Ethiopia with the objectofe
detection and enumeration 8f aureusOut of the 310 samples, 120 (38.7%) were posfoves. aureus
using plate count method. From tBe aureuspositive samples, 72 bulk milk samples were rargom

selected and subjected to gPCR assay, in orderatatify theS. aureus

The isolation, identification and enumerationSofaureususing the plate count method was performed as
detailed in Tarekgne et al. (2015). Briefly, Bakdrker agar (Oxoid, England) supplemented withyetig
tellurite (Merck, Germany) was used for isolatiowd @numerations &. aureusFinal identification of the

isolates to species level was done by sequencieg18S r RNA gene. After the conventional

microbiological work, samples were frozen at —Q@or subsequent molecular gPCR assay.

The gPCR assay

Bacterial isolates and strains used in the stullye S. aureustrain MSSA 476 (accession no.
BX571857) purchased from National Veterinary Ingét Debre-Zeit, Ethiopia, was used as reference
strain for the study. This strain was used foffiaidil contamination of milk, preparation of a stkand

curve, and in all cases as positive control.

For the specificity studystrains representing 12 specie$StdphylococcysncludingS. aureuswhich had
been previously isolated from dairy products of ffigray region were useds. aureus(n=15), S.
epidermidis(n= 20),S. warneri(n=3),S. cohnii(n=10),S. hemolyticugn=6),S. carnosugn=2),S. sciuri
(n=5), S.hominis(n=3), S. devriesei (n=1)S. chromogene@®=1), S. saprophyticugn=1) andS. caprae

(n=1). All were confirmed to species level by 168NA gene sequencing.

Artificial contamination of raw milk

Raw milk from a healthy cow was collected and aconéid to be free frons. aureusy conventional
microbiological and molecular methods. The milk whaean inoculated with the referenBe aureusstrain

5



117  and subjected to microbiological and molecular ysialas per the method described by Hein et a5R0

118  with some modifications. Briefly, the refererf8eaureustrain was cultured in BHI broth (Oxoid, England)

119  at 37 C for 15 hr. From this broth, tenfold dilutions gamg from 10* to 10°° were prepared in peptone

120  water (Sigma-Aldrich, Switzerland). From each ddot 100ul was inoculated in duplicate onto Baird-

121 Parker agar (Oxoid) supplement with egg yolk téu(Merck, Germany) and incubated at G7for 48

122 hours. The Log CFU mlof each dilution was then calculated. From eaclttidihs of the culture, 100l
123 was added to each 9p0of raw milk. The inoculated raw milk samples wetbjected to DNA extraction

124  in triplicate and theucgene copy humber was measured twice in each sdamgECR.

125  DNA extraction from pure cultures of S. aureus atiger Staphylococcus species

126 DNA was extracted from overnight cultures®faureusand other species 8taphylococcum BHI using
127 the GenEluter Bacterial Genomic DNA Kit (Sigma-Aldrich, USA) aading to the manufacturer's
128 instruction with some modification. One ml of theth was centrifuged at 16 080g for 2 min. and the

129  pellet was washed twice with 0.9% NaCl. The conteas homogenized with 2QQ of lysosome solution

130 and incubated at 3T for 90 min. To this suspension, PO of RNAase and Proteinase K was added

131  followed by 20Qul of lysis solution C and incubated at &5for 60 min. The lysate was homogenized with

132 200pl of ethanol to precipitate the DNA and transferir@d & new binding column and centrifuged at 4000
133  x g for 1 min. The content was washed with waslsiolgition I. Finally, the column was put into a n2w
134  ml tube and the DNA was harvested using 2x 50 wtia buffer solution. The concentration and qyalit

135  of the DNA was determined by NanoDrip-2000 spectrophotometer (Thermo Fischer Scientific,

136  Waltham, MA, USA). The genomic DNA was stored & 2 until use.

137  DNA extraction from artificially and naturally cceninated milk samples

138  Each frozen milk sample was defrosted at room teatpee and thoroughly mixed to obtain a homogenous

139  suspension. Four ml of milk was added to 6 ml efilst 2 % w/v sodium citrate in a 15 ml Eppendotia
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and centrifuged for 5 minutes at 16 x g aC4As much of the fat layer as possible was remagig a

sterile swab tip and the supernatant was transfénte a new 10 ml Eppendorf tube and pelletedc@n4

x g for 15 minutes at £ and then transferred into 1.5 ml Eppendorf tdlhe content was washed twice

with 1 ml 2% w/v sodium citrate solution by centigfng at 1600& g for 2 min. at 4C and subjected to

DNA extraction with GenElute’ Bacterial Genomic DNA Kit (Sigma-Aldrich, USA) asstribed above.

Primers for quantitative PCR assay (qPCR)

Primers (F372/R465) that targeted the gene ofS. aureusiesigned by Alarco'n et al. (2006) for gPCR,

were used. The oligonucleotide sequences of tinegpsi were verified by BLAST algorithm in Genbank.
F5TGTAGTTTCAAGTCTAAGTAGCTCAGCAA 3, (F372) and

R 5 TGCACTATATACTGTTGGTCTTCAGAA 3 " (R465). The egpted amplicon size was 94bp which

was verified by electrophoresis in 2% agarose gel.
Specificity study

To assess the specificity of the primers, the DNi#he isolates was standardized to 5 ng/pl conagatr
and subjected in duplicate to the gPCR assay u$iagsame equipment and reaction conditions as
previously described. Milli-Q water was used asatieg control. The mean Cq and melting temperature

(TM) with standard deviation was calculated.
Quantification Standard for gPCR

DNA was extracted from 1 ml of the pure cultureSofaureusising the procedures described above. After
guantification of DNA concentration by Qubi2.0 Fluorometer assay (Invitrogen, USA), tenfdldtibns
with milli-Q water, containing 1.8 x Qo 1.8 x 18copies ofnucgene were prepared assuming that 1 ng

of DNA equals 6 x 10times the entire genome and that the gene is a single-copy gene (Hein et al.,
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2001a). Each dilution was subjected to qPCR agsajplicate. The slope (s) of the standard curas w

used for calculation of the PCR efficiency (E) gsthe equation E = 185 - 1.
Detection limit

Three tenfold dilutions with milli-Q water contang 1.8 copies ofiuc gene (0.000003 ng/ul), 1.8 x 10
copies ofnuc gene (0.00003 ng/ul) and 1.8 x 260pies ofnuc gene (0.0003 ng/ul) were prepared from
the referenc&. aureuggenomic DNA extracted from pure culture, as welfram artificially inoculated
milk. The genomic DNA was quantified by QubR.0 Fluorometer assay (Invitrogen, USA). Eachtitity
from both of the two sources, was subjected to gB&Ry in ten replicates. The number of positigeais
exhibited in each dilution, as well as mean anddaed deviation of the quantification cycle (Cq)reve
documented. For the dilution that was considerdxbtthe limit of detection, the relative standaggidtion

(RSD) of the DNA measurement of the ten replicatas calculated.
Repeatability (Intra-assay) and reproducibility {gn-assay)

To assess the precision of gPCR, three dilutions Willi-Q water, containing 1.8 x ¥0copies ofnuc
gene (0.03 ng/ul), 1.8 x 160opies ofucgene ( 0.3 ng/ul) and 1.8 x%16opies ohucgene (3 ng/ul) were
prepared by Qubit2.0 Fluorometer assay (Invitrogen, USA). Ten gtks of each of the three dilutions
were subjected to qPCR to determine intra-assaginge (repeatability) whereas three independemtyass
were performed to document the inter-assay vaitgljieproducibility) of the gPCR. For all runs thean

Cq and standard deviation (SD) were calculated.

Quantitative gPCR amplification conditions

All samples were quantified by qPCR in duplicatbke GPCR was run with a final volume of gD The
LightCycler® 480 SYBR Green | Master mix (Roche,iviaeim, Germany) containing FastStart Tag DNA
polymerase, reaction buffer, d NTP mix, SYBR Gréeye and MgGlwas utilized. Further, 300 nM of
each primer and @l of genomic DNA was added. PCR-grade water (Rogfanheim, Germany) was

used to adjust the final reaction volume. The mfeeS. aureugpositive control) and PCR-grade®l
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(negative control) were included in all gPCR rulss.amplification was conducted in LightCycler ® @8
Instrument (Roche, Mannheim, Germany) in 96 weltgd and sealed with sealing foil (Roche, Mannheim,

Germany).

The LightCycler ® 480 Instrument was programmedaiiews. Preincubation of 1 cycle at 9% for 5
min. Amplification of 35 cycles with denaturation at 95 for 15 sec, annealing at 6G for 1 min. and
elongation at 72C for 5 sec. Melting curve of 1 cycle at 95 for 5 sec. 65C for 1 min. and continuous

at 97°C and cooling at 40 for 10 sec.

Quantitative gPCR results were expressed as thease in fluorescence signals of the reporter8y&R

Green |, detected and visualized by the LCS480Q K3.software (Roche).

At the end of each run, the melting curves gendrhtethe LCS480 1.5.1.62 software were analyzed in

order to determine the melting point of the ampiio

The absolute quantification method was appliedhis assay. This method depends on comparison of the
Cq value of the samples with the standard curvemgegad from amplification of the referer8eaureuss

described previously. In every gPCR a new standainge was included.

Data analysis Microsoft Excel for Windows (MS office version18version) was used as database. All
counts were transformed into log value before frthnalysis. Descriptive analysis of the data was
conducted with the Microsoft Excel program. Thedstut's paired t-test from The Unscrambler X version
X 10.3 software were used to compare the platetosith the gPCR quantification data. Before analysi

all the data were checked for possible outliergalde < 0.05 was considered as statistically sicpmit.

Results

Standard CurveA typical standard curve generated from tenfoldtébh of 1.8 X 16to 1.8° copies of the
nucgene is shown in Fig 1. It has a slope of -3.3%4clvgives an amplification efficiency of 91.4%.€T'h
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coefficient of correlation between Cq value andycopmber was calculated as 0.98, showing the lityear

of the quantification.

Specificity studyThe specificity of the primers that targeted tine gene were studied, with an optimized
gPCR reaction o1%. aureusand otherStaphylococcuspp. of dairy isolates. The result showed that the
overall mean Cq value f@&. aureusvas 13.83 + 0.93 (13.08 + 0.18 for the referericairg and for the
other 11Staphylococcspecies the overall mean Cq value was 30.34 + T16& mean Cq value for each

species including. aureuss presented in Fig 2. The mean melting tempegatof the amplicon foB.

aureuswas 77.49 + 0.04C while for otherStaphylococcspecies was 77.71 + 0.33.

The limit of detection (LOD)There was no difference in the LOD between the puteure and milk
extracted DNA. Out of the 10 replicates (in bothrses) of 1.8 x 1&xopies ofiucgene, 10 showed positive
signal with mean Cq value of 29.09 +, 0.22 1. @f10 replicates containing 1.8 x'tpies, 10 revealed
also positive signal with mean Cq value of 31.98.47. However, in the dilution containing 1.8 capie
only 6 showed positive signal from pure culture &mar from the milk with mean Cq value of 33.23 +
0.14. Therefore, the detection limit of this gPCRay was 18 copies oficgene per PCR reaction both
with and without matrix effect. It was also possitd quantify the 10 replicates of the 18 copie€igRvith
the assay. Hence, 18 copiesnat gene /gPCR was not only the detection limit babal quantification
limit of the assay. Taking the final re-suspend@dACirom 4 ml of milk as 60-80 pl and 2 pl addedbint

the reaction assay, the detection limit of the yassa be estimated as 135-180 SCE.ml

Repeatability (Intra-assay) and Reproducibilitytdrassay)

The repeatability (intra-assay) and reproducibflibter-assay) of the gPCR assay as expressed by
standard deviation (SD) of Cq is presented in TablBhe SD ranges from 0.12 to 0.3 for intra assay
0.29 to 0.59 for inter-assay (all < 1.0 SD varia}iovhich were in acceptable range. This showed tha

precision of the gPCR assay was good.

10
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Avrtificial contamination of milk

Staphylococcus aureis artificially contaminated milk (16 to 107 dilutions) was quantified by gPCR
(Log SCE mt") and plate count (Log CFU )l method. The obtained result indicated that thefficient

of correlation between the SCE-hdnd CFU mt was 0.9578.
Naturally contaminated milk

Plate count methodfhe mears. aureusount in the 72 naturally contaminated bulk mikmples by

plate count method was 4.8 Log CFUml|
Quantification of S. aureus in the milk samplegBZR

All samples (n=72) counted by plate count methotevggiantified by the gPCR assay. The mgan
aureusquantified by gPCR in the 72 naturally contamidatelk milk was 5.59 Log SCE rhi The 3.8
Log SCE mf was the minimum count and 8.6 Log SCE'mias the maximum count documented by the

gPCR assay in the 72 bulk milk samples. The meglimmtification value was 5.5 Log SCE'ml

Comparison of plate count data (CRtl) and qPCR ( SCHI?) data of naturally contaminated raw

milk.

Comparison of the quantification results by paistddent’s t-test revealed that there is statigdyical
significant difference (P < 0.05) between the twetmads being approximately 0.5 log unit higherRCeR
assay than the plate count method. The coefficitnbrrelation between the two count results wa&4.0.
The scatter plot of Log SCE mand Log CFU mt of the samples is presented in Fig. 3.

Discussion

There is no single standardized criteria and padttcrun qPCR for all types of foods and pathogaunes
to difference in food matrixes and nature of thiénpgens as this requires different sample premarads

well as different reaction and amplification compon(Alarco'n et al., 2006). With this perspectivés

11



255  important to evaluate the performance of the gP@Ropol, which was relevant and appropriate

256 elsewhere, in local food matrixes and strains.

257 In the present study, primers that targetedrthe gene, having species-specific nucleotide sequences
258 (Brakstad et al., 1992) and designed to be suitablgPCR assay (Alarco'n et al., 2006) were engdoy
259  as molecular markers for detection and quantificetif theS. aureusAccording to our results, the primers
260 showed good specificity using SYBR Green | as #tection dye. They could differentigbe aureugrom

261  other Staphylococcuspecies by the markedly lower Cq value. One litigitaof the primers that we
262  observed is that when the level ®f aureusn the samples is low, the Cqg value becomes highcanld

263  overlap the Cqg value obtained from samples comtgira high level of otheBtaphylococcuspecies

264  (unpublished data). To minimize this problem, thuenber of gPCR amplification cycles were therefore
265  reduced from 40 to 35. However, this reduction eyas affected the detection limit of the assaglysis

266  of the melting temperature (Tm) of the amplicordiéated that, unlike the Cq value, the differeneveen

267  theS. aureusand otheiStaphylococcuspp. is not so wide. Alarco'n et al. (2006) alsparted Tm value

268  that ranged from 76.77 — 77°G for S. aureusand 77.9 -78.2 C for otherStaphylococcuspp., which is

269  comparable with our observation.

270  The sensitivity or limit of detection of an assande defined as minimum number of copies in a Eamp
271  that can be measured accurately with reasonalilmgr(commonly 95%) with a given analytic proceslu
272 (Bustin et al., 2009). In the present study, thesiity of the gPCR both from pure culture andkmias
273 18 copies /PCR reaction (135 - 180 SCEYnIThere is no difference in the sensitivity of esay in the
274  DNA extracted from the pure culture and the milkeTreason may be associated with efficient DNA
275  extraction procedure. A good DNA extraction progedcan significantly improve the sensitivity of PCR
276  assay for detection @&. aureusn milk. Kim et al. (2001) improved the sensitwitf the PCR assay from

277  80% to 100% after improving the quality of the DNA.

278  Alarco'n et al. (2006) demonstrated a detectioit i1 0-20 cells ofS. aureuper PCR reaction (2CFU
279  ml-}) from food by qPCR using a SYBR-Green | as depectihemistry, which is comparable with our

12
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study. On the other hand, a detection limit of@&pies ofnucgene /PCR reaction (78-130 SCEh)lwas

reported from naturally contaminated milk (Heirakt 2005) which is lower than the current study.

It was possible to quantify the ten replicateshaf 18 copies of theuc gene with the assay. Hence, 18
copies oinucgene/PCR was not only the detection limit but #t&oquantification limit of the gPCR assay.
It is reported that, besides the advantage of lost,SYBR Green | dye increases the sensitivityhef

gPCR assay (Alarco'n et al., 2006).

In our data, there was good coefficient of coriefatbetween gPCR and plate count methods for
quantification ofS. aureusn artificial contaminated raw milk. If this isehcase, according to Hein et al.
(2001b), it is possible to quantify the CFUndf the plate count with the culture independentetalar
method. Accordgly, in naturally contaminated migkples there was statistically significant differem

S. aureugount between the two methods being higher in gR&Bonsistence with this observation, other
research also reported higl®raureugetection in gPCR than the plate count methodn ldeal. (2005)

in Norway reported two Log scale higteraureusount in artificially contaminated bovine milk CR
than plate count method. Graber et al. (2007) rdged that the analytic sensitivity of gPCR was Biiés
higher than the conventional bacteriology in detecbf S. aureusn bovine mastitis milk. Moreover,
Studer et al. (2008) clearly asserted that the gBCRireusount were on average about 200 times higher
than those agar plate count method in their lodgitl field study in milk. Postollec et al. (20T&yviewed

the following possible reasons for the higher baalteount in culture independent molecular mettiah
culture dependent method. The presence of intack Bdim dead cells as well as the presence of viable
but non-cultivable bacteria, which can only be deteé by molecular method are likely reasons for the
higher values in gPCR. Moreover, one colony ottlatepmay originate from more than one cell and, in
addition, some primers involved in the moleculagagsmay target multi copy genes (e.g. 16S rRNA) tha

could increase the count.

The detection of dead cells & .aureusn food is a relevant public health matter. Itgselor retrospective
analysis of the level of contamination startingniréhe production up to that point in time, which is
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important for the microbial risk assessment studgiri et al., 2005). In the present study 29% of the
samples, which were considered as having < 5 LogSnhureusount with the plate count method, were
found having > 5 Log mil count with gqPCR which indicated the higher sevigjtiof the gPCR assay.
Samples with > 5 Log mlcount ofS. aureusnay contain SE which could stay biologically aetfor a
long period of time as it is thermostable and tesise to enzymatic activities, although the baatdrat

produced it have died (Hennekinne et al., 2011).

The current study shows the following advantagelspiaspects of gPCR over the conventional plataetcou
method. gPCR can generate quantified results wih#mort period of time, which is important during
investigation of food poisoning outbreaks. gPCRdsonly much faster but also but gives quantitiata

of viable and dea8. aureusells in the samples. From a microbial risk agsess perspective, this kind

of quantified data are important to characteriz# gurantified the microbial risks that influence dosafety
(Postollec et al., 2011). In comparison with tha&glcount method, the level of contamination in BRE
also minimum even better that the conventional K@$e of gel electrophoresis) because the data are
generated in real time immediately after amplifimat On the other hand, the plate count method lbeay

a preferable method as it can be carried outyrtygical microbiological laboratory and the initéost of
consumables is less than the gPCR.

gPCR has been reported as an important and eff@iiemnative to plate count method in monitoringa-
mammary infections elsewhere (Graber et al., 280d¢er et al., 2008). With this suggestion, in &pra
where clinical and subclinical mastitis is majoolplem in dairy cows (Duguma et al., 2014; Tolosal e
2015) and transport of chilled samples is a chgiemonitoring of the etiological agents with gP€&RiIld

be considered as alternative approach to tacklpribtdem, after further detailed study of the assay
Furthermore, it has been reported that the SYBRGbased gPCR based on frozen samples is a rapid an
reliable method for detection and quantificatiorSofaureusharboring the enterotoxin gene clustegd

in raw milk (Fusco et al., 2011). They suggesteat the developed method will become increasingly

important in controlling SFP in milk and milk-baspducts
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To conclude

To our knowledge, this is the first study to assts performance of a relevant gPCR protocol for
guantification ofS. aureusrom bovine raw milk of the Tigray region and camning the assay with the
widely used plate count method. The output of audys showed that the performance of SYBR Green |
based gPCR that targets thge gene, in terms of amplification efficiency, limiga of the quantification,
detection limit and precision were in acceptabieea Therefore, application of gPCR assay witlatheve
protocol for quantification 08. aureusn milk is relevant. It enables to exploit the éméant advantages of
speed, sensitivity and reliability over the conveml plate count. These gained advantages areriario
factors in microbial food safety risk assessment@ther food poisoning related studies.
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Table 1. The mean and SD of three tenfold dilugboopies of thenucgene subjected to gPCR to

determine the intra-assay and inter-assay variatitine assay

Number of 1.8 X 10 copies 1.8 X 1%copies 1.8 X 10copies
replicates  Mean Cq SD Mean Cq SD Mean Cq SD
N
Intra-assay 10 21.8 0.30 18 0.17 14.8 0.12
Inter-assay 3 22.3 0.59 18.22 0.32 14.8 0.29
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Fig.1. The standard curve generated (Efficienc§14, Slope -3.354, Y/intercept 37.68, error 0.18@n

serial dilution of 1.8 x 10- 1.8 x 10 copies ofhucgene.
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B. Staphylococcspecies Mean Cq
Staphylococcus aureus 13.8
Staphylococcus epidermidis 29.6
Staphylococcus cohnii 29.4
Staphylococcus hemolyticus 27
Staphylococcus carnosus 30.9
occyspp Staphylococcus sciuri 34
Staphylococcus hominis 31.9
Staphylococcus devriesei 32.6
Staphylococcus chromogenes 27.9
Staphylococcus saprophyticus 29.1
Staphylococcus warneri 26.4
Staphylococcus caprae 34.6

Fig 2. One of the gPCR runs for specificity stullyThe marked difference of Cqg value®faureus

from the otheStaphylococcspecies in the amplification curve of the gPCRagd® The summarized

mean Cq value d. aureusand othefStaphylococcuspp.
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