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ABSTRACT

Listeria monocytogenes is an important food-borne pathogen with sericusplications in humans. Despite of its
public health importance, studies tnmonocytogenes are scarce in Egypt. This study aimed to investighe public
health risk ofL. monocytogenes in raw milk with regard to prevalence, virulen@mtibiotic resistance and high-risk
consumption practices. A total of 200 milk samplesre collected and.. monocytogenes was detected in 2% of all
samples. On species levkel,monocytogenes was isolated from 4% of sheep, 2% of goats, 2%oefs but not from camel
milk samples. Molecular analysis showed timb4, inIB andhlyA virulence genes were detected in 100%, 75% and af5%
the isolates, respectively. All isolates were mdttig resistant (MDR) to at least 4 antibioticsvdstock owners’
responses with regard to their consumption prastiegealed that 62.1% of respondents consume réky 10I0% of them
don’t boil milk before dairy processing and 27.1%iteem were willing to drink milk from morbid anirtsa All of these
practices are considered of high-risk for transmissof milk-borne pathogens. The high ratesLofmonocytogenes
detection in milk imply unhygienic milk productiofihe virulence and antibiotic resistance profiléssolates may pose a
potential high risk for the milk consumers in thiedy region. Continuous monitoring of virulence amtibiotic resistance
traits of L. monocytogenes pathogens is necessary for accurate risk evatluatiml designing of preventive measures in
Egypt. Public health education campaigns regardipgienic milk production and risks of milk-bornetpagens are
urgently needed for improving the awareness andoedhe high-risk consumption practices in resisl@ftthe study

region.
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INTRODUCTION

Listeria monocytogenes is a major human bacterial foodborne pathogenishatbiquitous in nature and has a wide
host range (Painter and Slutsker, 2007). Listesigsia serious disease in humans with a casetifegalate of up to 30%
(Kasalica et. al. 2011). The disease usually assetiwith mild gastroenteritis and fever, howewaiais manifestations
may also occur especially in pregnant women causiugtions or premature births, in newborns caudieath, sepsis or

meningitis and in older or immunocompromised peagasing encephalitis or septicemia (Painter amdskr, 2007;
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Scallan et al. 2011). Listeriosis accounts for 1688es, 260 deaths in United States each yeatd®edl al. 2011). The
pathogen is resistant to diverse extreme envirotmha@md food processing conditions hence it is@mmon contaminant
in dairy environment. High rates bf monocytogenes isolation in milk usually associated with unhygemilk production
(Osman et al. 2014). Many outbreaks of Listeriagese associated with consumption of raw milk andydproducts
worldwide (Kasalica et. al. 2011). The prevalenates ofL. monocytogenes in milk ranged from 2.5 to 6% based on
several studies worldwide (Kasalica et. al. 2011 )Egypt, studies on milk-borrle. monocytogenes are limited, however
few studies detecteld monocytogenes in raw milk of different species at rates of 1.5846% (Ahmed et al. 2014; Osman
et al. 2014; Abd El-Tawab et al. 2015). This stuehs conducted in Marsa Matrouh governorate in magt coast of
Egypt as one of the richest governorates in numbksheep, goat and camel herds in Egypt. The dithi® study is to
investigate the potential public health riskLofmonocytogenes in raw milk through; (1) estimation &f monocytogenes
prevalence in raw milk collected from sheep, geoaty and camel, (2) detection of virulence and aoiiiib resistance

profiles of the isolated pathogens and (3) sungie high-risk consumption practices of livestogkners.

MATERIAL AND METHODS
Study Area and Design

This study was conducted in Marsa Matrouh goveteodi@cated in the north west coast of Egypt (3182and
27°13E). The region contained around 20% of sheep aadl g@pulation in Egypt and produces an averaged663ons
of bovine milk annually (Statistics of livestock)QP1). In addition, Marsa Matrouh governorate harher second largest
population of camels in Egypt (Statistics of livedt, 2011). There are no formal dairy farms in tieigion, as all livestock
is owned by the private sector (Statistics of lieek, 2011). Majority of the livestock owners irethegion belonged to
Bedouin tribes who are ruled by old inherited ttiadis and habits. A cross-sectional study was coteduto investigate
the prevalence, virulence and antibiotic resistasfcke. monocytogenes in apparently healthy raw milk sample collected
from different animal species in Marsa Matrouh goeeate, Egypt. In addition, survey of high-riskneumption

practices by livestock owners was conducted bytiprawires.
Sampling

A total of 200 milk samples were collected from&teep, 50 goats, 50 cows and 50 camels. Apparesdlyhy
raw milk samples (i.e. no blood, flakes or precifgs by strip cub test) were collected under asemindition as a
composite milk sample per animal. In addition, &alt@f 59 livestock owners were interviewed usingsteuctured
guestionnaire for survey of high-risk practiceseTuestionnaire was designed and piloted by irgesivig few livestock
owners then revised. After revision, the questiinenaontained all the questions illustrated in Eaf4) was used for

interviewing all livestock owners.
Isolation and Identification of L. Monocytogenes

Isolation of L. monocytogenes was conducted acogrdd the International Organization for StandafidO
11290-1, 1996). In brief, milk samples were preighed at rate of 1:9 in Half Fraser broth (Oxoidflancubated at 3¢
for 24 hr. A 0.1 ml inoculum was transferred intd tl Fraser broth (Oxoid) and incubated for 48 dtr37C. An
inoculum from the broth was spread on PALCAM ag@xdid) mixed with selective supplement containedng0
Polymyxin B, 5mg Acriflavine HCI and 20mg Ceftazitt (Oxoid). The plates were incubated atC37or 24 hr. the

characteristic colonies were picked and purifiedchituring on Tryptone Soya Yeast Extract agar 8rhr. at 37C.
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Identification of L. monocytogenes was conductedntigroscopic characteristics, biochemical examamatising API

Listeria system (bioMerieux) and species-speciingme amplification by PCR (Lantz et al. 1994).
Molecular Identification and Virulence Genes Detedbn

DNA extraction was conducted using QlAamp DNA Mikit (Qiagen) according to the manufacturer’'s
instructions. PCR mixture used for gene amplifmativas as follow; 12.5u1 EmeraldAmp Max PCR Magtax
(Takara, Japan), 1ul (20 pmol) of each primer (Mieta, Germany), 6ul of DNA template and water addpdo 25ul
reaction volume and The reaction was performedigtandard thermocycler (Applied Biosystems). Speentification
of L. monocytogenes was conducted according to Lantz et al., (1994aimplification of a 553 bp of the species-specific
region of16s rRNA gene using the following primers; forward priméiCCTTTGACCACTCTGGAGACAGAGC 3’ and
reverse primer 5° AAGGAGGTGATCCAACCGCACCTTC 3'. Theycling conditions were as follow; 94°C (5min);
[94°C (30sec); 60°C (45sec); 72°C (45sec)] x 39as;c72°C (10min). PCR was utilized for amplificatiofinlA, inlB and
hlyA virulence genes. Primers fol A gene (Liu et al., 2007) were forward primer 5° ACGRAACGGGACAAATGC 3
and reverse primer 5 CCCGACAGTGGTGCTAGATT 3’ anfiilng 800bp product and the cycling conditions wa4éC
(5min); [94°C (30sec); 55°C (45sec); 72°C (45sec5 cycles; 72°C (10min). FanIB gene (Kirkan et al., 2006) the
primers were forward primer 5 CTGGAAAGTTTGTATTTG@E®RA 3 and reverse primer 5
TTTCATAATCGCCATCATCACT 3’ amplifying 343bp producind the cycling conditions were the same asirftk
gene. A 174bp PCR product size was amplified frdy gene (Deneer and Boychuk, 1991) using the follgwanmers;
forward primer 5° GCATCTGCATTCAATAAAGA 3’ and revee primer 5’ TGTCACTGCATCTCCGTGGT 3’ and the
cycling conditions; 94°C (5min); [94°C (30sec); 60(30sec); 72°C (30sec)] x 35 cycles; 72°C (10niie PCR products
were separated by electrophoresis on 1.5% agamis@Agplichem) and photographed by a gel documantastation
(Alpha Innotech) (Figure 1).

Antibiotic Resistance Testing

All L. monocytogenes isolates were tested using standard disc diffusi@thod (CLSI, 2013). Nine antibiotic
discs (Oxoid) were used as illustrated in Table. (Bhe breakpoint of inhibition zone diameter for Piaillin,
Erythromycin and Sulfamethoxazole-Trimethoprim weording to the recommendation of EUCAST (2018) If.

monocytogenes. For the rest of antibiotics, thakpeint forStaphylococcal aureus was used according to CLSI, (2013).
RESULTS AND DISCUSSIONS

The overall prevalence &f monocytogenes in collected raw milk samples was 2% (Table 1)wkbprevalences
were reported in Egypt (1.57%) by Ahmed et al. 2@hd in Portugal (1.1%) by Almeida et al. (202&)wever higher
rate was recorded in Moroco (5.9%) by El-Marnigsale (2013). The prevalences lofmonocytogenes in sheep and goat
were estimated as 4% and 2% of milk samples celieat this study, respectively. These prevalencesewhigher than
those reported by Osman et al. (2014) in both skeapk (1.4%) and goat’'s milk (1.9%). Moreovedr, monocytogenes
was found in 2% of cow’s milk, which was lower thahd El-Tawab et al., (2015) who reportedmonocytogenes in 6%
of cow’s milk samples. None of camel's milk samp®wed the existence &f monocytogenes, which agreed with
report of Ombarak and Elgabory, (2014). Howevermonocytogenes was reported in 1% of camel’s milk samples in
another study (Alall et al., 2012). Variation irethrevalences df. monocytogenes in this study and other studies in Egypt

or elsewhere may be attributed to differences itk sampling, detection methodologies, animals’ lamglyy and hygienic
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milking conditions.L. monocytogenes pathogens are ubiquitously distributed in animats’/ironment as well as intestinal
content. Hence, the relatively high prevalencé.ahonocytogenes detected in milk samples in this study highlighted
unhygienic milking conditions that usually assoethtvith either poor hygiene of animals’ udder olkenis’ practices. It
also implies a relatively high zoonotic risk forlknconsumers in the study area, especially whennthgrity of the

residents owned livestock and consume their animalk.

Virulence ofL. monocytogenes is controlled by many factors, yaiternalins A and B encodednlA andinlB
genes, respectively andsteriolysin O encoded bylyA gene remain the major determinants of pathogemiiiishibori et
al., 1995; Bergmann et al. 2002). These virulenereg are responsible for intestinal adhesion, iomaand systemic
spread of the pathogen within host (Nishibori et 8095; Bergmann et al. 2002). Molecular detectbdmlA, inIB and
hlyA virulence genes in the isolated L. monocytogems®aled that all isolate (100%) contained at I€asif the 3
examined genes by PCR (Table 3 and Figure 1).ifllde inIB andhlyA genes were reported in 100%, 75% and 75% of
examined isolates, respectively. All the three leinge genes were previously reported in virulenimonocytogenes
isolated from milk, dairy products and human patgdaradaet al 2002; Osman et al. 2014; Abd El-Tawab et al. 2015).
In agreement with this study, L. monocytogenesatsd that lacketlyA gene was previously reported by Nishibori et al.,
(1995). This finding indicates that the common o$dlyA gene for detection of L. monocytogenes is notablgt for
accurate epidemiological investigation and it sddu replaced by detection of the conserved spspiesific 16s rRNA
gene for detection of the pathogen. Bergmann €2802) reported thdt. monocytogenes isolates defective imIB gene
showed reduced activity afl A-dependent invasion of human tissues, while lackigg gene resulted in loss of virulence

in L. monocytogenes isolates in another study (Nishibori et al., 1995)

In the last decaded,. monocytogenes showed an emerging increase in resistance to ptauldrug types
(Pesavento et al. 2010). The results of antibiatiistance (Table 2 and 3) showed that athonocytogenes isolates were
multi-drug resistant for at least 4 antibiotics @¥). All isolates were resistant to Ampicillin, Gepothin and
Sulfamethoxazole-Trimethoprim and 75% of them stbwesistance for Erythromycin and Tetracycline. i&aace for
Cephalothin was reported by Osman et al. (2014)ilewtesistance for other antibiotics at varying m&g was
demonstrated by Pesavento et al. (2010). Howewvasitagty for most of these antibiotics was prewstu reported
(Altuntas et al. 2012; Osman et al. 2014). AmgitjliGentamicin and Sulfamethoxazole-Trimethoprira #re drugs of
choice for treatment of Listeriosis in human ca@essavento et al. 2010; Altuntas et al. 2012). Degpe retained
sensitivity for Gentamicin by all isolates (100%@sistance to two (Ampicillin and Sulfamethoxaz®lnethoprim) of

three drugs of choice is considered an alarmindi@tialth risk.

Lack of correct knowledge about disease transmissiay result in spread of high-risk practices (dagaet al.,
2006; Hegazy et al., 2016). Livestock owners’ reses revealed that 40% of them denied the possdnemission of
food-borne pathogens in milk and dairy products famther 20% did not know the correct answer. The&ans that around
60% of participants in this study lacked corredbimation regarding milk-borne pathogens. The lomaness rate
reported by participant in this study (40%) was mimwer than other reports that recorded awareoéssilk-borne
diseases by over 90% of the participants in Nilétd@region of Egypt (Holt et al., 2011) and ovef&0f participants in
USA (Jayarao et al., 2006). As an expected reduiigh rate of lack of awareness, majority of thetgipant consume
raw milk (62.1%), none of them boil milk before daprocessing (100%) and around one third (27.1%4hem were

willing to drink milk from morbid animals even wiblit boiling (62.5%). All of these practices are sidered of high-risk
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for transmission of milk-borne pathogens (Jayaraal.e 2006; Holt et al., 2011) especially whenkthiarbor dangerous
pathogens a&. monocytogenes. Despite sheep milk showed the highest prevaleride monocytogenes, none of the
participant consumes sheep milk for the claim #ve¢’s milk is only sufficient for her offspring. Mg of sheep flocks are
raised with goats or cows in study region and eere/in Egypt (Hegazy et al., 2016) so Listeriegihin the sheep flock
may be a source of infection for other in contagtreals that used for milk production and consumptimterestingly,
25% of cow’'s milk, 72.4% of goat’'s milk and 100%ea’s milk consumers do not boil milk for the bélg# the safety of
these kinds of milk. Our findings demonstrated lanocytogenes in milk from cows and goats, while esmilk was
free. Yet, other studies demonstrated the possiliéamination of camel milk bly. monocytogenes and other food-borne
pathogens as well (Alall et al., 2012; Ombarak &Efghbory, 2014). These findings highlight the inect awareness of
milk safety and the dangerous tradition and habit€onsumption by residents in this study regiohe Tow rate of
awareness may correlate with inadequate healthaéidnal campaign, low educational level, inheri@iof bad traditions
and habits of consumption from closed old anceBexouin communities and tribes widely distributadthis region of

the country.

In conclusion this study aimed to assess the patgniblic health risk of.. monocytogenes in raw milk collected
from different species in western of Egypt with aed) to prevalence, virulence, antibiotic resistamacel high-risk
consumption practices survely. monocytogenes were detected in relatively high rates in milk géas from sheep, goat
and cow but not camel, which may imply unhygienigking conditions. All L. monocytogenes isolates contained a
minimum 2 out of 3 virulence genes and showed ralulig resistance for at least 4 antibiotics, whitdtly pose a public
health threats to consumers of milk contaminatethbge pathogens. Majority of the livestock owrgdtswed low rates of
disease awareness and high tendency for high-oskumption practices as consumption and procesdimgw milk.
Variation in virulence capabilities @f. monocytogenes and the emerging increase in resistance for aitisi recorded in
this study necessitate regular surveillanceLfomonocytogenes isolates for correct risk assessment of theseopatts in
food and human clinical cases. Also, urgent andprehensive educational campaigns regarding hygieiticproduction
and risks of food-borne pathogens are requirednfitigation or prevention of high-risk consumptiomagtices in

communities of the study region.
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APPENDICES

Table 1: Frequency Distribution of L. Monocytogenes Detectionin Milk Samples Collected in this Study

: L. monocytogenes

Species No. f\zt 9 %

Sheep 50 2 4

Goat 50 1 2

Cow 50 1 2

Camel 50 0 0

Total 200| 4 2

Table 2: Antibiotic Resistance ofL. Monocytogenes Pathogens Isolated from Milk in this Study

Con L. monocytogenes
Antibiotic C. (n=4)

(ng) | *Bp | *R %
Ampicillin (AMP) 10 16 4 100
Cephalothin (KF) 30 14 4 100
Gentamicin (CN) 10 12 0 0
Kanamycin (K) 30 13 0 0
Erythromycin (E) 15 25 3 75
Chloramphenicol (C) 30 12 0 0
Rifampin (RD) 5 16 1 25
Tetracycline (TE) 30 14 3 75
Sulfamethoxazole-
Trimethoprim (SXT) 25 29 4 100

*Bp: &kpoint. **R; Resistance

www.iaset.us anti@iaset.us



64

Khedr A, EImonir W & Sobeih A

Table 3: Resistance and Virulence Profiles df. Monocytogenes Pathogens Isolated from Milk in this Study

*Lm (4) | AMP, KF, E, RD, TE, SXT 0.7 + + +
Lm(2) | AMP, KF, E, TE, SXT 0.6 + + T
Lm(3) | AMP, KF, E, SXT 04 ; + +

Lm (1) | AMP, KF, TE, SXT : n T 3

*LM; L. monocytogenisslate (no.). *MDRI; Multi drug resistance indesalculated by

dividing number eSistant antibiotics by the total number of tesirds.

Table 4: Responses of Livestock Owners Regarding € Milk Consumption Practices

Yes 40
Can milk or dairy products consumption transmiedise to man?® No 40
Don't Know | 20
Do you consume milk from your owned animals? Lis 3873
Sheep 0
. . Goat 82.9
2
What kind of milk do you regularly consume? Cow 578
Camel 8.6
. . . Yes 37.9
2
Do you boil the milk before consumption* No 62.1
Do you process dairy products from your animaldki Lis g %2
. . . Yes 0
2
Do you boil the milk before processing~ No 100
. . . Yes 27.1
2
Do you consume milk from morbid animals® NoO 729
I . . . Yes 375
Do you boil milk from morbid animals before consurop? No 625

Figure 1: PCR Detection ofinla, Inlb and Hlya Virulence Genes in thel.. Monocytogenes Isolates in this Study

Lanes1-4; L. monocytogenes isolates. P; positivirob N; negative control. L; ladder.
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