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Non-tifoidal Salmonella gagtroenteritin kiresd yikini tahmin eémek amaciyla, labor atuvara dayah sirveyans yaminda (1) ileriye
donik niifusa dayah ¢ahismalar, (2) “carpan ¢cahsmalar”, (3) hastalik bildirimleri, (4) geri donen gezgn verileri ve (5) dis deger tahmini gibi
ozel ¢calismalardan elde edilen mevcut verileri sentezledik. Kiiresel bir vaka sayisi €de eémek Uzeretoplanan bélgesd vaka sayilarim
hesaplamak amaciyla 21 Kiiresel Hastahk Yiikii bolgesi icin niifus projeksiyonlarina insidans tahminleri uyguladik. Belirsizlik
hesaplamalar1 Monte Carlo simiilasyonu kullamlarak yapilmistir. Her il kiiresel olarak Samondla tiirlerine bagh 93,8 milyon
gastroenterit vakasi (5. ile 95. yiizdelik dilim, 61,8-131,6 milyon) ile 155.000 dim (5. ile 95. yuizddik dilim, 39.000-303,000 6lim) meydana
geldigini hesapladik. Bu vakalarin 80,3 milyonunun gida kaynakh oldugu tahmin edilmektedir. Salmonella enfeksyonu, hem
gelismekte olan hem de gelismis iilkelerde onemli bir yiik teskil etmektedir. Salmonella’'mn gida ve diger yollarla
bulasmasim azaltmaya yonelik cabalar kiiresel ol¢cekte uygulanmahdir.

Salmonella turleri, akut gastroenteritin 6nde gelen
bakteriyel nedenidir. Salmonella enfeksiyonlarinin
ktiresel insan saglhigt TUzerindeki etkisi hentz
hesaplanmamasina ragmen, gastroenterit dinya
capinda hem 5 yasindaki ¢ocuklarda [1, 2] hem de
genel nufusta o6nemli bir morbidite ve mortalite
nedenidir [3]. Doért gelismis tulkede yapilan bir
calismada, Scallan ve arkadaslar1 [3] ishalli hastalik
insidansimin kisi-yilbasina 0,44 ila 0,99 atak arasinda
degistigini hesaplamislardir; ihtiyatli bir tahminle,
oyle bir insidans dinya capinda her yil 2,8 milyar
ishalli hastalik vakasi anlamina gelmektedir. Halk
sagligi hedeflerini etkili bir sekilde belirlemeye ve
hastalik yiktint azaltmaya yonelik kaynaklar: tahsis
etmek icin Salmonella turlerinin ve diger gida
kaynakli  patojenlerin neden  oldugu  ishalli
hastaliklarin yaktintin dogru hesaplamalarina ihtiyac
bulunmaktadir. Yakin zamanda, Dtnya Saglk
Orguti  (DSO), kuiresel gida kaynakli hastalik
tahminleri saglamak icin Gida Kaynakli Hastalik
Yukt Epidemiyoloji Referans Grubunu kurmustur [4].

Laboratuvara dayali strveyans, egilimler
konusunda bilgi saglasa da hastalik ytikd yeterince
iyi hesaplanmamaktadir. [5-12]. Laboratuvara dayali
bir stirveyans sisteminde tespit edilebilmesi icin hasta
bir kisinin tibbi yardim almasi, bir numune (genellikle
diski) vermesi gerekir; laboratuvar patojeni test etmeli
ve pozitif bir bulgu bildirmeli ve laboratuvar
tarafindan dogrulanmis enfeksiyon halk saglig
yetkilileri tarafindan tespit edilmelidir. Bu nedenle,
laboratuvara dayali surveyanstaki vakalar, toplam
vakalarin bir kismini temsil etmektedir. Birkag tlke,
laboratuvara dayali stirveyans kapsamindaki eksik

saptamanin derecesini belirlemek icin ya ileriye
dontk ntfusa dayali calismalar ya da kesitsel
arastirmalar yurtGtmustar [6, 11, 13-16]. Ancak,

ktiresel tahminleri hesaplamak zordur ¢tinkti bircok
ulke, ozellikle gelismekte olan TUlkeler, yetersiz
sUrveyans verilerine sahiptir.

2000 yilinda, Crump ve arkadaslar1 [17] mevcut
verileri 6zetleyerek ve verilerin eksik oldugu tlkeler ve
bolgeler icin tahminler yaparak tifo atesinin kuresel
yukini tahmin etmislerdir. DSO, gida kaynakl
hastaliklarin ktiresel yuktint tahmin etmek icin
benzer bir yaklasim 6nermistir [18]. Bu nedenle, non-
tifoidal Salmonella gastroenteritin ktresel yukinu
tahmin etmek icin literattirden, 6zel calismalardan ve
laboratuvara dayali strveyanstan elde edilen mevcut
verileri sentezledik.



YONTEMLER

Bolgesel insidans. Dunya nufusunu, 2005 Kuresel
Hastalik Yukti, Yaralanmalar ve Risk Faktorleri
Calismas: tarafindan belirlenen sekilde 21 boélgeye
ayirdik (KHY; Tablo 1) [19]. Birlesmis Milletler
Ekonomik ve Sosyal Isler Departmani, Niuifus Birimi

2005 yili medyan dogurganlik degiskeni bolgesel
nufus tahminlerini kullandik [20] ve bélgesel
poptlasyonlart stokastik modele nokta tahminleri

olarak (yani, belirsizlik olmadan) dahil ettik.

Her KHY bolgesinde Salmonella gastroenterit
insidansimni tahmin etmek icin bir veri kaynaklari
hiyerarsisi kullandik (Tablo 1). Ideal kaynagimiz,
hastaligi belirlemek ve numune toplamak icin bir
grup bireyi takip eden ve nufustaki Salmonella
enfeksiyonu insidansini tahmin eden ileriye dénuk
nufusa dayali bir calismaydi. KHY bolgesindeki bir
lulkede boyle bir c¢alisma yapilmissa, bu insidans
tahmini tim bélge icin kullanilmistir. Bu veriler
mevcut degilse, bolgede yapilan “carpan
calismalarindan” elde edilen verileri kullandik.
Carpan calismalari, Salmonella insidansini,
laboratuvara dayali surveyanstan tespit edilen
laboratuvar onayli enfeksiyonlarin insidansini, eksik
tespiti ayarlayan Salmonella'ya 06zgi bir carpanla
carparak hesaplamaktadir. KHY bolgesindeki bir
lUlkede daha once carpan calismasi mevcutsa, bu
insidans tahmini tim bélge icin kullanilmistir.

Bir KHY bolgesinde ileriye yonelik ntifusa dayali bir
calisma veya bir carpan calismasi mevcut degilse,
bolgedeki tlkelerin ortalama hastalik bildirim
verilerini yani bolgedeki tilkeler arasindaki ortalamay:
kullandik. Eksik saptamay:r hesaba katmak icin,
bildirim verileri literattirden elde edilen Salmonella'ya
6zgli carpan tahmini ile carpilmistir. Hastalik bildirim
verileri mevcut degilse, bolgedeki bir veya daha fazla
llkeden doénen yabanci gezginlerde Salmonella
insidansmna iliskin bir tahmin kullandik ve iki
dtuizeltme yaptik. Yabanci gezginlerdeki insidans,
kendi tlkelerine doéndukten sonra tibbi destek
arayisina giren ve diski numunesi veren gezginlerin
yalnizca bir kismini temsil ettigi icin, Literattirden
Salmonella'ya 6zgli bir carpan tahmini kullanarak
eksik saptama icin dtizeltme yaptik. Potansiyel olarak
bolgesel serotiplere 6énceden maruz kalmamis olma
veya farkli maruz kalma riskleri nedeniyle, yabanci
gezginlerin enfeksiyona duyarliligi, yerlesik ntfusun
duyarliligindan buytuk olasilikla daha fazla oldugu
icin, verilerin izin verdigi yerlerde bolgelere gore, geri
dénen gezginlerin insidans tahminlerini yerlesik
nufustan gelenlerle karsilastirarak bir "duzeltme
faktéri" olusturduk. Yukaridaki veri kaynaklarindan
hicbirinin mevcut olmadigi KHY bélgelerinde, veriler
cografi olarak en yakin KHY bélgesinden ileriye déntik
nufusa dayali ve carpan c¢alismas1 verileriyle
hesaplanmistir, c¢linkti bu tar veriler diger veri
kaynaklarindan daha tstiin kabul edilmistir.

Hastalik bildirim verileri kurumsal web sitelerinden

alinmistir. Salmonellanin insidansi ve eksik saptanmasi ile
ilgili tahminler, 1966-2007 doénemi icin yayinlanmig
bilimsel literattirden “Salmonella” anahtar kelimesi ve
asagidaki anahtar kelimelerden herhangi biri kullanilarak

belirlenmistir: “insidans”, “prevalans”, “halk saghg”,
“mortalite”, “ntfus sUrveyans1”, “strveyans”, “yuk”,
“‘dagilim”, “alan”, “konum”, “gelismekte olan tulkeler”,

“gelismis tulkeler,” “tlke”, “epidemiyoloji”, “cografya” ve
“gozlem”  kelimesinin  degisik  sekilleri. Uzmanlara
danisilarak ve yukarida belirtilen makalelerden capraz
atiflarda bulunularak ek makaleler elde edilmistir. Ayrica,
yayimnlanmamis calismalar: belirlemek icin Salmonella’nin
sUrveyansi, izolasyonu, tanimlanmasi ve antimikrobiyal
direnc testlerine katilan uluslararasi bir laboratuvarlar ve
bireyler ag1 olan WHO Global Salm-Surv Uyelerine danistik.
[21].

Kiiresel insidans. Her KHY bolgesi icin tahmini nufus,
tahmini Salmonella gastroenterit insidansi ile carpilmistir.
Ortaya cikan yillik vaka sayisi, dlinya capindaki yillik
Salmonella gastroenterit vaka sayisini elde etmek icin tim
bolgelerde toplanmistir. Bu hesaplama, tahmin edilen
vakalardaki belirsizlikleri hesaba katmak icin Monte Carlo
simtilasyonu kullanilarak tekraren yapilmistir. Her bir
insidans tahmini, bir PERT dagilimi olarak modellenmistir
[22]. PERT dagilimi, en olas1 degere yakin degerlere vurgu
yapan ve genellikle uzman gortisti verilerini modellemek
icin kullanilan diizgin bir egridir. Literattirde rapor edilen
insidans tahmini, karsilik gelen PERT dagiliminda en olasi1
deger olarak kullanilmistir. Insidans tahminlerinin ¢ogu
icin, literattirde gliven araliklari rapor edilmistir ve bu
nedenle PERT dagilimmmda minimum ve maksimum
degerler olarak kullanilmistir. Boélge basina 11 given
araligl oldugunda, rapor edilen en diistik ve en yuksek
degerler, minimum ve maksimum degerler olarak
kullanilmistir. Hastalik bildirim verilerinin gliven araliklar:
olmadig icin bu verileri kullandigimiz bélgelerde minimum
ve maksimum degerler olarak bolge icindeki en disuk ve
en yuksek tilkeye 6zgl insidanslan kullandik.

Duinya capinda Salmonellaya bagh yillik gastroenterit
vakalarinin tahminlerinin daglimi, 10.000 yineleme ve
Latin Hypercube o6rneklemesi ile @RISK, stirim 4.5.2'de
(Palisade Corporation) olusturulmustur. Yilhik o6lim
sayisini belirlemek amaciyla, tek tip bir dagilimi parametre
haline getirmek icin yayinlanmis iki 6lim vakasi oranini
kullandik: %0,0003 [15] ve %0,003 [23]. Her bir girdi
parametresi ile yillik vaka sayisi arasindaki korelasyon
katsayilarini siralayarak tahmini yillik vaka sayisi tizerinde
hangi parametrelerin en fazla etkiye sahip oldugunu
belirlemek icin bir duyarlilik analizi yapilmistir. En etkili
model parametresinin, secili model varsayimlarinin ve
sonucta ortaya cikan insidansi cografi olarak cevreleyen
bolgelerden belirgin sekilde daha diistik gértinen bolgelerin
potansiyel  etkisinin  arastirilmasi i¢in  senaryolar
calistirilmistir.

Gida kaynakli olan tahmini Salmonella gastroenterit
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Tablo 1. Salmonella Gastroenteritin Kiiresel Yiikii, 2006 Dolaylarinda, 2005 Kiiresel Hastalik Yiikii, Yaralanmalar ve Risk Faktorleri
Calismasi (KHY) Bélgesi Tarafindan Gésterilmis ve 6 Diinya Saghk Orgiitii (DSO) Alt Bélgesine Gére Gruplandiriimigtir

Mevecut insidans verisi kaynaklari

Tahmini kuresel
yuk, ortalama deger

100.000 Kisi-yil basina insidans ) Insidans
2006 Vaka Olum 100.000 kisi-
KHY Bolgesi Nufusu Veri tipi En olasi deger (aralik) Referans(lar) sayisi sayisi yil bagina
EMRO
Kuzey Afrika/Orta Dogu 410.800.000 Carpan 124 (58-267) [27] 563,000 900 140
Toplam 410.800.000 563,000 900 140
AFRO
Sahra Alti Afrika, Orta 84.412.000  Geri donen gezgin 93 (43-205) [30] 85,000 100 100
Sahra Alti Afrika, Dogu 314.208.000  Geri dénen gezgin 471 (294-755) [30] 1.488.000 2500 470
Sahra Alti Afrika, Guney 68.021.000 Geri dénen gezgin 69 (48-98) [30] 46,000 1100 70
Sahra Alti Afrika, Bati 300.598.000  Geri dénen gezgin 279(180-432) [30] 839,000 1400 280
Toplam 767.239.000 2.458.000 4100 320
WPRO
Asya Pasifik, Yiksek Gelir 180.468.000 Carpan 32 (15-69) [13] 64,000 100 40
Asya, Orta 76.815.000  Geri donen gezgin 39(28-53) [30] 29,000 1100 40
Avustralasya 24,407,000 Carpan 257 (79-480) [11] 66,000 100 270
Okyanusya 9,002,000 Dig deger tahmini 257 (79-480) [11] 24,000 1100 270
Toplam 1,634,817,000 53,610,000 88,500 3280
SEARO
Asya, Giiney 1,498,563,000  Geri dénen gezgin 474 (330-681) [30] 7,034,000 11,600 470
Asya, Giineydogu 573,711,000 Dis deger tahmini 3,600 (1688—7763) L2 22,805,000 37,600 3980
Toplam 2.072.274.000 29.839.000 49,200 1440
EURO
Avrupa, Orta 118.750.000  Hastalik bildirimi 160 (39-322) [28] 2.835.000 4700 2390
Avrupa, Dogu 211.614.000 Hastalik bildirimi 40 (23-69) [28] 1.265.000 2100 600
Avrupa, Bati 407.707.000  Nufus 220(110-430) [6] 965,000 1600 240
Toplam 738.071.000 5.065.000 8400 690
AMRO
Kuzey Amerika, Yuksek Gelir 332.117.000 Carpan 495 (250-870) [14, 15] 1.716.000 2800 520
Karayipler 40.525.000  Geri dénen gezgin 107 (86-134) [30] 42,000 1100 110
Latin Amerika, And 49.517.000  Geri dénen gezgin 80 (60-106) [30] 39,000 1100 80
Latin Amerika, Orta 215.172.000  Geri dénen gezgin 108 (77-150) [30] 229,000 400 110
Latin Amerika, Giney 58,371,000  Geri donen gezgin 80 (60-106) [30] 46,000 1100 80
Latin Amerika, Tropikal 192.735.000  Geri dénen gezgin 80 (60-106) [30] 151,000 300 80
Toplam 888.437.000 2.222.000 3,700 250
Kiresel toplamb 6.511.638.000 93.757.000 155,000 1140

NOT. KHY bélgeleri, bélgeler arasindaki llkelerin gogunluk értiismesine dayali olarak, kabaca DSO alt bélgelerine ayrilmistir. Hastalik bildirimi, hastalik bildirim
verileri arti eksik saptama carpani; dis deger tahmini, cografi olarak yakin bdlgelerden dis deger tahmini; carpan, carpan cgalismasi (eksik saptama icin
ayarlanmis laboratuvar temelli insidans); nifus, ileriye donlk nifus temelli insidans galismasi; geri donen gezgin; geri dénen gezgin verileri ve eksik saptama

garpani ve duyarl gezgin diizeltme faktoru.

# Ran Lu, Enterik Enfeksiyon Hastaliklari Kontrol ve Onleme Subesi, Cin Hastalik Kontrol ve Onleme Merkezi, yayinlanmamis veriler

® Rakamlar yuvarlamadan dolay! birbirini tutmayabilir.

vakalarinin oranini tahmin etmek icin, Gida kaynakli orana
iliskin yayinlanmis 6 tahminden ortalama "gida kaynakl
orani” kullandik [5, 8, 11, 24-26]. Salmonella tirlerine bagh
gida kaynakli gastroenterit vakalarinin yillik sayisini tahmin
etmek icin gida kaynakli vakalarin orani yillik vaka sayisi ile
carpilmistir. Bu tiir kaynak atif degerleriyle iliskili belirsizlik
nedeniyle, yayinlanmig literattirdeki en dustk (%55) [24] ve
en yuksek (%95) [5, 26] oranlan kullanarak tahminleri de
hesapladik.

SONUGLAR

Veri mevcudiyeti. "Salmonella' anahtar kelimesine sahip
14.806 makale bulduk ve bu sayi, ikincil anahtar
kelimelerle iliskilendirildiginde, 7240 insanlarla ilgili
olmak tizere 1.619 adet makaleye dismustir. Bunlar
arasindan, 19901arda  Ingiltere'de Salmonella
enfeksiyonunun toplumdaki insidansini tahmin eden
ileriye dontuik ntifusa dayali bir calisma tespit ettik [6].
Bu insidans “Avrupa, Bat1” bolgesi icin dis deger
tahmini olarak kullanilmistir.
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Tahmini vaka sayisi (milyon)

Sekil 1. Dinya capinda tahmini yillik Salmonella gastroenterit
vakasi sayisi i¢cin makul degerlerin dagilimi, 2006 dolaylarinda, 5. ve
95. ylzdelik dilimleri géstermektedir.

5 KHY bolgesindeki alti tlkede, eksik saptamaya gore
ayarlanmis laboratuvar onayli vakalari kullanan “carpan
calismalar’” bulunmaktaydi. Avusturalyanin tahmini
Salmonella insidansi [11] “Avustralasya” bolgesi icin,
Urdan’tn verileri [27] “Kuzey Afrika/Orta Dogu” bélgesi igin,
Japonya’nin verileri [13] “Asya Pasifik, Yiiksek Gelir” bolgesi
icin ve Cin’in verileri (Ran Lu, Enterik Enfeksiyon Hastalik
Kontrol ve Onleme Subesi, Cin Hastalik Kontrol ve Onleme
Merkezi, yayinlanmamus veriler) “Asya, Dogu” bélgesi i¢in dig
deger tahmini olarak kullanilmistir. Amerika Birlesik
Devletleri [15] ve Kanada'nmin [14] tahmini insidansinin
ortalamasi alinmis ve “Kuzey Amerika, Ytksek Gelir” bolgesi
icin dis deger tahmini olarak kullanilmistir. Iki KHY bélgesi,
bolge icindeki bir veya daha fazla tlke icin mevcut hastalik
bildirim verilerine sahipti. 2004 verilerinin kullanildig
Slovenya hari¢, 2005 yili i¢cin Avrupa Gida Guvenligi
Otoritesi [28] verileri kullamilmistir. Bolgelerdeki tlkelerden
gelen hastalik bildirim verilerinin ortalamas: alinmis ve
Hollanda'nin Salmonella'ya 6zel carpaniyla carpilmistir [29]
ve ortaya citkan insidans tahmini ilgili "Avrupa, Orta" ve
"Avrupa, Dogu" bélgelerine uygulanmistir.

11 KHY bélgesinde, geri dénen Isvecli gezginlerde
Salmonella gastroenterit insidansi hakkinda bilgi
mevcuttu [30].

Bu insidanslar Hollanda'nin Salmonella'ya 6zel
carpaniyla [29] ve sonra da belirli bir boélgede seyahat
eden Isvecliler ile yerlesik ntifus arasindaki duyarhlik
farkliliklarini hesaba katmak icin duiizeltme faktora ile
carpilmistir. Dlizeltme faktorti, 1 bolge icin 2 insidans
tahmininin mevcut olmas: gerceginden yararlanilarak
hesaplanmistir (“Kuzey Afrika/Orta Dogu”): biri
Urdiin'de [27] ve biri de Isvecli gezginler tizerinde [30]
yapilan bir carpan calismasindan, eksik saptama
acisindan duzeltilmis sekilde. Bu 2 tahminin oram
(0,0678), seyahat eden Isveclilerin bélge sakinleri
karsisinda varsayimsal artan duyarhligini dtizeltmek
icin kullanilmistir.
Son 2 KHY bélgesi i¢in, komsu bélgelerin verileri

kullanilarak dis deger tahmini yapilmas:1 gerekmistir.
Avustralya carpan calismasindan hesaplanan insidans [11]
“Okyanusya” bolgesi igin dis deger tahmini olarak
kullanilmis ve Cin c¢arpan c¢alismasindan hesaplanan
insidans (Ran Lu, Enterik Enfeksiyon Hastalik Kontrol ve
Onleme Subesi, Cin Hastalik Kontrol ve Onleme Merkezi;
yayinlanmamis veriler) “Asya, GUneydogu” boélgesi icin dis
deger tahmini olarak kullanmilmistir.

Duinya capinda Salmonella gastroenterit vakalarnnin yillik
sayisina  iligkin  tahminlerin  dagilmu  Sekil 1'de
gosterilmektedir. Genel olarak, non-tifoidal Salmonella'ya
bagli 93.757.000 gastroenterit vakasinin yilda 61.768.000
(5. ytzdelik) ile 131.634.000 (95. yuzdelik) arasinda
degistigini tahmin ediyoruz (Tablo 1). 100.000 kisi basina
tahmini yillik 6liim sayisi ve insidans KHY bélgesi, DSO alt
bolgesi ve genel olarak gosterilmektedir (Tablo 1). Non-
tifoidal Salmonella’nin dinya ¢apinda her yil 155.000 6ltime
(5. ila 95. yuzdelik dilim, 39.000-303.000 olim) neden

oldugunu tahmin ediyoruz. Gida kaynakll Salmonella
enfeksiyonlarinin oraninin  yayinlanmis degerlerinin
ortalamasim uygulayarak (%86), 93.757.000 vakadan

80.318.000'inin gida kaynakli oldugunu ve gida kaynakl
vakalann sayisinin muhtemelen 51.566.000 (%55'inin gida
kaynakli oldugunu varsayarak) ile 89.069.000 (%95'inin gida
kaynakli oldugunu varsayarak) arasinda oldugunu
hesapladik.

Tahmini yillik vaka sayis1 Uzerinde en fazla etkiye sahip
girdi parametresi, “Asya, Dogu” bolgesi icin insidans tahmini
olmustur (Tablo 2). Etkisini gostermek i¢in 4 senaryo
calistirdik: 1’inde insidans 10 kat azalmis sekilde, 1’inde
insidans 2 kat azalmis sekilde ve 2’sinde hiyerarside daha
dtistk olarak kabul edilen diger kaynaklardan gelen verileri
kullanarak (geri dénen gezgin verileri ve Japonya verileri
kullanilarak yapilan dis deger tahmini). Ayrica, duyarh
gezgin duizeltme faktérimuzi 2 kat (yani, gezginler ~7 kat
daha duyarl)) ve 7 kat (yani, gezginler ~2 kat daha
duyarlidir) azaltarak, bir bolgeye seyahat edenlerin bolge

Tablo 2. Girdi Parametreleri ile Dinya GCapinda Yillik
Salmonella Gastroenterit Vaka Sayisinin Dagilimi Arasindaki
Korelasyon; En Onemli 5 Degiskeni Gostermektedir

Korelasyon
Sira Oran katsayisi
1 “Asya, Dogu” bélgesi icin insidans tahmini 0917
2 “Asya, Giineydogu” bélgesi icin insidans tahmini *  0.391
A “Asya, Guney” bélgesi i¢in insidans tahmini 0.059
B “Avrupa, Orta” bélgesi igin insidans tahmini 0.055
4 “Kuzey Amerika, Yiksek Gelir’ bélgesi icin insidans
tahmini 0.024
5
A “Sahra Alti Afrika, Dogu” bdlgesi icin insidans
tahmini 0.016
B “Avrupa, Dogu” bélgesi igin insidans tahmini 0.016
C *“Avrupa, Bati” bolgesi icin insidans tahmini 0.015

@ "Asya, Dogu" bélgesinden gikarim yapilarak tahmin edilen "Asya,
Glineydogu" insidansi
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sakinlerinden ~ 15 kat daha duyarh oldugu
varsayimimizin etkisini degerlendirdik. “Asya,
Guney” boélgesi icin insidans tahmini cografi

benzerlerinden belirgin sekilde distik oldugundan,
etkisini hem 2 kat hem de 10 kat artis kullanarak
degerlendirdik (Tablo 3).

TARTISMA

Her yil yaklasik 80,3 milyonu gida kaynakli olmak
lzere tahmini 93,8 milyon hastalik ve 155.000 6ltiimle
birlikte, non-tifoidal Salmonellanin kiresel insan
sagligi Uzerindeki etkisi ylksektir. Tahmini toplam
vaka sayisi, daha oOnce yayinlanmis ishal hastaligi
tahminleri gbz 6ntine alindiginda makuldur [3] ve bu
da, ishalli hastaliklarin toplam yillik sayisinin diinya
capinda 2,8 milyar civarinda olabilecegini
dustndirmektedir. Eger Oyleyse, Salmonella
enfeksiyonlari bu hastaliklarin yaklasik %3ni
temsil etmektedir. Dlinya capinda, gidalarin seri
Uretimi ve dagitimi patojenleri hizla yaymaktadir; bu
da, antibiyotik kullanimina bagli c¢oklu ila¢ direnci
zorluguyla birlestiginde, Salmonella enfeksiyonunu
kontrol etmek ve oOnlemek icin yeni zorluklar
yaratmaktadir. Gida guvenliginin iyilestirilmesi ve
Salmonella enfeksiyonu yukUnUnin azaltilmasi,
kuiresel olcekte etkili gida glivenligi mtidahalelerinin
tesvik edilmesi ve uygulanmas: anlamina gelmektedir.

21 KHY bélgesinin her birinde mevcut en iyi verileri
kullanarak  Salmonella  gastroenteritin  kuresel
yukinu hesapladik. Hiyerarsik yaklasimimiz, hastalik
yukti tahminlerini hesaplamak icin yayinlanmig
verilerin yani sira 6zel calismalardan ve slirveyanstan
elde edilen bilgileri kullanmamiza olanak saglamistir.
Bu yontemler, ozellikle Campylobacter, Shigella ve
Yersinia turleri gibi diger patojenlere iliskin veriler
nedeniyle, diger gida kaynakli patojenler icin faydali
olabilir; bunlar muhtemelen Salmonella turlerinde
karsilasilanlarla ayni veri mevcudiyeti sorunlarina
sahip olacaktir. ileriye déntik niifusa dayali insidans
calismalarini, insidansi belirlemek icin altin standart
olarak kabul ettik ve diger veri kaynaklari yerine
tercih ederek bunlar1 kullandik. Bununla birlikte, bu
calismalar karmasik ve pahalidir, bu

nedenle ¢ok az tUlke bunlart enterik hastalik
insidansii tahmin etmek icin kullanmistir [6, 16].

lleriye déntik calisma yerine, cesitli tlkelerdeki
arastirmacilar, eksik saptamay:r duzeltmek icin
laboratuvar tarafindan dogrulanmis enfeksiyonlarin
insidansmmi  bir carpanla carparak Salmonella
gastroenterit insidansini tahmin eden c¢arpan
calismalar1t yurtitmustir. Carpan; genel nifus ve
klinik tani laboratuvarlarinin kesitsel
arastirmalarindan elde edilmistir. Her bir stirveyans
adiminda (bakim, numune gonderimi, laboratuvar
testi) vakalarin surveyansa kaybedilme sikliginmi
tahmin eden carpan calismalan, Avustralya [11],
Kanada [14], Amerika Birlesik Devletleri [15], Urdiin
[27], Japonya [13] ve Cin'de (Cin Hastalik Kontrol ve
Onleme Merkezi; yayinlanmamais veriler)
gerceklestirilmigtir.

Her ikisi de Avrupa’da olan iki KHY bolgesi icin,
ileriye dontik ntfusa dayali calisma veya carpan
calismas1 bulunmamaktaydi, ancak mevcut hastalik
bildirim verileri, laboratuvar tarafindan dogrulanmis

Salmonella enfeksiyonunun ortalama insidansini
belirleyerek  ve literatirden alman  degerleri
kullanarak eksik saptamaya yonelik dutzeltme

yaparak hastalik yikiini tahmin etmemize olanak
saglamistir. Salmonella'ya 6zel carpanlar Ingiltere'de 3,2
[6], Avustralya'da 7 [31], Hollanda'da 14,3 [29],
Kanada'da 25 [14], Amerika Birlesik Devletleri'nde 38
[15], Japonya'da 64 [13] arasinda degismektedir.
Cografi yakinlik nedeniyle, bu 2 Avrupa boélgesindeki
eksik saptamay1 ayarlamak icin 14,3Tik Hollanda
Salmonella verisine 6zel carpan [29] kullanimigtir.

Bununla birlikte, cesitli stirveyans yontemleri ve
sosyoekonomik gelisme  seviyeleri g6z o6nline
alindiginda, laboratuvarca dogrulanmis Salmonella

enfeksiyonu vakalarinin eksiksizliginin ve eksiklik
saptamasinin tim Avrupa Ulkelerinde ayni olmasi pek
olas1 degildir. Bu nedenle, Hollanda carpani
muhtemelen ntfus insidansinin ihtiyath bir tahminini
saglamaktadir.

Afrika, Asya (orta, gliney ve glneydogu), Latin
Amerika ve Karayipler'de bolgesel insidans verilerinin
eksikliginin Ustesinden gelmek icin, bu bdlgelerde

laboratuvar tarafindan  dogrulanmis vakalarin
insidansimmi  hesaplamak icin seyahatle iligkili
Salmonella enfeksiyonlar1 (belirsizlik bakimindan

dtizeltilmis sekilde) tizerine bir Isvec

Tablo 3. Salmonella Gastroenteritin Tahmini Yillik Kiiresel Yiikii, 2006 Dolaylarinda, Farkli Senaryolarda

onaama  oralama U LU
. vaka olim o
Degisken sayisi sayisi insidans
Tablo 1'in Sonuglari 93,757,000 155,000 1140
Senaryo
"Asya, Gliney" bdlgesinde tahmini insidansin 10 kat artmasi 157,059,000 259,000 2400
Duyarli gezgin diizeltme faktoriiniin 7 kat azalmasi 153,916,000 254,000 2400
Duyarli gezgin diizeltme faktoriiniin 2 kat azalmasi 103,783,000 171,000 1600
"Asya, Glney" bdlgesinde tahmini insidansin 2 kat artmasi 100,790,000 166,000 1600
"Asya, Dogu" bolgesinde tahmini insidansin 2 kat azalmasi 55,639,000 92,000 850
"Asya, Dogu" bolgesinde tahmini insidansin 10 kat azalmasi 25,145,000 42,000 390
"Asya, Dogu" bélgesinin geri dénen gezgin verilerinden elde edilen tahmini insidansi 22,545,000 37,000 350
(“Asya Pasifik, Yiiksek Gelir” bolgesinden) gikarim yoluyla elde edilen tahmini “Asya, 18,136,000 30,000 280

Dogu” insidansi
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calismasindan elde edilen verileri kullanarak yeni bir
yaklasim benimsedik. Bolgeler arasindaki goreceli
riskin bir 6l¢tisti olarak bu tur verilerin kullanilmasi
konsepti ilk olarak Ekdahl ve arkadaslari [30]
tarafindan Isvecli gezgin calismasinda 6&nerilmistir.
Yaygin olan belirli Salmonella serotiplerine karsi
kazanilmis bagisikligin, gezginlerin Salmonella ile
enfekte olma olasiliginin bolge sakinlerinden daha
fazla oldugu anlamina gelebilecegini varsaydik. Denge
sagsamak icin, “Kuzey Afrika/Orta Dogu” bolgesinden
doénen Isvegli gezginlerin insidansmni Urdiin ntfusu
icin hesaplanan insidans tahminiyle karsilastirarak
bir dtizeltme faktérti elde ettik ve seyahat edenlerde
insidansin 15 kat daha fazla oldugunu tespit ettik.
Bununla birlikte, Urdiin'den daha az gelismis
tlkelerin yerel niifuslarinin, Urdiin'deki muadillerine
gore nispeten daha yetersiz beslenmesi ve Salmonella
enfeksiyonlarina karsi duyarh olmasi1 muhtemeldir. Bu
tir nufuslarda, yerel duyarliik boélgeye seyahat
edenlerin duyarliligina yaklasabilir; bu nedenle, bu tur
bolgeler icin yapilan tahminler, gercek insidansi
6nemli 6lctide diistik degerlendirecektir.

Burada kullanilan yontemlerin, verilerle iliskili gercek
belirsizligin tam kapsamini yansitmadigimi = kabul
ediyoruz. Ornegin, bir bélgedeki veri kapsamiyla iligkili
belirsizligi yansitmadik ve bu nedenle, yalnizca tek bir
tlkenin bilgilerinin bulundugu boélgeler ve birden fazla
tlkenin bilgilerinin bulundugu boélgeler arasinda ayrim
yapmadik. Ayrica, degiskenlik ve belirsizlik arasinda
aynnm yapmadik. Ancak, Salmonella gastroenteritin
ktuiresel yuktinii hesaplamak icin mevcut verileri en iyi
sekilde kullandik ve ana belirsizlik kaynaklarim
yakalamaya calistik. Bu tir modellerde belirsizligi daha
iyi karakterize etmek icin daha fazla ilerlemeye ihtiya¢
vardir.

Farkl turdeki hastalik yukt calismalar: veya tlkeler
veya bolgeler arasmndaki c¢ikarima dayali dis deger
bulma ile iligkili kanitlarin agirhigi (6rnegin, ileriye
dontk hesaplamalar karsisinda laboratuvara dayali
insidans hesaplamalari) veya belirsizligine iliskin su
anda herhangi bir fikir birligi veya kilavuz
bulunmamaktadir. Bununla birlikte, ileriye doénutk
calismalardan uzaklastikca ve calismanin
yarataldagh  tulkeden  uzaklastikea, kanitlarin
agirhiginin azaldigina ve belirsizligin arttigina dair bir
Olcegin oldugu aciktir. Gelecekteki calismalar, 6rnegin,
calisma tGrtine gore Dbelirsizlik dagilimlarinin
yayilimini artirarak ve ayrica gerceklestirilen cikarima
dayali dis deger bulmanin dogasinin bir fonksiyonu
olarak bazi bodlgelerin sonuclarindaki belirsizligi
artirarak bunu hesaba katmalidir.

Yillik 6ltmleri tahmin etmek icin %0,0003 [15] ile
%0,003 [23] arasinda degisen bir dizi olas1 vaka 6lim
orani degeri kullandik. Bununla birlikte, beslenmenin
yetersiz oldugu ve saglik hizmetlerine erisimin sinirh
oldugu tlkelerde Salmonella enfeksiyonu nedeniyle
vaka-6lim orani ve dolayisiyla yillik tahmini 6lim
sayis1 daha yuksek olabilir. Ne yazik ki, bu tahminleri
iyilestirecek cok az yayinlanmis veri bulunmaktadir;
bu nedenle burada bildirilen tahmini 6lim sayis1 ilimh
bir deger olarak kabul edilmelidir. Bu calismayi, vaka
ve Olum sayilariyla ©6lctilen Salmonellanin neden
oldugu gastroenteritin insan saghg  yukinu
degerlendirmekle sinirladik. Veri eksikligi nedeniyle
hastaneye yatis, sakatlik, uzun vadeli komplikasyonlar
veya ekonomik maliyetler acisindan etkisini tahmin
etmeye calismadik. Bu faktérler insan saghif
lUzerindeki yukt buytuk o6lctide etkilemektedir ve

gelecekte dikkate alinmalidir. Ayrica, o6zellikle Sahra Alti
Afrika gibi HIV'in yaygin oldugu boélgelerde 6nemli bir ytuk
olusturan invaziv Salmonella enfeksiyonunu da hesaba
katmadik.

Gida kaynakli vakalarin sayisini, gida kaynakl
Salmonella enfeksiyonlarinin tahmini oraninin yayinlanmis
degerlerinin ortalamasini alarak [5, 8, 11, 24-26] ve bu
ortalamay1 tahmini vaka sayimiza uygulayarak hesapladik.
Bu kaba yaklasim cesitli sinirlamalara tabidir. ilk olarak,
toplam vaka sayisina tek bir oran uyguladigimiz icin gida
kaynakli Salmonella vakalarinin oraninin tim dlnya
bélgelerinde ayni oldugunu varsaydik. Bununla birlikte,
oran muhtemelen tulkeler ve bolgeler arasinda buylk
farkliliklar gostermektedir. Ozellikle kaynakta ve evde
depolama  sirasinda daha sik kontaminasyon ve
dezenfeksiyon eksikligi nedeniyle su yoluyla bulasmanin
6neminin muhtemelen daha fazla oldugu gelismekte olan
bolgeler icin tUlkeye ve bolgeye o6zgli gida kaynakl
Salmonella bulasmas1 hakkinda daha fazla bilgiye ihtiyac
duyulmaktadir. Gida kaynakli Salmonella enfeksiyonlarinin
oraniyla ilgili yayinlanmis tim tahminler su anda gelismis
Ulkelerden geldigi icin, gelismekte olan tulkelerden gelen
bilgilere o6zellikle ihtiya¢c duyulmaktadir. Gelismekte olan
llkelerde gida kaynakli oranin muhtemelen daha dustuk
oldugunu biliyoruz ctinkti su kaynakli oran muhtemelen
daha yuksek. Bununla birlikte, boélgesel tahminlerin
olmamas1 halinde, ktiresel bir degere ulasmak icin gida
kaynakli oranin yayinlanmis tim tahminlerinin bir
ortalamasini ¢ikardik. Bu calismanin en buytik kisitlamasi,
sonuclarinin 6nemli 6lctide yayinlanmamis Cin insidans
tahminine bagli olmasidir. Bunu ele almak i¢in, geri dénen
gezgin verilerini kullanmanin ve Cin verileri yerine "Asya
Pasifik, Ytuksek Gelir" bélgesinden ¢ikarim yaparak tahmin
yarttmenin etkisini arastirdik. Ne yazik ki, her iki alternatif
veri kaynaginin da kendine 6zgli ényargilari bulunmaktadir.
Bunun gibi analizlere yonelik ana elestiri, esas olarak
gelismis Ulkelerden gelen verilerin kullanilmas: ve
dolayisiyla gercek hastalik insidansini 6nemli 6lctide diustik
tahmin eden degerler vermesidir. Uluslararasi
epidemiyologlar ve laboratuvar bilim insanlari ag olan
WHO Global Salm-Surv  araciligiyla, Cin'den
yayimnlanmamis bir calismayr saptayabildik ve bu
calismanin, bu kalabalik bélgede Salmonella enfeksiyonu
insidansini geri dénen yolcu verileri ve cikarima dayali dis
deger bulmaya kiyasla daha dogru bir sekilde tasvir ettigini
hissettik. Cin tahmini, diger carpan calismalarindan 6énemli
o6lctide daha yuksektir, ancak bu muhtemelen hastalik
oranlarindaki gercek nufus farklhiliklarindan
kaynaklanmaktadir. Ayni zamanda, "Asya, Dogu" ve diger
komsu boélgeler icin geri dénen gezgin verilerinden daha
yuksektir, ancak bunun nedeni muhtemelen yukarida
belirtildigi gibi geri dénen yolcu verileriyle iliskili 6nyargidir.
Ne yazik ki, “Asya, Dogu” bolgesi icin tahmin secimimizi
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dogrulayacak diger bilgi kaynaklari (6rnegin hastalik
bildirim verileri) mevcut degildii. Bu nedenle,
bolgedeki insidansi en dogru sekilde temsil ettigini
dustindtugtimuz verileri sectik.

Salmonella, klUiresel olarak 6nemli bir ylike neden
olmaktadir. Cesitli sinirlamalara tabi olmakla birlikte,
bu veriler belirli bolgelerde o6ncelik belirlemek igin
6nemli bilgiler saglamaktadir. Ayrica, bu veriler, bazi
bolgelerde insan kaynakli gida kaynakli hastaliklar
icin gelistirilmis halk saglhigi sUrveyansina olan
ihtiyaci vurgulamaktadir. Gliney/Guneydogu Asya ve
diinya nufusunun %39unu olusturan Gulney
Amerika gibi ktiresel ntfusun buytk bir oranina
sahip olanlar da dahil olmak tUzere, bazi boélgelerin
kamuya acik hicbir bildirim verisi bulunmamaktaydi.
Bu iyi bir stirveyans bilgisi eksikligi, ktiresel tahminin
kalitesini ®&nemli &lctide etkilemektedir. Ornegin,
ktiresel yuk tahminlerini iyilestirmek ve Oncelik
belirleme konusunda daha iyi bilgi saglamak icin
WHO Global Salm-Surv gibi kapasite gelistirme
girisimleri  yoluyla, bu bolgelerdeki tlkelerde
Salmonella enfeksiyonunun gercek  yukltnin
degerlendirilmesine 6ncelik verilmelidir.

SALMONELLA’NIN KURESEL YUKU CALISMA
GRUBU

Kuresel Salmonella Yukt Calisma Grubu uyeleri
(yazarlar harig¢, alfabetik sirayla) Donald Campbell,
Birgitte De Jong, Henriette De Valk, Danilo Lo Fo
Wong, Rob Lake, Ran Lu, Karin Nygard, Wilfred van
Pelt, Paul Sockett, Kate Thomas, ve Hajime
Toyofuku’dur.

Tesekkiir Bolumi

Ik makale taslaklarin ve nihai sonuglarin tartisilmasi icin
Uluslararas1 Enterik Hastalik “Hastalik Yukd” Calismalar
Isbirligi tiyelerine tesekkiir ederiz. Yazarlar ayrica Diinya
Saghk Orgiti'niin  Gida Kaynakli Hastallk  Yuka
Epidemiyoloji Referans Grubuna yo6ntem ve sonuglara
yonelik elestirel degerlendirmeleri i¢in tesekkur etmektedir.

Potansiyel ¢ikar ¢catismalari. TUm yazarlar: ¢atisma yoktur.
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Ozet: Yumurtalarin ve yumurta kabuklarinin Salmonella kontaminasyonu diinya capinda
bir halk sagligi sorunu olarak tespit edilmistir. TUketici tercihlerinde son zamanlarda
meydana gelen degisim, kafessiz yumurta Uretim yontemlerine yonelik bir baskiyla
yumurta endUstrisini  etkilemistir. Tiketicilerde ayrica, potansiyel olarak salmonelloz
riskini artiran ¢ig ve islenmemis gidalara yonelik artan bir talep ortaya cikmistir. Bu
degisikliklere yanit olarak, bu derleme, iiretim isleme ve gida isleme protokollerine kadar
yumurtalarin  Salmonella kontaminasyonuna iligkin mevcut literatiirii arastirmaktadir.
Uretim siirecinde yumurtalarm Salmonella ile kontaminasyonu, siirii biiyiikliigii, siirii yasi,
stres, yem, astlama ve temizlik rutinleri gibi bir¢ok degiskenden etkilenen karmasik bir
konudur. Su anda kafesli, kimesli ve serbest dolasan yumurta iiretiminin yumurtalarin
Salmonella kontaminasyonu tizerindeki etkisi konusunda bir fikir birligi bulunmamaktadir.
Toplama sonrasi, depolama, nakliye ve gida isleme sirasinda yonetim ve kontrol
stratejilerine iligkin literatiir de incelenmistir. Pastorizasyon ve 1sinlama, Salmonella'yt
kontrol altina almak igin belirli yegane yontem olarak tespit edilmistir ve yuksek risk
gruplarinin korunmasi igin esastir; oysa sicaklik ve pH kontrolii ise, ¢ig yumurta igeren
gidalar icin riski en aza indirmeye yoOnelik potansiyel kontrol yontemleri olarak
belirlenmistir; ancak yumurta tiketiminden kaynaklanan salmonelloz riskini azaltmak icin
daha ayrintili kontrol protokolleri ve egitim programlarinaihtiyag vardir.

Anahtar kdimeler: Salmonella; salmonelloz; toplum sagligi; risk degerlendirmesi; kafesli;
serbest dolasan; organik; besin isleme; besin kaynakli hastalik
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1. Girig

Salmonella, diinya ¢apinda besin kaynakli hastaliklarin en yaygin nedenlerinden biridir [1,2].
Kiiresel olarak, gida kaynakli salmonellozun yillik insidansinin ihtiyath bir sekilde 80,3 milyon vaka
oldugu tahmin edilmektedir [3], ancak diger tahminler 200 milyon ila 1,3 milyar vaka arasinda
degismektedir[4]. Yalnmzca Amerika Birlesik Devletleri'nde, yilda 1 milyon besin kaynakli hastalik
vakasindan, tifoid olmayan Salmonella spp'nin sorumlu oldugu tahmin edilmektedir. [5]. Avrupa
Birligi'nden yapilan bir arastirma, her 57 salmonelloz vakasindan sadece 1'inin bildirildigini tahmin
etmektedir. Bu caligma ayrica, Avrupa Birligi iiye devletlerinin her birinde yillik salmonelloz
insidansinin 100.000 kiside 16 ila 11.800 arasinda degistigini ve her iilkede salmonelloz insidansinin
yumurta tavuklarinda Salmonella enterica serotipi Enteritidis'in varligi ile onemli Olgiide iliskili
oldugunu gostermis, bunun birincil enfeksiyon kaynagi olduguna isaret etmistir [6].

Yumurta ve yumurta kabuklarmm kontaminasyonu, besin kaynakli Salmonella'nin baglica
nedenlerinden biri olarak tanimlanmustir. [1]. Amerika Birlesik Devletleri'nde 1985 ve 2002 yillari
arasinda Hastalik Kontrol ve Onleme Merkezi'ne (CDC) bildirilen tiim Salmonella vakalarinm
%S53"linlin  kaynaginin yumurta kontaminasyonu oldugu tespit edilmistir [7]. Besin kaynakli
salmonellozun en yaygin olarak tanimlanan iki etken maddesi S. enterica serotipleri Typhimurium ve
Enteritidistir [2]. Her iki serotip de tavuklarin iireme organlarmi (yumurta kanali ve yumurtalik)
kolonize etme yetenegine sahiptir ve besin kaynakli hastaliklarin baslica nedenleridir. Yumurta ile
ilgili gida kaynakli salmonellozun ¢ogunlugunun Salmonella Typhimurium'dan kaynaklandigi
Avustralya hari¢c olmak Uzere, kirresel olarak Salmonella Enteritidis daha yaygin olarak kontamine
yumurtalarla baglantilidir [8-10].

Yumurtalarin Salmonella kontaminasyonu, bir¢ok degiskenden etkilenen ve uygun yoOnetim
stratejilerinin uygulanmasmi zorlagtiran karmasik bir konudur. Yumurtalarm Salmonella ile icten
kontamine olmas1 i¢in iki yol vardir. Dogrudan kontaminasyon, tavuklarin iireme sisteminde
(yumurtalik ve yumurta kanali dahil) yumurta olusumu sirasinda meydana gelir; dolayli bulagma ise
yumurta yumurtlandiktan sonra meydana gelir ve yumurtanin disin1 kontamine eden Salmonella kabuk
zarmdan gecer. [1,11]. Bu kontaminasyon yollari; yumurta Uretim siireci, depolama, tasima ve gida
hazirlamadan etkilenebilir [7,12-14].

Son yillarda, tiiketici cephesinde daha insancil yumurta iiretimi yontemlerine yonelik bir degisim
yasanmakta ve bu da geleneksel kafes tipi muhafaza sistemlerinden serbest dolasimli Uretime gegise
neden olmaktadir [15]. Cig ve islenmemis gidalara olan talebin artmasiyla birlikte tiiketici yeme
aligkanliklarinda da bir degisim meydana gelmistir [16,17]. Mayonez gibi ¢ig yumurta, belirli soslar
ve dondurma, tiramisu ve hatta milkshake gibi ¢i§ yumurta bazli tathilar iceren islenmemis ev yapimi
gidalarm artan popiilaritesi, potansiyel olarak salmonelloz riskini artirmaktadir [17-20].

Halihazirda, gesitli yumurta tiretim yontemlerinin Salmonella kontaminasyonu Uzerindeki etkisini
degerlendiren yaynlar celiskilidir ve bu da gida giivenligini saglamak igin bilingli bir mevzuatin
uygulanmasini zorlagtirmaktadir [21]. Bu makale kafeste, ciftlikte ve serbest dolasan yumurta tiretim
sureglerinde Salmonella kontaminasyonu ile ilgili mevcut bilgileri incelemektedir. Ayrica iiretim
sirasinda ve kullanim noktasinda kontrol icin ¢esitli yontemleri ve bunun tiiketici tarafindan nasil
etkilenebilecegini arastirmaktadir. Mevcut yonetim politikalariin tartisilmasi ve bilgi bosluklarinin
belirlenmesi, tiiketicilerin glivenligini saglamak i¢in gelecekteki yonetim protokollerini bilgilendirmeye
yardimec1 olacaktir.
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2. Yumurta Uretim Siiregleri

Farkli yumurta tiiretim siireglerinde Salmonella kontaminasyonunu Kkarsilagtiran arastirmalar,
celigkili ve tutarsiz kanitlar ortaya koymustur. Bu, karigikliga neden olan faktorlerin ve degiskenlerin
karmasikligindan kaynaklanmaktadir. Bu faktorler; siirii boyutu, siirii yast ve kiimes degisikligi, hava
durumu, nakliye, yumurtlamanin baslamasi ve tity dokiimiiniin neden oldugu stresi icermektedir. [22].
Sonuglarin  yorumlanmasindaki diger bir zorluk da, kontaminasyon yollarindaki ¢esitliliktir.
Yumurtalarin Salmonella kontaminasyonunu etkileyen faktorler, yumurtaliklar igindeki dogrudan
kontaminasyon ve ¢evresel numunelerin dolayli kontaminasyonu olarak farklilik gostermektedir [23].

Su anda, barinma sistemlerinin Salmonella kontaminasyonu iizerindeki etkisini ¢evreleyen celiskili
kanitlar hala ciddi tartigmalara neden olmaktadir. Avrupa Gida Giivenligi Otoritesi tarafindan yapilan
bir arastirma, 25 Avrupa tilkesindeki 5000 yumurta tiretim tesisinden alman digki ve toz orneklerini
test etmis ve kafes srdlerinin Salmonella ile kontamine olma olasihiginin daha yiiksek oldugu
sonucunavarmstir [24]. Bununla birlikte, Holt ve arkadaslarinin [22] daha yakin tarihli bir incelemesi,
hangi yumurta Uretim muhafaza sisteminin daha az Salmonella kontaminasyonu ile sonuglandigi
konusunda genel bir fikir birligi olmadig1 sonucuna varmistir. Bu inceleme, Holt ve arkadaslarinin [22]
Avrupa Gida Giivenligi Otoritesi tarafindan yayinlanan verileri, toplam ¢alismanin dortte birinden
daha azmi temsil eden yalnizca dort iilkeden bireysel ¢aligmalara atifta bulunarak yanlis temsil ettigini
belirten Greger [25] tarafindan elestirilmistir. Greger'e gore, sonuglarin kiimiilatif olarak
incelemesinden ziyade bireysel ¢alismalar sunmak, okuyuculara daha derin ve bilgilendirici
karsilastirma saglar. Verileri bu sekilde sunarak su soruyu giindeme getirdi: 5 ¢alismada da, serbest
gezinen kimeslerde Salmonella insidansi, kafesli kiimeslere oranla neden daha yuksekti? Bu soruyu
yanitlamak, Salmonella kontaminasyonunu tesvik edebilecek faktorler hakkinda daha iyi bir fikir
verebilir. Bu yayinlar, bu konunun karmasikligini ortaya koymakta ve tek bir yanit olmadigini
gostermektedir. Yumurta tiretim siiregleri su anda hizh bir degisim i¢inde oldugundan, gelecekte en iyi
yonetim uygulamalarin1 temin edecegi i¢in Salmonella kontaminasyonunu destekleyen belirli
faktorlerin tespit edilmesi 6nem arz etmektedir.

3. Dogrudan Kontaminasyon
Yumurtalarin Salmonella ile i¢ kontaminasyonu, yumurta olusumu sirasinda iireme organlarinda

meydana gelmektedir [26]. Hem S. Enteritidis hem de S. Typhimurium'un tavuklarin tireme yollarini
kolonize etme kabiliyetine sahip oldugu gosterilmistir [8], ancak S. Enteritidis ireme yolu mukozasina
S. Typhimurium'a gore daha iyi yapismasi nedeniyle yumurtalarin igeriklerinden daha sik izole
edilmektedir [9]. i¢ kontaminasyon sadece insan saghigi igin degil, yumurta iiretim endiistrisi icin de
Onemli bir meseledir. Gantois ve arkadaslar1 [8], Salmonella ile enfekte olmus tavuklarda yumurta
dretiminin azaldigin1 ve enfeksiyondan sonraki 2 hafta iginde iyilesme olmadigini gozlemlemislerdir.
Halihazirda, farkli kafes sistemlerinin bu kontaminasyon yolu {izerindeki etkisini arastiran sinirli sayida
calisma bulunmaktadir. Gast ve arkadaglari [13] geleneksel kafeslerde ve tiineme, yuvalama ve
tirmalama alanlar1 ile zenginlestirilmis koloni kafeslerinde tavuklarin Salmonella kontaminasyonunu
karsilastirmistir. Tavuklar, 6tenazi ve i¢ organlarin test edilmesinden 6nce 5 ila 6 giin siireyle 1.0 x 107
CFU S. Enteritidis ile oral yoldan dozlanmistir. Geleneksel kafeslerde barindirilan tavuklarin
karacigerlerinde, dalaklarinda, yumurtaliklarinda ve yumurta kanallarinda S. Enteritidis,
zenginlestirilmis kafeslerde barindirilan tavuklara nazaran onemli olciide daha yuksek siklikta tespit
edilmigtir. Bunun stok yogunlugu gibi barimma parametrelerine bagli olabilecegi veya davranigsal
ozelliklerin tavuklarin yayilmis enfeksiyona duyarliigini etkileyebilecegi one siiriilmiistiir. Bununla
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birlikte, Gast ve arkadaslarinin [23] baska bir ¢alismasi, S. Enteritidis'in enfekte tavuklardan geleneksel

kafeslerde veya zenginlestirilmis kafeslerde barindirilan saglikli tavuklara bulagsma oraninda 6nemli bir
fark olmadigini deneysel olarak gostermistir. Barmmanin S. Enteritidis enfeksiyonunun bulagsmasi
Uzerindeki etkisi De Vylder ve arkadaslar: tarafindan da arastirilmistir [27]. Deneysel olarak enfekte
olmus tavuklar kullanilarak dort barinma sistemi arastirilmistir. Buna geleneksel bir batarya tipi kafes,
mobilyali bir kafes (zenginlestirilmis bir kafese en ¢ok benzeyen), bir kushane ve bir zemin sistemi
dahildir. Tavuklar arasinda enfeksiyonun yayilmasi, iki kafesli barinma sistemine kiyasla, kushane ve
zemin barinak sistemlerinde biraz daha fazla ger¢eklesmistir. Bu kismen yumurta kontaminasyonu ile
yansitilmigtir, ¢ilinkii iki kafes ve zemin barinma sistemlerine kiyasla biiylik kus kafesi barinak
sistemlerinde o6nemli Olclide daha fazla kontamine yumurta bulunmustur. Artan enfeksiyon
yayilmasinin, hijyenik durum, hava kalitesi ve kuslar arasinda artan fiziksel temas dahil olmak Uzere
barinma sistemleri arasindaki dogal farkliliklardan kaynaklanabilecegi 6ne stiriilmiistiir.

4. Cevresel Kontaminasyon

Cok sayida calisma, serbest dolasimli kiimeslerde bulunan ¢evresel kaynaklarin, kafesli kiimeslere
kiyasla daha diisiik Salmonella kontaminasyonu insidansina sahip oldugunu gostermektedir.
[12,24,28]. Belgika'da yapilan bir arastirma, kafesli kiimeslerden toplanan toz 6rneklerinin %30'unun
(45/148) ve diski 6rneklerinin %30'unun (45/148) Salmonella pozitif oldugunu bulmustur; ¢iftlikten ve
serbest dolagimli kiimesten toplanan 148 toz Orneginden sadece biri ve 148 diski 6rneginden ikisi
Salmonella pozitifti [12]. Bu sonuclar, ¢evre orneklerinde Salmonella insidansinin serbest dolasimli
kimeslere (%10) kiyasla kafesli kiimeslerde (%19) daha yiiksek oldugunu tespit eden Wales ve
arkadaglarmm [28] Birlesik Krallik’ta gerceklestirdikleri arastirma ile desteklenmistir. Daha 6nce
belirtildigi gibi, Avrupa Birligi genelinde 5310 yumurta {iretim tesisinden alman digki ve toz
orneklerinde S. Enteritidis'in varhigin1 arastiran Recio ve arkadaslarmin [24] calismasi, sSerbest
dolagimli kiimes sistemlerinin, kafesli kiimes sistemlerine kiyasla onemli Olclide daha distik
Salmonella kontaminasyonuna sahip oldugunu bulmustur. Bununla birlikte, seksen dort adet sertifikali
Salmonella igermeyen Bovans Brown tavugu kullanan Parisi ve arkadaslar1 [15] tarafindan, serbest
dolagimli yumurtalarin  geleneksel batarya tip kafeslere kiyasla daha yuksek Salmonella
kontaminasyonu insidansina sahip oldugunu deneysel olarak gosteren celiskili kanitlar ortaya
konmustur. Bu calismada, ii¢ serbest dolagimli kiimesten 5/212 (%2) ve ii¢ geleneksel batarya tip
kafesten 0/212 adet yumurta Salmonella pozitif olarak test edilmistir. Yumurtanin tavugun fiziksel
cevresinden daha hizli ¢ikarildig: kafes sistemlerine kiyasla, serbest dolasimli kiimeslerde goriilen daha
yuksek Salmonella insidansinin, yumurtlamadan sonra tavuk ve yumurta arasindaki uzun siireli
etkilesimden kaynaklandig1 6ne siiriilmiistiir.

5. Yumurtlama Sonrasi Yumurtalara Nifuz

Yumurtalarin yumurtlama sonrasi i¢ Salmonella kontaminasyonu, kabuk zarma nifuz etme yoluyla
cevresel kaynaklardan olugsmaktadir[11]. Miyamoto ve arkadaslar1 [29], yumurtalar1 yumurtlamadan
sonra degisen zamanlarda S. Enteritidis ve S. Typhimurium soliisyonlarina daldirarak Salmonella'nin
yumurta kabuklarma niifuz etme potansiyelini arastirmistir. En yuksek i¢ Salmonella kontaminasyonu
insidansi, yumurtalar yumurtlamadan 15 dakika ila 3 saat sonra (bildirilen en kisa siire) ve 25 °C'de
saklandiginda (3.25 saat ila 6 saat, 1 giin ve 7 giin sonrasina kiyasla) meydana gelmistir. Yumurtalari
Salmonella’'ya maruz kalmadan 15 dakika 6nce 4 °C'de sogutmak, yumurta kabugunun penetrasyonunu
Onemli Olglde azaltmistir. Bunun, diisiik sicaklikta biliylimenin azalmasindan kaynaklandigi one
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stiriilmiistir. Bu, yumurtalarin toplanma sirasinda sogutulmasinin, i¢ Salmonella kontaminasyonunu en

aza indirmek i¢in yararli bir arag olabilecegini gostermektedir; ancak, toplamadan énce muhafazada
meydana gelen herhangi bir kontaminasyonu engellemeyeceginden gercekei olarak bunun uygulanmasi
zordur. S. Enteritidis ve S. Typhimurium'un yumurta kabuklarina nifuz etme kabiliyetleri 6nemli
Olglide farklilik gostermemistir. De Reu ve arkadaglari [11] tavugun yasi ve alan, kabuk kalinligi ve
gozenek sayist gibi yumurta kabugu oOzelliklerinin S. Enteritidis tarafindan yumurta kabugu
penetrasyonunu Onemli Olciide etkilemedigini deneysel olarak ortaya koymustur. Messens ve
arkadagslarinin [30] baska bir ¢alismasinda, ticari olarak temin edilebilen yumurtalar1 kullanmis ve
bunlar, 14 gun boyunca 20 °C'de 2.71 log CFU S. Enteritidis ile deneysel olarak asilanmstir. I¢
kontaminasyon orani, serbest dolasan tavuklarin yumurtalarinda %6, geleneksel batarya kafesli
tavuklarin yumurtalarda %16 ve kahverengi, organik ve omega-3 ile zenginlestirilmis yumurtalarda
%30 ila %34 arasinda gergeklesmistir. Bu ¢alismada goézlemlenen bir baska egilim de, misir kogani
karigimi ile beslenen tavuklarin, standart yem verilen tavuklara kiyasla daha yiiksek niifuz etmis
yumurta kabugu insidansina sahip olmasidir; bu da yem tipinin yumurta kabugu gegirgenligini
etkileyebilecegini akla getirmektedir.

6. Uretim Kontrol Tedbirleri

Uretim siireci boyunca Salmonella kontaminasyonunu kontrol altinda tutmak icin gelistirilen gok
sayida yontem bulunmaktadir; temel yontemlerden biri rutin temizlik ve siirliler arasi
dezenfeksiyondur. [28]. Bununla birlikte, bu temizleme rutinlerinin etkinligi oldukga degisken olabilir
[14]. Wales ve arkadaslari [28], temizlik ve dezenfeksiyon sonrasi1 Salmonella bulasmis 12 adet
katmanli kiimesi incelemis ve 12 kiimesten hichirinin Salmonella igermedigini tespit etmistir. Davies ve
Breslin [14] tarafindan yapilan bir baska c¢alisma, serbest dolasimli, ciftlik seklinde ve katmanli
kimeslerde temizlik ve dezenfeksiyonun etkinligini karsilastirmis ve serbest dolasan tavuk
kiimeslerinde g6zlemlenen Salmonella kontaminasyonunda, topragin kontamine kalmasina ragmen bir
azalma oldugunu, ancak Giftlik ve kafes seklindeki kiimeslerde binalarin ve ekipmanlarin yiizeylerinde
onemli kontaminasyon kaldigini tespit etmistir. Anekdot olarak, modern tarim yontemlerinin bir
sonucu olarak kontaminasyonda azalma olabilecegi de ileri siiriilmiistiir. Ornegin, diski materyaini
giibre bantlar1 araciligiyla bertaraf eden modern ciftlik sistemleri, diski materyalinin yeniden
stoklanana kadar birikmesine olanak saglayan eski ciftlik sistemlerine kiyasla daha diisiik
kontaminasyona sahip olacaktir. Yaban hayat1 vektorlerinin ¢apraz kontaminasyonu da kiimeslerin
yeniden kontaminasyonu icin bir mekanizma olarak tespit edilmistir [14,28,31,32]. Ornegin, S.
Enteritidisin, S. Typhimurium'a kiyasla kafesli kiimeslerde daha yaygm sekilde izole edildigi
bulunmustur. Bunun altinda yatan mantiga yonelik olarak ileri sirdlen fikir, S. Enteritidis ile S.
Typhimurium i¢in gozlenmeyen kemirgen aktivitesi arasindaki giicli korelasyondur. Ciftliklerin
yeniden kontaminasyonuna neden olan Salmonella tasiyicilar1 olarak tespit edilen diger hayvanlar
arasinda fareler, sig¢anlar, tilkiler, kediler, sinekler, ¢op bocekleri, karabdcekler ve kirkayaklar
bulunmaktadir [31,32]. Yumurta iiretim kiimes sistemleri, iklim ve bdlgedeki farkliliklar da bu hayvan
vektorlerinin her birine kars1 uygulanan biyogiivenlik dnlemlerinin etkinligini etkileyerek iyilestirme ve
onleme tedbirlerinin basarisina tesir etmektedir [22].

Tavuklarin asilanmasi, asiya ve Salmonella serotipine bagl olarak Salmonella enfeksiyonuna karsi
degisen bir basar1 sergilemistir. Berghaus ve arkadaglar1 [33] S. Typhimurium, S. Enteritidis ve S.
enterica serotip Kentucky'yi iceren bir asmin, tavuklarin ve yavrularimin bu belirli serotiplere karsi
bagisikligmi arttirdigmi  gostermistir; ancak kimesten alinan ¢evresel Orneklerde Salmonella
insidansini azaltmamustir. Arnold ve arkadaslar1 [34] tarafindan yapilan bir bagka calisma, asilamanin
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S. Enteritidis ve S. Typhimurium doéken tavuklarin oranini etkilemedigini tespit etmistir; ancak

asillanmamis tavuklara kiyasla yumurta kabuklarinda bulunan S. Enteritidis ve S. Typhimurium
insidansini 6nemli 6l¢ilide azaltmustir.

Antibiyotik tedavisi, antibiyotige direncli popiilasyonlarin erken ortaya ¢ikmasi nedeniyle
Salmonella kontrolii bakimindan tartigmali bir yontemdir [35]. Li ve arkadaslar1 [36] tarafindan yapilan
bir ¢alismada, 78 haftalik bir siire boyunca ticari amag¢lh bir yumurta kimesinden toplanan diski
ornekleri test edilmistir. PFGE kullanarak, bilinen serotipleri olan 45 farkli Salmonella izolatinin
Ozelliklerini tespit ettiler. Bu 45 izolattan 16's1 (%35) test edilen 15 antibiyotikten en az birine direng
gostermistir. Bu, insanlarda sistemik salmonelloz tedavisinde yaygin olarak kullanilan tetrasiklin,
ampisilin, streptomisin ve seftiofura karsi direnci icermektedir. Daha yakin tarihli bir ¢alisma, etlik
tavuklarda izole edilen antibiyotige direngli Salmonella genotiplerinin varligini arastirmis ve
izolatlarin %43"linden fazlasinin ampisilin, amoksisilin-klavulanik asit, seftiofur, sefoksitin ve
seftriaksona karsi direngli oldugunu bulmustur [37]. Bu, Trinidad ve Tobago, Grenada ve St
Luciadaki yumurta Uretim siireglerinden 84 Salmonella izolatini1 izole eden Adesiyun ve arkadaslari
[38] tarafindan desteklenmis ve 84 izolatin hepsinin test edilen yedi antimikrobiyal ajandan bir veya
daha fazlasina direng gosterdigi bulunmustur. Eritromisin, streptomisin, gentamisin, kanamisin,
ampisilin ve tetrasikline karsi yliksek frekansta direng gozlenmistir. Antibiyotige direngli suslarin
varligi, daha invaziv olan salmonelloz vakalarinin tedavisi acisindan gida giivenligi ve halk sagligi
acisindan olduk¢a Onemlidir [37]. Baska bir kontrol yontemi de Fiorentin ve arkadaslar1 [39]
tarafindan arastirilmis ve S. Enteritidis ile enfekte olmus tavuklarin serbest dolasan tavuklardan izole
edilen bakteriyofgjlarla oral olarak tedavi edilmesinin, ¢ekumda bulunan S. Enteritidis
kontaminasyonunu 6nemli dl¢iide azalttigini gosterilmistir. Bakteriyofajla tedaviden bes giin sonra S.
Enteritidis CFU/g ¢cekum maddesinde 3.5 bilyuklik mertebesinde bir azalma gozlenmistir ve tedaviden
sonra 25 giine kadar toplanan numuneler, bakteriyofaj ile tedavi edilmeyen enfekte tavuklara kiyasla
kontaminasyon konsantrasyonlarina sahip olmaya devam etmektedir.

7. Toplama Sonrasi Kontrol Yontemleri

Mevcut yumurta yikama teknolojisinin yararlar, stirecin Salmonella’y: yaomurta kabugu ylizeyinden
yumurtanin igerigine aktarabilecegi endiseleri nedeniyle tartisilmaktadir [40]. Yikamanin Salmonella'y:
yayarak c¢apraz kontaminasyona neden olabilecegi endisesi de bulunmaktadir [41]. Hutchison ve
digerleri [42], kontamine yumurtalarin optimum kosullar altinda yikanmasinin, kabuk yiizeyinde 5 log
Salmonella CFU azalmasina yol a¢tigini ve yumurtanin igeriginde Salmonella tespit edilmedigini
deneysel olarak gostermistir (konveyor bant hizi 111 cm/dk, 6n yikama suyu 44 °C ve 138 kPa idi,
yikama suyu 44 °C idi, 262 kPa ve 3 g/L kloro yikama iceriyordu) (klor bazli bir dezenfektan,
durulama suyu 48 °C, 262 kPaidi ve 2.5 ml/L Quat 800 durulama suyu maddesi ve 2 dakika boyunca
42 °C'de yumurtalar1 yikama sonrasi havayla kurutma iceriyordu). Ancak, bu yikama siiresindeki ve
daha diisiik sicakliklardaki farkliliklar, hem S. Enteritidis hem de S. Typhimurium'un yumurta kabuguna
niifuz etmesine ve yumurta igerigini kontamine etmesine sebep olmustur. Yumurta yikama
protokolleri, kimyasal bilesiklerin eklenmesiyle zenginlestirilmistir. Wang ve Slavik [41], Uc ticari
yumurta yikama bilesiginin yikama sonrasit yumurta kabuguna Salmonella nifuzu Gzerindeki etkisini
deneysel olarak karsilastirmistir. Ticari olarak temin edilebilen kimyasal bilesiklerden ikisinin
(kuaterner amonyum bilesigi (QAC, pH 7.5) ve hipoklorit (NaOCl, 100 ppm, pH 7.5)) yumurta
kabuguna Salmonella niifuzunu azalttigi gosterilmistir; bununla birlikte, sodyum karbonat (Na2CO3,
pH 12) ile yikamanin bakteri nifuzunu kolaylastirdig1 ortaya konmustur. Yumurta yikama protokoliine
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bir diger ilave ise hafif asidik elektrolize su kullanilmasidir; bu, ¢apraz kontaminasyonu onleyen

kabuklu yumurtalar ve yikama suyu iizerindeki S. Enteritidis't deneysel olarak azaltmak ve hatta
ortadan kaldirmak icin Cao ve arkadaslar1 [43] tarafindan ortaya konmustur. Bu sonuglar1 gergek
dinyada uygulanmasi agisindan yorumlamanin zorlugu, yumurta kabuguna niifuz etme Uzerindeki
etkinin arastirilmamis olmasidir.

Kisa siireli 1s1l iglemle biitlin yumurta ve yumurta i¢i pastorizasyonu, Salmonella kontaminasyonunu
azalttig1 kanitlanmig bir bagka yontemdir [40,44]. Barbour ve arkadaslar1 [45], Salmonella agilanmig
biitiin yumurtalar 57 °C'de 25 dakika sicak su banyosuna yerlestirilerek ve ardindan bu yumurtalara 55
°C'de 57 dakika daha sicak hava uygulanarak muamele edildiginde, Salmonella kontaminasyonunda
onemli bir azalma gézlemlendigini gostermislerdir. Ik asilama yaklasik 10° CFU'ya diisiiriildiigiinde,
bu 1siyla pastorizasyondan sonra tespit edilen canli Salmonella bulunmamaktaydi [45]. Pasquali ve
arkadaglar1 [46] ayrica sicak hava uygulamasmin yumurta kabuklarinin S. Enteritidis
kontaminasyonunu 1,9 loga kadar azalttigini ve yumurtanin kalite 6zelliklerinin hi¢birinde dnemli bir
degisiklik olmadigin1 gdstermistir. Pastdrizasyon, yasl bakim tesisleri ve hastaneler gibi yiiksek risk
gruplari i¢in yumurtalardan kaynaklanan salmonelloz riskini azaltmak igin uygun bir yontem sunabilir;
ancak, tiiketicilerin ¢ig biitiin gidalar1 arzu etmeleri ve pastorize gidalarin tiikketimine iliskin endiseleri
nedeniyle bunun herkesigin bir ¢oziim saglamasi olas1 degildir [47].

Yumurtalarin 1ginlanmasi, salmonellozun 6nlenmesi i¢in potansiyel bir yontem olarak sunulmustur.
Salmonella'yi inaktive etmek ic¢in gereken minimum doz, yumurtanin duyusal ve fonksiyonel
ozelliklerinde degisikliklere neden oldugu gosterilen 1.5 kGy'dir. Duyusal degisiklikler yumurta
sarisinin  kokusunun artmasini ve yumurta akinin berrakliginin azalmasini igerirken, fonksiyonel
degisiklikler yumurta akinin kopiik stabilitesinin azalmasini igermektedir [48]. Deneysel olarak, 2.5 ve
5 kGy dozlarinda 1ginlanmig yumurta akinm kopiirme kabiliyetinin arttigi, ancak kOpuk stabilitesinin
azaldig1 ve bunun da yumurta akinin islevselligini ve ¢ekiciligini bariz sekilde siirladigi gosterilmistir.
[49]. Buna ragmen, 1sinlama ve pastorizasyon yaslilar, bagisikligi baskilanmis olanlar, ¢ocuklar ve
hamile kadinlar gibi yiiksek riskli popiilasyonlar i¢in kabul edilebilir bir secenek olabilir. Hastaneler ve
yasli bakim tesisleri i¢in salmonelloza kars1 uygun bir kontrol yontemi olabilirler [48,50]. Bu itibarla,
Hassas popiilasyonlar igin pastorize yumurta iiriinlerinin kullanimin1 zorunlu kilan diizenleyici
kurallar, salmonelloz riskini azaltma yontemi olacaktir.

Yumurta kabugunun kitosan (kabuklulardan elde edilen dogrusal bir polisakarit) ile kaplanmasinin S.
Enteritidis tarafindan penetrasyonu onemli Ol¢iide azalttigini gosteren Leleu ve arkadaslari [51]
tarafindan bagka bir yaklagim ortaya konmustur. Deneysel olarak, %2'lik bir kitosan yumurta kabugu
kaplamasi, islem gormemis yumurtalarda %24,5'ine kiyasla, yumurtalarin yalnizca %6,1'inde
penetrasyona neden olmustur. Bununla birlikte, kitosan kaplama yumurta kabugu kontaminasyonunu
azaltmamistir ve bu da diger gida iriinlerine hazirhk sirasinda ¢apraz kontaminasyonu

engellememektedir.
8. Depolama ve Tasima

Radkowski [52] tarafindan yapilan bir arastirmada, kabuklarin disinin 10 CFU S. Enteritidis ile
yapay olarak kontamine olmasiyla birlikte farkli sicakliklarda depolamanin 1440 adet yumurta
tizerindeki etkisini arastirilmigtir. Kabuklarin yapay kontaminasyonu, oda sicakliginda 0, 10 veya 20
gunlik depolamadan sonra meydana gelmistir ve yumurtaar, kalan S. Enteritidis kontaminasyonunu
6lcmeden 6nce 2 °C, 20 °C ve 30 °C'de 0, 7, 14 ve 21 gun sureyle saklanmistir. Bu ¢alismanin
sonuglari, daha diisiik sicakliklarda depolamanin aslinda S. Enteritidis'in kabuklu yumurtalarin diginda
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hayatta kalmasmi arttirdigin1 gostermistir. Alternatif olarak Humphrey ve arkadaslari [53] oda

sicakliginda saklamanm kontamine yumurtalarin S. Enteritidis'in i¢ konsantrasyonu {izerindeki etkisini
arastirmistir. Bu ¢alisma esnasinda, 15 farkli Salmonella pozitif slriden toplam 5262 adet tavuk
yumurtasi, yumurtlamadan sonra degisen sayida giin i¢inde S. Enteritidis bakimindan test edilmis ve bu
islem esnasinda yumurtalar oda sicakliinda depolanmiglardir. Yumurtlama sonrasi birinci, ikinci ve
uglincti haftalarda, 5/1085 (%0,5), 7/1353 (%0,5) ve 1/1221 (%0,1) yumurta S. Enteritidis ile kontamine
olmustu ve tiim kontamine yumurtalarda <20 hiicre S. Enteritidis vardu.

21 giin sonra yumurtalarm 12/1603" (%0,8) S. Enteritidis pozitifti, bunlardan yedisi <20 hiicre

iceriyordu, ancak besi, 1.5 x 10 ve 1.2 x 10° S. Enteritidis hiicresi iceren iki yumurtaile >100 hiicreye

sahipti. Lublin ve arkadaslarinin [54] baska bir ¢alismasi, 25 °C'de dort hafta saklandiktan sonra
deneysel olarak asilanmis yumurtalardaki S. Enteritidis konsantrasyonunun artmaya basladigini
gostermistir. Ayrica yumurtalart 6 °C'de saklamanin 25 °C'de gozlemlenen konsantrasyondaki bu
artis1 Onledigini, ancak S. Enteritidis'in ilk konsantrasyonunun hayatta kalmasini engellemedigini
ortaya koydular. Okamura ve arkadaslar1 tarafindan, 10 °C ve 20 °C'de yumurta depolamasinin
deneysel olarak asilanmis yumurtalarda S. Enteritidis biiylimesini kontrol altina aldig1 gosterilmistir
[55]. Bununla birlikte, sicakliktaki dalgalanmanin biiyimeyi destekledigini ve yumurtalarin 5 gin
boyunca 22-30 °C veya 27-35 °C'de saklanmasimn ve ardindan 25 °C'de sabit depolanmasinin, >10°
S. Enteritidis hiicresi igeren yumurta sayisinda sirastyla yalnizca bir ve iki hafta sonra hizli artiglara
neden oldugunu kesfetmislerdir. Sicakliktaki dalgalanmadan kaynaklanan bu hizli artisin ciftlikten
sofraya depolama ve nakliyeyi yonetirken dikkate alinmasi 6nem arz etmektedir.

9. Besin isleme ve Hazirlama

Isleme siireci boyunca Salmonella kontrol yontemleriyle ilgili mevcut literatiirde tutarsizliklar
bulunmaktadir ve sunulan kanitlar geligkilidir. Bu, besin isleme ve hazirlama sirasinda Salmonella'nin
kontrolii ve yonetimi iizerinde ¢ok fazla baski olusturmaktadir. Besin isleme esnasinda bu patojenin
yonetiminin 6nemi, tiiketicilerin ¢ig gida iriinlerine yonelik artan talebiyle daha da artmistir [16,17].
Humphrey ve arkadaslar1 [56] bir model mutfak kullanarak ve deneysel olarak kontamine olmus
saglam yumurtalar1 kullanarak yumurtalar1 karistirmak i¢in kullanilan kaplarin yikamadan sonra bile
bazen Salmonella pozitif oldugunu ortaya koymustur. Catal veya el mikseri ile elle ¢irpilmig bir hamur
karisiminda kontamine yumurtalar kullanildiginda, karigtirma kabindan 40 cm'den daha uzak olan
calisma ylizeylerinde S. Enteritidis tespit edilmistir. Kontaminasyondan 24 saat sonra yumurta veya
hamur karigiminin ince kuru noktalarinda bakterinin hayatta kaldig1 goriilmiistiir. Barker ve arkadaslari
tarafindan, Salmonella kontaminasyonunu ortadan kaldirmak igin mutfagi basarili bir sekilde
temizlemenin 6nemi de arastirilmistir [57]. Bu ¢alismada, model mutfakta hijyenik bir yiizey elde
etmek icin durulama asamasi olmadan deterjan bazli temizlik kullanilmasi yetersiz kalmistir. Deterjan
bazli temizleme yontemi, durulama asamasinin eklenmesiyle gelistirilmis olmasina ragmen, 5000
ppm'de hipoklorit kullanimi deterjan bazli temizleme karsisinda 6nemli 6lglide Ustiinliik saglamistir.
Salmonella'nin diger gida triinlerine ¢apraz bulagsmasini 6nlemek i¢in mutfak yiizeylerinin ve mutfak
esyalarmin yeterince temizlenmesi ¢cok dnemli oldugundan, bu 6énemli bir mesajdir.

Uygun besin islemenin 6nemi, Avustralya'nin Tazmanya kentinde Haziran ve Aralik 2005 arasinda
meydana gelen bir dizi ilgili Salmonelloz salgimi 6rnegi ile ortaya konmustur. Bu donemde bes salgin
meydana gelmistir ve Tazmanya Saglik Departmanina bildirilen toplam 125 S. Typhimurium faj vakasi
135 laboratuvarca teyit edilmistir. Bu vakalarm %91'i yumurtalarin1 ayni ¢iftlikten temin eden gida
isletmeleriyle baglantiliydi. Bu isletmelerin, Sal/monella'nin Gapraz kontaminasyonuna yol agan
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yetersiz besin isleme ve saklama prosediirlerine sahip oldugu tespit edilmistir [58]. Crespo ve

arkadaslar1 [59] Ispanya'da 2000—2002 yillar1 arasinda yumurta ve yumurta iiriinleri tiiketimiyle iliskili
gida kaynakli hastalik salginlarini arastirmistir. Toplamda 895 salgin tespit edilmis ve bunlarin %85'
Salmonella ile iliskilendirilmistir (bunlarin %58'inin S. Enteritidis oldugu dogrulanmistir). Bu
salginlarin her birine iliskin arastirmalar, en 6nemli kontrol dnlemlerinin saglik egitimi oldugunu,
ardindan tesislerin denetlenmesi ve besin isleyicilerinin izlenmesi oldugunu tespit etmistir. Bu
salginlardan elde edilen bulgular, besin isleyicilerinin bitmis gida iriinlerinin hijyenini saglama ve
yumurtalart hi¢bir zaman "steril" olarak gérmeme sorumlulugunu gostermistir. Cogu besin isleyicisi
¢ig yumurtalardan kaynaklanan Salmonella riskini hafife almaktadir [60]. Nijerya, Owerri'deki restoran
bas as¢ilar1 ve catering yoneticileriyle yapilan yeni bir arastirma, tiim katilimcilarin ¢ig et, tavuk veya
balik tuttuktan sonra ellerini yikadigini belirtmesine ragmen, %6'sinin ¢ig yumurtay: kirdiktan sonra
ellerini yitkamadigini tespit etmistir [61].

Besin isleyicilerinin gida giivenligi egitimiyle ilgili uygun bilgilere sahip olmasini saglamanin
zorlugu, mesajin her zaman net olmamasidir. Ornegin Radford ve Board [62] ev yapim1 mayonez ve S.
Enteritidis'in hayatta kalmasinin roliinii aragtirmistir. Sirke ile yapilan ve pH'1 4,1 veya daha az olan
mayonezin S. Enteritidisi kontrol altina aldigr bulunmustur. Mayoneze sarimsak ve hardal ilavesi de S.
Enteritidis'e kars1 koruyuculuk saglamustir; bununla birlikte, tuz veya herhangi bir bitkisel materyalin
eklenmesi S. Enteritidis'in hayatta kalmasini desteklemistir. Kullanilan yag ve sirke tiirleri, S.
Enteritidis'in hayatta kalmasini etkilemistir ve mayonezin sogutma sicakliklarinda saklanmasi
Salmonella'y1 asitlestirici maddelerden ger¢cek manada korumustur. Mayonezin buzdolabinda
saklanmadan 6nce 18-22 °C'de 24 saat saklanmasi onerilmistir.

10. Sonuclar

Yumurtalarin Salmonella kontaminasyonu, gida iiretim siirecinin her asamasindaki degiskenlerden
etkilenen karmasik bir konudur. Su anda, Salmonella kontaminasyonu ileilgili olarak serbest gezerek,
ciftlikte ve kafesli tiretim siireglerinin faydalarina iliskin literatiir ¢eligkilidir. Bununla birlikte, mevcut
literatir, Salmonella igermedigi garanti edilen yumurta Uretiminin henlz miimkiin olmadigini
gostermektedir. Bu, Salmonella acisindan toplama sonrasi kontrol tedbirlerinin  Onemini
pekistirmektedir. Buna yikama, pastorizasyon ve isinlama gibi toplama sonrasi dezenfeksiyon
yontemleri dahildir. Tkinci olarak belirtilen iki yontem tum tiiketiciler icin cezbedici olmasa da, yilksek
riskli hastalar i¢in uygun bir ¢6zUm sunmaktadirlar. Su anda bilgiler oldukc¢a karmasik ve degisken
oldugundan, depolama, sicaklik ve besin isleme protokollerini optimize etmek igin daha fazla
arastirmaya ihtiya¢ duyulmaktadir. Tiiketici tercihlerindeki mevcut degisim ve ¢ig gida {riinlerine
yonelik artan talep géz oniline alindiginda, ¢ig yumurta igeren gidalarin hazirlanmasina iligkin daha
bilin¢li kilavuzlara ihtiya¢ duyulmaktadir. Gida iirtinlerinin sicaklik ve pH" yoluyla Salmonella'nin
kontroliinii saglamak i¢in farkli protokolleri kesfetmek i¢in daha fazla arastirma yapilmasi
gerekmektedir. Ayrica besin isleyicilerini ve tiiketicileri ¢ig yumurta ve gida triinlerinin ¢apraz
kontaminasyonundan kaynaklanan riskler konusunda yeniden egitmeye ve halk saglig1 riskini azaltmaya
ihtiyag¢ vardir.
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DERLEME

Salmonella, konak ve hastalik:

Bryan Coburni,2;3, Guntram A Grasd1,3ve BB Finlay??

kisa bir derleme

Salmonella tirleri, kiiresel olarak 6nemli 6l¢ctiide morbidite, mortalite ve hastalik yiikiine neden olmaktadir. Salmonella

tiirlerinin  enfeksiyonlari

birden fazla klinik sendroma neden olmaktadir.

Tiim insan salmonellozlarinin

patofizyolojisinin merkezinde, gug¢li bir dogal immiin/inflamatuar tepkinin uyarilmasi yer almaktadir. Bunun nihai
olarak konakglya veya patojene adapte olabilme avantajini yansitip yansitmadigi a¢ik degildir. Bununla birlikte, hem
konakginin hem de patojenin, digerine zararli olan konak tepkilerini tetikleyen mekanizmalar gelistirdigi acgiktir. Bu
derlemede, Salmonella enterica tirleri ile enfeksiyona bagh iki klinik sendromda mobilize olan bazi konakgi ve

patojenik mekanizmalar arastiriimaktadir: enterokolit ve tifo.

Immunology and Cell Biology (2007) 85, 112-118. doi:10.1038/sj.ich.7100007; 5 Aralik 2006 tarihinde ¢evrimici yayinlandi

Anahtar Kelimeler: salmonella; enterokolit; SPI; tifo; virilans; PAMP

Salmonella enterica (S. enterica), diinya ¢apinda 6neme sahip, yilda
1,3 milyar hastalik vakasina neden olan, Gram-negatif fakultatif
hicreici bir anaerobdur. Alt: alt tire ait 2500'den fazla S. enterica
serotipi tanimlanmustir.*? Alt tiirler ayrica flagellar, karbonhidrat
ve lipopolisakkarit (LPS) yapilart ile farklilasan serotiplere
boliinmistiir. S. enterica turleri tipik olarak dort ana sendromdan
birine neden olan oral yolla edinilen patojenlerdir: enterik ates (tifo),
enterokolit/ishal, bakteriyemi ve kronik asemptomatik tastyicilik.
Hastaligin tezahiirii, hem konak¢inin duyarliligina hem de bulasict
S enterica serotipine baghdir.? Insanlarda Typhi, Paratyphi ve
Sendai serotipleri enterik atese neden olurken, ¢ogu serotip
enterokolit/ishale neden olur. Choleraesuis ve Dublin dahil olmak
iizere birkag serotip, insanlarda bakteriyemi ile daha yaygin olarak
iliskilidir.2 Typhi serotipi biiyiik 6l¢iide insanlarla sinirliyken, diger
serotipler daha genis dl¢iide konakgiya adapte olur ve dogal hayvan
enfeksiyonuna neden olur. Dublin, Typhimurium ve Choleraesuis
serotipleri hem insanlarda hem de hayvanlarda hastaliga neden olur,
ancak farkli konakgilarda farkli sendromlara neden olur. Dublin
serotipi ineklerde bagirsak iltihabi hastaligina, bakteriyemiye ve
diisiiklere neden olur; Typhimurium sercotipi farelerde tifo benzeri
sistemik bir hastaliga neden olur; Choleraesuis serotipi ise
domuzlarda septisemiye neden olur.® Insanlarda tifo atesi ve
bagirsak/ishal hastaligi, S. enterica enfeksiyonu ile iliskili en yaygin
sendromlar1 temsil etmektedir ve Salmonella patogenezinin bulasici
trlerinde en kapsamli sekilde arastirilan hem bakteri hem de
konakginin patojenik siireclerini igermektedir. Belirgin inflamatuar
hastalik, tifo ve enterokolitin ortak bir 6zelligidir. Salmonella tiirleri
tarafindan kullanilan g¢esitli viriilans programlari, enfeksiyonun
farkli  evrelerinde  ¢esitli  dokulardaki  konak  savunma
mekanizmalarryla etkilesime girerek o6nemli konak
immunopatol ojisine, morbiditeye ve mortaliteye yol agar.

TIFO

Insanlarda tifo, genellikle kontamine su veya hayvansal iriinlerden
veya enfekte bir kisi veya tasiyict ile yakin temastan S. enterica
serotip Typhi bakterisinin yutulmasim takiben ortaya cikar.* Tifo
hastaligimnim olusumunun anlasilmasi blyUk oranda, hastalik riskine
acik farelerin S. enterica serotip Typhimurium ile enfeksiyonunun
aragtirilmasi sayesindedir. Bu tirde, oral agilamay: takiben, viriilan
serotip Typhimurium gastrik asiditeyi atlatir ve muhtemelen yerlesik
mikrofloray1 yenerek ileum ve g¢ekumu kolonize eder.>® Peyer
plaklarini (PP) kaplayan fagositik epitelyal M hiicrelerinin istilas1 ve
ayrica dendritik hiicreler (DC'ler) Uzerinden alim yoluyla, bakteriler
bagirsak epiteli boyunca yer degistirir ve konake1 dolagimina erisim
kazanir veya bagirsaktan CD18 eksprese eden fagositler iginde
tagimir.”® Ekstraintestinal enfeksiyon Uizerine, bakteriler retikilo-
endotelyal sistem (RES) yoluyla yayilir ve cesitli splenositler,
agirlikli olarak makrofajlar, DC'ler ve polimorfonikleer |6kositler
(PMN'ler) igindeki graniilomat6z odaklarin yani sira karacigerdeki
hepatositler ve diger profesyonel olmayan fagositlerde ikamet
eder.’**? Bagirsak enfeksiyonunun olmadigi durumunda, hicre ici
replikasyon ve hayatta kalma, tifonun merkezi virtlans 6zellikleri
olarak diisliniilebilir. Sistemik bdlgelere yerinin taginmasi veya
bakterilerin periton bosluguna asilanmasi durumunda, fagositik
6ldiirme sonucunda hayatta kalmasi, bakteriyel viriilansin 6nemli bir
ozelligidir. Fields ve digerleri'®, fagositler icinde bakteriyel hayatta
kalmanin viriilans i¢in gerekli oldugunu géstermistir. Salmonella;
DCl'ler, makrofajlar, hepatositler, nétrofiller, kolonositler ve diger
epitel hiicreleri dahil olmak {izere gok ¢esitli hiicreleri enfekte etme
kabiliyetine sahiptir. In vitro olarak, hiicrelerle temas ettikten birkag
dakika sonra, Salmonella igsellestirilir ve bir fagozom veya
lizozomdan farkli olarak, Salmonella iceren vakuol (SCV) olarak
adlandirilan benzersiz bir zara bagh bolmede ikamet eder.}416
Fagositler icinde Salmonella SCV olusumu, fagosit oksidaz
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kompleksi ile endozomal fliizyondan kaginma gibi énemli bir isleve
sahiptir.t”

Insanlarda, tifo hastahigi, genel ates ve halsizlik, karin agris1, bas
agrisi, miyalji, mide bulantisi, anoreksi ve kabizlik gibi baska
semptomlarla birlikte veya bunlar olmaksizin bakteriyel asilamadan
bir ila 2 hafta sonra ortaya ¢ikar. Ishal ara sira meydana gelir, ancak
yalmzeca bagisiklign baskilanmig kisilerde enfeksiyon tipiktir.
Hepatosplenomegali siktir ancak tiim vakalarda gériilmez ve yaygin
abdominal hassasiyet olagandir. Ates tipik olarak baglangigta hafiftir
ve hastalik ilerledikge kotiilesir (Parry ve digerleri'® tarafindan
incelenmistir). Komplikasyonlarin yoklugunda, ¢esitli enfeksiyon
donemlerini takiben hastalik diizelir, ancak bakterinin semptomatik
hastalarda taginmasi aylar veya yillar boyunca devam edebilir ve
hastalarin kiiciik bir kisminda niiksetme meydana gelir. Serotip
Typhi enfeksiyonunun birincil tedavisi florokinolonlardir, ancak
nalidiksik asit ve diger antimikrobiyal ajanlar da kullanilir. Tedavi
vakalarmn biiylik ¢ogunlugunda etkilidir ve bakteri temizleme
siiresini, tagima oranlarin1 ve enfeksiyonla iligkili morbidite ve
mortaliteyi azaltmaktadir.’

ENTEROKOLIT VE ISHAL

Tutarli teshis ve raporlama eksikligi nedeniyle tahminler biiyiik
Olglide farklilik gosterse de, diinya ¢apinda her yil 200 milyon ila
1,3 milyar bagirsak hastaligi vakasinin ve tifo disi Salmonella'ya
bagli 3 milyon Sliimiin meydana geldigi tahmin edilmektedir.*® Tifo
gibi, tifo olmayan Salmonella tiirlerinin neden oldugu bagirsak
hastaliklarmin  meydana gelmesi, gelismekte olan iilkelerde en
yiiksek diizeydedir, ancak gelismis iilkelerde de biiyiik &nem
tasimaktadir. Salmonella enteropatogenezinin®® yeni fare modeli
gelistirilinceye kadar, bagirsak hastaligi calismasi biiyik olciide
sigir ileal halka asilamalar1 ve oral enfeksiyonlar ve kiiltlirlenmis
bagirsak epitel hiicrelerinin incelenmesiyle sinirliydi.

Hayvanlarda, bagirsagin viriilant S. enterica tarafindan kolonize
edilmesi durumunda, bakteriler apikal epitelde yerlesir, invazyonla
iliskili viriilans mekanizmasimi indiikler ve fokal ve yaygin PMN
infiltrati, kript apseleri, epitelyal nekroz, 6dem ve sivi sekresyonu
dahil olmak tizere 6nemli inflamatuar degisiklikler ortaya ¢ikarir.?-2*
Insan, sig1r, faregiller ve tavsan Typhimurium serotip enterokoliti en
siddetli olarak kaudal ileum, ¢ekum ve proksimal kolonda goril{r.
Bagirsak  epiteline notrofilin - gelmesi, bagirsak hastaliginin
histopatolojik 6zelligidir. In wvitro, kiiltiirlenmis epitelyal tek
katmanlara PMN’nin gelmesi, apikal epitele yakin Salmonella
tarafindan interlokin-8'in (IL-8) indiiklenmesi yoluyla gergeklesir.
Cesitli S. enterica suglarmin insan bagirsak hastaligina neden olma
kabiliyeti, Ozellikle epitel istilasi gerektirmeden T84 hiicre tek
katmanlart boyunca PMN'leri kendine c¢ekme kabiliyetleri ile
iliskilidir.?® Serotip Typhimurium ile nétrofilin bolgeye gelmesi
enfeksiyonun ilk 1-3 saatinde gergeklesirken, yogun nétrofil gocli ve
protein bakimindan zengin eksiidalarin  bagirsak liimenine
salgilanmasi enfeksiyonu takip eden 8-10 saate kadar gerceklesmez
ve ishal bakteri kolonizasyonundan yaklasik 8-72 saat sonra
baglar.?”?® Hem inflamasyonun gegici olarak ayrilmas: ve sekretuar
isha hem de Salmonella'min farkli biiyime evrelerinde farkl
inflamasyon indiiksiyonu ve sekretuar tepkiler gosterdigini gésteren
diger kanitlar, ishal ve inflamasyonun, belki de iliskili olmasina
ragmen,? enteropatogenezde bagimsiz olarak meydana geldigini
digtindiirmektedir.

insanlarda hastalik tipik olarak, kontamine yiyecek veya suda
50.000'den fazla bakterinin yutulmasini takip eder ve semptomlar
tiketimden 6 ila 72 saat sonra ortaya ¢ikar. Semptomlarin
baslangici, akut baglangig, kramp, karmn agris1 ve kanli veya kansiz
ishal ile kendini gosterir. Mide bulantisi ve kusma da sik goriiliir.
Genellikle ileum hastaligidir; tifo dis1 hastalikta inflamasyon kalin
bagirsakta da goriilir; nadiren jejunum, duodenum ve midede
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enfeksiyonlar  gortltr.22%° Cocuklarda enterokolit enfeksiyonu, artan
inflamatuar siddet, kanli ishal ve artan enfeksiyon siiresi ve komplikasyon
riski ile kendini gosterir.

Bagirsakla sinirli enfeksiyonlar i¢in tedavinin olmadigi durumlarda,
semptomlar genellikle 5-7 giin siirer ve kendiliginden diizelir. Sivi kaybinin
fazla oldugu durumlarda sivi ve elektrolit dengesizliklerinin oral veya
intravendz rehidrasyon ile tedavisi gereklidir. Yetiskinlerde, spesifik
antimikrobiyal tedavi, yalnizca invaziv hastaligin pozitif belirtilerinin
varliginda gereklidir ve hastalik siiresini veya semptomlarin siddetini
azaltmaz. Yenidogan bagirsak enfeksiyonu da istilanin 6nlenmesi igin tedavi
gerektirir.

BAGISIK AKTIVASYONDA VIRULANS
BELIRLEYICILERI

Salmonella enfeksiyonunun hiicre kiiltiirii ve hayvan modelleri kullanilarak,
enfekte olmus konakeilarda inflamatuar/bagisiklik tepkilerini harekete
gegirmek igin kritik olan ¢ok sayida viriilans belirleyicileri tespit edilmistir.
Salmonella enfeksiyonu sirasinda proinflamatuar uyaricilar genel olarak iki
kategorinin temsilcisi olarak kabul edilebilir: dogustan gelen bagigikligi
uyarma yetenegine sahip patojenle iligkili motifler ve hastalik patolojisine
neden olan konakge1 siireglerini kullanan veya istifade eden viriilansla iligkili
proinflamatuar davramglar. In vivo viriilans igin kritik dneme sahip olanlar,
Salmonella patojenite adalari (SPI), 6zellikle SPI-1 ve -2'dir. Her iki SPI da,
konak¢1 biyokimyasini ve hiicre fizyolojisini dogrudan etkilemek icin
bakteriyel ve konak¢t membranlar yoluyla konakget hiicrelere (translokasyon)
veya hiicre dis1 ortama (salgi) “efektorler” olarak bilinen bakteri proteinlerini
enjekte edebilen tip III salgilama sistemi (T3SS) adi verilen molekiiler bir
aparati kodlar.

SALMONELLA

SPI-1 VE INFLAMASYON

1989 yilinda Galan ve Curtis31, hiicre kiltiriinde bakteriyel invazyon igin
gerekli olan Salmonella genlerini ve daha sonra yatay olarak edinilmis bir
patojenite adas1 olan SPI-1'in bir parcasi oldugu gosterilen tam oral virtilansi
tanimladilar.32 Baslangicta bir invazyon adasi olarak nitelendirilmesine
ragmen, SPI-1 dogustan gelen bagisiklik yollarmin aktivasyonu ile ilgili ek
fonksiyonlara sahiptir. SPI-1'e bagl inflamasyon, birden fazla siireci
yansitiyor gibi goriinmektedir: (1) SPI-1 tarafindan salgilanan efektor SipA
tarafindan bagirsak epiteli boyunca PMN’nin bolgeye gelmesinin harekete
gecirilmesi; (2) yeri degistirilmis SPI-1- efektorlerin uyumlu faaliyeti ile NF-
kB sinyallesmesinin aktivasyonu ve (3) kaspaz-l-aracili IL-1b / IL-18
aktivasyonunun etkinlestirilmesi ve yeri degistirilmis SPI-1- efektorii SipB ile
proinflamatuar hiicre 6lim.

SIPA VE NOTROFILIN BOLGEYE GELMESI

Notrofillerin kiiltiirlenmis epitelyal tek katmanlara ve bunlarin arasina
gelmesi, IL-8 ve patojenin neden oldugu epitelyal kemoatraktan (PEEC) ve
SPI-1 efektdrii SipA'nin iiretimini gerektirir.33%° Bagirsak epitelyal tek
katmanlarmin yakininda saflastirilmis SipA'nin salgilanmas: veya dogrudan
eklenmesi, PEEC Uretimini ve bunun sonucunda bazolateral notrofillerin
apikal epitelyal membrana gelmesini ve aktivasyonunu baglatir.

SIPB VE ‘PIROPTOZIS’

SPI-1 efektdrt ve translokaz SipB, in vivo inflamatuar hastalik igin de kritik
oneme sahiptir® ve spesifik inflamatuar kaskadlarm indiiksiyonu igin in vitro
gereklidir.3” Konak hiicre temasi durumunda, SPI-1 T3SS, SipB'yi konak
hiicre sitozoliine yerlestirir, burada kaspaz-1i (IL-1b doniigtiiriicii enzim)
baglar ve bu da proinflamatuar sitokinler IL-1b ve IL-18.37'nin katalitik
béliinmesine ve salinmasina neden olur.3” Bu ayn1 zamanda hem apoptoz hem
de nekroz ozelliklerine sahip olan ve proinflamatuar dogasi nedeniyle
‘piroptoz’ olarak adlandirilan hizli bir proinflamatuar hiicre dlimiini baslatir.
Model enfeksiyonlarda kaspaz-1 aktivasyonunun 6nemine iligkin ¢aligmalar,
alternatif olarak, SPI-1 aracil kaspaz-1 aktivasyonunun,
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murin tifo patogenezi® sirasinda bakterilerin bagirsak liimeninden
sistemik bolgelere etkin bir sekilde yerlestirilmesi i¢in gerekli oldugunu
ve kaspaz-1 eksikligi olan farelerin Salmonella ile bagirsak
enfeksiyonuna karsi artan hassasiyeti oldugunu disiindiiren ¢eliskili
sonuglar vermistir®®. Kongenik farelerin kullanimi ve ikinci ¢alismada
hem kaspaz-1 hem de Ipaf eksikligi olan farelerin murin tifoya daha
duyarli  oldugunu  gosteren  dogrulayici  kanitlar, kaspaz-1in
enfeksiyonda  koruyucu  bir  proinflamatuar rol  oynadigini
diistindirmektedir.

SPI-1 EFEKTORLERI VE NF-kB SINYALIZASYONU
Salmonella SPI-1 T3S, mitojenle iligkili protein kinazlarin (MAPK'ler)
aktivasyonu ile sonuglanmakta ve bu da NF-kB'nin indiklenmesine
neden olmaktadir.*%*! Bu, Cdc42'nin aktivasyonunu ve SPI-1 efektér
SopE tarafindan asag1 akis MAPK sinyalizasyonunu gerektirmektedir.42
Tlgingtir ki, hiicre i¢i sinyal kaskadlarmi ve sitoskeletal mekanizmalari
aktive ederek bakteri alimini indiikleyen sey SPI-1 efektorleri SipA,
SopB, SopD ve SopE/E2'nin koordineli aktivitesidir. Bu onemli
proinflamatuar kaskadin aktivasyonunu takiben, baska bir SPI-1
efektorl, olan SptP, bu yolu antagonize ederek, NF-kB sinyalinin
Gnemli ancak gegici bir SPI-1'e bagl aktivasyonu ile sonuglanir.®® In
vivo olarak, bu efektér kombinasyonu, farelerde ve ineklerde erken
inflamatuar patogenez i¢in esastir ve bazi enfeksiyon modellerinde
bagirsak invazivligi ve inflamatuar patojenite arasmndaki Ortiismeyi
kismen agiklar. %53

In vivo olarak, SPI-1 aracilt davranislar erken bagirsak inflamasyonu
icin kritik oneme sahip goriinmektedir™>¢ ancak bunlarm yoklugu,
intraperitoneal zorlamay: takiben sistemik inflamasyonu etkilemez3! ve

olmadiklar1  durumda  gecikmis bagirsak inflamasyonu meydana

gelir 5% Tlgingtir ki, Model epiteli boyunca PEEC aracili ndtrofil
gO¢linii baslatamamasima ragmen, Yabani tip serotip Typhimurium ile
enfekte olmus kiiltiirlenmis bagirsak epitelyal tek katmanlarinin veya
SPI-1 patojenite adasi tamamen silinmis olanlarin inflamatuar gen
ekspresyon profillerinin karsilastirilmasi, bu suslarin proinflamatuar
potansiyelinde ¢ok az fark oldugunu gostermistir.>® Bu nedenle, SPI-
I'den bagimsiz olarak faaliyet gosteren ek faktérlerin enflamatuar
hastalig1 indiitklemek i¢in yeterli oldugu aciktir.

SPI-2

SPI-2 patojenite adasi, murin tifoda hiicre i¢i parazitizm ve sistemik
virllans  icin  gereklidir®®®  ve  konagn  fagosit oksidaz
mekanizmasindan kagmak igin gereklidir.17 Son zamanlarda, SPI-2
T3SS'nin rolleri, inflamatuar hastalikta da tespit edilmistir; bu, SPI-
2'nin, sistemik hastalifm yam sira Salmonella enterokolitinin®”6365
erken ve tam indiiksiyonu i¢in kritik oldugunu gostermektedir. SPI-2'nin
proinflamatuar aktivitesi daha az tanimlanmis olmasina ragmen, SPI-2
aracili immiin miicadelenin potansiyel yollar olarak birkag ilging aday
tespit edilmistir.

Farelerde SPI-1 yoklugunda indiiklenen bagirsak inflamasyonu, Toll
benzeri reseptér (TLR) adaptérii MyD88'i gerektirmektedir.8 TLR
aracili aktivasyonda SPI-2'nin spesifik rolii aciklanmamasina ragmen,
kismen diger proinflamatuar motiflerin bagirsagin uygun bdlgesine,
ornegin subepitelyal bolgeye iletilmesine bagli olabilir.%® Bir dizi
makalede Uchiya ve digerleri® %, SPI-2min siklooksijenazin
uyarilmasinda  ve ayrica konakg¢t  sitokin  ekspresyonu  ve
sinyalizasyonunun modiilasyonunda yer aldigin1 da gostermektedir.

SALMONELLA PATOJENI ILE ILGILI MOLEKULER
PATERNLER VE BAGISIKLIK AKTIVASYONU

Patern tanmima reseptorleri (PRR'ler), genis evrimsel soylar boyunca
genis ¢apta korunan ¢ok 6nemli bir dogustan gelen bagisiklik tepkisi
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sistemidir. Patojenle iliskili molekiiler modeller (PAMP'ler), bagisiklik
tepkilerini harekete gegirmek icin PRR'leri uyarabilen viral, mantar ve
bakteriyel patojenlerin bilesenlerini icermektedir. Enfeksiyon sirasinda
Salmonella  tarafindan patofizyolojik 6neme sahip birgok PAMP
sunulmaktadir. Bunlarin baglicalari, bakteriyel flagella aparatinin tek
pargal alt birimi olan bakteriyel LPS ve flagellindir.

TLR4 VE LPS

Salmonella LPS'ye yanit olarak TLR4'ln aktivasyonu, konakgi
tepkilerini baslatmak i¢in esastir. Islevsel bir TLR4'ten yoksun fareler,
diger Salmonella diren¢ lokuslarinin varligindan bagimsiz olarak,
enfeksiyona karsi énemli 6lgiide artan duyarlilik gosterirler.”®7* TLR4,
intravendz olarak uygulanan Salmonella LPS'ye karsi tam bir
inflamatuar tepki icin gereklidir ve Salmonella LPS, makrofajlarda
guclii bir inflamatuar tepki indukleyicisidir,”>7® bu, Salmonella LPSnin
sistemik enfeksiyon sirasinda onemli bir sepsis indiikleyicisi oldugunu
gostermektedir.”” Murin tifosunun aksine, LPSnin intestinal inflamatuar
salmonellozdaki rolii belirlenmemistir. Makrofajlarin LPS stimiilasyonu
bagirsak hastaliginda rol oynayabilmesine ragmen, bagirsak epitel
hiicrelerinde LPS reseptoril CD14'Un olmamasi, Salmonella LPSye
dogrudan tepkide bagirsak epitelinin rol oynamasmi pek mumkin
kilmamaktadir.

FLAGELLIN

Salmonella flagellin, epitelin bazolateral yiizeyine iletildiginde polarize
epitelyal  tek katmanlarda gugli  bir  konak  inflamasyonu
indikleyicisidir®7®  Oraya iletildiginde, Salmonella  flagellin,

bazolateral TLRS'i uyararak kalsiyuma bagimli NF-kB aktivasyonu
yoluyla IL-8 salgilanmasim baglatir.”®®! Yakin zamanda yaymlanan
kanitlar, Salmonella flagellin'in hiicre ici inflamatuar sinyalizasyonu da
aktive edebilecegini  gostermektedir. Birincil ve  kiiltiirlenmis
makrofajlarda, hiicre i¢i tek pargali flagellin, hicre ici PRR sinydli
gerektiren bir sekilde IL-1b ve IL-18in kaspaz-1 aktivasyonunu
baslatabilir.828 Ozellikle, bu aktivasyon TLRS'in yoklugunda ve LPS-
tolerize makrofglarda meydana gelir, bu da TLR aktivasyonu
gerektirmedigini gostermektedir. Salmonella, bagirsak epitelyal kiiltiir
siipernatanlari ile stimiilasyonun ardindan tek pargali flagellini yeniden
iiretir ve salgilar,® bu, Salmonella'mn konak hiicreleri tespit ettigi,
flagellin irettigi ve SPI-1 T3SS yoluyla onu konak hiicre sitozolline
yerlestirdigi bir diziye isaret etmektedir.

Dogustan gelen bagisiklik tepkilerinin flagellin tarafindan uyarilmasi,
bagirsak inflamasyonu igin kritik 6neme sahiptir, ancak murin tifo icin
degil. Bir murin bagirsak inflamasyonu modelinde, flagellar Salmonella
mutantlari, zayiflatilmis erken bagirsak hastaligma neden olmaktadir.®
Ilgingtir ki, flagellinin proinflamatuar potansiyeli, en azindan kismen,
bagirsak  epitelinin  bazolateral ~membranma  SPI-2'ye  bagh
translokasyonunu gerektirmektedir.&

SPIS VE FLAGELLININ UYGULANMASI

Bagirsak epitelyal tek katmanlarinda ayrt ayr1 bagirsak inflamatuar
tepkilerini baglatabilmelerine ragmen, SPI-1 ila -2 ve PAMP uygulamasi
i¢ ice gegmis gorinmektedir. Salmonella flagellin monomerlerinin
proinflamatuar kabiliyeti hem SPI-1 hem de -2'ye baghdir. Tek pargali
flagellinin kaspaz-1 aktivasyonunu baglatma kabiliyeti, fonksiyonel bir
SPI-1 T3SS gerektirmektedir.®® Ayrica, flagellinin transsitoz bagirsak
epiteli ile temastan sonraki 15 dakika icinde gergeklesir ve bakteriyel
igsellestirme gerektirmez,78 SPI-2 T3SS gerektirir,® ve belirtildigi gibi,
SPI-2'ye bagli SPI-1'den bagimsiz inflamasyon, TLR sinyal adaptort
MyD88'in varhgin gerektirir.8” Bu veriler, islevlerinin bazi bilesenlerini
virtlans faktorleri olarak hesaba katarak, SPI-1 ve SPI-2'nin Salmonella
immin aktivasyonunun in vivo patogenezi esnasinda PAMP
uygulama sistemlerini temsil etmesi olasiligini ortaya koymaktadir.



SALMONELLA ENFEKSiIYONLARINDA SIiTOKINLER
Salmonella  immiin  aktivasyonunda siiphesiz  birden fazla
proinflamatuar yolak yer almaktadir. Cesitli viriilans stratejilerinden
yoksun bakteri suslari ile faregiller ve sigir enfeksiyonlarindan elde
edilen veriler, bu gézlemi in vivo olarak dogrulamaktadir. Bununla
birlikte, hastalik belirtileri konak¢i ve patojen arasindaki bir
etkilesimi gosterdigi igin, bakteriyel viriilans programlar tifo veya
enterokolitin imminopatolojisinden tek basina sorumlu degildir.
Hastaligin gelisimi ic¢in kritik olan sey, biiyik O6l¢iide sitokin
sinyalinin aracilik ettigi ¢esitli dokulardaki mikrop ve konakgi
hiicreler arasindaki temas tarafindan harekete gegirilen konak sinyal
ortamidir.

Sitokinler, Salmonella'ya karst dogustan gelen ve edinilmis
bagisiklik tepkisini baslatmada ve diizenlemede ¢ok 6nemli bir rol
oynamaktadir. Enfeksiyonlari kontrol etmek ve konakgiya zarar
vermemeK icin pro- ve anti-inflamatuar sitokinler arasindaki dogru
denge esastir. Sitokinler birgok farkli hiicre tipi tarafindan eksprese
edilir ve ¢esitli hiicreler iizerinde etki gosterirler. Doku kiiltiiri,

kemik iligi kaynakli veya birincil hiicrelerdeki deneyler,
Salmonella'nin epitelyal hiicrelerdess, makrofajlarda®®® ve DC'lerde
sitokinlerin ~ ve  kemokinlerin  sentezini tetikleyebilecegini

gostermektedir.®-% Sitokin aktivasyonunun sonuglart degisiklik
gosterir. Interferon (IFN)-g, 1L-12, timor nekroz faktori (TNF)-a,
IL-18, donistiricii biytime faktérii -b ve CCL2 Salmonella
enfeksiyonu esnasinda koruyucu islevlere sahipken, IL-4 ve IL-10,
konak savunmasina miidahale etmektedir. (Eckmann ve Kagnoff
tarafindan incelenmistir®).

INSANLARDA SITOKIN ANORMALLIKLERI VE
SALMONELLA'YA KARSI DUYARLILIK

Cesitli sitokin anormallikleri, insanlarda Salmonella
enfeksiyonlarina karsi duyarliliga yol agar. Tip | sitokin yolundaki
(IFN-g/IL-12/1L-23)  genetik  eksiklikler, Salmonella  ve
Mikobakteriler gibi hiicre i¢i patojenlerle enfeksiyona Kkarst
duyarliligim artmasma neden olmaktadir.%% Tifo olmayan
Salmonella serotipleri, bu anormallikleri olan hastalarda agir
bagirsak dis1 hastaliga neden olabilir. Makrofgjlar ve DCller gibi
antijen sunan hicreler (APC) tarafindan iretilen IL-12, dogal
6ldiriicti (NK) hiicreler ve T hiicreleri tarafindan IFN-g Uretimini
harekete gecirir ve bu da APC'de IL-12 Uretimini yukari yonli
reglle eder. IFN-g daha sonra makrofgjlarda, NK hiicrelerinde ve
notrofillerde antimikrobiyal aktiviteyi arttirir, ancak Salmonella
enfeksiyonundaki bu rol enfeksiyonun kontrolll igin kritik 6neme
sahip olmayabilir. IL-12 ve IL-23'Un ortak p40 alt birimi olan IL-
12b'deki ve IL-12 ve IL-23 igin ortak reseptdr at birimi olan IL-
12Rbl'deki eksiklikler, Salmonella'ya duyarliliga yol agmaktadir.
Buna karsilik, IFN-gR1 veya IFN-gR2'de eksiklikleri olan hastalar
siklikla Mikobakterilerle, ancak daha az siklikla Salmonella ile
enfekte olmaktadirlar.%” 1% Bu nedenle, IL-12/IL-23'Un, IFN-g'nin
uyarilmasindan bagimsiz olarak Salmonella enfeksiyonuna karst
koruyucu etkiler gosterdigi goriilmektedir. Olasi bir IFN-g'den
bagimsiz mekanizma, sirasiyla, makrofajlarda artan bakteri 6limu
ve artan nitrik oksit (NO) Uretimine yol agan TNF-a, granilosit-
makrofaj koloni uyarici faktor ve IL-23 tarafindan IL-17'nin yukari
yonli regilasyonu ol abilir.

SALMONELLA ENFEKSIYONUNUN KONTROLUNDE
MURIN SITOKINLER

Farelerde, Salmonella'nin karsilagtigi ilk hiicreler, bagirsak

epitel hiicreleri, DC'ler ve makrofajlardir. Bu hicrelerle
etkilesim, proinflamatuar sitokinlerin ve kemokinlerin
sentezine neden olmakta ve bu da blyik miktarda nétrofil,
makrofaj ve olgunlagmamis DC'lerin akisina yol
agmaktadir. IFN-g, enfeksiyonun erken evresinde
bakteriyel replikasyonun kontrol( igin 6nemlidir,*%? ancak
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bakterilerin yok edilmesi igin yeterli degildir.*® TNF-a, IFN-g ile
sinerjik olarak mikrobisidal aktiviteyi arttirir ve NO {iretimini
tetikler.2%* IFN-g'nin nétralizasyonu, Salmonella'nin 6ldurilmesinde
azalma ile sonuglanirken, TNF-a'nin ndtralizasyonu, artan bir bakteri
replikasyonu ile sonuglanir.1%

IFN-g iiretimi, serotip Typhimurium enfeksiyonu ile bagirsakla
iligkili lenfoid dokuda (GALT) ve dalakta hizla yukar regiile
edilir.106,007 CD1d-smirli NKT hiicrelerin, APC'ler tarafindan
Uretilen IL-12'ye bagli bir sekilde Salmonella ile enfekte olmusg
farelerde erken IFN-g iiretimine de katkida bulunmasina ragmen, 1%°
daha once deneylerde kullanilmamig Salmonella ile enfekte olmusg
farelerde IFN-g ve TNF-a'nin ana ireticilerinin makrofajlar ve
notrofiller oldugu goriilmektedir.!® T hicreleri ve NK hicreleri,
birincil enfeksiyonda yalnizca eser miktarda IFN-g Uretmektedir.
Buna karsilik, bagisiklik kazanmigs hayvanlarin  enfeksiyonu,
APC'ler tarafindan degil, esas olarak T hiicreleri ve NKI1.1+
hiicreleri tarafindan IFN-g Uretimine yol agmaktadir.’® Ayrica, IFN-
g'nin serotip Typhimurium ile kronik enfeksiyonlar1 kontrol ettigi
gosterilmigtir. Salmonella igeren kronik bir enfeksiyon tasiyan
farelerin anti-IFN-g antikor tedavisi, enfeksiyonu yeniden aktive
etmekte ve sistemik bolgelerdeki bakteri yiikii artmaktadir.1°

Ek olarak, Onceden siitten kesilmis fareler, yetiskin farelere
kiyasla Salmonella'ya karsi artan duyarlilik sergilemektedir. Bunun
nedeni, bu farelerde IFN-g'nin diisiik ekspresyonudur. IFN-g,
enterokolit enfeksiyon sirasinda geng hayvanlara kiyasla 6 haftalik
farelerde yukar1 yonlii regiile edilir ve onceden siitten kesilmis
hayvanlarda bagirsak inflamasyonu hastaligi, IFN-g-/- farelerinin
enfeksiyonuna benzer sekilde, dalakta daha yiiksek bakteri yiikii ve
daha diisiik TNF-a ile sonuglanir.111 Dolayisiyla IFN-g, hem tifo
hem de enterokolit hayvan modellerinde 6nem arz etmektedir. insan
hastalarin verilerinden de agik¢a anlagilacag gibi IL-12, Salmonella
enfeksiyonlarimi kontrol etmek agisindan énemlidir.!*? IL-12, IFN-g
Uretiminin gucll bir aktivatorii oldugundan, bu IFN-g fonksiyonu ile
ilgili olabilir. Bununla birlikte, kismen yukarida belirtildigi gibi
IFN-g'den bagimsiz IL-23'lin aracilik ettigi etkilerden de
kaynaklanabilir. IL-12p40-/- daha yuksek bakteri yukine sahip
oldugundan, IFN-g ve TNF-IL-18'in azalmig serum sitokin
seviyeleri, Salmonella ile enfekte olmus farelerde IL-12 ile
indiklenen IFN-g'ye katkida bulundugundan ve anti 1L-18 tedavisi,
enfeksiyon ve hayatta kalma siiresinin sonlarinda PP'deki IFN-g
seviyelerini azalttigindan, 1L-12p35-/- fareleri, serotip Typhimurium
veya serotip Enteritidis ile enfeksiyona karsi IL-12p40-/-
farelerinden daha direnglidir. 14115

Sitokin ve kemokin iiretiminin konak¢i i¢in sadece faydali degil
ayn1 zamanda patolojik sonuglari da olabilir. MCP-1, CCL2, CCL20
ve CCL3 gibi kemokinlerin Salmonella enfeksiyonlarinda koruyucu
rolleri vardir (119, 120) fakat ayni zamanda, enfekte organlara
yogun bir inflamatuar hiicre akigini tetikleyerek doku yikimina da
yol acahilir. Herhangi bir konakg¢idaki inflamasyon heterojen bir
stiregtir ve konak¢i ve patojenik davranislardan toplu olarak
etkilenen ¢ok sayida karmasik ve etkilesimli proinflamatuar
kaskadlarim aktivasyonunun doruk noktasidir. iki ucu keskin bir kilig
olan inflamasyon, konagin enfeksiyonu kontrol ettigi stratejidir, tim
akut enfeksiyonlarda bazi patojenlerin konak fizyolojisi tizerinde
etki kazandig1 ve nihayetinde hem patojenin hem de konakg¢inin
6lim nedeni olan Truva atidir. Agikga goriiliiyor ki, Salmonella
enterica turleri ile enfeksiyon esnasinda, hem konakgi hem de
bakteri, dogustan gelen bagisiklik/inflamatuar tepkileri barindirmak
icin giiglii uyaricilar temin etmektedir.

Salmonella, aktive edildiginde, konak¢ida bir inflamatuar tepkinin
harekete gecirilmesiyle sonuglanan ¢ok sayida viriilans mekanizmast
icermektedir. Insan hiicrelerinde ve hayvan modellerinde dogustan
gelen bagisiklik ve iltihaplanmanin aktivasyonunda SPI 1 ve 2 i¢in
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yeni kesfedilen roller, bu bakterilerin tesirli bir konak tepkisi
ortaya ¢ikarmak i¢in  6zel ~mekanizmalar  gelistirdigini
gostermektedir. Dogustan gelen bagigiklik aktivasyonunda bazi
SPI-1 davraniglarinin rolii iyi belirlenmis olsa da, yeni kesfedilen
yollar da - ornegin, PAMP'lerin hiicre i¢i model tanima
reseptorlerine SPI-1'e bagimli teslimi gibi - Salmonella kaynakli
hastaligin ~ etyopatogenezindeki  kritik ~ adimlart  agikga
gostermektedir. SPI-2'nin intestinal inflamatuar hastalikta yakin
zamanda tarif edilen rolleri, Salmonella'min bir dizi spesifik
inflamatuar degisikligi etkilemek igin dogustan gelen bagisiklik
aktivasyonunun birden ¢ok ve paralel sistemlerini kullandigini
gostermektedir. Bu davranislar, harekete gegirilen konakgi
tepkisinin bariz potansiyel antibakteriyel etkilerine ragmen
gelismistir; bu da, bu davraniglarin bakterilere bazi adaptif
avantajlar sagladigini, belki invazyona daha duyarli yeni bir
konak¢1 ortami yarattigini veya bakterilerin sistemik organlara
yayilmasi i¢in kritik olan hiicrelerin bolgeye gelmesine ve bunun
sonucunda ortama yeniden bulagmasina neden oldugunu isaret
etmektedir.

Benzer sekilde, Salmonella enfeksiyonuna duyarli konakgilar,
enfeksiyonun etkin kontrolll icin gerekli olan tepkileri harekete
gegirirler. Sitokin tepkilerinin aktivasyonu veya TLR4, Nrampl
veya fagosit oksidaz gibi kritik konake1 direng faktorlerinin varhig,
Salmonella'ya karst giiglii ve etkili bir bagisiklik tepkisi igin
olmazsa olmazdir. Bunlarin olmadigi durumlarda, bakterilerle
yapilan deneysel enfeksiyonlar hemen hemen her zaman
olumclldir. Yine de, sepsis, septik sok ve inflamasyon gibi
Salmonella  enfeksiyonunun klinik  komplikasyonlarin  ortaya
¢ikmast bu tepkilerin ¢ogunun harekete gegirilmesinden
kaynaklanmaktadir.

Salmonella  ve konakgilarin  dogal ve adaptif immiin
disfonksiyon iiretmek igin etkilesime girdigi yeni yollar
arastirildikca, bu Onemli hastaligin patofizyolojisi daha iyi
anlagilacaktir. Antimikrobiyallerin akiler kullammi Salmonella
enfeksiyonlarinin tedavisinin bel kemigini olusturabilir ve ayni
zamanda immiinomodiilator ajanlarin  kullanimi, antibiyotik
direnci gelistirme riski olmaksizin konagin enfeksiyonu kontrol
etme kabiliyetini secici olarak gelistirme potansiyeline sahiptir.
Dahasi, bakteriyel kolonizasyona karst hastaligin harekete
gegirilmes igin kritik 6neme sahip bakteriyel faktorlerin tespiti,
daha etkili asilarin tretilmesi igin bakteriyel hedefler ortaya
koymaktadir.

Inflamasyonun konakg¢1yr mi1 yoksa bakterileri mi tercih ettigi,
sadece siddetine degil, aym zamanda inflamatuar tepkinin
dogasima da bagli olabilir. Cesitli Salmonella tUrleri ve serotiplerle
enfeksiyon, ¢ok sayida etkilesimli viriilans stratejileri kullanarak
onemli diizeyde bagigiklik aktivasyonuna yol agmakta ve bunun
sonucunda morbidite ve mortdlite ile sonuglanmaktadir. Konak
tepkileri, enfeksiyonun kontrolii agisindan kritik 6neme sahip
olmakla birlikte, immiinopatolojinin dogasina ve ciddiyetine de
katkida bulunabilir. Bu mucadelenin  nihai  sonucu, heniiz
anlamadigimiz sekillerde konakgmnin veya bakterilerin lehine
olabilir, ancak bu miicadele eden giiclerin anlagilmasinin,
Salmonella enfeksiyonunun profilaksis ve tedavisine yonelik yeni
yaklagimlar gelistirmede 6nemli bir adimu temsil ettigi agikardir.
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Salmonella spp'nin neden oldugu gida kaynakli hastallk dinya ¢apinda bir sorundur. Amerika Birlesik
Devletleri'nde Salmonella Enteritidis, insan hastaliklarimdan en sik izole edilen ikinci serotiptir ve kabuklu
yumurtalar ve yumurta igeren triinlerle giicli bir iliskisi oldugu bilinmektedir. Yumurtalar, ya kabugun igine
nifuz yoluyla ya da dogrudan ureme sisteminde olusum esnasmnda dahili olarak kontamine olabilir. Bu
derleme, yumurta tretiminin fizyolojisinin ve yumurtanm bakteri bulagsmasmi énlemek i¢in sahip oldugu
cesitli fiziksel ve kimyasal bariyerlerin kisa bir agiklamasiyla baslamaktadir. S. Enteritidis'in dikey ve yatay
bulasmasinda rol oynayan faktorlerin yani sira, tavugun kolonizasyonunda zorunlu tiy dékiminin rold de

Dikey bulasma incelenmistir. Hasat éncesi ve sonrasi azaltma stratejileri de tartisilmaktadir.
© 2011 Elsevier Ltd. Ttim haklar: saklidir.
1. Girig Salmonella enfeksiyon yollarini 6zetleyecegiz. S. Enteritidis ile

Salmonelloz, son yillarda dinya c¢apinda, gida ile ilgili bir
hastalik olarak yiikseligtedir. Hastalk Kontrol ve Onleme
Merkezleri (CDC), ABD'de her y1l 1 milyon non-tifoidal salmonelloz
vakasinin meydana geldigini tahmin etmektedir (Scallan ve
arkadaslari, 2011). Diinya c¢apinda, non-tifoidal Salmonella
insidansinin 200 milyon ila 1,3 milyar arasinda degistigi ve her yil
tahmini 6lim sayisimin 3 milyon oldugu tahmin edilmektedir
(Coburn, Grassi, & Finlay, 2007). ABD'de hastalarm %27'sinin
hastaneye yatirilmasi gerektigi ve 378 vakanin olimle
sonuglandigi, yani %0,5’lik bir 6lim orami oldugu tahmin
edilmektedir (Scallan ve arkadaslari, 2011).

Serotip Salmonella Enteritidis, ABD'de insan hastaliklarindan
en sik izole edilen Salmonella serotipi olarak Typhimurium'dan
sonra ikinci siradadir. Verilerin mevcut oldugu en son yil olan
2006'da, S. Enteritidis, rapor edilen salmonelloz vakalarinin
neredeyse %17'sine neden olmustur (CDC, 2010a). Avrupa Birligi
(AB), Salmonella'ya bagh tiim dogrulanmis salginlarin %60'mndan
S. Enteritidis'in sorumlu oldugunu bildirmistir (EFSA, 2009).
Salmonella spp. ve ozellikle S. Enteritidis, yumurta ve yumurta
iiriinleri ile giiclii bir iliskiye sahiptir (Patrick ve arkadaslari,
2004). A sinifi kabuklu yumurtalar veya yumurta iceren iiriinler, S.
Enteritidis'in bulasmas1 i¢in en yaygin ara¢ olmustur (Braden,
2006). 2010 yilinda, ABD'de iilke capinda yaklasik 2000 hastaliga
yol acan yumurtayla iligkili bir salgin meydana gelmistir (CDC,
2010b).

Bu derlemede yumurta ve yumurta urunlerinin kisa bir
agiklamasi ve yumurta olusumunun fizyolojisinin tartigilmasi yer
alacaktir. Yumurtanin dogal savunmasini ve ayrica

stirii enfeksiyonu i¢in risk faktorlerinin yanmi sira hasat sonrasi
miudahale yontemleri de tartigilacaktir.

2. Yumurta ve yumurta iriinleri

Amerika’da, 2008 yilinda kisi basina ortalama 248 yumurta
tiketilmistir (Evans, 2009). Yumurta; kabuklu yumurta, sivi,
dondurulmug ve kurutulmus ftrinler seklinde ucuz bir besin
kaynag olarak kullanilmaktadir (Ricke, Birkhold, & Gast, 2001).
ABD yumurta endiistrisi, Cin'den sonra diinyanin en buytk ikinci
tavuk yumurtas: iireticisidir (NASS, 2009). 2007 ABD Tarim Niifus
Sayimina goére, 2007'de ¢ogunlugu kugiik olgekli treticiler olan
yumurta tavuguna sahip 146.000 ABD yumurta ¢iftligi
bulunuyordu (USDA, 2009). Bununla birlikte, daha biiyiik
ureticiler, ticari olarak turetilen sofralik yumurtalarin biyuk bir
kismini temin etmektedir. United Egg Producers'a gére, yumurta
tretiminin %95'inden fazlasi, yalmzca stirii bagina 75.000'den fazla
yumurtaya sahip olan 240 yumurta treticisi sirketten gelmektedir.
ABD'de her biri 1 ila 5 milyon yumurta tavuguna sahip alti
yumurta Ureticisi ve her biri 5 milyondan fazla yumurta tavuguna
sahip 12 sirket bulunmaktadir.

Yumurta ve yumurta turtnleri yalnizca glvenilir bir besin
kaynag1 saglamakla kalmaz, ayn1 zamanda diger urinlerde de
gesitli  iglevlere sahiptir. Yumurta sarisindaki lesitin ve
kolesterolin emilsifiye edici 6zellikleri, yumurtalari mayonez ve
emiilgator gerektiren diger gida sistemlerinin degerli bilesenleri
yapmaktadir (Baker & Bruce, 1994). Albiimin veya yumurta aki,
keklerde, kremali pastalarda ve diger firmlanmis trinlerde
kullanilan 1siya dayamkh  kopik olusturma kabiliyeti ile
taninmaktadir. Yumurta urtinleri iceren diger tlrlinler arasinda
eriste, sekerleme ve dondurmalar bulunmaktadir (Ricke ve
arkadaslar;, 2001). Baska temel bilesenlere sahip {iriinlerde
kullanilan yumurtalara gizli yumurta denmektedir.

Yumurta trinleri, kullamim kolayligi, maliyet tasarruflar
(iscilik ve depolama igin) ve porsiyon kontrolii nedeniyle gida
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hizmeti operasyonlarinda popiilerdir. (Messens, Grijspeerdt,
Herman, & Billet, 2002). Yumurta iiriinleri, dondurulmus,
sogutulmus sivi ve kurutulmus formlardaki biitiin yumurtalari,
yumurta aklarinmi ve yumurta sarilarini ve ayrica 6zel yumurta
triinlerini icermektedir. Ozel yumurta tirinleri arasinda énceden
soyulmus kati1 pismis yumurtalar, omletler, yumurta kofteleri,
kigler, kis karigimlari, ¢irpilmis yumurtalar, sahanda yumurtalar
ve digerleri bulunmaktadir. Yumurtanin gida kaynagi olarak
yaygin kullanimi nedeniyle bu driinin givenligi 6nem arz
etmektedir. Yumurta ve yumurtanin igerikleri, yalnizca
yumurtlamadan sonra degil, ayn1 zamanda yumurtalikta olusum
sirasinda da bakteriler tarafindan cesitli sekillerde kontamine
olabilir. Transovarian enfeksiyon yoluyla kontamine olmusg
yumurtalar hem endustri hem de tiiketiciler i¢in énemli bir tehlike
olusturabilir ve bu nedenle yumurta tavugunun iireme sisteminin
anlagilmasini gerektirir.

3. Yumurtlamanin fizyolojisi

Tavugun disi treme sistemi iki ayr1 bolime ayrilmaktadir:
yumurtalilk ve yumurta kanali. Cogu tavukta, yalmizca sol
yumurtalik ve yumurta kanal islevseldir, sag tipik olarak gelisim
sirasinda geriler ve yetigkin tavukta islevsel degildir. (Okubo,
Akachi, & Hatta, 1997). Bununla birlikte, sol yumurtalik ve
yumurta kanalinin hasar gordigi ve onun yerini almak ic¢in sag
yumurtaligin gelistigi durumlar olmustur.

3.1. Folikdler hiyerarsi

Olgun bir yumurta tavugunda yumurtalik, herhangi bir
zamanda farkl buytiklik ve olgunluktaki folikullerden olusur ve
her 24 ila 40 saatte bir folikiil ovulasyona ugrar (Etches, 1990).
Hentiz biiyik miktarda yumurta saris1 materyaline sahip olmayan
olgunlagsmamis foliktller, daha olgun foliktllerde gesitli hormonlar
salgilayan ayr1 bir hiicre tabakasi olan grantiloza hicreleri igerir
(Etches, 1990). Olgun yumurta tavugunun folikiiler hiyerarsisi, 10
ila 35 mm'lik 7 ila 10 folikil, 1 ila 10 mm'lik 15 ila 20 folikil ve 1
mm'den kiiciik birka¢ bin folikiilden olugmaktadir (Williams &
Sharp, 1978). Hiyerarsinin en biiyiilk ve en olgun folikiili F1
folikiilt olarak adlandirilir ve olgunlagma tamamlandiginda tireme
sistemine salimir. F1 folikuli, tamamen olgunlagsmis bir yumurta
sarisi gorintiimindedir, ancak yine de, yumurta saris1 materyalinin
taginmasi ve biriktirilmesi amaciyla folikilin ylzeyini kaplayan
gorunur kilcal damarlarla birlikte bir folikiill kese iginde
kapsiillenmis bicimdedir (Johnson, 2000). F1 folikiilinden daha
kii¢iik olan ve olgunluk hiyerarsisinde giderek kiigiilen folikiiller
F2, F3, F4 ve F5 olarak adlandirihir; F1 folikiili ile birlikte bunlara
buytik sar1 folikiiller denmektedir. Ayrica yumurta sarisi
materyalinin birikmeye basladigi kiigik sar1 folikiiller de
mevcuttur ve karacigerden geligen folikil i¢ine kan akig1 yoluyla
daha fazla yumurta saris1 materyali tasindigindan, bunlar boyut ve
hacim olarak F foliktlleri olmak tizere ileriye hareket ederler
(Johnson, 2000).

3.2. Folikiil biyimesi

Folikullerin olgunlasmasi ve biiyimesi ¢ ayr1 asamaya
ayrilmaktadir. Birincisi, birka¢ aydan birkag yila kadar stirebilen
yavag bir blylime donemidir. Bu yavag biliyime asamasini,
yumurta saris1 proteininin gelisen folikul i¢ine getirildigi birkag
aylik daha hizli bir déonem takip eder. Folikiil biiylimesinin son
asamasi, 6 ila 11 ginlik bir stre boyunca hizli biylime ile
karakterize edilmektedir. Folikulin ureme sistemine
salinmasindan o6nceki bu son giinlerde, folikil igine buylik
miktarda yumurta saris1 materyali alimir (Johnson, 2000). Yumurta
saris1 bilegenleri karacigerde sentezlenir ve vaskiiler sistem yoluyla
yumurtaya tagmir. Yumurta sarisi icerikleri, vitellogenin (VTG) ve
cok diigiik yogunluklu lipoprotein (VLDL) i¢in énciiler, kan kilcal
damarlan tarafindan graniiloza hiicreleri boyunca (Johnson, 2000).
VTG ve VLDL oosit i¢cinde biriktirilir ve folikil agirlig1 ve hacminde
gozlenen artisa katkida bulunur.

3.3. Ureme sisteminin hormon diizenlemesi

Luteinize edici hormon (LH), yumurta tavugunda ovulasyonun
diizenlenmesinde 6zellikle 6nemli bir hormondur. Olgun F1
foliktliiniin ovulasyonundan yaklasik 6 saat once LH'de bir artig
gozlenir (Wilson& Sharp, 1973). LH'min amaci hiyerarsideki en
biiyiik F folikiiliiniin ovulasyonunu harekete gecirmektir (Etches,
1990). LH ayrica tavugun yumurtlama dongiisii icin énemli olan
steroidlerin tiretimini de destekler (Etches, 1990). Robinson ve
arkadaslar1 (1988) androstenedion ve estradioliin kiiciik sar
folikiillerde tretildigini, adrostenedionun teka tabakas: tarafindan
salgilandigini ve hepsinin LH tarafindan uyarildigini ortaya
koymuslardir. Luteinize edici hormon ayrica folikil igindeki
grantiiloza hiicrelerinden progesteron iretimini uyarmaya hizmet
etmektedir. Androjenler, yumurtlamadan yaklagik 12 ila 36 saat
oncesine kadar folikilin teka tabakasmndan salinir ve ana
dalgalanmadan 6énce LH tarafindan uyarihir (Etches, 1990). Tim
buyuk F folikulleri, yumurtlama dongisi boyunca kullanilan
steroidleri ve hormonlar1 tretse de, F1 folikild, belirli bir
yumurtlama esnasinda tipik olarak yalnizca en buyik F
folikiilintin salindig1 gergegini hesaba katarak, LH'nin etkisine ¢ok
daha fazla tepki verir (Robinson & Etches, 1986).

Folikiil uyarict hormon (FSH) da yumurtlama déngiisiinde
6nemli bir rol oynar, ancak icraatleri LH'ninkinden daha az
tanimlanmigtir (Hammond, Burke, & Hertelendy, 1981). LH gibi,
FSH de kugik sar1 folikillerden progesteron {retimini ve
salinimini uyarwr. Daha kiigiik, yumurtlama o6ncesi folikiller,
goriiniise gére FSH'nin ana hedefidir (Imai & Nalbandov, 1971).
FSH'nin tim foliktllere en sik gekilde yumurtlamadan 12 ila 16
saat 6nce baglandig1 da bilinmektedir (Etches, Croze, & Duke, 1981).

Progesteron, folikiiler hiyerarsinin biiyiik F1 foliktiltinden salinir
ve gériniige goére nispeten disik LH seviyeleri tarafindan
uyarilmaktadir (Etches, MacGregor, Morris, & Willams, 1983).
Progesteron salinimi da hipotalamus bezinden gonadotropin
salgilatic  hormonun (GnRH) salgilanmasimi harekete gecirir.
GnRH'Min, yumurtlamadan 4 ila 6 saat o6nce buyuk LH
dalgalanmasini baslattigi bilinmektedir (Wilson & Sharp, 1973).
LH'deki bunun ardindan gelen artis, progesteron tretimini
hizlandirir. Hem LH hem de progesteron, F1 foliktliint ¢evreleyen
foliktiler keseyli parcalama ve tUreme kanali acikhigi olan
infundibuluma diismesine olanak saglama yetenegine sahiptir
(Etches, 1990).

3.4. Yumurtanin ireme kanalna inisi

Yumurtlanmig folikiil infundibulumda 15 ila 30 dakika kalir ve
buras: buiyiik olasilikla, vitellin zarin dis tabakasinin ve albiiminin
kalazal tabakasinm iiretildigi yerdir (Burley & Vadehra, 1989).
Folikiil daha sonra yumurta kanalinin albimin salgilayan kismina
iner ve burada yaklagik 3 saat kalir (Okubo ve arkadaslari, 1997).
Albtimin kapli yumurta saris1 daha sonra kabuk zarlarinin biriktigi
isthmusa hareket eder ve bu islem bir saatten biraz fazla siirer
(Okubo ve arkadaslari, 1997). Rahim, yumurta kanalmin ¢ok kisa
bir kismidir, ancak yumurta, kalsifikasyon siirecini tamamlamak
icin yaklagik 21 saat orada tutulur (Okubo ve arkadaslari, 1997).
Yumurta, yumurta kanalinin son kismi olan vajinadan, ki¢ olarak
bilinen dis agikliga dogru gecer. Ki¢, hem yumurtlama hem de
digkilarin giderilmesi i¢in ortak bir agikliktir, ancak bir tavuk her
iki iglevi ayni anda gergeklestiremez. Kloak olarak bilinen bir ig
kapak, bir yumurta veya diski delige ulasana kadar vajinal kanali
ve bagirsak yolunu birbirinden ayiwrir; bir tavuk yumurtlarken,
kloak agag1 iner ve bagirsak yolunu kapatir (Koch, 1973).

4.Bakteriyel kontaminasyona karsi
mekanizmalari

yumurta savunma

Yumurtalar tavuk tiirleri igin éncelikle bir tireme araci olarak
islev gérmektedir ve bu nedenle yumurta, bir civeivin yumurtadan
cikana kadar olgunlasacag 21 giinlik bir stire boyunca gelismekte
olan bir embriyoyu
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koruyabilmelidir (Haines, 1939). Bu nedenle, biyolojik bir sistem
olarak yumurtalar, mikrobiyal kontaminantlarin civciv geligimine
miidahalesini sinirlamak i¢in hem kimyasal hem de fiziksel olarak
belirli savunma mekanizmalarini gerektirmektedir.

4.1. Fiziksel savunma mekanizmalari

4.1.1. Katikal

Yumurtlamadan hemen o6nce kabugun tzerine salgilanan bir
protein tabakasi olan kutikiil, yumurtanin kalsiyum bazl kabugun
gozeneklerini tikayarak bakteri, maya ve kiifleri besin agisindan
zengin yumurta sarisindan uzak tutmak i¢in sahip oldugu ilk
fiziksel savunma mekanizmasidir (Mayes & Takeballi, 1983;
Simkiss, 1968). Bununla birlikte, kiitikiil, asinma ile biiyiik 6l¢ciide
ortadan kalkmadan 6nce yalnizca yaklasik 96 saatlik bir etkinlige
sahiptir. (Fromm, 1963; Mayes & Takeballi, 1983). Nem,
yumurtanin sicakligi, yumurtlamadan hemen sonra yumurtay:
cevreleyen ortam hava sicakligt ve yumurtanin yikanmasi,
yumurtanin i¢ine Salmonella gibi bakterilerin nifuz etmesini
onlemek i¢in kiitiktiliin gérevinin basinda kaldigr streyi
etkileyebilir (Ball, Logan, & Hill, 1975).

4.1.2. Kabuk

Yumurta kabugu, dis kontaminasyona karsi gozle goriinir
fiziksel engellerden birini temsil etmektedir. Tavuk yumurtas:
kabuklari, ¢ogu kabugun digindan i¢ine uzanan 7000 ila 17.000
arasinda goézenek icermektedir (Mayes & Takeballi, 1983).
Gozenekler tstte daha genistir ve spiral bir yol boyunca alt uca
dogru daralirlar. Yumurtanin biiyiik ucunda kii¢iik ucundan daha
fazla gozenek bulunabilir (Walden, Allen, & Trussell, 1956).
Yumurtalarin hava hiicrelerinin genellikle kabugun genis ucunda
bulunmasmnin nedeni budur. Bazi hatali bi¢cimlendirilmis
gozeneklerin ¢ap1 ¢ok daha Dbuytuktir ve bakteriler icin
yumurtalarin icine daha kolay erisim saglayabilirler (North, 1978).
Bakterilerin yumurtanin i¢ine girmesi konusunda kabugun kalinlig:
da rol oynayabilir (Taylor & Martin, 1929). Kabuk kalnhg
arttikca gozenek uzunlugu da artar. Gozenekler diz degildir ve
bunun yerine kabuk maddesinin kalinligt boyunca sarmal
seklindedir. Daha uzun goézeneklerin daha fazla spiral yapisi olmasi
muhtemeldir ve bu nedenle simirli hareketlilikleri nedeniyle
bakterilerin gezinmesi icin daha zor bir yol tegkil eder (Mayes &
Takeballi, 1983).

Yumurta ytzeyindeki nem, kiitikil yeterince kurumadan énce
kabuk yiizeyine ulasirsa, bakteri hiicreleri yumurtanin i¢ kismina
daha 1iyi erisebildiginden, bakterilerin niifuz etme slrecine
yardimer olabilir (Humphrey, 1999). Yumurtanin hizhi sogumasi,
kabuk sabit kalirken yumurta sarisinin ve yumurta akinin
buizilmesine neden olur, bu da negatif bir basing tretir ve boylece
bakteri hiicrelerini yumurtanin disindan kabugun sarmal
seklindeki gozeneklerinden ceker (Lock & Board, 1992). Mevcut
USDA yo6netmelikleri, yumurta yikama suyunun en az 32,2 °C
olmasini veya igleme hattina giren en sicak yumurtadan 11,1 °C
daha sicak olmasini zorunlu kilmaktadir (USDA/AMS, 2004).

4.1.3. Kabuk zarlari

Dogrudan kabugun altinda, son fiziksel savunma hatt1 olarak,
dis ve i¢ zar seklinde iki kabuk zari bulunmaktadir. Bu 1ki kabuk
zari, hiicrenin i¢indeki ve digindaki gazlarin solunumunun hava
hiicresi olusturdugu durumlar disinda, genellikle yumurta
kabugunun sivri ucunda tiim noktalarda baglanmaktadir. (Mayes
& Takeballi, 1983). Dis zar dogrudan yumurtanin kabuguna
baghdir ve bakteri ve diger mikroorganizmalarin niifuz etmesi ¢ok
zor olan karmasik bir yapr saglayan g lifli katmandan
olusmaktadir (Moran & Hale, 1936). I¢ kabuk zari, yumurtanin ic
merkezine en yakin olandir ve 1iki katmandan olustugu
diigiintilmektedir (Mayes & Takeballi, 1983). Kabuk zarlarinin,
sunduklar1 karmagik gozenekler ve lifler sistemi araciligiyla
potansiyel kontaminantlara karsi bir sekilde bir filtre gorevi
gordigli varsayilmaktadir. Ortak hareket eden kabuk zarlarinin,
bakteri istilasina karsi kabuktan daha 1iyi bir savunma
mekanizmasi oldugu diisiiniilmektedir (Garibaildi, 1960).

4.2. Kimyasal savunma mekanizmalari

Mikroorganizmalar kutikil, kabuk ve kabuk =zarlarinin
sagladigr fiziksel engeller karsisinda bagarii olur ve niifuz
ederlerse, albiiminin zorlu ortaminda bir takim kimyasal engellerle
kars: karsiya kalacaklardir (O'Leary & Busta, 1974). Bu kimyasal
savunma mekanizmalarindan biri, lizozim enzimidir (Cuguennec,
Nau, Molle, Le Graet, & Brule, 2000). Lizozim, siit, idrar ve kan gibi
biyolojik sivilarda bulunur ve hiicre duvarindaki N-asetilnéramin ve
N-asetilglukosamin arasmdaki (1,4) bag1 parcalayarak Gram pozitif
bakterileri parcalar (Cuguennec ve arkadaslary, 2000). Gida kaynakh
hastalik salginlariyla iligkili patojenlerin ¢ogu Gram negatif olmasia
ve lizozime duyarli olmamasia ragmen, yumurtalardan izole edilen
bozulma organizmalarmin %60 kadar:1 Gram pozitiftir (Lucore, Jones,
Anderson, & Curtis, 1997). Yumurtanin kimyasal savunmasinda
daha 6nemli bir oyuncu da, yumurta akinin demirini selatlayarak
islev goren ve boylece onu bakterilerin biiytimesi i¢in kullanilamaz
hale getiren ovotransferrin proteinidir (Lock & Board, 1992).
Ovomukoid, bakterilerin albiiminin proteinlerini kullanma yetenegini
engelleyen bir proteinaz inhibitoriidiir (Baron, Gautier, & Brule, 1997).
Yumurta aki ayrica hiicre bliylimesi i¢in gerekli olan bir B vitamini
olan biyotini baglayan avidin bilegenini icermektedir (Baron ve
arkadaslari, 1997). Avidin yumurta kanalinda {iiretilir ve yumurta
akmin kiiciik bir bilesenidir (Mine, 2000).

4.3. Vitellin zar

Bakteriler, hem kabugun fiziksel engellerini hem de albliimin
kimyasal engellerini gectikten sonra, yumurta sarisina ulasmadan
once bir savunma mekanizmasiyla daha karsi karsiya kalir.
Vitellin zar yumurta sarisini c¢evreler ve yumurtanmn boliimlere
ayrilmasindan sorumludur (Burley & Vadehra, 1989). Bu zar
bozulursa, yumurta saris1 ve yumurta sarisi icerikleri karisabilir,
bu da yumurtaya demir ve diger bilesiklerin girmesine neden olur
ve yumurtanin savunmasi yok olmasa da zayiflar (Burley &
Vadehra, 1989). Vitellin zar, sadece yumurta saris1 ve albiimin
ayrimindan sorumlu olmakla kalmaz, ayni1 zamanda doéllenmede
yer alan materyallerin nitifuz etmesine olanak saglamada da rol
oynar, ancak besin molekillerinin ve bakteri hicrelerinin
transferini 6nlemesi gerekmektedir (Debruyne & Stockx, 1978;
Mann, 2008).

4.4. Salmonella tarafindan yumurta kontaminasyonu yollari

Saglam yumurta igeriginin Salmonella kontaminasyonu igin iki
olas1 yol bulunmaktadir. Yatay bulasmada, Salmonella yumurta
kabugundan gecer veya transovarian yolda (dikey bulagmada),
yumurtalar kabuk bilesenleri tarafindan kaplanmadan 6nce tireme
organlarinin Salmonella ile enfekte olmasi sonucu yumurta
dogrudan kontamine olur (Miyamoto ve arkadaslari, 1998).
Yumurta iceriginin Salmonella ile o6zellikle de S. Enteritidis ile
kontaminasyonu i¢in hangi yolun en énemli oldugu net degildir.

4.5. Yatay bulasma

Yumurtlamadan sonra yumurta potansiyel olarak cesitli kontamine
alanlara maruz kahr ve diski dahil olmak tizere yiiksek diizeyde nemli
organik maddeler, koruma ve besin kaynag saglayarak Salmonella'nin
hayatta kalmasina ve bliyimesine yardimec: olabilir. ES. Enteritidis, S.
Heidelberg veya S. Typhimurum igeren digski ile yapay olarak
kontamine olmug yumurtalar 25 °C'de saklanmig ve 3 giin sonra tim
serotiplerin sayisinda 4 ila 5 log artis meydana gelmistir (Schoeni,
Glass, McDermott, & Wong, 1995). Bununla birlikte, o6zellikle
sicakliklar ve bagl nem disiik tutulursa, Salmonella fekal
kontaminasyon olmadiginda da yasayabilir ve biiyiyebilir (Messens,
Grijspeerdt, & Herman, 2006). Yumurtanin sahip oldugu fiziksel ve
kimyasal engellere ragmen, Salmonella'nin yumurtaya nifuz ettigi
ortaya konmustur (Messens, Grijspeerdt, & Herman, 2005).

Cevresel kontaminasyon ile kabugun kontaminasyonu arasmdaki
korelasyon c¢alismalar, karmasik sonuglar vermistir. Cevresel
numunelerin %72'sinden Salmonella'nin izole edildigi bir yumurtlama
tesisinde
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kabuklarin sadece %7,8'inin kontamine oldugu bulunmustur (Jones,
Rives, & Carey, 1995). Davies ve Breslin (2004) asilanmanus siiriilerin
yumurta kabuklarinin %1,0’inin S. Enteritidis ile kontamine oldugunu
ve ¢evresel numunelerin %25,6'sima kiyasla asili tavuklarin yumurta
kabuklarimin sadece %0,18'inin kontamine oldugunu tespit etmistir.
Yumurtalarm numune alinma zamam da kabuklarda Salmonellanin
saptanmasinda bir faktordiir. S. Enteritidis ile deneysel olarak oral yolla
asilanmig tavuklardan elde edilen yumurta kabuklarn asillamadan sonraki
ilk hafta boyunca incelendiginde kabuklarin %50'den fazlasinin
kontamine oldugu goriilmustir ve bu gortilme siklig agilamadan 8 hafta
sonra %8'e kadar diismektedir (Bichler, Nagaraja, & Halvorson, 1996;
Gast& Beard, 1990).

Aragtirmacilar, bakterilerin  yumurta kabuguna en kolay
yumurtlamadan sonraki ilk birka¢ dakika iginde nufuz ettigini 6ne
stirmiiglerdir (Miyamoto ve arkadaslari, 1998; Padron, 1990). Ek
olarak, yumurta, tavugun viicut sicakligindan (42 °C) daha soguk
sicakliklara maruz kalmakta, bu da belki de bakterilerin yumurta
kabuguna ve zarlara daha kolay niifuz etmesine imkan verecek bir
negatif basing olusturmaktadir (Board, 1966). Sicak yumurta nemli,
serin bir ortamla karsilastiginda, bakterilerin kabuga nifuz etmesi i¢in
kosullarin ideal oldugu varsaylmaktacir (Berrang, Cox, Frank, & Buhr,
1999).

Baz1 aragtirmacilar, kiitikiilin yumurtanin bakteri niifuzuna
kars1 ilk savunma hatti oldugunu ve kutikilin kuruyup yumurta
yaslandik¢a ve kuguldiikge gozeneklerin bakteri niifuzuna maruz
kaldigin1 varsaymaktadirlar (Mayes & Takeballi, 1983). Baz
calismalar, kiitiktl birikiminin kritik 6neme sahip olduguna ve
birikimin yoklugunda bakterilerin ntfuzunun ¢ok muhtemel
olduguna isaret etmektedir (De Reu ve arkadaslari, 2006; Messens
ve arkadaglari, 2007). Bununla birlikte, diger aragtirma gruplari,
kiutikalin birikmesi ile Salmonella'nin kabuktan niifuz etmesi
arasinda bir iliski bulamamistir (Messens ve arkadaslari, 2005;
Nascimento, Cranstoun, & Solomon, 1992).

Kabugun o6zgul agirligi, kabuk agirhigr veya kabuk kalinlig: ile
tanimlanan yumurta kabugu kalitesinin de yumurtaya bakteri
niifuzunda bir rolii oldugu varsayilmaktadir. Daha ytiksek yumurta
uretimi ve daha fazla yumurta agirligina yonelik tavuk tiirlerinin
secilmesi, kabuklarin daha diisiik kaliteli neden olmustur (Roberts
& Brackpool, 1994) ve Jones, Anderson, Curtis, ve Jones (2002)
tarafindan gosterildigi gibi bunlar kontaminasyona daha yatkindir.
Tavugun yasi, kabuk kalitesini etkileyen diger bir faktérdir ve
kabuklarin, hava hiicrelerinin ve icerigin kontaminasyonunun
daha yash tavuklarda daha fazla oldugu bulunmustur (Jones ve
arkadaslari, 2002). Yerden kafese hareket veya asilama gibi stres
faktorlerinin de kabuk kalitesini etkiledigi gézlemlenmistir (Roberts
& Brackpool, 1994).

Farkh bakteri cinsleri ve tiirlerinin de yumurtanin kabuguna niifuz
etme bakimindan farkl yeteneklere sahip oldugu gortilmektedir. De Reu
ve arkadaslar1 (2006) yumurtalarm igeriginden izole edilen secilmis 7
bakteri tirinin yumurta kabuguna niifuz etme yeteneklerini
kargilagtirdilar. Gram negatif hareketli ve kiimelenmeyen bakteriler
olan Pseudomonas sp., S. Enteritidis ve Alcaligenes sp.'nin kabuga
nifuz etme potansiyelinin en yiiksek oldugunu bulmuslardir. S.
Enteritidis ve ardindan Carnobacterium sp. ve Serratia marcescens
saglam yumurtalara girmis ve karsilastirilan 7 tiirden arasinda en sik
ureyen bakteriler olmustur.

Albtimin birgok antibakteriyel kimyasala sahip olsa da, yumurtaya
girdikten sonra bakterilerin uzun siire hayatta kalabileceklerine dair
kanmitlar bulunmaktadir. Howard ve arkadaslari (2006) S.
Typhimurium'un 8 haftalik depolama siiresince, sogutma kosullarinda
bile yumurta iginde yasayabildigini ve hatta net buylime
gosterebildigini ortaya koymuslardir. Daha sonraki g¢alismalarda,
Howard ve arkadaglar (2007) yumurta bilesenlerini S. Enteritidis ile
agiladi ve 8 hafta boyunca buzdolabinda saklama stuiresine bagh olarak
bakterinin hayatta kalmasmi ve biiyimesini gozlemlediler. Depolama
periyodu sirasinda yumurta sarisi kontaminasyonuna yol acan vitellin
zar1 bozulmasma dair higbir kanit bulamamis olmalarma ragmen, S.
Enteritidis'in vitellin zar tizerinde ve albiimin i¢inde hayatta kaldigim
gozlemlediler ve bazi durumlarda patojenin net bir gsekilde buyudugunt
kaydettiler (Howard ve arkadaslar 2007). Bu arastirma, depolama
sirasinda hizh sogutma ve soguk zincirin stirdiriilmesi ihtiyacini
desteklemektedir.

4.6. Dikey bulasma

Gida kaynakli hastalik salginlarinda yaygin olarak rol oynayan
bakterilerin ¢ogu, dis kaynaklardan yumurtaya go¢ etme yetenegine
sahip olsa da, bazilarinin alternatif bir yolu var gibi gérinmektedir
(Mayes & Takeballi, 1983). Bir takim Salmonella serotipi, 6zellikle de S.
Enteritidis s6z konusu oldugunda, yumurta tavugunun transovaryan
enfeksiyonu meydana gelebilir ve enfeksiyondan sonra birakilan
yumurtalar Salmonella igerebilir (Humphrey, 1999). Kanitlar, tavuk
yumurtali@imm S. Enteritidis ile transovaryan enfeksiyonunun, NPIP
programinda takip edilen izolatlara neden olan kanath konak¢iya 6zgi
Salmonella hastahiginda s6z konusu olan aym enfeksiyon yoluna benzer
olabilecegini gostermektedir (Benson & Keller, 1999).

4.6.1. Yumurtaligin kolonizasyonu

Baz1 arastirmacilar, o6zellikle tavugun bagirsaginin @ S.
Enteritidis tarafindan kolonizasyonunun s6z konusu olmadigi
durumda S. Enteritidis tireme dokusunda lokalize olabileceginden,
tavugun Ureme kanalinda meydana gelebilecek yumurta
kontaminasyonunun yumurta kabuguna niifuzdan daha olas:
olduguna inanmaktadir (Lister, 1988). Ek olarak, S. Enteritidis,
muhtemelen tireme sistemi hicreleri iginde hayatta kalarak,
tavugun bagisiklik tepkisinden kagmabiliyor gibi gorinmektedir
(Gast & Holt, 2000).

Cok sayida deneysel ¢aligma, yumurtahgm, yumurta kanalindan
daha sik S. Enteritidis tarafindan kolonize edildigini géstermektedir
(Gast, Guraya, Guard- Bouldin, Holt, & Moore, 2007). Bu durumda S.
Enteritidis’in, yumurtlamadan 6nce foliktllerin hiicreleri ile etkilesime
girmis olmasi1 gerekmektedir. S. Enteritidis'in folikiiler grantiloza
hiicrelerine yapismas1 gozlenmistir (Thiagarajan, Saeed, & Asem,
1994) ve organizma bu hiicreleri istila edebilir ve hiicrelerin i¢inde
cogalabilir (Thiagarajan, Saeed, Turek, & Asem, 1996). Howard ve
arkadaslar (2005) olgunlagsmanusg kiiciik beyaz folikiillerin, kiiciik ve
buiytik sar folikiillere gore istilaya daha duyarlh oldugunu ve belki de
ureme dongiisi boyunca yumurtalarin sturekli olarak enfeksiyonuna
yol agtigim tespit etmislerdir. Dawoud ve arkadaslar1 (2011) farkh S.
Enteritidis suslarn tarafindan folikiil istilasim degerlendirmek i¢in
benzer bir in vitro istila tahlili kullandilar. Test edilen bes S. Enteritidis
susunun tamaminin, negatif kontrol olan Escherichia coli K12nin elde
ettigi deger %0,00003'e kiyasla, %0,016 ila %0,034 arasindaki ortalama
istila yiizdesi ile 2 saat sonra folikiilleri istila edebildigini belirlediler.
Bununla birlikte, folikiillerin dejenerasyonunun sonuclanacagina
inamldigindan, yumurta kontaminasyonunun ana kaynaginin
yumurtalik kolonizasyonu oldugu varsayilmamaktadir ve enfekte
tavuklarda yumurtlamanin azaldigina dair bir kamt bulunmamaktadir
(Gantois ve arkadaglari, 2009). Diger arastirmacilar, S. Enteritidis'in
yumurta sarisinin kendisinden daha ¢ok vitellin zar ile iligkili oldugunu
belirlediler (Gast & Beard, 1990; Gast & Holt, 2000). S. Enteritidis,
goriintige gore diger serotiplerin sahip olmadigi baz ozelliklere de
sahiptir;, Okamura ve arkadaslari (2001ab) S. Enteritidis'in
yumurtaliklar1 ve folikiilleri diger serotiplerden c¢ok daha yiiksek
oranda kolonize ettigini buldular. S. Typhimurium'un yumurtalig: esit
derecede kolonize edebilmesi istisnasiyla, Gantois ve arkadaslar1 (2008),
tarafindan da benzer sonuglar bulunmustur.

Diger arastirma, albiiminin kontaminasyon i¢in en yaygin alan
oldugunu gostermistir ve bu da, yumurta kanali dokularmin
kolonizasyonunu gostermektedir (Keller, Benson, Krotec, &
Eckroade, 1995). Vajina, isthmus veya magnumun
kontaminasyonu, Salmonella'nin kabuga, kabuk zarlarina veya
albiimin igine girmesine neden olabilir.

4.6.2. Vajina kolonizasyonu

Salmonella ile intravajinal olarak agilanan tavuklarda, yumurta
kabugunda yiiksek oranda kontaminasyon bulunmus, (Miyamoto ve
arkadaslari, 1997), yumurtlamadan sonra yumurtanm sogumasi nedeniyle
yumurtanin igine niifuz etmesine yol agmistir (Miyamoto ve arkadaslari, 1998).
Ayrica, S. Enteritidis'in diger serotiplere kiyasla vajinanin epiteline daha fazla
tutunma kabiliyetine sahip oldugu gériilmektedir (Miyamoto ve arkadaslari,
1998). Gériintige gore serotiplerin invazivligi lipopolisakarit tipi ile baglantihdir,
tip 09 (S. Enteritidis), O4 (S. Typhimurium, S. Heidelberg ve S. Agona) ve diger
lipopolisakarit tiplerinden daha invazivdir (Mizumoto, Sasai, Tani, & Baba,
2005).

4.6.3. Isthmus ve magnum kolonizasyonu

S. Enteritidis'in hem isthmus hem de magnum hiicrelerinin doku
kiiltiirlerini istila edebildigi ve icinde cogalabildigi gosterilmistir (De Buck,
Pasmans, Van Immerseel, Haesebrouck, & Ducatelle, 2004). Bir in vivo
déngli modeli
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deneyi, S. Enteritidis'in isthmus dongiisinde magnum
déngiisiinden daha istilaci oldugunu gostermistir (De Buck ve
arkadaslari, 2004). Yumurtlayan tavuklara intravenéz olarak S.
Enteritidis bulastirildiginda, isthmusun tibiler bez hiicrelerinden
magnuma kiyasla daha fazla bakteri izole edilmistir (De Buck ve
arkadaslari, 2004). Bu sonuclar, S. Enteritidis'in yumurtaya
albiimin yoluyla girdigi ve yumurtalar1 kontamine ettigi hipotezi
ile uyumludur (Schoeni ve arkadaslari, 1995).

Bu kontaminasyon yolu lzerinde artan arastirmalara ragmen,
kabuklu yumurtalarin S. Enteritidis ile enfeksiyonu biraz nadir
gorinmektedir.  Ticari  surtilerde, birakilan  yumurtalarin
%0.03'iinden daha az1 S. Enteritidis ile kontaminedir (Gast & Holt,
2001). Yumurtalarda S. Enteritidise iligkin olarak gerceklestirilen
bir risk degerlendirmesi, Amerika Birlesik Devletleri'nde 20.000
yumurtadan sadece 1'inin (%0,005) S. Enteritidis ile kontamine
oldugunu tahmin etmektedir (Ebel & Schlosser, 2000). Amerika
Birlesik Devletleri'nde her yil tiretilen 90 milyardan fazla yumurta
ile her y1l pazara 4,5 milyon kontamine yumurta girme potansiyeli
bulunmaktadir (USDA/NASS, 2010). AB'de yumurta iiretimi
2008'de 104 milyar yumurtaydi. AB'de S. Enteritidis i¢in yurutilen
bir risk degerlendirmesi, mevcut verilerden bir milyon yumurtada
kontamine yumurta sayisini tahmin etmenin zor oldugu sonucuna
varmigtir. Bir tlkede bir milyon yumurtada kontamine yumurta
sayisinin 14 ile 150 arasinda oldugu tahmin edilirken, ikinci bir

ulkede bu saymin 2 ile 28 arasinda oldugu tahmin edilmistir
(EFSA, 2010).

4.7. Yumurta tavuklarinda S. Enteritidis enfeksiyonu igin risk faktérleri

4.7.1. Biyo-giivenlik

Ciftlikteki insanlarmm ve ekipmanlarm hareketlerinin kontroli ve
tavuklarin kemirgenlere, boceklere veya Salmonella tasiyabilecek yabani
kuslara ve memelilere maruz kalmasmin sinirlandirilmasi organizmay
stirliye sokma veya mevcut striler arasinda veya eski bir stiriiden
yeni bir siiriiye aktarma potansiyelini azaltir (Crippen, Sheffield,
Esquivel, Droleskey, & Esquivel, 2009; Henzler & Opitz, 1992; Olsen &
Hammack, 2000). Henzler ve Opitz (1992) 5'i S. Enteritidis'ten temiz
olarak degerlendirilen ve 51 cevresel orneklerin kiiltir sonuglariyla
belirlendigi tizere kontamine olarak degerlendirilen, farelerin bulagtig:
10 kiimes hayvam ciftligini arastirdilar. Kontamine ciftliklerde,
farelerin %24,0''ndan S. Enteritidis izole edilmis, ancak temiz
giftliklerdeki farelerde tespit edilmemistir. Fare digki peleti bagina
10° S. Enteritidis kadar tespit edilmis ve enfeksiyon, enfekte olmusg fare
poptilasyonunda 10 ay kadar devam etmistir. Kiigiik un kurdu bocegi,
Alphitobius diaperinus (Panzer), yumurtacihk endiistrisinde ciddi bir
zararhdir; dis kaynaklardan elde edilen Sa/monella'yr igsellestirdigi ve
sindirim kanalinda bakterileri barmdirdigr gosterilmistir ve bu nedenle
Salmonella'nin yayilmas icin aktif bir kaynak olabilir (Crippen ve
arkadasglar1 2009). Iki S. Enteritidis salgminda arac oldugu diisiiniilen ve
yumurtalar: treten kafesli yumurta tesislerinde toplanan karasinekler
analiz edilmis ve patojen acismdan pozitif test edilmistir (Olsen &
Hammack, 2000).

Kimes  sistemlerindeki  farklilhiklar da  biyo-glivenlik
onlemlerini etkileyebilir. Serbest dolagimli kiimeslerde tavuklarin
zamanlarinin bir kismini disarida gegirmelerine izin verilir, bu da
vahsi yasamla etkilesimi artirir ve kalici bir Sa/monella kaynag:
olarak hizmet edebilecek topragi kontamine eder (Holt ve
arkadaslari, 2011). Bununla birlikte, bircok geleneksel kafes
sistemi 20 yi1ldan daha eskidir ve derin giibre ¢ukurlar, istiflenmis
kafesler ve bantlar igceren sistemin dogas1 geregi temizlenmesi ve
dezenfekte edilmesi zordur, bu da eski striden yeni slriye
Salmonella'nin tasinmasina neden olabilir (Carrique-Mas ve
arkadaslar1 2009). 2012'den itibaren geleneksel kafes sistemlerinin
yasaklanacagi Avrupa'da yapilan bir arastirma, S. Enteritidis'in
sagilmasi i¢in risk faktérlerinin geleneksel batarya tipi kafeslerini,
Uretim rauntlar1 arasinda temizlik yapilmamasini ve kigin gelisini
icerdigini bulmustur (Van Hoorebeke ve arkadaslari, 2010).

4.8. Tiy dokimi saglamak icin yemden kesme

Yetigkin tavuklarin tuylerini yenilemek ic¢in yilda bir kez tiy
dokmesi dogaldir ve ayni zamanda vicut agirhigr kaybolur ve
yumurtlama durur (Mrosovsky & Sherry, 1980). ABD'deki baz
ticari yumurtacilik operasyonlarinda, tavuklar ilk yumurtlama
dongiisiintin bitiminden 6nce tily dokmeye tesvik edilir; bu onlarin
iireme sistemini yeniler (Brake, 1993) ve ikinci bir yumurtlama

déngiistine girmelerini saglar (North & Bell, 1990). Tiiy dékiimiinii
zorlamak i¢in tarihsel olarak yaygin olan yontem, birka¢ giin
boyunca yemin kesilmesi yéntemidir. (Bell, 2003; Mrosovsky &
Sherry, 1980; Ricke, Dunkley, McReynolds, Dunkley, & Nisbet, 2010).
Bununla birlikte, tiy dokmeyi tesvik etmek amaciyla yemin
kesilmesi silireci streslidir ve cogu kez, tiy dokiiminin ilk 2
haftasinda artan o6liim oranlarina yol acar (Bell, 2003). Yemin
kesilmesiyle tiy dokiimiintin tetiklenmesi de S. Enteritidis'in digk:
yoluyla sacilmasinda artisa (Holt, 1993; Holt & Porter, 1992; Holt,
Macri, & Porter, 1995), S. Enteritidis'in organlarda yayilmasina
(Holt, 1995), eski enfeksiyonun niiksetmesine (Holt & Porter, 1992) ve
tiy dokmeyen kontrollere kiyasla S. Enteritidis ile enfeksiyona kars:
artan duyarhihga (Holt, 1993) yol acar. Tavuklar a¢ kaldiginda S.
Enteritidis icin bulasica doz azalir (Holt, 1995). Ek olarak,
arastirmacilar, tily dokmeyen tavuklara kiyasla tiy doken tavuklarin
ortamindaki Salmonella kontaminasyonunda bir artis oldugunu
kaydetmislerdir (Murase ve arkadaslari, 2001). Durant, Corrier, Byrd,
Stanker ve Ricke (1999) yemin 9 giin kesilmesinin, tiiy dékmemis
tavuklara kiyasla hem mahsulde hem de tavuklarin ¢ekumunda S.
Enteritidis kolonizasyonunu artirdigini belirtmiglerdir.

4.8.1. Tuy dékimd icin yemden kesmeye alternatifler

Cogu tavuklarin beslenmesini bir sekilde maniptle etmeyi
iceren ve a¢ birakmadan tiy dokmeyi tesvik eden alternatif
yéntemler arastirilmistir. Ricke (2003)’ye gére, a¢ birakmadan tiiy
dokme beslenme diizeninin basarili olabilmesi i¢in, bu beslenme
diizeni tavuklarin yemek yemeyi reddetmemeleri igin lezzetli
olmali, tiy dokiminu treme kanalinin geriledigi noktaya kadar
uyarmali, ikinci dongiiniin yumurta tiretimi ve yumurta kalitesinin
yemin kesilmesiyle elde edilenlere esdeger olmasini saglamali ve
icerik 6geleri hazir ve ekonomik olmalidir.

Tiy dokmeyi tesvik etme yontemleri, beslenme diizenindeki
temel besin seviyelerinin azaltilmasini veya yumurta tretimini
azaltan seylerle beslemeyi icermektedir (Bell, 2003; Park, Birkhold,
Kubena, Nisbet, & Ricke, 2004). Baz1 basarili beslenme diizenlerinde
tuzun veya sodyumun (Naber, Latshaw, & Marsh, 1984) veya

kalsiyumun (Martin, Morris, Gehle, & Harwood, 1973)
azaltilmasimi icermektedir, ancak bu beslenme diizenleri diger
arastirmacilar tarafindan test edildiginde tutarsiz sonuglar

vermigtir (Berry, 2003). Yiiksek konsantrasyonlarda cinko ile
besleme, geleneksel yem kesme ile karsilastirildiginda daha
yuksek yumurta tiretimine ve daha biiyik yumurta agirliklarina
yol acmistir (Park ve arkadaslari, 2004). Moore ve arkadaslar:
(2004) ayrica, c¢inko kullaniminin tiiy dékiimii esnasinda S.
Enteritidis kolonizasyonunu azaltma potansiyeline sahip oldugunu
bulmustur. Aliminyum veya potasyum iyodiirin de yumurta
iretimini durdurdugu kanitlanmistir (Arrington, Santa Cruz,
Harms, & Wilson, 1967; Hussein, Cantor, & Johnson, 1989;
McCormick & Cunningham, 1987), ancak bu beslenme diizenleri
tutarsiz sonuglar vermektedir, daha pahaliya mal olmaktadir ve
tavuklarin birbirini gagalamasina neden olabilir (Webster, 2003;
Biggs, Persia, Koelkebeck, & Parsons, 2004). Dogal iiriinler de
test edilmistir. 10 ppm tiroksin eklenmig, esas olarak Uzim
cekirdegi posasi igeren bir beslenme diizeni, geleneksel yem kesme
yéntemi kadar etkili olmustur (Keshavarz & Quimby, 2002). Besin
degeri diisiik tahil veya yiiksek lifli yemler de basariyla test
edilmistir. Beslenme duzeninde %12 jojoba unu kullanilmasi,
basarihi bir tity dokiimi ve tiy dokiimii 6ncesine gore daha yiiksek
yumurta tretimi ile sonuclanmigtir (Vermaut ve arkadaslari,
1998). Arastirmacilar, %50 6giitiilmiis pamuk tohumu ile
beslenmenin, yem aliminda génilli bir azalmaya yol agtigini ve yemi
tamamen kesmek kadar etkili oldugunu belirlediler (Davis, Lordelo,
& Dale, 2002). Yiiksek diizeyde kaba bugday kepegi kullanmanin
etkili bir beslenme diizeni oldugu tespit edilmistir (Seo, Holt, &
Gast, 2001), ancak biiyiik bir ticari 6lgekte kullanimi uygun
degildir, ¢iinkii yiiksek oranda kaba bugday kepegi iceren yemler,
yem tankinda sertlesir ve yemliklere akmaz. (Shimmura, Eguchi,
Uetake, & Tanaka, 2008).

Bu beslenme diizenlerinin tiily dékiimiini bagarili bir gekilde
baglatmasina ve yumurta tretiminin yiksek bir dizeye geri
donmesine olanak saglamasina ragmen, aragtirmacilar 6zel olarak S.
Enteritidis kolonizasyonu konusunu ele almamiglardir ve



760 Z.R Howard et al. / Food Research International 45 (2012) 755-764

test edilen degisikliklerin ¢ogu atik veya igleme yan trtinleridir ve
her zaman hazir bulunmayabilir. (Dunkley ve arkadaslari, 2009;
Park ve arkadaslari, 2004). Yonca, diisiik metabolik enerjiye sahip,
kolayca bulunabilen bir yem maddesidir Landers ve arkadaslari
(2005) yonca kiispesi veya peletlenmis yonca ile beslemenin tiiy
dokmeyi baslatma konusunda yemden keme kadar etkili oldugunu
ve tiy dokimi sonras1 yumurta lretimi ve kalitesinin, yem kesme
ile tiy dokimi yapilan tavuklarinkine esdeger oldugunu tespit
etmiglerdir. Agi1z yoluyla S. Enteritidis bulagsmas tehdidi altindaki
yemden kesilen tavuklara kiyasla yonca ile beslenme diizeninde
mahsul kolonizasyonunda o6nemli bir azalma goralmustir
(Woodward ve arkadaglari, 2005). McReynolds ve arkadaslari
(2006) %100 yonca ile beslemenin yam sira %30 standart yumurta
tavugu rasyonlu %70 yonca beslenme dizenlerinin, ¢ekumda S.
Enteritidis kolonizasyonunu azalttigini1 belirlediler Dunkley ve
arkadaslari (2007c¢) farkli tily dokiimii beslenme diizenlerini
tavuklara oral olarak uyguladilar ve tavuklara %100 yonca kirintist
verildiginde, yemden  kesmeye kiyasla S. Enteritidis
kolonizasyonunda bir azalma oldugunu belirlediler. Yonca
kirintilarina  kiyasla yemden kesilen grupta Salmonellanin
virilans geni olan hilA geninin ekspresyonunda de bir artig
meydana gelmistir (Dunkley ve arkadaslari, 2007c). Toplam kisa
zincirli yag asitleri, yemden yoksun birakilan tavuklarin digk: ve
cekal igeriklerinde, yumurta tavugu rasyonu veya %100 yonca
kirintilar ile beslenen gruplara gore daha diisiik gerceklesmistir ve
bu da, yonca ile beslenen tavukklar i¢in fermantasyon modellerinin,
yemi kesilen gruba nazaran tam beslenen tavuklara daha cok
benzedigini gostermektedir (Dunkley ve arkadaslari, 2007d). Yonca
kirintisi ile beslenen tavuklar, yemi kesilen tavuklara gore daha az
stres ve daha az iltihaplanma yasayabilirler (Dunkley ve
arkadaslar;, 2007a,b; Landers ve arkadaslari, 2008a,b). Yonca
kirintis1 ile beslenen tavuklar, yemi tamamen kesilen tavuklara
gore besleyici olmayan gagalama davranisini, bas hareketlerini
daha az ve beslenme aktivitesini ise daha fazla sergilemistir
(Dunkley ve arkadaslari, 2008a,b). McReynolds ve arkadaslar:.
(2009) ayrica, tiiy dskme beslenme diizeninde yonca kullaniminin,
yemden kesilen tavuklara kiyasla tam beslenen tavuklara daha
yakin bir bagisiklik tepkisi tirettigini de gosterdiler.

4.8.2. Prebiyotikler
Prebiyotikler, faydali bakterilerin biiylimesini uyaran ve boylece
konak¢mim sagligini iyilestiren sindirilemeyen gida bilegenleridir

(Gibson & Roberfroid, 1995). Kiimes hayvanlarma verilen
oligosakkaritler, S. Enteritidis kolonizasyonunu inhibe etme
potansiyeli gostermistir (Bailey, Blankenship, & Cox, 1991;

Fernandez, Hinton, & Van Gils, 2002). Salmonella kolonizasyonu
smirhdir, ¢inkdi bagirsagin dogal florasi fermantasyonda prebiyotik
kullanir, ucucu yag asitlerinin seviyelerini yiikseltir, bu da pH'n
Salmonellanin tutunamayacagl veya buylyemeyecegi seviyelere
diismesine yol acar (Cummings & Macfarlane, 2002; Flickinger, Van
Loo, & Fahey, 2003). Yonca diyetine fruktooligosakkarit (FOS)
eklenmesi, yumurtallk ve karacigerin S. Enteritidis tarafindan
kolonizasyonunu azaltmis ve bazi c¢alismalarda S. Enteritidis sekal
sayllarmda 6nemli azalma meydana gelmistir (Donalson ve
arkadaslari, 2008).

4.9. Asilama

Bir diger onemli Salmonella 6nleme araci da asilamadir. Su
anda iki tiir Salmonella asis1 mevcuttur, canl asilar ve 6li asilar.
Canli agilar tim siiriiye su veya aerosol yoluyla verilebilir, ancak
canli bir organizma igerdiklerinden depolama ve uygulanabilirlik
ile ilgili hususlar s6z konusudur ve ayrica, zayiflatilmig bir susun
daha oldirtici bir organizmaya doniisme olasiligi da vardir. Ek
olarak, ABD'de canh S. Enteritidis agilarina izin verilmemektedir, S.
Typhimurium asilar1 kullanilmaktadir ve yetistiriciler serotipler
arasmda capraz korumaya bel baglamaktadirlar (Hassan & Curtiss,
1997). Oli asilar, tavuklara bireysel olarak enjeksiyon yoluyla
uygulanir ve gigclii bagisiklik ve iyi koruma saglar, ancak ¢ok emek
gerektirir. (Gast, Stone, Holt, & Beard, 1992). Birlesik Krallik,
1990'1arda Ingiliz Yumurta Endistrisi Konseyime ait yumurta
tavugu strilerin agsilanmasmi zorunlu kilmistir ve bu, Birlesik
Krallik'ta insan salmonellozunda goriilen dikkat ¢eken diistisiin
ana nedeni olarak kabul edilmektedir. (Cogan & Humphrey, 2003).
2006'da AB, %10 veya daha fazla Salmonella goriilme sikhig1 olan
yumurta tavugu sirilerinin asilanmasini  zorunlu kilmigtir.
(Anonim, 2006).

Kafesli ve kafessiz sistemlerin karsilastirimasi

AB'de 2012'de yuriurlige girecek olan geleneksel kafes
sistemlerinin yasaklanmas1 beklentisiyle, (Avrupa Birligi Konseyi,
1999) geleneksel kafes sistemleri ile tavuklarin S. Enteritidis
tarafindan enfeksiyonu arasindaki tim baglantilar1 kesfetmek i¢in
cesitli ¢alismalar yapilmistir. Yapilan bir Alman arastirmasi,
kiimes sisteminden bagimsiz olarak, yumurta tavugu stiriilerin
%32'sinin  en az bir kez Salmonella i¢in pozitif oldugunu
kesfetmigtir. Yapilan ilave analizler, serbest dolasimli organik
ciftliklerde gortulen %33 oranina kiyasla, serbest dolasimli kapal
¢iftlik sistemlerinde %22 oraninda pozitiflik gorilduguni ve
disariya erisimi olmayan kapali ciftlik sistemlerinde %23 oranina
kiyasla, geleneksel kafes sistemlerinde sturiilerin  %46'dan
fazlasinin pozitif oldugunu ortaya koymustur (Methner, Diller,
Reiche, & Boehland, 2006). Belcika'da yiiriitiilen bir arastirma, S.
Enteritidis enfeksiyonu i¢in ana risk faktorlerinin, kapal ¢iftliklere
veya serbest dolagimli sistemlere kiyasla siirtiyi kafeslerde
yetistirmek oldugunu belirlemistir. Sonuglar ayrica, yas ve suri
buyuklugu arttikca Salmonella riskinin daha yiksek oldugunu
gostermistir (Namata ve arkadaslari, 2008).

4.10. Hasat sonrasi miidahale yéntemleri

ABD'de, kabuklu yumurtalarin sofralik yumurta olarak
satilmadan o6nce yikanmasi1 ve sterilize edilmesine yonelik 6zel
gereksinimlerine dair higbir zorunlu diizenleme bulunmamaktadir,
ancak Tarimsal Pazarlama Hizmeti, belirli yumurta yikama ve
sterilize etme gerekliliklerini iceren gonulli bir kabuklu yumurta
derecelendirme programina sahiptir. Genel olarak, yumurtalar,
devridaim edilen su ve fircalar kullanilarak bir yikama
donglisiinden gegen bir tasima bandina yerlestirilir. Yumurta
ylzeylerini temizlemek ve bakteri kontrolii igin yliksek pH"
korumak amaciyla yikama suyuna alkali deterjanlar eklenir, ancak
organik madde devridaim edilen suda birikir ve deterjanin
bakterileri 6ldiirme kabiliyetini azaltir (Kinner & Moats, 1981).
Deterjanla  yikamanin  hemen  ardindan, derecelendirme
programindaki iglemler, kabuklu yumurtalar: 100 ila 200 ppm klor
konsantrasyonuna sahip bir igme suyu durulamasiyla veya yikama
maddesiyle uyumlu dortlii dezenfektanlarla sterilize edebilir.
Devlet kurumlar1 ve yumurta endiistrisi, daha etkili ve daha az
maliyetli olabilecek alternatif dekontaminasyon teknikleriyle
ilgilenmekte, boylece hem kamuya hem de sektére fayda
saglamaktadir. Yikama sonrasi sanitasyon yontemi olarak c¢ok
sayida dezenfektan ve yontem arastirilmigtir.

4.11. Dezenfektanlar

Kuo ve arkadaglar1 (1997b) Kabuklu yumurtalar: sterilize
etmek icin peroksidaz katalizli bir bilesigin (PCC) kullanimim test
ettiler. PCC bilegigine daldirmanin S. Enteritidis'i sadece su i¢in 1
log'dan daha azina kiyasla neredeyse 4 log azalttigimi belirlediler,
ancak PCC’nin sagladigi azalma 200 ppm klordan ¢ok da buyik
degildi. Knape, Carey ve Ricke (2001) Damitilmis deiyonize su, iyot
bazh bir deterjan ve klorun (200 ppm), kuru yumurta kontrollerine
kiyasla yumurtalara asilanan Salmonella poptlasyonlarini
azalttigini  bulmuslardir; ancak yumurta dezenfektanlarinin
etkinligi, yumurta yikama suyundaki toplam ¢6ziinmis katilarin
seviyesine bagl gibi gorinmektedir.

4.12. UV isimi

UV dalga boylarim1 kullanan radyasyon, yumurtanin kitikilini saglam
biraktigi i¢in kabuklu yumurtalar1 sterilize etmenin bir yolu olarak
aragtirlmistir. Ilk arastirmalar UV 1sininin kontakt lensler (Gritz, Lee,
McDonnell, Shih, & Baron, 1990), kiimes hayvam karkaslar1 (Wallner-
Pendleton, Sumner, Froning, & Stetson, 1994), fiber veya plastik bantlar, metal
veya yumurta kabuklari (Gao, Stewart, Joseph, & Carr, 1997) gibi cesitli
yuzeylerdeki mikroorganizmalar1 6ldiirme yetenegine sahip oldugunu
gostermistir. Kuo, Carey ve Rike (1997a) UV 1gmminin kabuklu yumurtalara
asilanan aerobik bakteri, kif ve S. Typhimurium'u 6nemli él¢iide azalttigini
belirlemislerdir. Baslangicta FDA (Federal Register, 1999) tarafindan
onaylanan atimli UV 1s181 olarak bilinen yeni bir teknoloji, gida
yuzeylerindeki patojenleri etkisiz hale getirme yetenegi agisindan test
edilmektedir. S. Enteritidis ile asilanmis yumurtalarin dekontaminasyonu
icin 1 ila 30 saniye
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boyunca atimli UV 1smninin etkinligi degerlendirilmistir; yumurtalar UV
lambasindan 9,5 ve 14,5 cm mesafeye yerlestirilmigtir. 9,5 cm'de 20
saniyelik bir islem, yumurtada herhangi bir gorsel hasar
olmaksizin 5,3 CFU/cm?1ik bir log azalmasi saglamistir (Keklik,
Demirci, Patterson, & Puri, 2010). Daha uzun maruz kalma
stireleri, yumurta sicakliginda bir artisa neden olmustur.

4.13. Elektrolize su

Elektrolize oksitleyici (EQ) su, zayif bir tuzlu su c¢ozeltisinden
bir asidik ve bir alkali bilesen elde etmek icin elektroliz ve zar
ayirma bir araya getirilerek olusturulur.

Caligmalar, siispansiyon ¢ozeltilerinde (Kim, Hung, &
Brackett, 2000) ve gidalarda (Bari, Sabina, Isobe, Uemura, & Isshiki,
2003; Russell, 2003) patojenlerin inaktivasyonu icin EO suyunun
etkinligini gostermistir. Bialka, Demirci, Knabel, Patterson ve Puri
(2004) hem in vitro hem de pilot 6lgekli bir yumurta yikayict
kullanarak, EO su aritma islemini ticari bir deterjan dezenfektani
islemiyle karsilastirdilar. Ticari deterjan-dezenfektan iglemiyle elde
edilen 2.0 CFU/g sonucu ile karsilagtinldiginda, EO ile iglemden
gecirilmis yumurtalar 2.3 CFU/g'lik bir S. Enteritidis log azalmasi
sergilemistir (Bialka ve arkadaslari, 2004). Her iki uygulama da
albiimin yuksekligini veya yumurta kabugu kuvvetini 6nemli
Olgiide etkilememigtir, ancak her ikisinin de kiitikil tzerinde
onemli etkileri olmustur.

4.14. Biitiin yumurta pastdérizasyonu

Kabuklu yumurtalarda S. Enteritidis’e iliskin olarak yapilan bir
risk degerlendirmesi, S. Enteritidis'in 3 log azalmasiyla sonu¢lanan
kabuklu yumurta pastérizasyonunun, bu organizmanin neden
oldugu hastaliklar1 %70 oraninda azaltacagini tahmin etmistir
(USDA/FSIS, 2005). Saglam kabuklu yumurtalar ve S. Enteritidis
tzerinde pastorizasyon ve kuru 1sil iglemlerin etkilerini
degerlendirmek icin ¢esitli ¢alismalar yapilmistir. Bir ¢alismada,
yumurtalar dahili olarak 5 suslu S. Enteritidis kokteyli ile
asilanmis, daha sonra bir su banyosunda 57 °C'de 25 dakika,
ardindan sicak firinda 55 °C'de 57 dakika isleme tabi tutulmustur
(Barbour, Jurdi, Issa, & Tannous, 2001). Bu islem, yumurtalarin
genel islevselligi tUzerinde herhangi bir etki olmaksizin, S.
Enteritidis'te 6 log azalma ile sonuclanmistir (Barbour et al., 2001).
James, Lechevalier ve Ketteringham (2002) 100 °C'de 2 saniye
boyunca buhara maruz birakilan kabuklu yumurtalarin, yumurta
igeriginin i¢ sicakligimi arttirmadan kabuktaki bakteri sayilarinda
onemli azalmalar sagladigini ve bunun da yumurta protein
islevselliginin azalmasma neden olabilecegini gosterdiler. Tek
basina sicak su, tek bagmma sicak hava veya bunlarin bir
kombinasyonu gibi diger yontemler bir miktar basariya ulagmistir.
(Jeng, Kaczmarek, Woodworth, & Balasky, 1987; Vanlith, Putrirulan,
& Mulder, 1995).

4.15. [yonlastirici radyasyon

2000 yilinda FDA, taze yumurtalarda patojenlerin azaltilmasi igin 3
kGy'ye kadar iyonlastiricr radyasyon uygulanmasim onaylamistir (FDA,
2000). Ancak, Meszaros, Horti ve Farkas (2006) yumurtalar: 0,5 ile 3,0 kGy
araligindaki dozlarda isinladiklarinda, yumurta akinin akis davraniginda,
yumurta sarist zarimn kirilganhginda, yumurta akinin qrpilabilirlik ve
kopiik stabilitesinde ve de ¢ig ve yumusak haglanmis yumurtalarda duyusal
degisiklikler g6zlenmigtir. Salmonella'nin radyasyonla inaktivasyonu icin
minimum 1.5 kGy doz gerekmektedir, bu da kabuklu yumurtalarin kalitesini
taze kabuklu yumurtalardan daha dustik hale getirmektedir fakat iginlanmig
yumurtalar, risk altindaki niifuslar veya endustriyel kullamim i¢in hala
kabul edilebilirdir.

5. Sonuglar

Tavuk yumurtasi, yumurta iceriginde hem fiziksel engellere
hem de birka¢ mikrobisidal molekiile sahiptir. Dogal kosullar
altinda, yumurtanin i¢inde mikroorganizma bulmak nadir
meydana gelir ve genellikle enfeksiyon o kadar ¢ok hasara neden
olur ki, yumurtanin enfekte oldugu barizdir. S. Enteritidis, gozle
gorilir degisikliklere neden olmadan yumurtanin i¢ine go¢ etme ve
¢ogalma yetenegi bakimindan benzersiz gérinmektedir. .
Enteritidis, sicaklik fark,

nem, mevcut organizma sayisi ve saklama kosullarinin yani sira
bakteri turtiine bagh olarak yumurta kabuguna niifuz edebilir.
Bazi arastirmacilar artik S. Enteritidis'in yumurtaya daha yaygin
olarak vitellin zari, yumurta aki veya kabuk zarlari bunyesine
dahil olarak treme kanali yoluyla girdigine inanmaktadir. S.
Enteritidis yumurtaya hangi yolla girerse girsin, orada nadiren ve
¢ok az sayida goriinmektedir. Bununla birlikte, bu kicik sayilar
goz ardi edilemez, ¢linkii buzdolabinda depolama bile biiylimeyi
engellemez ve minimum sicakligin suiistimali bile hizli biyumeye
yol agar. S. Enteritidis ile siirti kontaminasyonu igin risk faktorleri
arasinda geleneksel kafes yetistiriciligi, siirtintiin yasi ve buyukligi
yer almaktadir. Hasat sonrasi miidahalelerin mevcut ve basarili
olmasma ragmen, siirii yonetimi uygulamalari, uygun yumurta
depolama ve halkin uygun pisirme ve servis konusunda egitilmesi
konusunda daha fazla arastirmaya ihtiya¢ vardir.

Tesekkiir Boliimii

Bu incelemenin hazirlanmasi kismen USDA Gida Guvenligi
Konsorsiyumu Hibesi ve USDA-NIFSI Hibesi #2008-51110-04339
tarafindan desteklenmigtir.
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Kabuklu Yumurtalarda Salmonella )
Kontaminasyonunun Kontroli—Hasat Oncesi
ve Hasat Sonrasi Yontemler: Bir Derleme

Anca M. Gali s, Christopher Marcq, Didier Marlier, Daniel Portetelle, llie Van, Yves Beckers ve Andr e Th ewis

Ozet: Salmonella Enteritidis, en yaygin gida kaynakli patojenlerden biridir ve ana rezervuari kabuklu yumurta
olarak kabul edilmektedir. Artan insan salmonelloz vakalariyla ilgili endiseler arttikca, bu 6zel gida Griiniintin
tiketimine bagh gida kaynakl salginlarin daha iyi kontrol edilmesi icin ya ciftlik dtizeyinde ya da isleme adimlarn
sirasinda Onleyici yontemlerin uygulanmasi ihtiyact hayati énem tasimaktadir. Bu derleme, yumurta tavuklarinin
bu patojenle enfeksiyonunun daha iyi kontrol edilmesi yoluyla Salmonella ile 6zellikle de S. Enteritidis ile kabuklu
yumurta kontaminasyonu riskini azaltmak icin hasat 6ncesi asamada ciftlik diizeyinde 6nleyici yontemlerin
uygulanmasina odaklanmaktadir. Hasat sonrasi yontemler olarak 1. yaklasim, yumurta saklama kosullari ve
Salmonella spp.’nin bllytimesinin ve ¢ogalmasinin énlenmesidir. Ek olarak, gida kaynakh salgin riskini azaltmak
icin kabuklu yumurtalar, yumurta kabugu dekontaminasyonuna tabi tutulabilir. Bu son bahsedilen yontemlerin
bircogunun, Amerika Birlesik Devletleri ve Kanada'da oldugu gibi, farkli tilkelerde de uygulamaya konulmasina izin
verilmistir. Bu yontemlerin etkinlikleri kanitlanmistir ve tiiketiciler icin kabuklu yumurta giivenligini saglamak

amaciyla bazi tlkeler tarafindan kullanimlan zorunlu olarak kabul edilmistir.

Girisg

Salmonella, ~ Gram  negatif cubuk seklinde spor
olusturmayan bakterilerden olusan Enterobacteriaceae
ailesinin bir tyesidir. Ana rezervuari, insan ve hayvanlarin
bagirsaklaridir (Bhunia 2007).

Salmonella enterica'nin farkl serotipleri arasinda olan
S. Enteritidis ve S. Typhimurium, hem gelismis hem de
gelismekte olan tulkelerde cogu non-tifoidal Salmonella
enfeksiyonlarinin sorumlusudur (CDC 2010, 2012; EFSA
2010; Majowicz ve digerleri 2010; Scallan ve digerleri 2011;
Wales ve Davies 2011; EFSA 2012). Bu serotipler kisitsiz olarak
kabul edilir, hayvanlarda oldugu kadar insanlarda da
enfeksiyonlara neden olabilir (Martelli ve Davies 2012). Yumurta
ve yumurta bazli Grtinler, Amerika Birlesik Devletleri'nde (ABD)
ve ayrica Avrupa Birligi'nde (AB) S. Enteritidis'in neden oldugu
salmonelloz salginlariyla
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soru

siklikla iligkilendirilmistir (Braden 2006; EFSA 2012). Bu, S.
Enteritidis'in yumurta tavuklarinin yumurtaliklarini kolonize
ettigi yiksek frekansin potansiyel bir sonucudur (Gantois ve
digerleri 2008). Genellikle bu, herhangi bir lezyon olmadan
gerceklesir ve ayrica, yumurta saklama kosullarni mimkiin
kildiginda, bu gida kaynakli patojen, olusan yumurtada hayatta
kaldig1 i¢in kabuklu yumurtadan izole edilebilir (Gast ve digerleri
2007; Gantois ve digerleri 2009; Raspoet ve digerleri 2011;
Howard ve digerleri 2012). Bu serotipin bulasmas: dikey olarak
(Gast ve Beard 1990; Gala'n 2001;Groisman 2001; Gast ve digerleri
2002; Gast ve digerleri 2004; Gyles ve digerleri 2004; Gast ve
digerleri 2007; Ibarra ve Steele-Mortimer 2009; Li ve digerleri 2009;
Mastroeni ve digerleri 2009; Dahoud ve digerleri 2011; De Vylder ve
digerleri 2011; Desin ve digerleri 2011; Linke ve Goldman 2011;
Shah ve digerleri 2011; Howard ve digerleri 2012; Kumar 2012)
veya yatay olarak gerceklesebilir (Holt 1995; Holt ve digerleri
1998; Jones ve digerleri 2002; Davies ve Breslin 2003b; De Reu ve
digerleri 2006; Musgrove ve digerleri 2012).

S. Enteritidis ile karsilastirildiginda, kabuklu yumurta
tiketimine bagli olarak insanda salmonelloz nedeni olarak S.
Typhimurium'a daha az rastlanmaktadir. Bununla birlikte,
yumurtlayan tavuklarin tireme yollarini kolonize etme ve olusan
yumurtalar: kontamine etme yetenegi de belirlenmistir (Okamura
ve digerleri 2005; Wales ve digerleri 2007; Gantois ve digerleri
2008; Okamura ve digerleri 2010; Wales ve Davies 2011 Martelli ve
Davies 2012).

S. Infantis, S. Virchow, S. Heidelberg gibi diger S. enterica
serotiplerinin kabuklu yumurtalar1 kontamine ettigi cok
nadiren gortlmektedir (CDC 2010).
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Kabuklu yumurtalarin Salmonella kontaminasyonu riskini
ve bunlann ttketimlerinden kaynaklanan salmonelloz
salginlarini  azaltmada basvurulacak oOnleyici yontemler,
hasat oOncesi veya hasat sonrasi prosediirler olarak
uygulanabilir. Ayrica, serotipe 6zgli veya serotipten bagimsiz
olabilirler, ikincisi daha karmasik bir yaklasim olarak kabul
edilmektedir (Gast 2007). Yumurta tavuklarinin ktimes
ortami, ciftlie geldiginde halihazirda kontamine olabilen
yemle birlikte (Davies ve Hinton 2000; Shirota ve digerleri 2000;
Maciorowski ve digerleri 2006; Gast 2007; Davies ve Wales 2010),
Salmonella icin bir rezervuar goérevi gorebilir (Henzler ve Optiz
1992; Davies ve Wray 1995, 1996; Eriksson de Rezende ve
digerleri 2001; Davies ve Breslin 2003b; Davis ve Morishita 2005;
Holt ve digerleri 2007; Umali ve digerleri 2012). Yumurta tavuklari
icin bu cesitli enfeksiyon kaynaklari nedeniyle, ciftlik diizeyinde
onleyici yontemler halihazirda uygulanmaktadir veya mevcuttur:
strd testi, sanitasyon ve biyoglivenlik (Gast ve Beard 1990;
Davison ve digerleri 1996; Hogue ve digerleri 1997; Davies ve
Breslin 2001; Gast 2007; Arnold ve digerleri 2010; Gast ve Guard
2011; Holt ve digerleri 2011); asilama (Nakamura ve digerleri
1994; Liu ve digerleri 2001; Goldsby ve digerleri 2003; Khan ve
digerleri 2003; De Buck ve digerleri 2004a; Van Immerseel ve
digerleri 2005b, 2005c; Gantois ve digerleri 2006; Toyota-
Hanatani ve digerleri 2009; Omwandho ve Kubota 2010); pasif
immunizasyon (Glrtler ve digerleri 2004; Chalghoumi ve digerleri
2008, 2009a, 2009b); bakteriyofajlar (Joerger 2003; Toro ve
digerleri 2005; Borie ve digerleri 2009; Monk ve digerleri 2010;
Waseh ve digerleri 2010), protein ve lif kaynaklari (Sugita-Konishi
ve digerleri 2002; Kassaify ve Mine 2004a, 2004b, 2005),
rekabetci dislanim florasi, probiyotikler, prebiyotikler ve organik
asitler (Schneitz ve Mead 2000; Seo ve digerleri 2000; Tellez ve
digerleri 2001; Van Immerseel ve digerleri 2002; Schneitz 2005;
Van Immerseel ve digerleri 2005a; Doyle ve Erickson 2006; Lima
ve digerleri 2007; Sterzo ve digerleri 2007; Van Coillie ve digerleri
2007; Van Immerseel ve digerleri 2007; Dondan ve digerleri
2008b; Vandeplas ve digerleri 2010; Tellez ve digerleri 2012),
ucucu yaglar (Chao ve digerleri 2000; Lee ve digerleri 2004; Johny
ve digerleri 2008; O'Bryan ve digerleri 2008; Brenes ve Roura
2010; Ouwehand ve digerleri 2010) ve bakteriyosinler (Cleveland
ve digerleri 2001; Gordon ve diger 2007; Heng ve digerleri 2007;
Dias Paiva ve digerleri 2011) gibi dogal antimikrobiyal Uriinlerin
kullanimi. Kabuklu yumurtalarda hasat sonrasi Salmonella
kontroli icin 1. yaklasim, depolama esnasinda yeterli sicakligin
korunmasidir (Gast ve Holt 2000, 2001; Gast ve digerleri 2006;
Lublin ve Sela 2008; FDA 2009a, 2009b; Gantois ve digerleri
2009). Bununla birlikte, ABD'de halihazirda farkli ylzey
dekontaminasyon yontemleri uygulanmaktadir ve yenileri stirekli
aragtirma konusu olmaktadir: yumurta ytkama (Hutchison ve
digerleri 2003; Jones ve digerleri 2005; Caudill ve digerleri 2010);
elektrolize su (Huang ve digerleri 2008; Howard ve digerleri 2012;
Mukhopadhyay ve Ramaswamy 2012); ozon (Davies ve Breslin
2003a; Rodriguez-Romo ve digerleri 2007; Perry ve digerleri 2008);
ultrason (Cabeza ve digerleri 2011); mikrodalgalar (Lakins ve
digerleri 2008); 1s1nlama (Serrano ve digerleri 1997; Wong ve Kitts
2003; Cabo Verde ve digerleri 2004); gaz plazmas: (Kayes ve
digerleri 2007; Ragni ve digerleri 2010); ultraviyole 151k
(Rodriguez-Romo ve Yousef 2005) ve atimli 151k (Hierro ve digerleri
2009). Bunlarin arasinda ABD'de uygulanmasina izin verilenler
kabuk yikama ve 1sinlamadir (USDA 2005; FDA 2009b).

Bu makalenin amaci, kabuklu yumurtalarin Salmonella
kontaminasyonunu ve ayrica bu gida trtintinin neden oldugu
insanda salmonelloz salginlar riskini azaltmak icin hasat sonrasi
ve hasat 6ncesi yontemlerin cogunu gézden gecirmektir.
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Kabuklu Yumurtalarin Salmonella Kontaminasyonu Riskini
Azaltmak icin Hasat Oncesi Yontemler

Kanatlilarda Salmonella tasiyiciligl ve salmonelloza karsi direncin
genetik kontroli

Yumurta tavuklarinda Salmonella 'ya karst kullanilan farklh
onleyici yontemler arasinda, yumurta tavuklarinda salmonelloz
olusumunun azaltilmasina yonelik olarak genetik seleksiyon
yontemi umut vadeden bir yontem olabilir. Dahasi, yumurta
tavuklarinin genetik dizilimlerinin Salmonella spp.'ye kars: farkh
diren¢ seviyeleri sergiledikleri ortaya konmustur (Gantois ve
digerleri 2009).

Farkli dokulardaki Salmonella spp kontaminasyon seviyesi
arasinda genetik bir korelasyon oldugu gosterilmistir.
Yumurta tavuklarinda diren¢ 6zelliginin kalitsalligr ile ilgili bir
arastirmada, Girard-Santosuosso ve digerleri (2002), karaciger ve
genital organlardaki S. Enteritidis konsantrasyonu (logl0 CFU/g)
arasindaki genetik korelasyonun (r) yiksek (0,56) oldugunu ortaya
koymuslardir.  0.79'luk bir korelasyonla dalak ve genital
organlardaki S. Enteritidis konsantrasyonu icin benzer bir sonug
bulunmustur. Yazarlar, bu organlarin kontaminasyonunu
kontrol eden genlerin ayni oldugunu ileri strmuslerdir.
Beaumont ve digerleri (2009a) yetiskin yumurta tavuklarinda
kuresel kontaminasyon ile yumurtalik kontaminasyonu
arasindaki genetik korelasyonun 0.32 oldugunu, kiresel
kontaminasyon ve diger organlar arasindaki korelasyonun ise
yiksek oldugunu hesaplamislardir: karaciger icin 0.75 ve %100
pozitif olma olasiligi ile dalak ve ¢ekum icin 0.85.

Genetik olarak dlzenlenmis direncin degerlendirilmesi,
Salmonella spp. enfeksiyonuna karsi direncin genetik kontrolii
acisindan biylik o6nem tasimaktadir. Bu konuyu arastiran
calismalarin timU, yumurta tavuklarindada hastalik olusumunu ve
ekonomik kayiplar azaltmanin yani sira dzellikle S. Enteritidis ve S.
Typhimurium'a odaklanarak i¢c organlarda Salmonella spp.
kolonizasyonunu ve irlnlerinin kontaminasyonunu kontrol etmeyi
amaclamistir (Wigley 2004). Sadeyen ve digerleri (2006) tarafindan
yapilan bir calismada, Farkl diren¢ 6zellikleri ile bilinen 2 ayn:
soydan yetistirilmis yumurta tavugu dizisi, S. Enteritidis ile oral
yoldan asilanmistir. Cekumda ve bagirsakla iligkili lenfoid
dokuda bakteriyel kolonizasyon ve konak¢i gen ekspresyonu
olculmistir. Kemokin, antienfeksiyoz sitokin, bakteriyel reseptor,
antimikrobiyal mediator ve ozellikle defensin genlerinin ekspresyonu,
cekumda daha dusiik seviyede bakteri tasiyan tavuklarda artmustir.
Bu dogustan gelen bagisiklik molektlleri, direncli yetiskin
tavuklarda yapisal veya endiktif olarak yliksek diizeyde
eksprese edilmistir; bu nedenle bu molekuller bir konagin
Salmonella  kolonizasyonuna  karst  korunmasinda  rol
oynayabilecek aday genler olarak kabul edilmistir. Daha 6nceki
bir calismada, Sadeyen ve digerleri (2004) duyarli dizilerin
direncli dizilerden daha diistik bir baslangic IFN-y seviyesi ifade
ettigini ortaya cikarmustir. Salmonella spp'nin sindirim sisteminde
kalicihigimin bir immtn yetmezlik durumundan kaynaklandig
sonucuna varmislardir.

Fife ve digerleri (2009), enfeksiyonun sistemik evresini géz 6ntinde
bulundurarak, direncin kismen genetik suslar tarafindan belirlendigini
ve direncli dizilerde mikrobiyal ytkiin duyarl dizilere kiyasla 1000 kata
kadar daha disiik degerlere ulasabilecegini gostermistir. Dolayisiyla, bu
hastaliga kars1 dirence katkida bulunan genlerin tespit edilmesi, direncli
dizilerin genetik secimini artirabilir. Ayrica, Pre'vost ve digerleri (2008),
deneysel kosullarda, Salmonella spp. tasimaya yonelik daha diistik veya
daha yiiksek egilim icin farkl secilmis diziler arasindaki melezlemenin,
kontamine hayvanlarin maksimum ylzdesinin yaris: kadar bir azalma ile
sonuclandigini ortaya koymustur. Yine de, hastaligin yok olusunu
hizlandiramadilar.

Yukarida belirtildigi gibi, direnc seviyesi bir diziden digerine farklilik
gostermektedir. Bununla birlikte, belirli bir dizi icerisinde yasin, direncin
genetik kontroliini  etkiledigi gosterilmistir. Bu, dogrudan direnc
mekanizmalariyla baglantili olabilir, tavuklar yalnzca dogustan gelen
pagisiklik tepkisi tarafindan korunurken yetigkin tavuklar da
adaptif bagisiklik sisteminden yararlanabilir. (Beaumont ve
digerleri 2009b). Tavuk antikor repertuari, ge¢ embriyonik
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asamada ve yumurtadan c¢iktiktan kisa bir slre sonra
olusturulmaktadir. Civciv yaslandikca, B hucreleri ek somatik
gen donlisimu turlarina tabi tutulur ve antikor repertuart 5 ila
7 hafta civarinda olgun bir duruma ulasir. Bu, kesenin
tamamen olgunlastigt yasa karsilik gelmektedir (Davidson ve
digerleri 2008).

Kanatli hayvanlarda sistemik salmonelloza direng, bircogu genetik
olan bir dizi faktér tarafindan kodlanmaktadir. Slellal geni, ilk
olarak farelerde tespit edilmistir (Roy ve Malo 2002). Fizyolojik
ve fonksiyonel ozellikleri, yabanct mikroorganizmalarin
fagozomlarda hticre ici replikasyonunu kontrol etmedeki rolint
desteklemektedir. Si77a7 alellerinin hem erken hem de gec
direncte yer aldig1 gosterilmistir. Si7747 lokusunun etkisi ayrica,
farkl tavuk dizilerindeki tastyici-durum direnci varyasyonlar ile
iligkilendirilmistir. (Wigley 2004; Calenge ve digerleri 2010). Toll
benzeri reseptér 4 olarak adlandirilan direncle ilgili baska bir
faktor de, Gram-negatif bakterilerden lipopolisakkaritlerin (LPS)
saptanmasinda rol oynayan dogustan gelen bagisiklik sistemi
reseptorleri ailesine aittir. (Calenge ve digerleri 2010; Chausseé ve
digerleri 2011). Yakin zamanda yapilan haritalama, hatlar
arasindaki duyarlilk farkliiklarimin btytk bir kismini
olusturan tavuk kromozomu 5 tzerinde yeni bir lokus ortaya
cikarmistir (Fife ve digerleri 2009). Bu yeni gen, Salmonella
spp.'ye karst makrofaj aktivitesinin artmasinda rol oynuyor
gibi gérandigl icin SAL1 olarak adlandirilmistir. Direncli ve
duyarl cizgiler arasindaki enfeksiyon patolojisindeki farkliliklar,
direncin anahtarinin monontkleer/fagositik hticre
fonksiyonunda yattigini géstermektedir. SAL7 lokusu, direncli ve
duyarli dizilerin geri caprazlanmas: ile kombinasyon halinde
yuksek yogunluklu tek ntkleotid polimorfizmi (SNP) panelleri ile
degerlendirilmis ve rafine edildikten sonra, 2 carpici fonksiyonel
aday da dahil olmak Uizere bu bolgenin 14 geni kapsadig
gosterilmistir: CD-27 baglayict protein (Siva-1) ve RAC-alfa
serin/treonin protein kinaz homologu AKT1. Siva-1, induklenmis
hiicre 6lumut siirecini aktive etme ve bagisiklik tepkisini asag:
yonll reglle etme yetenegine sahip olan apoptozu indiikleyen bir
faktordiir. AKT-1, IxB kinazin regiilasyonu yoluyla NF-kB'yi aktive
eder ve Salmonella 'nin neden oldugu apoptoza dogrudan dahil olan
prosurvival genlerin transkripsiyonuna yol acar (Fife ve digerleri
2009).

Seleksiyonun yani sira, genetik mithendisligi de geleneksel hayvan
melezlemeye alternatif bir strateji olarak arastirilmistir. Amag, bir
hayvanin patojene karsi uygun bir bagisiklik tepkisi gelistirme
yeteneginin arttinlmasidir. Bununla birlikte, bir poptilasyonda direng
icin arzu edilen alel mevcut oldugunda bile, bircok iliskisiz ve
bilinmeyen 6zelligin eszamanh olarak eklenmesi nedeniyle, bu aleli
belirli bir genotipe dahil etmek zor olabilir. Genetigi degistirilmis
hayvanlar, Salmonella spp'ye direnc 6zelligi sergilediklerinde, treme
stoguna dahil edilebilirler. Bununla birlikte, bunlarin besin
zincirine girisleri hala tartigmalidir (Whitelaw ve Sang 2005).

Guntmtize kadar, yumurta tavuklarinin Salmonella spp'ye
karsi direnci ile ilgili tim tespit edilmis genler ve lokuslar, bu
spesifik 6zellik i¢in seleksiyon olasilifi hakkinda daha fazla
arastirma icin potansiyel konular: temsil etmektedir. Yumurta
tavuklarinin Salmonella spp tastyict durumuna karst genetik
direncinin gelistirilmesi, Salmonella spp yayllmasini azaltmak
icin tamamlayict bir yol olabilir, boylece, S. Enteritidis ve S.
Typhimurium gibi yiiksek riskli Salmonella  serotipleri ile
kontaminasyon oranini dustirmede basarili olabilecek diger
onleyici yontemlerin olasiligini arttirmaktadir.

Yumurta tavuklarinda Salmonella 'ya karst direncin
iyilestirilmesini odagmna alan genetik calismalarin sonucunu
kullanma olasiligini hesab1 katmadan énce, arastirilan farkl
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genlerin ve direnc faktdrlerinin rollerini dogrulamak gerekmektedir.

Beaumont ve digerleri (2010), aday genlere gore bir yaklagim
secerken bile, niceliksel 6zellik lokus bolgesi ile kodlanan
karakter arasinda gozlenen iliskinin, baska bir genin dahil olma
olasiigini hari¢ tutmaya imkan vermedigini ileri strmektedir.
En detayli calisma SAL1'i arastiran calismadir; bu, nicel
ozellik lokuslarinin mevcudiyet bolgesini sadece 14 gen
iceren bir bolgeye indirgemeye olanak saglamaktadir (Fife ve
digerleri 2009). Devam edilirse, sarf edilen cabalar SNP
yontemleri alaninda daha buytk bir olcekte belirgin bir
gelismeye yol acacak ve farkli hizli uygulamalarda ilerleme
kaydedilmesine olanak saglayacaktir.

Siri yonetimi

Kontamine kabuklu yumurtalarin veya bu tlr kontamine
kabuklu yumurtalardan elde edilen yumurta drtinlerinin
tiiketilmesi yoluyla Ozellikle S. Enteritidisin neden oldugu
yuksek insan salmonellozis insidansi, yakin zamanda ¢ok sayida
Salmonella  programlarinin  gelistirilmesi ve uygulanmasi
acisindan belirleyici olmustur. Bunlar, kiimes cevresinde
Salmonella mevcudiyeti riskini azaltmada c¢ok etkili oldugu
dustintlen cesitli prosedirlerin (temizlik ve dezenfeksiyon,
zararlilarin kontrolti dahil) yani sira bir dizi test ve izleme
yontemini icermektedir.

Gast  (2007), kabuklu yumurtalarin  Salmonella ile
kontaminasyon riskini azaltmak icin daha serotipten bagimsiz
bir yaklasimin, ortaya ¢tkan sorunlari, etkileri daha siddetli hale
gelmeden once tespit etme ve bunlara tepki verme avantajina
sahip oldugunu diisinmektedir. Ayni yazar, kanath stirtilerinde
hasat éncesi Salmonella kontrol programlariyla ilgili olarak, tek
bir tepki tlriniin (serotipe 6zgl veya serotipten bagimsiz olan)
bu gida kaynakli patojenle ilgili karmasik halk saghg ve
ekonomik sorunlara tek tarafli bir ¢6zim saglayamayacagi
sonucuna varmistir.

Bir dizi cevresel faktér, klimes hayvanlarinda Salmonella
enfeksiyonlarinin olasiligini ve sonucunu etkileyebilir. Bu faktérler
sunlardir: ¢Op, toz, fareler, sinekler ve tavuk ktimeslerinde
veya ciftlikte yumurtlayan tavuklarin temas edebilecegi farkli
yuzeyler. Davies ve Breslin (2003b), 26 aylik poptlasyon azalmasi
periyodu esnasinda, serbest dolagimli bir Ureme ciftliginin
ortamindan periyodik olarak numune alarak S. Enteritidis Faj
Tip 4'an (PT4) toprakta, giibrede, kulucka kutularinda, yem
oluklarinda ve fare pisliklerinde devamli olarak var oldugunu
gostermislerdir.

Gubredeki Salmonella seviyelerinin, su aktivitesi

seviyeleri ve nem igeriginin artmasiyla, cogunlukla kazara
su swizintist nedeniyle arttigi bildirilmistir (Eriksson de
Rezende ve digerleri 2001). Bunun igin, glbre ylzeyi Uizerinde
makul ve esit olarak dagitilmis bir havalandirma orani (100 ila 150
ft/dak) aracihgiyla glibre kurutma ortammin devamliliginin
saglanmasi gibi onleyici yontemler uygulanmaktadir. Turnbull ve
Snoeyenbos (1973) glbrenin mevcut neminde ¢6zlinen
amonyagin neden oldugu yiksek glibre pH degerinin
Salmonella bliytimesi icin elverissiz oldugunu
gozlemlemislerdir. Ayrica, Bennett ve digerleri (2003) gtbreye
hidrath kirec ilavesinin, %20 kire¢ ilavesiyle pH'in 12.57'ye kadar
artmasi nedeniyle, nispeten kisa bir siirede (< 24 saat) Salmonella
Enteritidisin sag kalmasini O6nemli 6lctide azaltabildigini
gozlemlemislerdir.
Toz, kiimeslerde Salmonella 'min uzun stre kalmasiyla iligkilendirilmistir.
Davies ve Wray (1996) S. Enteritidis'in ¢ogu zaman ktimes temizligi ve
dezenfeksiyonundan sonra birakilan kiicik fan tozu ceplerinde hayatta
kaldigini gbzlemlemistir. Bu sonug, 2 yillik bir siire boyunca kanath
Unitelerinde S. Enteritidis'in hayatta kalmasi Uizerine yapilan bir
calismadan elde edilmistir. Ayrica, S. Enteritidis'in, yapay olarak
kontamine kanatli yemlerinde
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zeminden ve yemliklerden stptirilen toz partiktlleri iligkili
oldugunda S. Enteritdisin en az 26 ay hayatta kalarak tercihli
olarak diren¢ gosterdigi gortilmektedir. Davis ve Morishita
(2005), Salmonella spp'nin yumurta tavugu klimesinin icinde
ve ayrica kiimes disinda 40 ft mesafeye (yaklasik 13 m) kadar
hava yoluyla bulasan bir patojen olarak izole edilebilecegini
bulmuslardir. Toz, muhtemelen hava yoluyla bulagsma yoluyla,
enfekte tavuklardan saglikli olanlara yayilan S. Enteritidis icin
bir vektér gorevi gorebilir. Gast ve digerleri (1998), kontroll cevre
hastalik bulagsma kabinlerinde barindirilan civciv gruplan arasinda
S. Enteritidis'in yayilma mekanizmasini incelemislerdir. Hava akisi
bir gruptan ('yukar1 akig") digerine ('asagt akis")
yonlendirilmistir. 25 adet 1 gunlik civcivden olusan gruplar,
yukart akis uclarina yerlestirilmis ve oral olarak S. Enteritidis ile
asilanmstir. Asillamadan sonraki 3. ve 7. glinlerde, asag: akistaki
civcivlerin %77'sinin tliylerinde S. Enteritidis bulunmustur ve
bunlarin %334 coktan S. Enteritidis ile enfekte olmustur.
Yazarlar, enfeksiyonun, muhtemelen patojenin havadaki
hareketiyle kontamine olmus cevresel ylzeylerden, agizdan alim
yoluyla bulastigini ileri strmtslerdir. Bu, S. Enteritidis'in
havadaki hareketinin  azaltilmasinin, sUrtler icinde
enfeksiyonun yayilmasini sinirlayacagl ve ayrica potansiyel
olarak kontamine yumurtalarin insidansini azaltacag
sonucuna yol agmistir.

Salmonella spp'nin genis konukcu yelpazesi nedeniyle,

farkli biyolojik vektorler ortaya cikabilir ve patojenin
yayillmasi yoluyla kiimes hayvanlarinda enfeksiyon riski
olusturabilir. Fareler biyolojik vektorler arasinda ana
rezervuar olarak kabul edilmektedir, Henzler ve Opitz (1992), bir
farenin diskisindaki bakteri sayiminin 2.3 x 10° §. Enteritidis
bakteri/disk: peleti Uiretebilecegini ortaya koymustur. Ayrica,
bu serotip, enfekte olmus bir fare poptilasyonunda 10 aya kadar
devam edebilir. Kumes hayvanlari Unitelerinde kalict S.
Enteritidis enfeksiyonu, genellikle ygksek bir oranla bu patojeni
tasidig tespit edilen farelerin bir sonucudur. Davies ve Wray
(1995), S. Enteritidis'in farelerde sistemik bir enfeksiyona yol
actigin1 gostermislerdir. Ciftlik dtizeyinde, 3 haftalik tavuklar, 5
ay once deneysel olarak enfekte edilmis farelerin diskilariyla
dogrudan temas yoluyla S. Enteritidis ile enfekte olmustur. Ek
olarak, yapay veya dogal olarak enfekte edilen yabani fareler,
S. Enteritidis'i aralikli olarak 104 CFU/bireysel digkilama ile
diskilama yapmustir.
Fareler gibi sicanlar, kiimes hayvani enfeksiyonlarn acisindan yiksek
risk tastyan bir Salmonella rezervuari olarak kabul edilmektedir.
Umali ve digerleri (2012), ginlik goézlemler ve drnekleme yoluyla, dogal
olarak enfekte olmus yabani sicanlarda Salmonella 'min bulasma ve
yayllma modellerini incelemistir. S. Enteritidis, diskidan alinan pozitif
kultiir sayisina kiyasla, calismanin sonunda dalak ve karacigerden daha
sik izole edilmistir. Ayrica yazarlar, daha olasi bir enterik enfeksiyon tipi
ortaya koyan baska bir serotip olan S. Infantis'i izole etmislerdir. Bunun
nedeni, organlarda bulunmazken diskidan izole edilmesinin ¢ok daha
yiksek bir siklikta meydana gelmesiydi.

Bocekler de Salmonella vektérti olarak dusuntlebilir; en sik
rastlanan muskoit sineklerden biri de karasinek olarak da
adlandirilan Musca domestica'dir. Mian ve digerleri (2002) Salmonella
Enteritidis varlig1 icin testlere tabi tutulan ticari ciftliklerde misk benzeri
sinekler arasinda S tlire rastlandigini ve bunlar arasinda, S. Enteritidis
icin pozitif oldugu tespit edilen tek tlrtin karasinek oldugunu
bulmuslardir. Dahast, Holt ve digerleri (2007), S. Enteritidis iceren bir
ortama maruz kalan sineklerin mikroorganizma ile kolonize olabilecegini
ve bir sird durumunda S. Enteritidis'in bulagsmas: i¢in bir kaynak
olarak hizmet edebilecegini gostermislerdir. Kafesli yumurta tesislerinde
toplanan sinekler, kontamine kabuklu yumurtalar nedeniyle 2 S.
Enteritidis enfeksiyonu salginina dahil olmustur. Mevcut sinekler
arasinda karasinekler S. Heidelberg ve S. Enteritidis tastyicilariydi (ikinci

4 Comprehensive Reviews in Food Science and Food Safety ° Vol. 12,2013

serotip i¢in birlestirilmis 15 numuneden 2'si) ve ¢op sinekleri
(Hydrotaea aenescens) S. Infantis'in tastyicilariydi (Olsen ve
Hammack 2000).

Sturt yoénetimi ile ilgili olarak Holt ve digerleri (2011),
tesislerde Salmonella 'min yayginligini etkileyebilecek faktorlerden
birinin strt bluyukltigh oldugunu belirtmektedir. Geleneksel
kafeslerdeki yumurta tavuklarinin ytiksek stok yogunlugu ile
buiytk hacimli digk: ve toz arasindaki potansiyel baglanti, bu
6zel ktimes sisteminde Salmonella enfeksiyonlarinin gértlme
sikliginda artisa yol acabilir. (Davies ve Breslin 2004). Ek
olarak, ylksek stoklama yogunluklari, neden oldugu stres
nedeniyle Salmonella enfeksiyonlari ile dolayh olarak etkilesime
girebilir (Van Hoorebeke ve digerleri 2011).

Yem yonetimi uygulamalari ve kiimes hayvani yemlerinin gida
kaynakh Salmonella spp. kontaminasyonu

Tay dokimi amaciyla yem kesme. Yumurta verimini arttirmaya
ve tavuk Olimlerini azaltmaya yonelik yaygin bir
uygulama olan yem kesmeyle baslatilan tiy dékimu
(Alodan ve Mashaly 1999), Salmonella spp'nin dikey bulasma
riskini arttirdigt gdsterilmistir (Holt 1999; Golden ve digerleri
2008). Berry (2003), baslatilan tiiy dokme esnasinda, strese
bagli olarak, spesifik lenfosit siniflarinin sayisinda gecici
azalmalarin meydana geldigini ve bunun enfeksiyona karsi
duyarliligin artmasina neden olabilecegini belirtmektedir. Ayni
yazar, baslatilmis tly dokimi esnasinda ve sonrasinda 6lim
oraninin azalmasinin, bu uygulamanin kanatli patojenlerine iliskin
olarak bagisiklik fonksiyonunu bozdugunu, ancak bunun sadece
sinirlt bir dereceye kadar séz konusu oldugunu ileri stirmektedir.
Ayrica tiy dokimi doénemlerinde S. Enteritidis, enfekte
olanlardan enfekte olmamis yumurta tavuklarina bulasabilir (Holt
1995; Holt ve digerleri 1998).

Durant ve digerleri (1999) yemin kesilmesi yoluyla ttiy dokme yontemi olarak
uygulanan S. Enteritidis (10° organizma) ile yapilan sinama esnasinda,
mahsullerdeki laktobasil saylarn ve laktat, asetat, propiyonat ve butirat
konsantrasyonlarinin yam sira mahsullerdeki toplam ugucu yag asitlerinin
(VFA) azaldigini, mahsul pH'inin arttigim ortaya koymuslardir. Sonug olarak,
tily doken tavuklarda kontrollere kiyasla S. Enteritidis'in mahsul ve
cekum kolonizasyonu onemli 6l¢tide artmistir. Bu, mahsul ortamindaki
yemin kesilmesinden kaynaklanan degisikliklerin S. Enteritidis'in hayatta
kalmasinin regtilasyonu acisindan 6nemli oldugunu gostermektedir.

Bu nedenle, yapilan arastrma tily dékmeye yonelik yeni yontemler ve yemin
kesilmesini 6nleyecek, ancak ayni zamanda ekonomik faydalari da koruyacak
yeni prosedurler gelistirmeyi amaclamaktadir (Maciorowski ve digerleri 2006).
Ty dokme amaclarina yonelik olarak, Woodward ve digerleri (2005)
alternatif olarak yoncanin kullanilabilecegini ve deneysel olarak sinanmis
yumurta tavuklarinda S. Enteritidis kolonizasyonunun azalmasina
neden oldugunu ortaya koymustur. Ayrica yumurta tavuklarmn tiy
dokimul sirasinda cekumlarinda Salmonella spp popiilasyonunu azaltmak
icin, Willis ve digerleri (2008), yonca ve Shiitake mantar1 olarak da bilinen
Lentinus edodes ekstraktinin  bir kombinasyonunu degerlendirmistir
(Leatham 1982). Sonuglar, ilk Salmonella spp sayimlarindan 2.72 log
CFU/g'a kadar yiiksek bir duslis gostermistir ve bu kombinasyonun, tiiy
dokiimti donemlerinde yem kesmeye bir alternatif olarak basarili bir
sekilde kullanilabilecegini ileri stirmektedir.

Yumurta tavuklarinin kaba bugday kepegi ile beslenmesi, yumurta
Uretiminin 3 ila 7 giin icinde durmasina neden olmustur. Tiy dokmeyen,
yemden kesme ile tiy doken grup ile kaba bugday kepegi ile
beslenen grup arasindaki S. Enteritidis dtzeyi karsilastirilmasi,
yemden kesilen grupta 3 ila 5 log daha fazla S. Enteritidis farkiyla
sonug¢lanmustir (Seove digerleri 2001).
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Thy dokimint tetiklerken bitin pamuk tohumu kiispesi
(diyetin %50'si) de kullanilabilir, tavuklar génillii olarak yem
alimlarini azaltir. Bu tir tiy dékiimtnin, etkililik agisindan yemin
tamamen kesilmesiyle elde edilene esdeger olduguna ve S. Enteritidis
kontaminasyonu riskini artirarak yumurta givenligi tizerinde ayni
sonuclara sahip olduguna inanilmaktadir (Davis ve digerleri 2002).
Uzim posasinin 10, 14 veya 18 giin siireyle serbestce
kullanilmasiyla tiy dékiimitintin baslatilmasi, 10 ginlik yem
kesme islemine maruz kalan tavuklarinkiyle karsilastirilabilir bir
tiy dokme sonrasi performans ile sonuclanmistir.

Keshavarz ve Quimby (2002), tiroksin eklenmis tiziim posasinin
ve slrekli yem kesme uygulanan yumurta tavuklarmin tdy
dokiimlintin baglamasindan 3 ila 4 glin sonra Uretimden ciktigini
gozlemlemislerdir. Dahasi, 70 ila 98 haftalik veya 66 ila 98
haftalik tavuklann yumurta kutlesi ve yem déntsimuntn
yani sira yumurta Uretimi, yem kesme ve Uizim posasi arti
tiroksin uygulamalari icin benzer sonuclar vermistir.

Kiimes hayvani yemlerinde gida kaynakli Salmonella spp kontaminasyonu.
Kitimes hayvani hayvan yemi hasat, yem fabrikasinda isleme veya
depolama sirasinda gida kaynakli Salmonella ile kontamine
olabilir (Maciorowski ve digerleri 2006). Kiimes hayvani yemleri,
hayvansal proteinlerden ve diger bilesenlerden ve hatta yem
fabrikalarinda bulunan tozdan bile Salmonella ile kontamine
olabilir (Gast 2007).

ABD'de ve ayrica birkac Avrupa tlkesinde yapilan
arastirmalarda, tam hayvan yeminde (bitmis yem) Salmonella
kontaminasyonu oranlarinin %1,1 ila %41,7 arasinda
degistigi rapor edildigi icin, tam hayvan yeminde Salmonella
kontaminasyonu yaygin olarak gérinmektedir (Li ve digerleri
2012).

Japonya'da, Shirota ve digerleri (2000), analize tabi
tutulan 4418 yem numunesinin 143Unden 148 Salmonella
spp izole etmistir. izole edilen suslar, 20 S. Enteritidis susu dahil
olmak tzere 32 serotipten olusuyordu ve bunlar esas olarak yem
fabrikalarindan toplanan numunelerden kaynaklanmaktaydi. Davies
ve Wales (2010) 4 ticari yem fabrikasimi ve 4 ciftlikte kiimes
hayvani yemi karistiricisini  Salmonella spp. varligi acisindan
incelediler. Ciftliklerdeki ham yem bilesenlerinde bulunan
serotiplerin (bunlar arasinda higbiri S. Enteritidis ile ilgili
degildir) yaban hayati ve/veya ciftlik hayvanlan ile iligkili
oldugunu, ticari degirmen bilesenlerinde bulunanlarnn ise
evde Uretilen tahillar ve ithal bitkisel protein kaynaklan ile
iligkili oldugunu ortaya cikardilar. Ozellikle tahillardaki icerik
kontaminasyonu, mahsullerin icinde veya depolama tesislerinde
diski yapan porsuk ve kemirgenler gibi yaban hayatina
atfedilebilir (Davies ve Hinton 2000).

Farkli protein kaynaklari ve tahillarin Salmonella spp. ile
kontamine oldugu tespit edilmistir: fistik klspesi, aycicegi
kuspesi, soya kiispesi, kepek kuspesi, arpa, misir, sorgum ve
bugday (Maciorowski ve digerleri 2006). Salmonella spp varhg
bakimindan en ytiksek sayida pozitif numune veren Aycicegidir
(MacKenzie ve Bains 1976).

Hayvan yemi i¢in protein kispeleri elde etmeye ydnelik
hayvansal protein ve yan trlnler, her zaman Salmonella spp'nin
ana kaynag olarak kabul edilmistir, bunun bir nedeni, isleme
sirasinda bu bilesenlerin eksik dekontaminasyonudur (Davies ve
digerleri 2004).

Bu hayvansal protein kaynaklar arasinda, et yemleri (Mackenzie ve
Bains 1975; Hacking ve digerleri 1978; Nabbut 1978) ve kus ttyl
yemleri (Hacking ve digerleri 1978) Salmonella kaynaklari olarak
halihazirda tespit edilmistir. Ayrica, kemik unu ve balikk unu da
gérintise goére Salmonella ile kontaminasyon kaynaklaridir
(Nabbut 1978). Hollanda yem endistrisi {izerinde yurutilen bir
calismada, yumurta tavuklar icin kullamilan piire yemlerinin peletlenmis
olanlardan daha stk kontamine oldugu gdrilmustir ve bu da, gida
kaynakl patojenlerin uygun bir sekilde azaltilmasi bakimindan peletleme
sirasinda artan sicakligin roltinii ortaya koymaktadir.
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Dogalar dikkate alindiginda, 83 et ve kemik unu numunesinden
%41 ile karsilastirldiginda, 130 balik unu numunesinden %31’i
kontamine olmustur. Bu nedenle balik unlari, diger hayvansal
protein kaynaklarina gére Salmonella spp ile daha sik kontamine
olma egilimine sahip olabilir (Veldman ve digerleri 1995).

Yem isleme sirasinda, bilesenlerin maruz kaldigi farkl
islemler (6gutme, karistirma ve peletleme) nedeniyle, isleme
bittiginde yeniden kontaminasyonun yani sira Salmonella spp
kontaminasyonu meydana gelebilir.

Whyte ve digerlerine (2003) gore Salmonella, kimes hayvam
yem fabrikalarimn 6n 1sitma isleminde oldugu kadar son
1sitma isleminde de mevcut olabilir. Patojeni, sirasiyla %18.8 ve
%22.6'hik toplam yuzdelerle yem ve toz numunelerinden elde
ettiler. Bir 6n 1sitma alanindan toplanan yem numunelerinin
%11,8'1 Salmonella varhig ile iligkilendirilirken, ayn: alandan
alinan toz numunelerinin %33,3'td de Salmonella pozitifti. Son
isitma alanlarndan alman toz orneklerinin %24,2'si Salmonella
pozitifti. Ek olarak, yem dagitim alani Salmonella 'nin yeniden
kontaminasyon alani olarak kabul edilmis, bu nedenle bu
sahadan da numuneler toplanmistir. Buradan alinan
numunelerin = %57,1'inin ~ Salmonella pozitif oldugu ortaya
cikmuistir.

Birincil yem Uretimi diizeyinde, farkli bitkisel kaynaklardan
elde edilen bilesenler, gtbrelerle dogrudan temastan sonra
Salmonella ile kontamine olabilir. Yem maddelerinin
mikrobiyolojik risk degerlendirmesine iliskin EFSA raporunda
belirtildigi gibi, bu, farkli oOnlemlerle azaltilabilir: glbrenin
herhangi bir yeni giris olmadan 2 aydan fazla depolanmasi;
kompostlama; glibreyi yaydiktan sonra stirme; giibrenin yayimast ile
hayvan otlatma veya mahsul hasadi arasinda izin verilen strenin
arttinlmasi, glbrelerin kullanimdan oénce 1s1l iglem gormesi ve
giibrelerin  kire¢ ilavesi ile islenmesi. Bilesenlerin nakliye ve
depolama kosullarinin ytiksek énem tasidigr ve kétt hijyen ve iyi
uygulamalara uyulmamasi nedeniyle riskin arttig kabul
edilmektedir (EFSA 2008).

Salmonella kontrol ilkeleri kontaminasyonun tesise girmesini
onlemeyi, bitki icinde cogalmasini azaltmay: ve patojeni 6ldiirmeyi
icermektedir. Salmonella yem kontaminasyonu i¢in uygulanacak
onleyici tedbirler arasinda en 6nemlileri Salmonella icermeyen
yem katki maddelerinin elde edilmesi (Jones 2006), tozun
kontrol altina alinmasi (Whyte ve digerleri 2003; Jones ve
Richardson 2004), personel akisinin kisitlanmasi (EFSA 2008),
yag birikiminin azaltilmasi, kemirgenlerin ve yabani kuslarin
kontrol edilmesi ve ulasim araglarinin temizliginin saglanmasidir
(Fedorka-Cray ve digerleri 1997).

Maciorowski ve digerleri (2007), yemdeki Salmonella
kontaminasyonunu kontrol altna almak icin farkli yontemler
Onermistir. Yemin bozulmasina yonelik olarak diger onleme
yontemleri uygulanmadan once, yemin kararmasini ve
topaklanmasini 6nlemek icin depolama stiresinin kisaltiimasi
ve yag kaybini 6nlemek icin soya fasulyesi yag: ilavesi en énemli
6nlemdir. Ek olarak, ham yem bilesenlerini korumak i¢in hizh
kurutma yaygin olarak kullanilmaktadir (ICMSF 2005). Farkl
antimikrobiyal ajanlarin eklenmesi géz O6ntine alindiginda,
asitler (mineral asitler, kisa zincirli yag asitleri), izopropil
alkol, aldehitler ve trisodyum fosfat gibi dezenfektanlar,
yemin depolanmas: sirasinda bu patojeni etkisiz hale
getirerek Salmonella ile kontaminasyon riskini azaltabilir
(Maciorowski ve digerleri 2007). Bununla birlikte, ayni yazarlar,
yemdeki yliksek organik madde konsantrasyonu nedeniyle bu
katki maddelerinin etkinliginin azaltilabilecegi sonucuna varmistir.
Ayrica, bircogu asindirict olarak hareket edebilir ve/veya yiiksek
konsantrasyonlarda verildiginde zehirleyici olabilir. Bu nedenle
islenmis yemlerde kullamimlar sinirli olmalidir.
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Yemlerde Salmonella 'min etkisiz hale getirilmesi, peletlemeyi
(1s1l islem icerir) ve/veya kimyasal ilaveyi icerebilir. Peletleme
islemi 3 ana adimdan olusur: buharin ptlire yemle karistirilmasi
(ayrica tavlama olarak da adlandirilir), tavlanan yemin metal kaliplar
araciligiyla preslenmesi (peletleme) ve buytk hacimli hava yoluyla 1st
ve nemin uzaklastirilmas: (sogutma). Tavlama sirasinda, yaklasik
71 °C'de baslayan yikimla birlikte 103 CFU/100 g'lhk bir
miktarin yok edildigi kabul edilmektedir (Jones 2011).

Jones ve Richardson (2004) tarafindan sunulan veriler, 178
plure rasyon numunesinden 16'simin (%8,79) Salmonella icin
pozitif oldugunu, 451 pelet yem numunesinden 19'unun (%4.21)
kontamine oldugunu gdstermektedir. Bu, peletleme isleminin
yemden izole edilen Salmonella hiicrelerinin sayisini %50
oraninda azalttigini gdstermektedir.

Fancher ve digerleri (1996), tavlama asamasi i¢in bir
ekspanderin kullanilmasinin, digerlerinin yani sira, daha dustk
yem nemi saglama ve dolayisiyla daha ytksek bir yem hijyenine
sahip olma avantajina sahip oldugunu bildirmistir. Ekspander,
yemi sabit bir kaliptan ge¢meye zorlamak yerine halka
seklindeki bir bosluk uzerinden bosaltan, tek vidali bir
ekstriidere benzeyen bir cihazdir. Bu ekspander, bakteri
yuklerini 10° ila 10° CFU/g oraninda azaltarak, yemin
hijyenik kalitesini iyilestirebilir. Bu, 115 ila 125 C sicaklik
degerleri ve 10 ila 20 saniye boyunca strdurtlen 1200 psi'ye
kadar basinc degerleri ile gerceklestirilir (Fancher ve digerleri
1996).

Peletleme islemi sirasinda buharlamanin bakterileri yok ettigi
gosterilmistir (Stott ve digerleri 1975; Furuta ve digerleri
1980a,b). Stott ve digerleri (1975), bu isleme asamasinin
oncesinde ve sonrasinda numune alarak, peletleme isleminin
kimes hayvani yemlerindeki Enterobacteriaceae sayisini 1000
kata kadar azalttigini gdstermistir. Ayrica sadece et yemi ve
kemik unu orneklerinden Salmonella izole etmislerdir. Furuta
ve digerleri (1980a), pelet ve kirint1 elde etmek icin 70 ila 80
°C'de 5 saniye muamele edilen plre rasyonlarin bakteri kolonisi
sayist bakimindan 1.9 X 10%den 3.0 X 10° CFU/g'ye varan bir

azalmaya maruz kaldigini gézlemlemislerdir.

Yemdeki Salmonella kolonisi olusturan birimlerin azaltilmasi
basarisi, Thomas ve van der Poel (1996) ve Thomas ve digerleri
(1997, 1998) tarafindan tartisildigi gibi, peletlerin fiziksel
kalitesiyle ilgili farkh faktorlerden etkilenebilir. Gdrtintise gore,
bilesenlerin  farkli  ozellikleri dogrudan baglanma siirecini
etkilemektedir ve sertlik ve dayaniklilik yoluyla degerlendirilen pelet
kalitesi tizerinde daha fazla etkiye sahiptir. Ek olarak, ekipmanlar,
yemin nihai hijyenik 6zelliklerini dogrudan etkileyerek nihai
kalite tizerinde cok 6nemli bir rol oynamaktadur.

Tavlama ve 1s1 islemden sonra, sogutma asamas: 2 sekilde
Salmonella ile blytk bir yeniden kontaminasyon riski
tasimaktadir. Sogutma sirasinda, peletlenmis yem ile ortam
arasindaki sicaklik farki 5 «C'den fazla ise yogusma meydana
gelebilir. Bu nedenle, sicak peletler, yem Uretim tesisinin "temiz
tarafindaki" yogusmaya ve serbest suya yol acacaktir. Uygun
kosullarda yogusma damlaciklari, konveydriin tstiinde veya
siloda Salmonella blylimesine neden olabilir. Bu sorunun
olusturabilecegi mikrobiyolojik riski azaltmak icin sogutucunun tst kismmm
yalitlmast yogusma riskini azaltabilir (EFSA 2008). Ayrca, pelet
sogutucular blytik hacimlerde havay: cektigi icin, sogutucudan elde
edilen toz, difer alanlarda toplanan toza goére daha fazla
kontaminasyon olasiigina sahip gériinmektedir. Ek olarak, pelet
degirmeni etrafindaki mekanik titresimler ve hava akimlari, toz
parcactklarinin  yerinden c¢ikmasina ve peletlenmis yemin igine
dismesine neden olabilir (Jones ve Richardson 2004). EFSA (2008),
yem TUretim tesislerinde yeterli toz toplayict sistemlerinin tozu kontrol
altina almak ve cevreyi temiz tutmak icin O6nemli oldugunu
belirtmektedir.
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Siuri testi, sanitasyon ve biyo-gilivenlik

Test, Salmonella kontrol programlarinin ¢ok onemli bir parcasidir.
Bununla birlikte, cevresel kaynaklardan kiimeslerde ve stirtlerde
bircok Salmonella serotipinin (S. Enteritidis dahil) strekli olarak
yeniden ortaya c¢ikmast nedeniyle etkinligi bazen dusiik
olabileceginden, test tartismali bir konudur. Baslangic noktasini
bulma testi, 1990 ve 1995 yillar1 arasinda ABD'de USDA dtizenlemesi
yoluyla genellikle etkili bir kontrol stratejisi olmamigtir (Hogue ve
digerleri 1997; Gast ve Guard 2011). Salmonella iceren diski
doktlmesinin aralikli olmast nedeniyle, bu tir numunelerin test
edilmesi giivenilir sonuclar vermemektedir (Gast 2007). Bununla
birlikte, uygun ydéntem secildiginde (Arnold ve digerleri 2010), cevresel
numune almanin uygulanmasinin nispeten kolay oldugu ve test
duyarliligimin ytiksek oldugu kanitlanmistir (Arnold ve digerleri 2010),
ancak bu, yumurta kontaminasyonunun gercek olasiligmi yalnizca
dolayl olarak yansitir (Gast ve Guard 2011). Zemin, yuva kutular,
yumurta bantlari, damlatma bantlari, kazima aletleri, fan kanatlari ve
toz gibi farkli konumlardan numune alirken, strintti cubugu
numuneleri kullanilarak S. Enteritidis i¢cin yogun izleme ¢ok verimli
bir yaklagim olarak kabul edilir ve Salmonella 'min yuksek
hassasiyetle saptanmasini saglayabilir (Davies ve Breslin 2001; Kinde
ve digerleri 2005; Gast 2007). Salmonella serotiplerinin ¢ogu invaziv
oldugundan, genellikle farkli dokular toplanir ve enfekte tavuklar
tespit etmek icin daha fazla test edilir (karaciger, dalak, yumurtalik,
yumurta kanali, testis, yolk kesesi, kalp, kalp kani, bobrek, safra
kesesi, pankreas, sinovya ve goz) (Gast ve Beard 1990; Gast 2007).
Salmonella enfeksiyonlar: genellikle patojenin bagirsak yolunda
kolonizasyonunun bir sonucudur, bu nedenle bagirsak dokular1 ve
icerikleri (cekum ve icerikleri) genellikle degerlendirme i¢in toplanir ve
bazi durumlarda, S. Enteritidisin distik siklikta yeniden
toparlanmasit uzun stiireler icin mimkiin olabilir (Gast ve Beard
1990). Sonug¢ olarak, yumurta kulttr(i, bircok test planinda
dogrulayict bir adim olarak ortaya c¢ikmaktadir, fakat ic
kontaminasyonun meydana geldigi distik insidans ve genellikle taze
yumurtalarda bulunan c¢ok distk ilk Salmonella hlicre yogunluklar
nedeniyle yumurtalarin icinde Salmonella tespiti cok zordur (Gast
2007). Bununla birlikte, ABD'de, S. Enteritidis icin cevresel bir test
pozitif oldugunda, FDA Yumurta Kurali (FDA 2009a), yumurta
testinin devam etmesini veya yumurtalarin S. Enteritidis'te en az 5 log
azalma ile  sonuglanacak  bir  isleme  yonlendirilmesini
gerektirmektedir. Yumurta testine devam etme alternatifi altinda, 4
parti 1000 yumurta numunesi 2 haftalik araliklarla test edilmelidir ve
4 testin timl negatifse, bagka test gerekmez. AB'nin yumurta tavugu
strdlerine iliskin diizenlemeleri dikkate alindiginda, halk sagligt
acisindan dnemi olan tlm Salmonella serotipleri icin, yetistirme
doneminde 1 glnlik civcivler ve pilicler yumurtlama unitesine
tasinmadan 2 hafta 6nce Salmonellaicin test edilmelidir; yumurtlama
doneminde ise her 15 haftada bir test yapilmalidir (EC 2003). Ayrica,
ulusal bir Salmonella kontrol programina tabi olan ticari bir yumurta
tavugu strtstnden elde edilmedikce, yumurtalar dogrudan insan
titketimi icin (sofralik yumurta olarak) kullanilmamalidir.

Bir sturliniin ortamda ve yumurtalarda S. Enteritidis varlig
icin pozitif olarak test edilmesi durumunda, FDAmn yumurta
kurali (FDA 2009a), bu strinin yasadigr ktimeslerin 3 adimda
temizlenmesini ve dezenfekte edilmesini gerektirir: gortinir
glbrenin ¢ikarilmasi, toz, tliy ve eski yemlerin ortadan
kaldirilmasi i¢in kuru temizleme ve sprey, aerosoller, flimigasyon
veya baska bir uygun dezenfeksiyon yontemi ile dezenfeksiyon
(FDA 2009a). Temizlik ve dezenfeksiyon sirasinda, tim alani
iyice temizlemek icin tim hareketli ekipmanin yeri
degistirilmelidir. Ayrica, kemirgen tuzak yemleri yerlestirilip
temizlikten hemen 6nce ¢ikarilmall ve ayrica kemirgen giris yerleri
tamamen onanlmalidir. Su hatlarinin sanitasyonu, yeni yumurta
tavuklarinin yerlestirilmesinden 2 ila 3 gln énce, su hatlan
1870 ppm asit
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placement of new layers, with water lines filled with an 1870-ppm
sollisyonu ile doldurularak ve hatlar 2 saat sonra tamamen
yikanarak gerceklestirilmelidir. 2. adimda, su hatlart 20 ppm klor
soliisyonu ile doldurulur ve 2 saat sonra klor kokusu kalmayacak
sekilde iyice yikanir (FDA 2009a). Dezenfeksiyon prosedurd,
dezenfeksiyon sollisyonunun kiimes disinda 10 fitlik (3 metre) bir cevre
uzerinde uygulanmasini da icermelidir.

Kiumes hayvanlari tesisleri, atik maddelerin uzaklastirilmas: ve yuksek
basingli plskurtme ile temizlenmesinin ardindan siklikla kimyasal bilesikler
(0zellikle fenolik ve kuaterner amonyum olanlar) kullanilarak dezenfeksiyona
tabi tutulur (Gast 2007). Salmonella 'ya karst etkinlikleri acisindan sadece
kimyasal bilesikler farkhi degildir. Davison ve digerleri (1996), S.
Enteritidis'e karst kuyu, dere veya havuz suyu kullamimu ile 5 simif
dezenfektan arasindaki farklari degerlendirdiler. Elde ettikleri sonuglar,
S. Enteritidis'in yumurta tavugu kiimeslerinden uzaklastirilamamasinin
kismen su kaynagiyla iliskili olabilecegini géstermistir.

Biyo-giivenlik “S. Enteritidis'in bir ciftlige veya kiimeslere girmemesini
veya bunlar arasinda birbirine transfer olmamasin saglamaya yonelik,
ciftlikte ve klimeslerde ziyaretcilerin simirlandirilmasini, bir kiimesten
digerine capraz kontaminasyona karsi koruma saglayacak personel ve
ekipman stirdtrtlmesini,  sokaktaki  klimes
hayvanlarinin, yabani kuslarin, kedilerin ve diger hayvanlarin kiimeslere
girmesini Onlemeyi ve calisanlarin tavuklari evde tutmasina izin
vermemeyi iceren bir program” olarak tanimlanmaktadir (FDA2009a).

Yumurta tavugu ciftliklerinde uygulanan mevcut kontrol programlari
asagidaki onerileri icermektedir: (1) yumurtalar: ve civcivleri sadece
Salmonella icermedigi kamtlanmis damizlik surtlerden elde etmek; (2)
kulugkalik yumurtalarin uygun sekilde dezenfekte edilmesi ve
kulugkanin siki sanitasyon kosullart altinda gerceklestirilmesi; (3)
Onerilen prosediirleri kullanarak kumesleri stirtler arasinda iyice
temizlemek ve dezenfekte etmek; (4) kemirgen ve bécek kontrol
onlemlerini kUimes tasarimi ve yonetimine dahil etmek ve bunlann
uygulanmasini periyodik izleme yoluyla belgelemek; (5) Kanath barinak
tesislerinde ve ktmesler arasinda personel hareketinin ve ekipmanin
kontrollintin kisitlanmas: yoluyla kati bir sekilde uygulanan biyo-
guvenlik uygulamalarini uygulamak; (6) yemin pelet halinde oldugundan
ve hayvansal proteinler icermediginden emin olmak ve (7) artilmis
kaynaklar araciligiyla suyun mikrobiyolojik kalitesini saglamak (Gast
2007; FDA 2009a).

Diger patojenlerin yani sira Salmonella 'min ciftlige girmesini
onlemek i¢in insan ve ekipmanin kontrolintn kritik éneme sahip
oldugu diistinilmektedir. Insan trafigini kontrol etmenin en etkili
yollarindan biri isaretler, citler ve kapilarin kullanilmasidir ve planlara
uyulmasini saglamak icin binalarin mUmkin oldugunca kilitli kalmasi
gerekir. Tarim dis1 calisanlara, merkezi bir yere rapor verdikten ve ciftlige
gelmeden dnce bir kayit defteri imzaladiktan sonra, tek kullanimlik veya
yeniden kullanilabilir 6zel giysiler veya tulumlar verilecektir (FDA 2009a).

Ekipmanin paylasilmas: dnerilmez, ancak bu gerceklesirse, ciftlikten
baska bir ciftlige geciste temiz ve dezenfekte edilmis oldugundan emin
olunmalidir (FDA 2009a). Knape ve digerleri (2002) hat ici ve hat dis1
olmak Uzere 2 genel ticari yumurta isleme
bahsetmektedir. Hat ici tip, ortak bir yumurta bandiyla birbirine
baglanan birden fazla klimes anlamina gelirken, hat dist tip ise, isleme
tesisine bagl olmayan kiimeslerden gelen yumurtalar ifade eder. Genel
olarak, yazarlar hat ici tesisten elde edilen yumurtalarin aerobik plaka
sayilarinin (APC) cevrim disi1 tesisten elde edilenlere kiyasla daha yluksek
oldugunu bulmuslardir. Ayrica Musgrove ve digerleri (2012), hat dist bir
tesis ile karma isletim (hat ici islenmis yumurtalar ve hat dist olanlarla
takviye seklinde) arasinda karsilastirmalar yaparak, kiimeste kullamlan
yumurta arabalarinin Salmonella rezervuari olarak hareket etme olasiligini
belirlemistir. Hat dis1 tesisteki Salmonella prevalansinin

uygulamalarinin

tesisi simifindan
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(%12) karma operasyonlardan (%36) 6nemli 6lctide farkl oldugu (P <
0,001) gortinmektedir.

Strtlere Salmonella bulasma riskini azaltmak i¢in yumurta
tavuklarinin fareler, bocekler ve yabani kuslar gibi bu patojenin
farkli vektorlerine maruz kalmasim simirlamak da gereklidir (Henzler
ve Opitz 1992; Davies ve Wray 1995; Olsen ve Hammack 2000; Mian ve
digerleri 2002). FDA Yumurta Kurali (FDA 2009a), haserelerin
kontrol programinda izlemenin cok dnemli oldugunu belirtmektedir.
Tatmin edici bir kemirgen kontroldl elde etmenin yéntemi, mekanik tuzaklar
veya yapiskan levhalarla gorsel inceleme ve izlemedir. Sineklere gelindiginde
ise, spot kartlarn, scudder izgaralarimin veya yapiskan tuzaklarn
kullanilmasi, sinek aktivitesinin seviyesini degerlendirmeye yardimci
olacak ve bunlar lizerinde tatmin edici bir kontrol saglayacaktir. Ayrica,
ktimes icindeki ve disindaki kalintilarin ortadan kaldirilmas: yoluyla

haserelerin barinmasi énlenmelidir (FDA 2009a).

Holt ve digerleri (2011), farkli kiimes sistemlerinin biyo-gtvenlik
o6nlemlerinin  goreceli etkinligini ve potansiyel Salmonella
vektorlerinin ciftlikteki seviyelerini etkileyebilecegini, dolayisiyla
iyilestirme ve Onleme yontemlerinin basarisini etkileyebilecegini
distinmektedir. Yumurta tavuklarinin yaban hayati ile etkilesimi,
kiimes veya kafes sistemlerine kiyasla serbest dolasimli kiimes
sistemlerinde artar. Ek olarak, dezenfekte edilmesi ¢ok zor oldugundan,
halihazirda kontamine olmus olan toprak kalict bir Salmonella kaynag
olarak islev gorebilir.

Asilama

Tavuk yumurtalarinda Salmonella spp enfeksiyonunun kontrold, en
sik kullanilanlar arasinda asilama olmak tizere cesitli onleyici tedbirleri
icermektedir (Van Immerseel ve digerleri 2005b).

Bagisikligs harekete geciren ancak hastaliga neden olmayan mikrobiyal
patojenlerle veya patojenlerden ekstrakte edilen antijenik bilesenlerle
asilama yoluyla aktif bagisiklik elde edilir. Bagarili oldugunda, patojenik
ajana daha sonra maruz kalinmasi, patojeni ortadan kaldiracak veya
urtinlerinin aracilik ettigi hastaligi 6nleyecek yogun bir bagisiklik tepkisi
ortaya ¢ikarir (Goldsby ve digerleri 2003). Su anda kiimes hayvanlarinda
ticari dlzeyde kullanilan yaygin asilarin cogu, inaktive edilmis
(6ldurtlmuis) veya canli, ancak zayiflatilmis Salmonella spp suslarindan
olusmaktadir. Canh asilar genellikle, hem hticre aracili hem de htimoral
bagisikliklari uyaran, inaktive edilmis asilardan daha iyi koruma saglar (Van
Immerseel ve digerleri 2005b). Canl asilar AB'de basarii bir sekilde
kullanmilmig olup, Ureme sistemi kolonizasyonunu azaltma kapasitelerini ve
ayrica yumurta tavuklarinda dahili yumurta kontaminasyon riskini ortaya
koymaktadir. Asili gruptan 1575 yumurtada as1 suslan tespit edilmemis
ve bu nedenle yaklasimin glvenilirligini ortaya konmustur (Gantois ve
digerleri 2006).

Yapilan eprivasyonlar sonrasinda S. Enteritidis asilarimin yumurta
kontaminasyonunu ve S. Enteritidis ve S. Typhimurium
kolonizasyonunu azaltmada etkili oldugu kanitlanmistir (Nakamura ve
digerleri 1994; Cerquetti ve Gherardi 2000a, 2000b; Liu ve digerleri 2001,
Woodward ve digerleri 2002; Khan ve digerleri 2003; Van Immerseel ve
digerleri 2005c). Yumurta tavuklarinda Salmonella epriivasyonunu ve
ardindan as1 uygulamasini igeren farkli caligmalar, S. Enteritidis ve S.
Typhimurum ile enfeksiyon riskinin bu yaklasimla azaltilabilecegini
kanitlamistir (Tablo 1). Toyota-Hanatani ve digerleri (2009) asilanmuis
(inaktive as1) ve asilanmamig striler tarafindan tretilen yumurtalann S.
Enteritidis kontaminasyonunu degerlendirdiler. 1600'den fazla S.
Enteritidis hiicresi/100 mL (en olasit sayt — MPN) sivi yumurta numunesi
astlanmamis strtden izole edilmistir. Asilanmus surtler icin maksimum
MPN degeri 8/100 mL olup, gida kaynakli S. Enteritidis salgini riski
6nemli olctide azaltilmistir.
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Tablo 1- Kiimes hayvanlarinda S. Enteritidis agilannin etkilerine iliskin farkli in vivo galismalar.

immiinizasyon yéntemi ve asi tiri Salmonella eprivasyon kosullari

Gozlemlenen etkiler Referans

Biyolojik olarak parcalanabilen mikro kiireler icinde 6 haftalikken 10° CFU S. Enteritidis
kapsiillenmis formalin ile inaktive edilmis S. Enteritidis
ile tek oral veya intramiskiler immiinizasyon

S. Enteritidis PT4 bakterin (Salenvac) ile intramiiskiiler

imminizasyon

107 CFUS.Enteritidis

8x 108 CFUS.Enteritidis viriilan susu

9 haftalik tavugun 2 S. Enteritidis dis zar proteini ile deri
altindan imminizasyonu, ardindan 2 haftalik zaman
araliklariyla 2 destekleyici immiinizasyon

1, 2, 3 ve 7 ginde S. Enteritidis'in sicakliga
duyarl mutantimn 10° CFU'su ile oral
immiinizasyon

S. Enteritidis'in sicaklga duyarli bir mutanti ile oral ve
intraperitoneal yollar birlestiren iki set imminizasyon
14 ve 18 haftalikken S. Enteritidis PT4 susunun yag
emiilsiyonu agisi ile imminizasyon

Son immiinizasyondan 14 gin sonra

CFUyw

Enteritidis ve S. Typhimurium

hicreleri

8,17, 23, 30 ve 59. haftalarda 5-7.5 x

virilan bir S. Enteritidis susunun10°®
Son agilamadan 7 ve 14 giin sonra 10° CFU S.

Homolog S. Enteritidis susunun 10°ve 10°

Fekal sagilma ve organ kolonizasyonunun Liuve digerleri (2001)

azalmasi

Kiiltir pozitif olan doku ve diski
numunelerinin sayisinda azalma

Asilanmis yumurta tavuklarindan daha az
pozitif yumurta

Cekum kolonizasyonda yaklasik 1000 kat
azalma

Woodward ve digerleri (2002)

Khan ve digerleri (2003)

Saglmanin ve i¢ organlarin
kolonizasyonunun azalmasi

Cerquettive Gherardi(2000a) Cerquetti

Eprivasyondan 14 gin sonra ¢ekum ve Gherardi (2000b)

icerigi, karaciger ve dalaktan daha
az bakteri elde edilmesi
Nakamurave digerleri (1994)
S.Daha az sayida agilanmis tavugun gekum
diskisindan Enteritidisin izole edilmesi

Atterbury ve digerleri (2009), bir Salmonella Enteritidis PT4
epravasyonunun ardindan piliclerin cekum kolonizasyonunu 6nlemede
oldiralmis bir Salmonella  asisimin ve 3 canl asmin etkinligini
belirlemeyi amaglamistir. Bir Salmonella eprivasyonunun ardindan farkl
asilar verilen gruplar arasinda toplam pozitif tavuk sayisinda anlamli bir
farkliik meydana gelmedi. Buna ragmen, 6ldtrilen as: ile asilanan
grup, asilanmamis grupla Kkarsilastinldiginda ¢ekumlarinda
dogrudan sayilabilen Salmonella seviyelerine (> 10> CFU/g) sahip en
az sayida tavuk iceriyordu ve bunu canli as1 gruplarn takip ediyordu.
Canli asinin yeni yumurtadan cikmis tavuklara oral yoldan verilmesi,
genis bagirsak kolonizasyonu ve gucli adaptif bagisiklik ile
sonuclanmaktadir. Ek olarak, bagirsakta canli bir Salmonella asisindan
kaynaklanan biiyuk bir bakteri varligi, polimorfontkleer hucrelerin
bagirsak duvarlarina infiltrasyonunu indiikleyebilir,
Salmonella suslarinin istilasina ve sistemik yayilmasina karsi direnc
saglar (Omwandho ve Kubota 2010).

Saflastinlmis tipl S. Enteritidis fimbriae bir asida antijen olarak
kullanilmis ve asilanmis tavuklarin yumurtalarinda ve serumlarinda IgG
ve IgA varligini tetiklemistir (De Buck ve digerleri 2004b). S. Enteritidis'in
bir fimD mutanti ile tavuklarin damardan asilanmasi, yumurtalarin daha az
kontamine olmasma yol acmustir (De Buck ve digerleri 2004a). S.
Enteritidis'in dis zar proteinlerini (OMP) iceren asilarla immtinizasyon,
yumurta tavuklarinda bagirsak mukozasinda kolonizasyonun azalmasina
da yol agmstir (Khan ve digerleri 2003).

AB mevzuati, S. Enteritidis tarafindan yumurta kontaminasyonu riskini
azaltmak icin gda endlstrisi paydaslannin basvurmas: icin farkl
gereksinimler temin etmektedir. Bu amacla, her AB tlkesi kendi onayl
ulusal kontrol programimi uygulamustir ve asilama, alinan o6nlemlerden
biridir. Ulusal kontrol programlar, gda kaynakli Salmonella
serotiplerinin  yayginligim azaltmayr amaclamaktadir. Halk saghg
acisindan 6nemi olan tiim Salmonella serotipleri icin treme ve Uretim
asamalannda belirli
Hayvanlar asilanmigsa, immunolojik testler yapilmaz. Ayrica, “[. . .] Saglik
durumu bilinmeyen, enfekte olduklarindan stiphelenilen strtilerden
elde edilen yumurtalar, yalnizca halk sagligi acisindan 6nemi olan
Salmonella  serotiplerinin ortadan kaldirilmasimi garanti edecek
sekilde tedavi edilirse insan ttiketimi icin kullamlabilir” (EC2003). EC
2160/2003 Yonetmeligi'ni degistiren bir degisiklikle,

bu da virtlan

anlarda numune alma islemi yapilmaldir.
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“saglik durumu bilinmeyen ve bir azalma noktasi olan veya gida kaynakl
bir salgina neden oldugu 6nceden belirlenmis bir Salmonella serotipi ile
enfekte oldugundan stiphelenilen veya enfekte olan strllerden elde
edilen yumurtalar’, otomatik olarak B sinifina dahil edilen yumurtalar
olarak kabul edilmektedir (EC 2007b). EC no 557/2007 Komisyon
Taztgl tarafindan tammlandig gibi, A simfi yumurtalar, asagidaki
ozellikleri karsilayan yumurtalardir: (a) kabuk ve katikil: normal sekil,
temiz ve hasarsiz; (b) hava boslugu: yiiksekligi 6 mm'yi gecmeyen, sabit ve
"ekstra" olarak pazarlanan yumurtalar icin 4 mm,; (c) yumurta sarst: 1s18a
tutarak incelemede sadece gdlge olarak gérinilr, net bir sekilde ayirt
edilebilir dis hatt1 yoktur, yumurtayr dondtriip merkezi bir konuma geri
déndirtaldugiinde hafifce hareket eder; (d) yumurta aku: seffaf yan saydam;
(e) mikrop: gelisme algilanamaz; (f) yabancit madde ve (g) yabanci koku:
izin verilmez. Artik belirtilen Ozelliklere sahip olmayan A Simfi

yumurtalar, B sinifina diistirtilebilir (EC 2007a).

Bu sekilde isaretlenirler ve paketleme merkezlerine girisleri, saglikh
strtilerden gelen yumurtalarin olasi capraz bulasmasini 6nlemek icin
uygulanan yontemlerin etkinligine baghdir.

Asi, Avusturya, Belcika (S. Enteritidis icin), Cek
Cumbhuriyeti, Almanya ve Macaristan'da Salmonella 'ya karsi
savasmak icin kullanilan zorunlu bir 6nlemdir; Bulgaristan,
Belgika (S. Typhimurium igin) Kibris, Estonya, Fransa,
Yunanistan, Italya, Letonya, Litvanya, Hollanda, Polonya,
Portekiz, Romanya, Slovakya, Slovenya, Ispanya ve Birlesik
Krallik'ta ise izin verilir ve Onerilmektedir (EFSA 2004; EFSA
2011). Danimarka, Finlandiya, isvec ve Irlanda asilamay: yasaklamis ve
Salmonella spp. i¢in etkin kontrol programlan gelistirmistir. Serolojik
testlerin sonuglariyla potansiyel etkilesimleri nedeniyle asilarin
kullammini reddetmislerdir (Murchie ve digerleri 2007; Kornschober ve
digerleri 2009). Ornek olarak, Isveg'te, ulusal Salmonella spp kontrol
programi, ithal edilen tim kGmes hayvanlarinin karantinaya
alinmasi ve herhangi bir Salmonella spp icin pozitif oldugu tespit
edilen ithal tim tavuklarin imha edilmesi gibi farkli onlemler
uygulayarak bakterinin yayilmasini azaltmayr amaclamaktadir. isvec
ayrica AB mevzuati gerekliliklerine gére numune alma prosedirlerini
kullanmaktadir ve pozitif olmasi durumunda strtlerin nifusu hizla
ortadan kaldirilmaktadir. Ayrica, piyasada izi strtlen tim tGrtinler derhal
geri cekilmektedir. Ayrica yem Uretiminde Salmonella spp icin 6zel bir
kontrol programi bulunmaktadir (Keery 2010).
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Avustralya'da Salmonelloz'a S. Enteritidis veya S. Typhimurium neden
olmaz, bu serotiplerin yumurta tavugu surtlerinde bulunmadigi rapor
edilmektedir. Bu nedenle Salmonella 'ya karsi ulusal bir kontrol

programinin uygulanmasi gerekli gérilmemektedir.

ABD'de (FDA 2009a) ve Kanada'da (Keery 2010), tavuklann
Salmonella spp'ye karsi direncini artirmak ic¢in asilarin kullanilmasi
tesvik edilmektedir. Kanada'da, eski strti S. Enteritidis-pozitif olarak
test edildiginde, yeni bir kiimese yerlestirilen yumurta tavugu surtlerinin
astlanmast siddetle tavsiye edilir (HealthCanada 2011).

Pasif immiinizasyon

Secilen mikroorganizmalardan (6rnegin, S. Enteritidis ve S.
Typhimurium) antijenlerle immiine edilmis yumurta tavuklari, kandan
yumurta sarsina taginan yuksek miktarlarda spesifik antikorlar (IgY)
ureterek reaksiyona girer. Hiperimmiin yumurtalar olarak adlandinlan
yuksek dlizeyde antijene 6zgl IgY iceren bu yumurtalar, diger tlrlere
pasif bagisiklik kazandirmak icin yem katki maddesi (genellikle tam
yumurta sarst tozu seklinde) olarak uygulanabilir (Chalghoumi ve
digerleri 2009a). Chalghoumi ve digerleri (2008), 429 + 20 mg/g
konsantrasyonlarda ayni yumurtada S. Enteritidis ve S. Typhimurium
OMP'ye karst IgY Uretmenin mimkin oldugunu gostermistir. Ayrca,
(Chalghoumi ve digerleri 2009b) bu spesifik antikorlann, konsantrasyona
bagh bir sekilde Salmonella spp. Uzerinde blyltmeyi inhibe edici bir etkiye
sahip oldugunu gosterdiler. Ayrica insan epitelyal Caco-2 hticre dizilerini
kullanarak Salmonella spp'nin bagirsak htcrelerine yapismasini 6nleme
yetenegini de degerlendirdiler. Sonuclar, spesifik IgY¥'nin, enfekte Caco-2
htcre tek katmanlarnimin transepitelyal elektrik direncindeki dustist
azaltabildigini ve konsantrasyona bagll bir sekilde Salmonella spp
yapismasint engelledigini gostermistir. Baska bir calisma, oral yoldan
uygulanan yumurta sarist antikorlarmin, yumurta sarisi tozu almayan
gruptaki Salmonella pozitif yumurtalara kiyasla (deneysel olarak enfekte
olmus bir grupta) %13,31ik bir Salmonella -pozitif yumurta azalmasina
neden oldugunu goéstermistir. Antikorlar, yem katki maddesi olarak (3
g/tavuk/giin), butin yumurta tozu seklinde uygulanmistir (Gurtler ve
digerleri 2004).

Bu antikorlara kars: direng¢ olgusunun gelisme riski oldukea sinirlidir
(Xu ve digerleri 2011). Aslinda bunlar, coklu epitoplart hedefleyen
poliklonal antikorlardir. Bununla birlikte, asilarda diren¢ olgusunun
ortaya ctkabilecegi belirtilmistir (Sirsat ve digerleri 2009) ve bu, bize gore
zayif da olsa pasif imminizasyon icin bir olasiliktir. Sirsat ve digerleri
(2009) ayrica, cok cesitli immulinojenik serotipler gbz éniine alindiginda
Salmonella spp icin 6zellikle sorunlu olabilecek antikor terapisi veya
asilama ile asin spesifik araclar gelistirme riskinden de bahsetmistir.
Bununla birlikte, Chalghoumi ve digerleri (2008), anti-S Enteritidis Ig¥'nin S
Typhimurium (ST)-antijeni ile ytksek capraz reaktivitesini ve bunun tersini
gbzlemlemistir. Bu deneyde as1 antijenleri olarak gercekten de OMP'yi
kullandilar; ve her iki Salmonella spp, OMP'de ortak epitoplar
paylasmaktadir. Bu nedenle, birkac serotip arasinda paylasilan
antijenlerin kullamilmasi, gelistirilen antikorlarin asir1 spesifikligi
riskiyle basa cikmaya imkan saglamaktadir. Ayrca, aym yumurta
sanisinda 2 Salmonella serotipine karsi IgY gelistirerek, Chalghoumi ve
digerleri (2008), cesitli patojenleri hedef alan hiperimmiin yumurtalann
daha da gelistirilmesi icin kapiy1 acik birakmustir.

Dogal antimikrobiyal trtinler
Bakteriyofajlar. Bakteriyofajlar, bakteri hiicresini cogalmak icin kullanma
yetenegine sahip bakteriyel virtslerdir. Enfeksiyz dongtintin
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mekanizmasi, 2 ana bakteriyofaj tipini ayirt etmek icin kullanilir:
virilan olanlar (hiicrenin ¢ok kisa stirede parcalanmasini ve 6limtne neden
olanlar) ve iliman olanlar (gizli, enfeksiyon dénglistinde lizojeni kullananlar).
Virtilan bakteriyofajlar, gidalardaki gida kaynakli patojenleri azaltmak
amactyla farkli Grtnlerde kullanlmaktadir (Monk ve digerleri 2010).
Bakteriyofajlar oldukca ayrmcidir ve ¢ogu, spesifik baglanma bolgeleri

ifade eden belirli bir bakteri grubu ile etkilesime girerler (Joerger 2003).

Yumurta tavuklarnin ¢ekumlarinda S. Enteritidis kolonizasyonunu
azaltmak icin 3 farkli Salmonella 'ya 06zgli bakteriyofajin bir
kombinasyonunun kullamlmasi, insidansta %80'e varan Onemli bir
azalma ile sonuclanmistir. 3 bakteriyofajin kokteyli, 108 plak
olusturucu TUniteden olusan ¢ok sayida enfeksiyon kullamlarak 6
glinltikken sprey yoluyla uygulanmistir. Tavuklar 7 glinlikken 2.95 x
105 CFU/mL S. Enteritidis ile oral asilama yoluyla deneysel olarak
enfekte edilmistir. 14. gunde, kontrol grubu tavuklarinin
cekumundaki S. Enteritidis sayist 1.56 x 105 CFU/g'a ulasirken,
bakteriyofaj uygulanan grup icin sadece 9.48 x 103 CFU/g olarak
gerceklesmistir (Borie ve digerleri 2009) (Tablo 2). Ek olarak, aym
calisma, bir bakteriyofaj ve rekabetci dislanim trtnt arasindaki bir
kombinasyonun, S. Enteritidis’in ¢cekumu kolonizasyonunu azaltma
yetenegini degerlendirmistir. Sonuglar, bu kombinasyon
uygulamasinin, tek basina bakteriyofaj kullamimina kiyasla daha da
verimli oldugunu (1.6 x 102 CFU/g) ortaya koymustur.

Toro ve digerleri (2005) ayrica, 7. glinde S. Typhimurium ile epriive
edilen White Leghorn tavuklarninda 5.4 x 106 PFU/0.5 mL/tavuk dozunda
bakteriyofajlarin bir "kokteylinin" kullanilmasinin bu patojenle ileum
kolonizasyonunda bir azalmaya yol actigin gosterdiler.

Bakteriyofaj uygulanmis tavuklardan toplanan ileum numuneleri, eprive
edilmis ve isleme tabi tutulmamis olanlardan (81.8 CFU/mL) 6nemli 6lctide
daha dustk S. Typhimurium sayilar: (1.1 CFU/mL) géstermistir (Tablo 2).

Bakteriyofajlarin kuyruk proteini, ylzey yapilarina baglanarak bakteri
konaginin spesifik olarak taninmasina aracilik etme roliine sahip kuyruk
aparatinin bir bilesenidir. 1 glinlitk Leghorn tavuklarina oral uygulamadan
sonra, kontrol gruplariyla karsilastirildiginda, Salmonella spp blylime ve
kolonizasyonunda o6nemli bir gecikme ve cekum, karaciger ve dalak
diizeyinde Salmonella spp sayilarinda onemli bir azalma ile sonuglanmistir
(Waseh ve digerleri 2010). Bu yazarlara gore, etkinlikleri gastrointestinal
proteazlara kars: direng derecelerine baglidir.

Genel olarak guvenli kabul edilen bakteriyofajlar, gida trtnlerindeki
patojenlerin biyolojik kontroll i¢in oldukca verimli bir arag olarak kabul
edilmektedir (Garcia ve digerleri 2008). Faj terapisi, kesimden sonra
kanath karkaslarinda S. Enteritidis dlzeyini azaltmak icin basaryla
uygulanabilir (Higgins ve digerleri 2005a, 1997). Yiksek ozgilltklerine
ragmen, bakteri direnci ile karsilasimistir. Bakteriyofajlara direnc,
genellikle reseptér olarak kullanilan bakteri hticre yuzeyi
molekdullerinin (LPS, pili veya flagella gibi) kayiplar1 veya
modifikasyonlan gerceklestiginde meydana gelir (Levin ve Bull
2004). Bununla birlikte, bakteriyofajlar, bakteriye direncli mutantlarin ortaya
cikmasina tepki olarak hizla degisme yetenegine sahiptir (Sulakvelidze ve digerleri
2001; Carvalho ve digerleri 2012). Bu nedenle, "kokteyl" denilen seyde farkl
bakteriyofajlarin kullanilmast, tek bir bakteri susuna kars: savasmak icin
bile gerekli bulunmustur (Joerger 2003).

Protein ve lif kaynaklar. Kassaify ve Mine (2004a), asilanmamis
yumurta sarist tozunun yumurta tavuklarinda S. Typhimurium
kolonizasyonunu baskilayabildigini gostermistir (Tablo 2).
Immiinize edilmemis yumurta sarisi asagidaki  gibi
hazirlanmistir: yumurtalar, dis kabuk ytizeyinin dezenfeksiyonundan
sonra kirilmis ve yumurta sarilar, aseptik olarak albtiminden
ayrilmistir; toplanan sarilar dondurularak kurutulmus ve ince bir
toz halinde ezilmistir.

tozu

Vol. 12,2013 ° Comprehensive Reviews in Food Science and Food Safety 163



Kabuklu yumurtalarda Salmonella 6nleme. ..

Tablo 2— Farkli organ ve dokularda S. Enteritidis veya S. Typhimurium kolonizasyonunu azaltmak i¢in yumurta tavuklari ve piligler tizerinde dogal antimikrobiyallerle ilgili farkli

in vivo ve in vitro galismalar.

Kullanilan dogal antimikrobiyal tiirii

6 ginlikken 10° plak olusturucu birim dozunda
sprey yo.IuY(Ia uygulanan 3 bakteriyofajdan
olusan bir kokteyl

1 ginlikken %10 BSAa'li bakteriyofajlarin 3
doz kuyruk proteinlerinin 2 protokolde oral
yoldan verilmesi: 1 saat, 18 saat ve 42 saatte
(Protokol 1) ve 18 saatte, 42 saatte ve 66
saatte (Protokol 2)

1 giinlikken 5.4 x 10° CFU/mL/tavuk dozunda
bakteriyofaj kokteyli

1 ginlukten itibaren 4 hafta siireyle %10
konsantrasyonda (wt/wt) asilanmamis yumurta
sarisi tozu ile takviye edilmis yem

1 gunlikken %90 yonca ve %10 bazal
rasyon (1), %0.375 FOS ile %90 yonca +
%10 bazal rasyon (2) ve %0.75 FOS ile
%90 yonca + %10 bazal rasyon (3)

1 giinlikken 0, 20 veya 100 mg/kg yemde
bulunan 10'° canli B cereus var toyoi (toz yem
katki maddesi) sporu iceren irin

1 g Saccharomycesboulardii/kg yem (deneme

1) ve 1giinlik etlik pililere uygulanan 100 g ayni iriin/kg

yem (deneme 2)

1 ginliik tavukta 1,5 kg/t yem (A) veya 3,0
kg/t yem (B) dozunda asitlestirici

yem katki maddesi olarak 15 haftalikken, 3
haftalik bir sire boyunca uygulanan, sekilsiz
bir Si02 atil tasiyici icinde ¢jenolden (250 ppm)
olusan aromatik drin,

ginlik yastan baglayarak, 28 giin boyunca
yemde uygulanan 18 ppm (A) ve 36 ppm (B)
dozlaninda besinsel kapsaisin

Salmonella epriivasyon kosullari

7 glinlilkken 2.95 x 10° CFU/mLS.
Enteritidis ile oral agilama

2 giinliik yasta 10%-107 Salmonella /
300 pL PBSb ile oral gavaj

7. giinde 2.4 x 10° CFU/mLS.
Typhimurium iceren bir siispansiyonun
oral yoldan verilmesi

4 haftalik dénemin sonunda 2 kez 1,0
mL 10° CFU/mL S. Typhimurium oral
uygulamasi

4. ginde 105 CFU S. Enteritidis faj tipi
13aiceren 1 mL inokulum ile
mahsul gavaji

7. glinde uygulanan 2 x 108 Crus.
Enteritidis/mL iceren oral siispansiyon

4. giinde 3.3 x 10%s. Typhimurium ile
oral gavaj

1,3-3,3x10° CFu/mL iceren 0,1 mL S.
Enteritidis sispansiyonu ile 3 giinliik
yasta mahsul asilama.

18 haftalikken 3.2 x 107 CFU S,
Enteritidis iceren 1 mL (tek doz) diriine
asllama

27. ginde 108 CFU/mL S. Enteritidis ile
eprivasyon

Gozlemlenen etkiler

Kontrol grubu icin 1.56 x 10° CFU/g'a
k|e(aslq cekum sayimlari 9.48 x 1%3
CFU/g'a’dustu

Her iki protokolde de ¢ekum, karaciger
ve dalakta Salmonella 'da énemli
azalma

ileumda S. Typhimurium sayilaninda
azalma

Yumurta sansi tozu ile muamele edilen
gruptan herhangi bir organda S.
Typhimurium saptanmads; pozitif
kontrol grubunun numune alinan
organlarinda (bagirsak, yumurtalik ve
yumurta kanal) 3,1 ila 4,0 log10 cfu.

FOS iceren rasyonlar icin S. Enteritidis ile
yumurtalik ve dalak kolonizasyonunun
yemden kesilmeye kiyasla azaltiimasi

Asilama sonrasi 3 haftada, isleme tabi
tutulan kanathlarin %38'i S.
Enteritidis igin pozitif (kontrol
grubunda %63)

S. Typhimurium kolonizasyon sikliginin
kontrol grubunda %70'ten 1. deneme
ve 2. denemede sirasiyla %20 ve %5'e
distralmesi
Kontrol grubunda 5,06 log CFU/g S.
Enteritidis ile karsilastinldiginda, B
dozu icin cekal icerikte ve A dozu
icin 4.59 log CFU/g S Enteritidis,
Diskida agilama sonrasi 2 hafta ve
yumurtalarda agilama sonrasi 3 hafta
sonra S. Enteritidis izolasyonu;
asilamadan 15 giin sonra karaciger,
dalak ve yumurtalikta pozitif sonuglar,
ancak agilamadan 29 giin sonra
negatif.

Her iki grup icin karaciger ve dalakta S.
Enteritidis kolonizasyonunun
azaltilmasi (A - %56.67; B - %43.33);

Referans
Borie ve digerleri (2009)

Wasehve digerleri (2010)

Torove digerleri(2005)

Kassaify ve Mine (2004a)

Donalson ve digerleri
(2008a)
Vild ve digerleri (2009)

Lineve digerleri(1998)

Sterzove digerleri(2007)

Ordofiez ve digerleri (2008)

Vicenteve digerleri (2007)

2Sigir serum albumini
bFosfat tampon gozeltisi.
p.i. = aglama sonrasi.

kontrol grubu (kapsaisinsiz yem) -
%76.67.

Tavuk basma 109 CFU S. Typhimurium ile enfeksiyonun
ardindan, yemlere %5,0, 7,5 ve %10,0 (wt/wt) astlanmamig
yumurta sarisi tozunun eklenmesi, diski numunelerinde S.
Typhimurium sayisimi hizla azaltmistir. Hatta sadece bir hafta
sonra, pozitif kontrol grubu (ilave edilmemis yem) ile
karsilastirildiginda 6nemli bir farkla, sayimlar ilk degerlerin %10'una
ulasti. Ayrica 2 hafta boyunca yumurta sarisi tozunun %10,0
dozunda verilmesinden sonra Salmonella hi¢ tespit edilmemistir.

Baska bir arastirma calismasinda Kassaify ve Mine (2004b),
yemde %5 (wt/wt) kadar dlstk bir konsantrasyonda, imminize
edilmemis yumurta sarist tozu, test edilen digki numuneleri icin
elde edilen negatif sonuglarla gosterildigi gibi, 1. haftadan sonra
bagirsak seviyesinde S. Enteritidis'i ortadan kaldirmistir.

Bu, ytuksek yogunluklu lipoproteinler (Kassaify ve digerleri
2005) veya sialiloligosakkaritler ve bunlarin ttirevleri (Sugita-
Konishi ve digerleri 2002) gibi bilesenlerin varhg ile
aciklanabilir.

Rekabetgi diglanim florasi, probiyotikler, prebiyotikler ve organik asitler.
Rekabetci dislama florasmin, probiyotiklerin, prebiyotiklerin
yani sira asit bazli Urinlerin kullanmi, kimes hayvanlarinda
Salmonella spp kolonizasyonu i¢in 6nleyici yontemler olarak
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diinya capinda genis capta arastirilmistir (Seo ve digerleri 2000;
Van Immerseel ve digerleri 2002; Wagner ve Cerniglia 2005;
Donalsonve digerleri2008b;Dunkley ve digerleri 2009).

Rekabetci  dislanim  Urtinleri, olgun  saghkli  klimes
hayvanlarindan yeni yumurtadan ¢ikmis tavuklara bagirsak
bakterilerinin yerlestirilmesini icerir, kavram ‘enteropatojenler
tarafindan miteakip kolonizasyonu onlemek icin yetiskin bir
bagirsak mikroflorasinin erken olusumu” olarak
tanimlanmaktadir. Diger bakterilerin ¢cogalmasini engellemek icin
rekabetci dislanim Urlinlerinin - bakteri tlrleri tarafindan
kullanilan mekanizma, kisitlayict bir fizyolojik ortamin
yaratilmasindan olusmaktadir (6rnegin, VFA'min ceca'daki
bakteriyostatik  etkisi). Buna asagdakiler eklenmistir:
bakteriyel reseptor bolgeleri icin rekabet, antibiyotik benzeri
maddelerin (bakteriosinler gibi) gelistirilmesi ve temel
substratlarin tikenmesi veya rekabeti (Schneitz ve Mead 2000;
van der Wielen ve digerleri 2000; Joerger 2003; Callaway ve digerleri
2008).

Rakip diglamim trtnleri, genellikle cekum iceriklerinden
ve/veya saglikll evcil kiimes hayvanlarinin duvarlarindan elde
edilen farkli bakteri tiirlerinin bir karnsimini temsil etmektedir.
Cesitli trtinler rekabetci dislanim kiilttrleri olarak
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degerlendirilmistir. Schneitz (2005) ve Schneitz ve Mead (2002) bu tiir cok mayanin patojene bagh bir mikroflora olarak hareket etme olasilig
cesitli Grtinlerden bahsetmektedir. Bunlarin bircogu, yetiskin tavuklardan olabilir ve yumurta Uretim sektériinde potansiyel olarak basarili bir
elde edilen butiin ¢ekum iceriginin rafine edilmemis karisik kultlrlerinden kullanim  olabilir.  Pontier-Bres ve digerleri (2012) tarafindan
olusurken, digerleri, c¢ekumda S. Enteritidis ve S. Typhimurium Saccharomyces boulardiinin S. Typhimurium hareketliligini ve
kolonizasyonuna karst etkili, tanimlanmis bakteri tiirleri de dahil olmak yoriingesini degistirebildigini ve istila dzelliklerinde bir azalma kaydettigini
tzere, cekum duvarnt kazimalarinin eklenmesiyle secilmis karistk kilttrler ortaya koyan baska bir mekanizma onerilmistir.

icerir. Cogu, tavuk bagirsagindan izole edilmis tam olarak Onleyici yéntem olarak bir diger secenek ise prebiyotik kullanimudir.
belirlenmemis bakterilerin bir karisimimi icerdiginden ve kanitlanmis Bunlar, saglikli bir bagirsak ekosisteminin korunmasindan baslayarak gida
etkinliklerine ragmen bilesimleriyle ilgili belirsizlik, yumurta ve pili¢ eti glivenliginin iyilestirilmesine yonelik entegre bir yaklasim olarak kabul
uretim sektortinde kullanmim oranlarini azaltmaktadir. (Van Immerseel edilebilir (Gaggia ve digerleri 2011). Prebiyotiklerin faydali etkileri arasinda
ve digerleri 2005b). sunlar sayilabilir: bagistklik sisteminin uyarilmasi, inflamatuar reaksiyonlarin
Probiyotik, “bagirsak mikrobiyal dengesini gelistirerek konakei hayvani azaltilmasi, toksin inaktivasyonu, bagirsak mikrobiyotasinin modifikasyonu,
faydali yonde etkileyen canli bir mikrobiyal yem takviyesi” olarak VFA tretiminin artmasi ve patojen kolonizasyonunun dnlenmesi. (Patterson ve
tammlanmaktadir (Fuller 1989). Bacillus, Bifidobacterium, Enterococcus, Burkholder2003;Revolledove digerleri 2006; Salminenve digerleri 2010).
Lactobacillus, Streptococcus tiirlerinin yani sira cesitli mayalar da dahil Prebiyotikler gastrointestinal sistemin (GIT) st kismindan gecisleri
olmak Uzere cesitli mikrobiyal tlrler probiyotik olarak kullanilmistir sirasinda sindirilmez veya metabolize edilmezler ya da cok az metabolize
(Patterson ve Burkholder 2003). Aralarinda S. Enteritidis'in de bulundugu olurlar. Bu nedenle, yapisinda herhangi bir degisiklik olmadan, kolonik flora
patojenik tiirlerin probiyotikler tarafindan dislanmasina imkan saglayan tarafindan fermente edilerek ¢ekuma girerler. Bifidobakterilerin uyarilmasi
potansiyel mekanizmalar, yapisma bolgeleri ve besinler i¢in rekabeti veya yoluyla Salmonella spp. gibi patojenik bakterileri inhibe etme kabiliyetine
bakteriyosinler, VFA veya hidrojen peroksit gibi antimikrobiyal bilesiklerin sahip olabilirler (Grizard ve Barthomeuf 1999; Doyle ve Erickson 2006;
Uretimini icerir (Erwing 2009; Vandeplas ve digerleri 2010). Patojenler Vandeplas ve digerleri 2010). Laktoz (Ziprin ve digerleri 1993),
tarafindan cekal kolonizasyonun inhibisyonunun yani sira, probiyotik fruktooligosakkaritler (FOS) (Fukata ve digerleri 1999), mannanoligosakkaritler
bakterilerin, probiyotik uygulamadan 24 saat sonra civcivlerden izole (MOS) (Fernandez ve digerleri 2002) ve izomaltooligosakkaritler (Chung ve
edilen heterofillerin oksidatif patlama kapasitesinde bir artiy ve Day 2004) Salmonella spp cekal kolonizasyonun inhibisyonu icin etlik pilic
degrantlasyon ortaya cikardigi gosterilmistir. Bu, dogustan gelen bagisiklik endustrisinde halihazirda uygulanmakta olan oldukca etkili prebiyotiklerdir.
sisteminin olasi bir aktivasyonunu gostermektedir (Farnell ve digerleri 2006).  FOS'un, potansiyel patojen popiilasyonlarimi nispeten diistik seviyelerde
Kiimes hayvanlarinda (yumurta tavuklarnn ve pilicler), Lactobacillus tutarken, saghgt destekleyen 2 cinsin (Bifidobacterium spp ve
cinsinin bakterileri, Salmonella cekum kolonizasyonunu azaltma veya Lactobacillus spp) birkac bakteri tzerinde tercihli bir uyarict etki
inhibe etme Uzerindeki etkileri nedeniyle siklikla incelenmistir (Gusils ve uygulayarak,  Salmonella  spp tarafindan tavuk  bagirsaginin
digerleri 1999; Pascual ve digerleri 1999; Jin ve digerleri 2000; Tellez ve kolonizasyonunu azaltmada oldukca etkili oldugu gosterilmistir (Xu ve
digerleri 2001; Ammorve digerleri 2007; Limae digerleri 2007). Yumurtlayan digerleri 2003). Bir in vitro fermantasyon testi sirasinda, yumurta
tavuklarin kloaka veya vajinasindan izole edilen laktobasillerin, kloakadan tavuklarindan toplanan cekal icerikleri bir anaerobik seyreltme cozeltisi
izole edilenlerle vajinadan izole edilenler arasinda highir fark tespitile 1:3000 konsantrasyona seyreltildi ve 6gutilmis yonca veya FOS'lu
edilmeksizin, S. Enteritidis'e kars: in vitro inhibitor aktivite gosterdigi 6ne veya FOS'suz bir yumurta tavugu rasyonuyla doldurulmus serum
strilmustir (Miyamoto ve digerleri 2000). Van Coillie ve digerleri (2007), tiplerine ilave edildi; ikincisi bir prebiyotik olarak ilave edildi. VFA ve
yumurta tavuklarmin kloaka ve vajinalarindan izole edilen laktobasillerin in vitro laktik asit konsantrasyonlar, 6 ve 24 saatlik substrat fermantasyonunda
Salmonella blytimesini inhibe ettigini ve in vivo S. Enteritidis kolonizasyonunu 6l¢tilmustiir. Sonuclar, yumurta tavugu rasyonu ile karsilastinldiginda
azalttigini da gostermistir. Salmonella inhibisyonunun, her birinin laktik asit tretimi daha buytk bir VFA ve laktik asit iretimi gostermistir. Hem yonca hem
ile bir dereceye kadar iligkili olan Lactobacillus tlrlerine bagh oldugu gosterilmistir.  de yumurta tavugu rasyonunda FOS’un degistirilmesinin, 24 saatlik
Yumurta tavuklarinda potansiyel kullanimi olan bagka bir probiyotik, fermantasyondan sonra daha belirgin bir etkiyle, fermantasyonu daha

Bacillus cereus var toyoi sporlarindan olusan aktif bir bilesene da arttirdis: edrilmistiir (Donalson ve diserleri 2008a
dayanmaktadir (EC 2001; Tellez ve digerleri 2012). S. Enteritidis'e kars: Kaplan vegllglutkins §(200(()) ayrica farklig Lactobacilh)l.s tirlerinin (L

etkinligi, Vila® ve digerleri tarafindan klUmes hayvanlar Uuzerinde . . . .
gdsterilmistir (2009) (Tablo 2). bulgaricus, L acidophilus, L plantarum, L casei) yam sira

.. Bifidobacterium'un (B adolesan, B breve, B infantis, B longum) bir FOS-
6 ) ) )

Yumurtg t.avuklarlréda s1ra31y1§1 1. denpme icin 2 X ,10 "CF u/ mL ve ,2‘ MRS besiyerinde FOS kullanabilecegini gosterdiler. Fernandez ve digerleri
deneme ltgtnll 2 xl 011(3 CFIU/ mL iceren bir S. gonterlﬁ{dm( dsuspansll)y Onulgg (2002), MOS ile takviye edilmis yumurta tavugu rasyonlarimn,
epruve ettiler. canli spor iceren uriin, mg eneme 1) ve : : : " e

mg/kg (deneme 2) konsantrasyonlarinda yem katk: madti}si olarak uygulands, ?lﬁd&b acterlulr(nu SPP Ve_k{zac_t%bacgl%s tsppt gufeylenaril artlraraklzan}[afﬂa
Sonuglar, probiyotik uygulanan gruplarda S. Enteritidisin tespit {@VUXiarin ¢exum Igerxierinde nteriidisin azalmasina yol actigim
edilmedigini, kontrol grubunda ise kanatlilarin %42'sinin pozitif oldugunu gostermistir.

gosterdi. Bu yazarlar, irintin Lactobacillus spp'nin cogalmasim tesvik i
ettigini ve bagirsak mikroflorasinin dengesini iyilestirdigini ileri stirdtler. Ancak, bu uygulamanm yumurta tavuklannin Salmonella enfeksiyonlanna

Mayalar ayrica kiimes hayvanlarinda Salmonella spp. gibi patojenlere karst
probiyotik olarak hareket etme potansiyelleri acisindan da incelenmistir. Line ve
digerleri (1998), Saccharomyces boulardiinin dahil edilmesinin, pozitif
kontrol piliclerinde cekal kolonizasyon sikligimi %70'ten sirasiyla %20 ve
%5S'e dustrdigini gostermistir (2 deneme) (Tablo 2). Bu tlr patojenlerin
cekum  kolonizasyonunu azaltmaya yonelik olast mekanizma,
Saccharomyces boulardii'nin hiicre duvarindaki mannoz icerigi nedeniyle

duyarhligini bir dereceye kadar arttirdigi kamtlandigi icin, daha yakin tarihli
calismalar, tiy dokimt doneminde prebiyotiklerin etkinligini arastirmaya
odaklanmistir (Donalson ve digerleri 2008b) (Tablo 2). %90 yonca ve %10
yumurta tavugu kombinasyonuna 2 seviyede (%0.750 ve %0.375) FOS
eklenmesi, S Enteritidis tarafindan yumurtallk ve karaciger
kolonizasyonunun azalmasina neden olmus ve sayimlar 6nemli 6l¢ctide
azalmistir. Yazarlar, FOS uygulamas: icin kullanilan 2 doz arasinda, distik
olan1 yeterli olarak gormektedir.
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Prebiyotiklerin  bifidobakteriler = gibi bazi  yararli mikroflora degiskenlik gdstermistir. Kimes hayvanlarinin tretiminde EO'larin
poptilasyonlarim uyarma yeteneklerinden dolay: (Suskovic ve digerleri potansiyeline ve aralarinda antimikrobiyal aktivitenin de bulundugu
2001; Vandeplas ve digerleri 2010) baska bir yaklasim gelistirildi. olas: etki bicimlerine iliskin bir genel bakis, yakin zamanda Brenes ve
Sinbiyotikler,  probiyotik  suslarin ve  prebiyotik  substratlarin Roura (2010) tarafindan yayinlanmistir.

kombinasyonlaridir ve kullanimlari, probiyotik etkinin stabilizasyonu EO, “izole edilecekleri bitki materyallerinin aromatik ozelliklerine gore
adlandirilan kokulu, ucucu bilesiklerin bir karisimidir” (Lee ve digerleri
A . . T _72004). EO'larin Gram-pozitif bakterilere karsi Gram-negatif bakterilere
probiyotik mikroorganizmanin hayatta kalmasim iyilestirebilecedi nazaran daha aktif oldugu halihazirda bilindiginden, sinnamaldehitin
dustntlmektedir, ¢lnkt spesifik substrati, fermantasyonu igin (tarcindan elde edilir) L. acidophilus ve B. longum'u orta derecede inhibe
kolaylikla temin edilebilir (Collins ve Gibson 1999). Nisbet ve digerleri €ttigi in vitro olarak gosterilmistir (Lee ve Ahn 1998). Bu,

. .11 i . gastrointestinal mikroflora Ttizerinde istenmeyen bir etkinin
(1993), karistk cekal mikroflora strekli akig kultirinin bir varligint dustndurebilir. Bununla birlikte, Lee ve digerleri (2004),

kombinasyonunu  kullanarak, tavukta 1.75 logio S Typhimurium ginnamaldehitin patojenik bagirsak bakterileri Uzerinde gosterdigi secici
kolonizasyonunun azaldigini gostermistir; %5 besinsel laktoz prebiyotik inhibisyonun, bagirsak mikroflorasim dengelemede farmakolojik bir rolt
olarak kullanidiginda azalma 2.98 logi olmustur. 2'sinin bir Olabilecegini dleri stirmistir. Ek olarak, Ouwehand ve digerleri (2010),
Kkombinasyonu, cekal kolonizasyonu 4.27 logio azaltmay: basarmis ve potansiyel olarak faydali bakterilerin (Bifidobacterium spp gibi) in vitro test
.y ' ¢ ¥ - gl._ A .y1 $ § V€ edilen EO'larin coguna direncli veya sadece bir miktar duyarli oldugunu
bu kombine yaklasimlarin basarili oldugunu gostermistir. gostermistir. Aksine, bu yazarlar L. fermentum veya B. breve'nin
Yeme veya icme suyuna uygun zamanda organik asitler eklenerek de biiytimelerinin .birkag EO tarafindan uyarildigini  kanitladilar
yumurta kontaminasyonu riskini azaltmak mimkindiir Van Immerseel ve (Ouwehand ve iilgerl.erl 2010). . o .
digerleri (2007), organik asitlerin aktivitesinde yer alan mekanizmalarn Helander ve digerleri (1998), ardindan Cosentino ve digerleri (1999), in

kapsamli bir sekilde tanimladilar. 3 kg/ton yem miktarinda ilave organik vi‘Frg gah@@al'ar' “31rasmda S. Typhimurium'a k"jlr§1 3 ) fa.rkh EO icin
asitli (ticari kansim) ile yemin etkisi, yumurta tavuklar ile yapilan bir Minimum inhibitér konsantrasyonlarim (ppm) degerlendirdiler. Carvacrol

epriivasyon deneyinde S. Enteritidis tarafindan ¢cekumun kolonizasyonu (keuklikoFu.ndfln ve k.ekikten eld.e edilmistir) Sirasty la“ 150 ve 225_ ppm
acisindan etkili ve ucuz bir énleme yontemini temsil ettigini gostermistir dfevgerlegm gosterdi, sinnamaldehit 3.96.ppm seviyesini go§terd1 (?osentmo ve
(Sterzo ve digerleri 2007) (Tablo2). digerleri 1999 tarafindan herhangi bir deger verilmedi) ve timol (yaygin

kekikten elde edilmistir) sirasiyla 150 ve 56 ppm degerlerini gosterdi.

ve /veya iyilestirilmesi icin bir yol olarak kabul edilir. Kombinasyonun,

Butirik asit, yem veya icme suyu katki maddesi olarak en sik kullanilan N i i >~ -
organik asittir. Toz halindeki butiratin ve mikrokapstlli (kaplanmus) OBryan ve digerleri (2008), disk difizyon testini kullanarak portakal
EO'larinin Salmonella spp'ye (S. Enteritidis ve S. Typhimurium dahil) kars:

antimikrobiyal aktivitesini bildirmistir. En etkili portakal EO'lar temel
olarak d-limonen (%94) ve mirsen (yaklasik %3)'den olusuyordu.
Ayrica, Johny ve digerleri (2008), tarcindan elde edilen ve muhtemelen

denemede de S. Enteritidis kolonizasyonunu azaltmada kaplanmamis tévuk ig:me. suyuna el.d.er.lebilecek . gﬁ.venli }:.>ir.v.bi.1e§"en ole.m. trans-
butirik asitten daha Ustlin oldugunu gdstermistir (Van Immerseel ve sinnamaldehitin S. Enteritidis'e kars: in vitro etkinligini géstermistir. Chao

digerleri 2005a, 2007). Foster (2001), in vitro olarak organik asitlerin, V€ digerleri (2000), tarcindan ekstrakte edilen ucucu yaglarin hem Gram
karmastk bir pH homeostaz indiiksiyonu sireci yoluyla Salmonella pozitif hem de Gram negatif bakterilere kars: etkili oldugunu gdstermistir.
spp'deki asit direncini belirledigini gostermistir. Gercekten de, S. Ouwehand ve digerleri de (2010) aynisiu gosterdi. Aralarinda S. Infantis, S.

Typhimurium icin kisa zincirli yag asitlerine (SCFA) maruz kalmanm asit Enteritidis ve S. Typhimuriumun da bulundugu cesitli bakteri tirlerinin
biiytimesini in vitro olarak inhibe etme yetenegi acisindan 13 farkli ucucu

formdaki n-butirik asidin sodyum tuzunun (%30) etkinligi, gen¢ yumurta
tavuklar1 ve etlik pilicleri iceren 2 deneme sirasinda S. Enteritidis ile
asilamadan 3 giin sonra degerlendirilmistir. Incelenen parametreler cekum
ve i¢c organ kolonizasyonlariydi. Sonuclar, kaplanmis butirik asidin, her iki

direncini artirarak bu patojenin virilansim bir dereceye kadar arttirdifn daha =7/ =7 o ] e s
once gosterilmisti (Kwon ve Ricke 1998; Sirsat ve digerleri 2009). Bir asit Y2&! degerlendirdiler. Maksimum EO seviyesi (500 mg/L) kullamildiginda 3
serotipin timu dnemli 6lctide inhibe edildi. Bunlara karsi en etkili EO'lar

toleransi yanitinin uyarilmast, orta derecede dustk pH'li bir ortamda aside
karvakrol, sinnamaldehit, sitral ve timol idi.

duyarli mikroorganizmalarin blylimesini icerir. Bu, daha sonra tiirler, < . e A R
Ordonez ve digerleri (2008), ticari tUretim katmanlarinda o6jenoliin

normalde 8iimctil olarak kabul edilen asidik kogullara aniden marnz (karanfilden elde edilir) bagirsak ve sistemik enfeksiyonlarin temizlenmesine
kaldiginda hayatta kalmaya yol acar ve boylece Salmonella spp'yi organik yardime1 oldugu ve boylece sofralik yumurtalarin S. Enteritidis capraz
asitlerin etkilerine kargi korur (Ricke 2003). Ayrca, Van Immerseel ve kontaminasyonunun kontrolinde 6nemli bir rol oynadig sonucuna
i5 ; ' nin  isti ining varmistir. Son olarak, Vicente ve digerleri (2007), deneysel bir S. Enteritidis
digerleri (2006) SCFA'min  Salmonella sppnin istilaci fenotipini enfeksiyonunda kapsaisinin (act biberden elde edilir) profilaktik etkisini
yumurta tavuklarinda gozlemlemistir (Tablo 2).

asit direncini ve makrofajlarda hayatta kalma oramim arttirdiim EQ'lanin  gida kaynakli patojenlere karsi etkinligi, aktif molekiile,
gdsterdiler. Aymi yazarlar, orta zincirli yag asitlerinin Salmonella spp'ye kars: hedeflenen patojene baghidir, ancak EO'larin kimyasal bilesiminin belirli

SCFA'dan daha fazla bakteriyel aktiviteye sahip oldugunu belirtmislerdir. bir bitki turL} icin })ﬁyﬁk 61@1"1.de degisebilecegi be}irti{mel‘icﬁr : BL}’ bitki
acisindan cografi koékene ve bir yil veya hatta bir giin icindeki hasat

Sonuncusunu g'('jz' 6n1'in('1e' bulundgrarak Durant v'e digerl.eri ?2(')00)’sﬁresine bagldir. Bu, bir deneyden digerine elde edilen sonuglarin
konakei doku istilalan icin gerekli olan SPI-1, hilA ve invF'nin 2 degiskenliginin muhtemel bir aciklamas: olabilir. Aynca, biitiin EO'lar, ana
transkripsiyonel diizenleyicisinin ekspresyonunu degerlendirdiler. pH 6'da izole bilesenlerinden daha fazla antimikrobiyal aktiviteye sahip olabilir. Ornek

SCFA konsantrasyonlan artirilarak Salmonella sppmin biytime hizlan olarak, sarimsak yaginin alil kiiktrt bilesiklerinin antimikrobiyal aktivitesinin
azaldi, ancak pH 7'de aym sey olmadi. pH'a bagl indtiksiyon yontemi, her ilave kitkiirt atomu ile arttif gosterilmis,

SCFA'nin konakget hticrelere girisinin gerekli oldugunu ileri sirmiistiir; bu
yag asitleri muhtemelen kimes hayvanlannin GIT'inde istila genlerinin
ifadesini tetikleyen cevresel bir sinyal olarak hizmet etmektedir.

Ugucu yaglar. Ugucu yaglann (EO) in vivo veya in vitro olarak hayvan
yemlerinde aktif antimikrobiyal bilesen olarak kullanilmasi olasilig
lzerine simdiye kadar yapilan bircok calisma, elde edilen sonuclarda
yuksek

duzenleyebilecegini ve Salmonella min SCFA ile 6n inkiibasyonunun
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o L L gostermistir. Svetoch ve digerleri (2008) laktik asit bakterilerinin
bu da etkinin farkl bilesikler arasindaki sinerjinin bir sonUCU gayminn hem tedavi edilen hem de tedavi edilmeyen gruplann
oldugunu  distndtirmtisttir.  Bu nedenle ~sarmsak —yagmin cepymunda nemli olctide farkli olmadigi halde, tavuk yeminde
antimikrobiyal aktivitesi, ana bilesiklerinin bireysel aktivitesinden bakteriyosin  E  50-52nin oral yoldan uygulanmasinm, cekum
daha gtcla Olabﬂ'ir (Calsamiglia ve digerleri 2007). Gida kaynakli gevivesinde ve ayrica karacigerde ve dalakta éneml bir S.
bir patojenin EO'lara kars: direng gelistirme olasiligt meveuttur. ppteritidis azalmast ile sonuclandigini gozlemlediler. Bu nedenle,

Ultee ve digerleri (2000), B. cereus'un carvacrol'e  Karsi tayyielar icin elde edilen sonuclarin yumurta tavuklarma da
duyarliliginda bir azalma gozlemledi. Bu azalmanin nedeninin, uygulanabilmesi beklenmektedir.

oldlrted olmayan karvakrol konsantrasyonlarinin varhiginda bu gayteriyosinlerin  etki bicimleri karmagiktir ve tam olarak
patojenin buyurpem 91dpguna mamhyor(;lu: Bupunla b1r'1V1kte, EOI&T& anlasilmamistir. Cogu, hassas bakterileri inhibe etmek veya
karst direng gelistirme riski halen oldukca nadirdir (Sirsat ve digerleri 2009). 51q1irmek icin farkhi sekillerde hareket eder (Rossi ve digerleri
EO ilaveli rasyonlarin koku ve lezzetinde bir degisiklik meydana 500g) Antimikrobiyal peptitlere direnc gsteren patojen suslarinin
gelmesi olasiligint goz’onL'lnde bulunduran Windisch ve digerleri gelistirilmesinin imkansiz olmasa da zor olarak goriilmesinin
(2008), halihazirda EO'lar iceren bir dizi botanik olan fitojenik yem pedeni budur (Hancock ve Chapple 1999; van't Hof ve digerleri
katki maddelerinin kullaniminin, yem aromasin iyilestirdigini ve 9901) Bununla birlikte, Lin (2009) ve Sirsat ve digerleri (2009),
tavuk Gretim performansint artirdigint ileri sirdtler. Bu, EO'lann nedef bakteri hiicre yiizeyi reseptorlerinin degistirilmesi yoluyla
yemin organt_)leptlk_ ozelliklerini olumlu bir sekilde degistirebilecegine bakteriyosinlere (nisin) karst gercek direncten bahsetmistir.

dair potansiyel bir sonuca yol acmaktadi; bu nedenle yeme payteriyosinlerin  maliyetini  herhangi  bir treticinin
bakimindan herhangi bir azalma meydana gelmemelidir. kargilayabilecegi bir fiyata distirmek icin Lin (2009), tiretim
Bakteriyosinler. Bakteriyosinler, baz1 bakteriler tarafindan uretilen ve giirecinde bir iyilestirmenin gerekli oldugunu diisiinmektedir.
diger yakindan iliskili bakterilere karsi etki eden proteinlerdir. gy jlarak Gaggia ve digerleri (2011), bakteriyosin tireten laktik
Bakteriyosin ailesi, boyut, mikrobiyal hedef ve etki sekli it pakterilerinin kullaniminin, maliyeti de goz éniine alindiginda,
balimindan farkliltk gosteren cok cesitli proteinleri icerir. Bunlar gafjastinimis bakteriyosinlerin tek bagma kullaniimasindan daha
iki ana gruba aynlabilir: Gram pozitif bakteriler tarafindan Uretilenler ve f;1a ~ ayantaja  sahip olacagim  éne  strmislerdir.  Saf
Gram negatif bakteriler tarafindan Gretilenler (Gordon ve digerleri 2007, Heng pakteriyosinlerin -~ gidalara  uygulanmasi, gda  bilesenlerine
ve digerleri 2007. 3 ) W .. ... .. baglanabildikleri icin diistik etkinlik gésterebilir.

Bakteriyosinlerin ¢ogu, ribozomal kékenleri ve blyiik 6zgillikleri ile Bakteriyosinlerin kullanimiyla elde edilen umut verici
klasik antibiyotiklerden farklidir (Riley ve Wertz 2002a, 2002b). sonuclara ragmen, bakteriyosin kombinasyonlar1 veya
Bakteriyosinler, doza ve saflastirma derecesine, patojenin fizyolojik bakteriyosinler ile diger uygulamalar arasindaki iliskiler
durumuna (btiyime fazi) ve deneysel kosullara bagl olarak hassas yakkinda daha fazla arastirmaya ihtiyac vardir.

patojenler Uzerinde bakterisidal veya bakteriyostatik bir etki moduna Kontamine Kabuklu Yumurta Tiiketimi Nedeniyle Salmonelloz

sahip olabilir. Bakteriyosinlerin cogu zar gecirgenligini kullanir =~ L .
veya hiicre 6limiine neden olmak icin gerekli enzimlere miidahale R1Skini Azaltmaya Yonelik Hasat Sonrasi Yontemler

eder (Peschel ve Sahl 2006; Pithva ve digerleri 2011). Ornegin Kabuklu yumurtalarin depolanmasi ve Salmonella ‘nin biytmesinin
nisin, peptidoglikan monomerlerinin hidrofobik bir tastyicisi olan ve ¢ogalmasinin 6nlenmesi

nihai hiicre duvan 6nctisti lipid 1I ile bir kompleks olusturur Mikrobiyal btylimeyi sinirlandirabilecek sicakliklara hizhi sogutma,
(Dias Paiva ve digerleri 2011). Ayrica, bu bilesigi, bakteri hiicre kontamine yumurtalanin S. Enteritidis'i insanlara bulastirma
duvari biyosentezinin inhibisyonuna yol acan gézenek olusturma olasihigim azaltmak i¢in bir yaklagim olarak 6nerilmistir (Gast ve
aktivitesi icin bir kenetlenme molekiilii olarak kullanir. Ek olarak, Holt 2000).

nisin, amino asitler ve nukleotidler gibi iyonlarin veya 2000 yilinda, FDA Federal Kayit'ta, énerilen maksimum 7,2 °C
sitoplazmik ¢éziinen maddelerin hizli bir sekilde disan akisini (45 °F) ortam sicakhginin yumurtanin S. Enteritidis'e karst
indiikleyebilir. Sitoplazmik zarin es zamanh depolarizasyonu, tiim dogal savunmasimn etkinligini artiracagini ve bu gida kaynakh
biyosentetik siireclerin aninda sonlandirilmasini ortaya koymaktadir patojenin bliylime hizini yavaslatacagini belirten nihai bir kural
(Wiedemann ve digerleri 2001). yayinladi (65 FR 76092) (FDA 2000). Nihai Yumurta Kuralinda
Antimikrobiyaller olarak bakteriyosinler, gida koruyuculan veya yem (FDA  2009a), bu maksimum degerin sadece depolama
katki maddeleri olarak kullamilabilir. Bundan sonra sadece yem katk: sirasinda degil, ayn1 zamanda yumurtlama zamanindan 36
maddeleri tizerine odaklanacagz. saat sonra baslayarak nakliye sirasinda da uygulanmasi
Bakteriyosinler, antik caglardan beri yenen yiyeceklerin cogunda gerektigi belirtildigi i¢in bu 6neri strdirtlmustlr. Istisna
mevcut olduklari diistiniildigiinden, antibiyotiklerin aksine olarak, kabuklu yumurtalar, sonraki bir isleme asamasimna
genellikle daha dogal kabul edilir (Cleveland ve digerleri 2001). yonlendirilirlerse, ancak 36 saatten fazla olmamak kaydiyla, ortam
Ayrica bakteriyosinler laktik asit bakterileri tarafindan tretilmekte sicakhigi degerlerinde (7.2° C'nin iizerinde) saklanabilir. Bununla
olup, insan sagh@ina faydalh oldugu kanitlanmustir (Joerger 2003). birlikte, bu prosediir pastérizasyon kullanimi kadar verimli kabul
Bu nedenle, gida tireten hayvanlarda risksiz olarak kullanilabilirler, edilmedigi icin (S. Enteritidis'in 5 log azalmasini saglar)
uygulamalan tliketicinin dogal gida Urtnlerine yonelik talebi ile iyonlastirici radyasyon kullanilirken bile (S. Enteritidis'in sadece 2
tutarhidir. ila 3 log azalmasina neden olur) sogutma yapilmalidir (FDA
Gram-negatif bakteriler, bakteriyosinlere Gram-pozitiflerden daha az 2009b).

duyarlidir. Bununla birlikte, kolisinlerden daha kuiciik olan mikrosinler =~ Kanada'da, kabuklu yumurtalar ve bir isleme istasyonuna
- Escherichia coli suglan tarafindan turetilen bakteriyosinler - Gram génderilenler, buzdolabinda saklanmali veya 20 °C veya daha diistik
negatif bakterileri inhibe etme kapasitesine sahiptir. (Diez-Gonzalez depolama sicakhiklarinda en fazla 6 gin veya 20 °C ile 30 <C
2007). Ornegin Microcin J25, S. Enteritidis de dahil olmak Uzere aragindaki sicakliklarda maksimum 2 giin saklanmalidir (Health
Salmonella spp.'ye kars: aktiftir (Portrait ve digerleri 1999). Microcin - ¢anada 201 1).

J25, sindirim proteazlarina kars: oldukca direnclidir ve yemle

yutuldugunda gastrointestinal mikrobiyotay: etkileyebilir (Galvez ve

digerleri 2010). Ote yandan, kimotripsine duyarl bir mikrosin J25

varyanti, diger engellerle birlikte bir gida koruyucusu olarak

kullanilabilir (Pomares ve digerleri 2009). Line ve digerleri (2008) in

vitro (nokta testi) enterokoklar (bir enterosin) tarafindan tretilen

bir bakteriyosinin (E-760) giicld antibakteriyel o6zelliklerini, S

Enteritidis ve S Typhimurium dahil olmak tizere genis bir gida

kaynakli Gram-negatif veya Gram-pozitif patojenlere kars:
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589/2008 sayili AT Komisyonu Tazaga, ‘[ ..
yumurtalarin  sabit bir sicaklikta saklanmasi ve
nakledilmesi gerektigini ve genel olarak nihai tiiketiciye
satiimadan o6nce sogutulmamas: gerektigini [ . . . |’
belirtmektedir (EC 2008). Bununla birlikte, yumurta
icindeki  Salmonella  spp  blylUmesinin  depolama
sicakligindan etkilendigi gosterilmistir.

Bu alanda yapilan arastirmalar, ézellikle S. Enteritidis'in
yatay bulasma riskinin artmasi ve daha sonra kabuklu
yumurtalarin icinde buylme ve c¢ogalma kapasitesi
nedeniyle ortam sicakliklarinin kabuklu yumurtalarin
depolanmast i¢cin uygun olmadigini kanitlamistir. Martelli ve
Davies (2012), kabuklu yumurtalarin depolanmasi ig¢in
sicaklik degerlerinin 20 °C'yi gecmemesi gerektigini one
surmuslerdir. Yumurta akinda Salmonella spp 20 C'de
geligebilirken 10 -C'nin altindaki sicakliklarda gelisemez, bu
nedenle yumurtalarin optimal depolanmast i¢in sicaklik
degerinin bu son degeri asmamasi gerekmektedir. S.
Enteritidis gibi gida kaynakh patojenler, oda sicakliginda
(20 °C) dogal olarak kontamine olmus yumurtalarin
iceriginde gelisebilir ve yumurta igeriginin renginde,
kokusunda ve kivaminda degisiklige yol agmaz. Bununla
birlikte, saklanan yumurtalarda S. Enteritidis'in ¢ogalmasi,
bakterinin yumurta sarisini istila etmesine veya ondan
besin elde etmesine olanak saglayan yumurta sarisi zarmin
degismesiyle iliskili gértinmektedir (Humphrey ve
Whitehead 1993). Cogan ve digerleri (2001) 2 CFU kadar az
bir miktarla kabuga yakin yumurta aki icinden asilanan
bitin yumurtalarin %7'sinde 20 °C'de 8 gliin sonra S.
Enteritidis buylUmesini bildirmistir. Akabinde yumurtalar
20 -Cde depolandiginda inokulumun 25 CFU/yumurtaya
esit olmasi veya bunu asmasi halinde ya da yumurtalar 30
°C’de depolandiginda inokulumun 250 CFU/yumurtaya esit
olmasi veya bunu asmast halinde, yumurtada yuksek
dizeyde Salmonella bliyimesi, ast dozunun daha kiictik
oldugu duruma kiyasla énemli élciide daha sik meydana
gelmistir (Cogan ve digerleri 2001).

Chen ve digerleri (2005) sofralik yumurtalarin 4 -C, 10 -C
ve 22 °C'de saklanmasini karsilastirmiglardir. Yumurta aki
102, 104 ve 106 S. Enteritidis hiicreleri ile asilanmistir. 22
°C'de, incelenen tiim inokulum konsantrasyonlar: i¢in, S.
Enteritidis buyuyebilmis, 4 <C ve 10 °C'de ise, kullanilan ilk
konsantrasyonlardan bagimsiz olarak blytimesi
engellenmistir. Yazarlar, 4 °C ve 10 °C'de saklamanin
yumurtalarin yaslanma stirecini erteledigine, albliminin
antimikrobiyal ajanlarmni koruduguna ve vitellin zarinin
butlinltigint koruduguna inanmaktadir.

Gast ve Holt (2000), 3 giine kadar bir stire boyunca farkl
sicakliklarda az sayida S. Enteritidis'in ne kadar daha tehlikeli
seviyelere gelebilecegini belirlemislerdir. Amaglari,
yumurtlamay: takiben ve yumurtalarda daha fazla mikrobiyal
blytimeyi oOnleyebilen i¢ sicakliklara ulasilmadan o6nce S.
Enteritidis cogalmasi icin potansiyel firsatlar tesvik etmekti.
Elde ettikleri sonuglar, S. Enteritidis'in yaygin cogalmasinin
daha dusiik inokulum dozunda (15 CFU S. Enteritidis iceren
0.1 mL), daha kisa saklama siiresinde (1 giin) ve daha disiik
sicakliklarda (10 °C ve 17.5 °C) daha az siklikla gdzlendigini
gostermistir. 25 °C'de, daha ylksek asi dozu (150 CFU S.
Enteritidis iceren 0.1 mL) ve daha uzun saklama stresi (2 ve 3
glin) ile gida kaynakli patojende hizli ve 6nemli bir ¢ogalma
meydana gelmistir. 4 tip numune kullandiklan i¢in asilama
bolgesi S. Enteritidis ¢ogalmasini buyiik ol¢tide etkilemistir:
yumurta sarisi (icten asilanmig), yumurta aki, yumurta akinin
kenarinda asillanmig tam yumurta ve sari ylzeyinde asilanmis
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tam yumurta. Yumurta sarisinda, S. Enteritidis sayilar1 25 -C'de
8,7 log10/mL'ye ulasarak, sadece 2 glinliik depolamadan sonra
hizla cogalma gerceklesmistir. Aksine, albliminin bakteriler i¢in
iyi bir blylime ortami olmadigi dogrulanmistir, ciinkd S.
Enteritidis seviyeleri depolama sirasinda sadece kiiclik bir
degisiklik gecirmistir. Yumurta sarist ylizeyine asilanan biittin
yumurtalar, depolama sirasinda (doz ve saklama stresi ve
sicakligt ne olursa olsun) artan seviyelerde S. Enteritidis
sergilemistir, diger biitin yumurta kategorisi ise (yumurta aki
kenarina asilanmig) bu seviyelerde sadece hafif bir degisiklik
ortaya koymustur (Gast ve Holt 2000). Albiiminde biriken
Salmonella htcrelerinin yumurta sarisina ulasmak ve bdylece
hayatta kalmak ve bliytimek icin gerekli olan bir besin havuzuna
erismek amaciyla yumurtada, yumurtlama sonrasi vitellin zara
goc edebildigine ve icinden gecebildigine inanilmaktadir (Baron
ve digerleri 1997; Gantois ve digerleri 2009). Braun ve Fehlhaber
(1995), S. Enteritidis'in yumurta akindan yumurta sarisina
gdclini incelediler. Yumurta aki (10 ila 200 bakteri
hticresi/yumurta aki) Gzerine farkli dozlarda S. Enteritidis PT 4
asilandi. Depolama 7, 12, 20 ve 30 °C'de 4 hafta stireyle yapildi.
Sonuglar, S. Enteritidis'in depolama sirasinda yumurta akindan
yumurta sarisina gecebildigini gosterdi. Yumurta sarisina niifuz
etme riski 7 ve 12 °C'de nispeten distkt. Ancak 14 glin sonra
7 oC'de ilk pozitif yumurta sarist bulundu. 20 ve 30 °C'de, ilk
pozitif yumurta sarist1 1 veya 2 gin sonra coktan mevcuttu.
Schoeni ve digerleri (1995) ayrica, < 10 °C sicaklik degerlerinin,
ast boyutu ne olursa olsun, asilanmis yumurtalarda S.
Enteritidis, S. Heidelberg ve S. Typhimurium'un sporadik
bliylimesine izin vermeyecegini gozlemlemistir.

Daha o6nce, Hammack ve digerleri (1993), yapay olarak
aslanmis kabuklu yumurtalarda S. Enteritidis'in bliytimesinin,
16 gline kadar sogutulan yumurtalarda géz ardi edilebilir
dizeyde oldugunu gostermisti. Aksine, aymi slre boyunca
saklanan sogutulmamis yumurtalarda bu gda kaynakl
patojenin populasyon seviyesi 8 loglO birimden fazla artmistir.
Lock ve Board (1992), aralarinda S. Enteritidis, S. Typhimurium
ve S. Infantis'in de bulundugu farkli Salmonella serotiplerini
yumurta akma asilarken, in vitro kalciliklarinin 3 farkli
sicaklikta depolama sirasinda farkli oldugunu gozlemlediler: 4,
20 ve 30 C. Serotiplerin ¢cogu canli kald1 ancak 42 giin boyunca
20 ve 30 °C'de sayilar artmadi. 4 °C'de serotiplerin ¢cogu 6ldu. 20
°C'de, 39 CFU/mL-1 alblimen ile asilama Uzerine, hem S.
Enteritidis hem de S. Enteritidis olmayan suslar, 3 haftalik bir
depolama siiresi boyunca > 106 CFU/mL-1'e kadar ayri taze
yumurta aki numunelerinde biiylyebildi (Messens ve digerleri
2004; Clavijo ve digerleri 2006). Yumurta akinda S. Enteritidis'in
hayatta kalmasinin, ntikleik asit ve amino asit metabolizmasi
tarafindan diizenlendigi ve ayrica hiicre duvar yapisal ve
fonksiyonel butlinliglinde yer alan genlerle ilgili oldugu
gortilmektedir (Clavijo ve digerleri 2006). inktibasyon siiresinin
uzatilmast ve saklama sicakhiginin arttirilmasiyla, belirgin
buylime gosteren numunelerin sayisi daha da artmaktadir.
Ayrica, oda sicakligina yakin (yaklasik 20 °C), depolanmis biitiin
bir yumurtadan ziyade taze bir yumurtanin akinin Salmonella ile
kontamine olmasi durumunda, asir1 bliyimenin meydana gelme
olasiligt ¢cok daha yuksektir. Yumurta iceriginde az sayida S.
Enteritidis hticresi mevcut olsa bile, yumurtalarda Salmonella
uremesini 6nlemek icin yumurtlamadan kisa bir stre sonra
sogutma uygulamalar: yapilmalidir (Messens ve digerleri 2004).

Yumurta sarns: yiksek kaliteli besinlerin cok énemli bir kaynagidir,
bu nedenle sicaklik izin verdiginde bu bolgede Salmonella ‘min hizh
buytimesinin gerceklesmesi beklenir. Deneysel olarak enfekte yumurta
tavuklar1 genellikle vitellin zar tizerinde S. Enteritidis biriktirir (Gast ve
Holt 2001; Gast ve digerleri 2007). S. Enteritidis'in hizli biiytimesi belirli
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bir gecikmeden sonra meydana gelir, bu siire icinde vitellin zarnn yapisi
bozulur ve sonunda besinlerin yumurta akina sizmasina neden olur.
Bu, yumurta sarsina S. Enteritidis'in daha fazla gociinti ve burada
cogalmasmni artiir (Humphrey ve Whitehead 1993). flk biiyiime
asamas! potansiyel olarak demir rezervlerinin kullanimini icerir. Bu, 4
desteklemek icin yeterli gortintyor,
tikendiginde, Salmonella hicreleri bir gecikme asamasina girecek ve
daha sonra bakteri hiicrelerinin sayisinaa bir durgunluk olarak
yanstyacaktir (Gantois ve digerleri 2009). Kabuklu yumurtada S.
Enteritidis'in birikme bolgesi, bu patojenin, sogutmanin buylimeyi
engelleyen i¢ sicaklik degerlerine ulasmasindan 6nce ¢ogalma
derecesini etkileyebilir (Gast ve Holt 2001). 102 CFU S. Enteritidis,
bozulmamis yumurta sarisinin dis ylzeyine asilandiginda (vitellin zar),
6 saat inklibasyondan sonra numunelerin %10unda, 25 °C'de 24 saat
sonra numunelerin %75'inde ve 15 °C'de 72 saat inkibe edilen (104
CFU/mL ortalama seviyelerine ulasan) numunelerin sadece %20'sinde
yumurta sarsi iceriginde cogalma meydana gelmistir. Daha sonra,
Gast ve digerleri (2006), in vitro S. Enteritidis'in yumurta saris1 zarina
nufuz etme siklig Gizerinde sogutmanin etkisini test ettiler. Yaklasik
100 CFU iceren 0.1 mLlik bir stispansiyon ile yumurta sarisinin
saglam dis yuzeyini inokule ettikten sonra, vitellin zara bakteri
tutunmasim kolaylastirmak icin numuneler 5 dakika oda sicakliginda
(24 <C) tutuldu. Daha sonra, bu numuneler farkli strelerde (2 saat, 6
saat ve 24 saat) 30 °C'de tutuldu, ardindan 18 ila 22 saat 7 °C'de
sogutuldu. S. Enteritidis, 30 °C'de 2 saat sonra sogutulan kontamine
yumurta numunelerinin %4Unde, 30 °C'de 6 saat saklandiktan sonra
sogutulan numunelerin %15'inde ve 30 °C'de 24 saat saklanan
¢rneklerin %40'1nda yumurta sarist icerigine ntifuz etti. Lublin ve Sela
(2008), yumurta sarisina asilanan S. Enteritidis'in 3,65 log CFU'luk bir
ilk konsantrasyonundan, konsantrasyon, 6 °C'de asilama sonrast ilk 2
hafta boyunca 1 log arttigini, ardindan 8 haftaya kadar yaklasik 4
logda sabit kaldigimi gosterdiler. 25 <C'de, bakteri konsantrasyonlarn
asilamadan sonraki 4. haftaya kadar haftada 5 log'a yiikseldi ve
sonuna kadar 8 ila 9 log'da kaldi.

Avrupa'nin farkll Ulkelerinde, pazar yerinde yumurtalarin sogukta
saklanmasi yasaklanmistir. Sebebi ise soguk hava deposunda
saklanan yumurtalarin artik “taze” sayilamayacagl dustincesiyle
ilgilidir. Ote yandan tiiketicilere satin aldiklari sofralik yumurtalar
tiketilene kadar buzdolabinda saklamalar: tavsiye edilmektedir (FDA
2009b). Bu durumun pratik yonleri bir tlkeden digerine farklilik
gostermektedir. Bununla birlikte, bilimsel veriler, sogutmanin, gida
kaynakli insan salmonellozunun diinya capinda ana nedeni olan S.
Enteritidis icin kontamine sofra yumurtalarinin bir ara¢ haline gelme
riskini buytik 6lctide azalttigini agikca kamtlamaktadir.

nesli ancak bu rezervler

Yumurta kabugundan Salmonella spp. niifuzu ve yumurta iceriginin
daha fazla kontaminasyonu riskini azaltmak icin dekontaminasyon
yontemleri

Son yillarda, Salmonella 'ya odaklanarak, kabuklu yumurtalarin
mikrobiyal dekontaminasyonu icin farkli ydntemler incelenmistir.
Kabuk dekontaminasyonu icin test edilen prosediirleri, daha sinirl,
ayrica kabuk icinde aktif olanlardan ayirt edebiliriz. Ayrica, birinci
kategori ile ilgili olarak, prosedtrler 3 simfa ayrilabilir: kimyasal,
fiziksel ve biyolojik prosediirler (Tablo 3).

Su anda ABD'de FDA veya USDA tarafindan birkac prosedir
onaylanmistir ve ayrica kabuklu yumurta isleme tesisleri icin ticari
olarak kullanilabilir durumdadir. Hicbiri mukemmel olmadigindan,
yeni prosediirler de ortaya cikabilecegi icin bunlar surekli olarak
gelistirilmektedir. Bununla birlikte, iyilestirme ihtiyact streklidir ve
arastirmalar, yumurtalarin duyusal, reolojik ve fonksiyonel ozellikleri
tzerindeki etkilerine ve dekontaminasyon yapildiktan sonra tuketiciler
tarafindan kabul edilebilirligine daha fazla odaklanmalidir. Ayrica, yeni
bir yéntem ortaya ¢iktiginda, tam 6lcekli bir Gretim tizerinde verimli bir
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Tablo 3 - Salmonella ile kontamine yumurtalardan kaynaklanan
salmonelloz riskini azaltmak i¢in hasat sonrasi kontrol prosediirleri
olarak kabuklu yumurta ytizey dekontaminasyonu yéntemleri.

Kimyasal yontemler

Yikama (dezenfektan kullanimi)

Hidrojen peroksit

Elektrolize su

Ozon

Fiziksel yontemler

Isinlama

Mikrodalga teknolojisi

Ultraviyole 151k teknolojisi

Atiml 151k teknolojisi

Gaz plazma teknolojisi

Ultrason

Biyolojik yontemler

Bitki 6zleri

uygulama yapilmadan 6nce arastirma yine bir zorunluluk olacaktir.
Yumurta yikama. AB'de yumurta yikama su anda
yasaklanmistir (ayni istisnalar disinda - daha fazla arastiriniz)
ama bu konu her zaman siki bir tartismaya konu olmaktadir
(Nys ve Van Immerseel 2009). Bu boélimde, asil amaci
Salmonella spp.'yi azaltmak veya ortadan kaldirmak olan farkl
prosedurleri gozden gecirecegiz. Etkili olarak kabul edilebilmesi
icin, bir dekontaminasyon prosedurinin en az S5 log
CFU/yumurta kabugu-1 azalmasina yol acmasi gerekir, aksi
takdirde ortaya ¢ikan kabuklu yumurtalar, yumurta gtvenligi
acgisindan uygun goértilmez (FDA 2009b).
Yumurta yikama su anda ABD, Kanada, Avustralya ve
Japonya'da bakteri kontaminasyonunu azaltmak ve bakterilerin
yumurta icerigine nifuz etmesini énlemek icin kullanilmaktadir.
Ayrica ABD'de yumurta yikamayr soguk depolama takip
etmektedir.
A simifi sofralik yumurtalarin yikanmasi AB'de yasaklanmustir,
ancak kafes dist yumurta Uretimindeki artisin ardindan halen
tartisilmaktadir. Ayrica, Haziran 2003'te yumurtalann yikamak
icin paketleme merkezlerine yetki veren Uye Devletler, bu
paketleme merkezlerine yumurta yikama yetkisi vermeye devam
edebilir, ancak yumurtalar yalnizca béyle bir iznin verildigi Uye
Devletlerde pazarlanabilir (EC 2007). Ornegin, Isveg'te, yikama
uygulamasi son 40 yildir kullanildigindan ve ttiketiciler yikanmis
yumurtalar: tercih ettiginden, ¢ok sayida saglayicinin bunu
yapmasina izin verilmektedir (Hutchison ve digerleri 2003).
ABD'de, belirli yumurta yikama islemine iligkin FDA tarafindan
saglanan belirli yonergeler yoktur. Ancak FDA, Gida Hizmeti ve
Denetim Hizmetinin (FSIS) sirketlere ve yerel treticilere, kabuklu
yumurtalarin temizlenmesi ve lekeden arindirilmas: sirasinda ne
tir kimyasallarin kullanilmasina izin verildigine iliskin genel
bilgiler sunmaktadir. Genellikle, Genel Olarak Guvenli (GRAS)
olarak kabul edilenler listesinde yer alan bilesikler, kabuklu
yumurtalar1 temizlerken herhangi bir simirlama olmaksizin
kullanilabilir. Bunlar, Federal Duizenlemeler Kanunu (CFR),
Bashk 21, bolim 178 ila 186'da "gida katki maddeleri" genel
terimi altinda belirtilmis ve aciklanmistir. Bununla birlikte, bu
“g1da katki maddelerinin” bircogu icin sinirlardan bahsedilmistir
ve Ozellikle GRAS olarak onaylanan dolayli gida maddeleri icin
gida katki maddesi dlizenlemelerinin izin verdigi sekilde izin
verilen maksimum konsantrasyonlar acgiklanmis ve bunlara
uyulmasi tavsiye edilmistir (CFR 2012a).

CFR Baslik 7, b6lim 56.76'da, kabuklu yumurta siniflandirma

ve paketleme tesisleri icin minimum tesis ve isletme
gereksinimleri aciklanmaktadir, (f)j maddesinde kabuklu
yumurta temizleme islemleri acikca belirtilmistir. Yikama

suyunun sicakliginin 90 °F (32,2 °C) veya lzerinde tutulmasi ve
yikanacak yumurtalarin i¢ sicakligindan en az 20 °F (6,7 °C)
daha sicak olmas: gerektigi belirtilmektedir. Bu degerler tim
temizleme dénglisi boyunca korunacaktir. Glvenlik nedeniyle,
sthhi kosullari korumak i¢in yikama suyunun yaklasik 4 saatte bir
veya gerekirse daha sik degistirilmesi gerekir ve her vardiya sonunda
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zorunludur. Ayrica yumurta yikama islemi sirasinda kdptirmeyi
onlemek icin 6zel onlemler alinmalhdir. Temizleme dénglisi
sirasinda yedek su ilavesi zorunludur ve strekli olarak
yapimalidir. Yedek su, yikama icin kullanilan bilesikle uyumlu
olmalar:1 kosuluyla, klor veya kuaterner bilesiklerin kalintilar
icerebilir. Durulama icin iyotlu sterilizasyon suyunun
kullanilmasi yasaktir (CFR 2012b). Ayrica glvenlik amaciyla,
kabuklu yumurta temizleme donglst sirasinda sadece igme suyu
kullanilabilir ve su kaynaginin demir konsantrasyonunun analizi
zorunludur. Demir icerigi 2 ppm'yi asti@inda, izin verilen
maksimum seviyeye dusUrilmeli ve su kaynag her
degistirildiginde yeni testler yapimaldir. Atk su, borular
vasttasiyla direkt olarak kanalizasyona atilir. Yikama isleminin
tard ve kullanilan ekipman dikkate alinarak yumurtalarin
suda  bekletiimemesi  veya  islatilmamasi1  gerektigi
belirtilmektedir, bu nedenle daldirma tipi yikayicilarin
kullanilmasi yasaktir. Yikanan yumurtalar, yikama suyunun
sicakligina esit veya ondan daha sicak bir sicakliga sahip su ile
pusktrtme yoluyla durulanabilir. Durulama suyunun ulusal
denetci tarafindan onaylanmis bir dezenfektan icermesi
gerektigi belirtilmistir. Yumurta yikama prosedtrintn baslica
avantajlar1 sunlardir:

- kabuk yuzeyindeki mikrobiyal yukiin azaltiimasi,
ozellikle Salmonella spp olmak Uzere gida kaynakli
patojenlerin varligs ile iliskili riski en aza indirgeme.

- yikama adimmdan sonra antibakteriyel etkilerini
gostermeye devam eden farkli kimyasallar hala mevcut
olabilecegi i¢cin yikamadan sonra daha fazla azalmanin
meydana gelmesi;

- diger gidalarin capraz bulasma riskinin azalmast;

- kabugun kendisinin zarar gérmemesi kosuluyla,
yumurta iceriginin kontaminasyon riskinin azalmasi.

Ana dezavantaj, bu uygulamanin yumurtanin fiziksel
bariyerinde, 6zellikle de kitiktilde neden olabilecegi
potansiyel hasardan kaynaklanmaktadir (EFSA 2005).
Kuatikulin bakteriyel kontaminasyona kars: ilk savunma
oldugu herkes tarafindan bilinmektedir (Board ve Halls
1973).

Yumurta yikama isleminde, etkili bir dekontaminasyon
belirlemek icin su veya kimyasallar (dezenfektanlar) iceren
sollisyonlar kullanilir. Yumurta kabugunu dekontamine
etmek icin kullanilan farkh kimyasallarin, fiziksel bariyer
bilesenleri ile etkilesime girebilecegine inanilmaktadir.
Yikama suyunda kullanilan kimyasallarin tirtine bagh
olarak yumurta kabugu yuzeylerinde farkli mikroyapisal
degisiklikler olusabilmekte ve yumurta kabugu ytizeyleri ne
kadar hasarliysa bakteri ntfuzuna o kadar fazla izin
verebilmektedir (Kim ve Slavik 1996). Farkli coézeltilerin
kabiliyetlerini arastirmak icin yapilan bir calismada, 7,5) bir
kuaterner amonyum bilesigi (pH 7.5) ve NaOCl (ayn1 pH
degeri), yumurta kabugunda herhangi bir degisiklik
olmaksizin bakteri nlifuzunu azaltmay:r basarirken,
Na2CO3 (pH 12) yumurta kabugu ytizeyini degistirerek
bakteriyel yeniden kontaminasyona olanak vermistir (Wang
ve Slavik 1998). Bununla birlikte, yikama suyunda dezenfektan
kullanilmadan, yumurtalarm 15.5 C suda spreyle ylkanmasimin,
ic kabuk bakteri sayisini artrmadigi kanitlanmistir (Lucore ve
digerleri 1997).

Yumurta yikama sirasinda yiiksek sicaklik kullanilmasimin
yumurta kalitesinde degisikliklere yol acabilecegi endisesi
nedeniyle, mikrobiyal ylUkiin azaltiimasmnin yani sira, bu
noktaya yonelik cesitli calismalar da hedeflenmistir. Caudill
ve digerleri (2010), yikama suyu sicakliginin kabuk
matrisindeki ortalama Haugh Birimi degerlerini, alblmin
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yuksekligini, vitellin zar gliclini veya aerobik bakterileri
6nemli olctide etkilemedigi, ancak dis kabuk ytizeylerindeki
ortalama aerobik mikroorganizma sayisi etkiledigi sonucuna
varmistir. Hatta pH'1 10 ila 12 arasinda tutulan soguk suyla
yapilan bir islem, isleme sirasinda ve sonrasinda yumurtanin
ic sicakhgmi distrme, yumurtalarin fiziksel niteliklerini
gelistirme ve mikrobiyal kalitelerini iyilestirme potansiyeline
sahiptir. Farkli sicaklik semalari kullanarak, Caudill ve
digerleri (2010) 2,98'den 3,12 log CFU/mL'ye bir azalma elde
ettiler.

Jones ve digerleri (2005) tarafindan gerceklestirilen 60
saniyelik bir maruz kalma stiresi ile 6 sicaklik semast
kullanan, pH'1 10,5 ile 11,5 arasinda tutan, 48,9 -C'de 200
ppm Kklor cozeltisinin plskirtilmesinden ve 9 haftalik bir
depolama ve strekli numune alma periyodundan olusan bir
yikama sonrast iglem iceren bir diger arastrma da,
kabuklarda ve zarlarda 2.3 log CFU/mL'den 2.87 log
CFU/mL'ye kadar bir aerobik bakteri ytikii ile sonuclands; S.
Enteritidis ile deneysel olarak asilanan numunelerin %53,33
ila %61,8'1 ise negatifti. Sonug¢ olarak, kabuklu yumurtalarin

baslangicta 48.9 -C'de yikanmasi, ardindan 23.9 -C veya 15.6
oClik 2. yikama sicakligmin, 23,9 °C ve 156 °C
kombinasyonunda yikanan yumurtalara goére kabuk

ylUzeyinde daha az aerobik bakteri bulunmasina neden
oldugu sonucuna varilmistir.

Birkac yil énce, Hutchison ve digerleri (2004), cesitli isleme kosullari
altinda spreyle yikamanin Salmonella spp'nin kabuk ylizeyi sayilarma
ve yumurta iceriginde bakteri varligina etkileri Gizerine bir calisma
gerceklestirdiler. Deneyler dogal kosullar1 taklit etti: tam bir
yumurtlama dénglisit boyunca yurutildiler, yumurtalar kuitikil
sertlesmesinden once S. Enteritidis PT4 ve S. Typhimurium
DT104 ile kontamine oldu. Ekipman treticisi tarafindan tavsiye
edilen ve Hutchison ve digerleri (2003) tarafindan tartisilan
araliklar dahilinde standartlastirlmis bir en iyi yikama
yonergeleri seti kullandilar. 3 g/L konsantrasyonda klor bazh
dezenfektan ve 25mL/L konsantrasyonda kuaterner amonyum
bazhi dezenfektan olmak Uzere 2 farkh yikama kimyasal
kullandilar; yumurta yikama isleminde 3 farklh adim
kullanilmistir: 44 -C'de, 138 kPa su akis basincinda 6n yikama;
44 -C'de ve 262 kPa su akis basincinda yikama ve 262 kPa su
akis basmcinda 48 °C'de durulama, ardindan 42 °C'de 2 dakika
havayla kurutmadan olusan son bir adim. Kullanilan su

yumusak, icilebilir ve 1,4 ppb demir konsantrasyonuna sahipti.

Ek olarak, kayis hiz1 111 cm/dk idi. Soltsyonda kullamilan farkli
kimyasallarin yumurta dezenfektani olarak etkilerini arastirmayi
amaclayan bir baska calismada; ilk ticari dezenfeksiyon triint (pH
6.6), 43.3 °C'de 5 dakika boyunca suda kullanildi ve yumurta
kabugu tlzerinde mikrobiyal aerobik florada 4.27 log azalma
belirlendi. Tkincisi ise (pH 7.56) 10 dakika boyunca 25
°C'de suda kullanildi ve 3.11 log'luk bir azalma
belirlendi. 10 dakika boyunca 25 °C'de kullanilan
Uctnct bir sodyum hipoklorit c¢ozeltisi (100 ppm
serbest klor iceren, pH 8.74), 3.08'lik bir log azalmasi
ortaya koymustur. 25 °C'de 10 dakika boyunca kullanilan
sodyum hipoklorit ve ikinci c¢ozeltinin (pH 8.4) bir
kombinasyonu, 2.38'lik bir log azalmasiyla sonug¢landi.

Yan etkiler g6z 6ntine alindiginda, birinci bilesik ayrica
artan bir gézenek boyutu godsteren bir kutiktil erozyonu
ortaya koymus, ikincisinde ise kabugun i¢c tabakasi cok
sayida catlak ve gozenek gdstermistir (Favier ve digerleri
2000).
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Standart yikama prosedirleri setinden bir sapma seklinde sofralik
yumurta yikamanin gida givenligi etkilerini degerlendirmek icin, birkac
parametre degistirildi. Calismalarimin sonuclari, stki bir sekilde kontrol
edilen en iyi uygulama kosullarina goére yurutildtigiinde, Salmonella spp
ile kontamine olmus yumurtalarin yikanmasinin, kabuk yiizeyinden 5
log'dan fazla Salmonella spp sayisinda bir azalma ile sonuclandigini
gostermistir. Ayrica bu, yumurta iceriginin gida kaynakli patojen ile
kontaminasyonuna yol acmaz.

Yikama kimyasal bilesiklerinin konsantrasyonu, yikama stresinin
uzunlugu, su akisinin azaltilmis basinci ve yumurta tavuklarinin yast,
yumurta igeriginin kontaminasyonunu etkilemiyor gibi gdérinmektedir.
Ancak, yikama ve durulama suyu sicakliklanmin 34 °C'nin altina
diismesine izin verilirse, icerik kontaminasyonu riski artar.

Ticari islemede, yumurtalar en sik olarak antimikrobiyal ajanlar olarak
hareket eden klor ve klor iceren bilesiklerle durulanir. Ek olarak, yaygin
olarak bulunurlar, nispeten dusuk bir maliyete ve yiksek bir etkinlige
sahiptirler. Zeidler (2001a), optimal parametreler altinda, ticari yumurta
yikamanin kabuk tizerindeki bakteri yuktnin 2 ila 3 loglO oraninda
azalmasina yol acabilecegini gézlemlemistir. Yiiksek diizeyde klor, yumurta
kabugunda biriken kalintilardan dolay: yumurtalann kalitesi icin zararh
olabilir (Bialka ve digerleri 2004).

Hidrojen peroksit. Hidrojen peroksit (H202) biyolojik sistemlerdeki
bakterisidal etkilerden sorumludur. Toksisitesi, goériinise gore,
biyomolektllerin oksidasyonunu baslatabilen radikal hidroksil (-OH) gibi
sitotoksik oksijen tiirleri tUretme kapasitesinden
kaynaklanmaktadir. H202'nin bu toksik bilesiklere déntistimi, indirgeyici
maddeler ve paroksidazlar tarafindan gliclendirilebilir (Juven ve Pierson
1996).

Padron (1995), S. Typhimurium'u iceren bir mucadelede kuluckalik
yumurtalarin  dekontaminasyonu icin H202'yi basariyla kullandi.
Yumurtalar, %6'lik bir konsantrasyonda H202'ye ¢ift daldirma ile isleme
tabi tutulmustur.

Cox ve digerleri (2000),
yumurtalarm, ytzey aktif madde iceren bir ¢dzeltiye daldirilarak H202 (%1.4) ile

daha reaktif ve

S Typhimurium ile kontamine olmus kabuklu

isleme tabi tutuldugunu ve daha sonra 4 dakika boyunca uygulanan 12 ila 13 Hg (0,4
bar) vakuma tabi tutuldugunu bildirmistir. Bu iglem, kulucka randimani veya erken
civeiv 6lumlerini olumsuz etkilemeden, verimli kuluckaltk yumurtalarda Salmonella
'mn ortadan kaldinlmasmi maksimuma c¢ikardl. Bu sonuglar, yumurta kabuguna
halihazirda ntfuz etmis olan Salmonella lan 6ldirmenin zor oldugunu géstermistir.

Béyle bir uygulama, daldirma islemi géz oéntine alindiginda, biraz farkla sofrahk
yumurtalara kadar genigletilebilir. Bu son islem, endustriyel ¢lcekte uygulanabilirligi
arttirmak icin sprey yikama ile degistirilmelidir

Elektrolize su. Su elektroliz teknolojisi, sodyum hipoklorit tretimi de dahil
olmak Uzere soda endustrisinde 1900 yillarinda ilk kez kullamlmustir,
glintimuizde cesitli alanlarda uygulanmaktadir ve hijyen kontroli icin
umut verici bir termal olmayan tedavi olarak kabul edilmektedir. (Al-Haq
ve digerleri 2005). Elektrolize oksitleyici su (EOW), seyreltilmis bir tuz
cozeltisinin, icinde anot ve katodun bir zarla ayrldig, bir asidik ve bir
alkali bilesen elde edildigi bir elektrolitik hticreden gecirilmesiyle tretilir
(Huang ve digerleri 2008; Howard ve digerleri 2012). Asidik EOW, 2 ila 3
pH'a, 1.150 mV oksidasyon azaltma potansiyeline (ORP) ve 50 ppm'ye
kadar serbest kullanilabilir klor konsantrasyonuna sahip olabilir, alkalin
EOW ise, maksimum pH degerinde 6,8 ila 11,6 pH'a ve 795 mV ORP'ye
ulasabilir (Mukhopadhyay ve Ramaswamy 2012). EOW'nin bakterisidal
aktivitesinin degerlendirilmesi icin yapilan bircok calisma, cesitli
mikroorganizmalar Uzerinde antimikrobiyal aktiviteye sahip oldugunu
kamitlamustir: Staphylococcus aureus (Park ve digerleri 2002b), E. coli
0157:H7 (Kim ve digerleri 2000a, 2000b), Salmonella

Enteritidis (Venkitanarayanan ve digerleri 1999), S. Typhimurium ve
Listeria monocytogenes (Fabrizio ve Cutter 2003), Campylobacter jejuni
(Park ve digerleri 2002a) ve digerleri.

EOW'nin antimikrobiyal etkisi esas olarak pH, ORP ve HOCl'ye atfedilir
(Mukhopadhyay ve Ramaswamy 2012). Aerobik bakteriler cogunlukla
+200 ila 800 mV ORP araliginda biiyltrken, anaerobik bakteriler 700 ila
+200 mV arasinda buytr. EOW'deki ylksek ORP, muhtemelen
hticrelerdeki elektron akisindaki degisiklik nedeniyle metabolik akislarin
ve ATP dUretiminin modifikasyonuna neden olabilir. Genel olarak,
bakteriler 4 ila 9 pH arabfnda buylrler. Distk bir pH, bakteri
hticrelerinin dis zarin klor bilesiklerinin en aktifi olan HOCl'nin girisine
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kars1 hassaslastirabilir. Ikincisinin, karbonhidrat metabolizmasinda 6nemli
olan belirli enzimlerin klor oksitleyici stilfhidril gruplan tarafindan glikoz
oksidasyonunu inhibe ederek mikrobiyal hticreyi éldtrdtig gortlmektedir.
Onerilen diger klor etkisi modlan sunlardir: protein sentezinin
bozulmasi; amino asitlerin nitritlere ve aldehitlere oksidatif
dekarboksilasyonu; nukleik asitler, purinler ve pirimidinler ile
reaksiyonlar; anahtar enzimlerin yok edilmesinden sonra
dengesiz  metabolizma; deoksiribontikleik  asit (DNA)
lezyonlarimin indtiksiyonu ile birlikte DNA déntistiirme yetenegi
kaybi; bazi makromolektllerin sizintisi ile birlikte oksijen alim
ve oksidatif fosforilasyonun inhibisyonu; sitozinin toksik N-klor
tirevlerinin  olusumu; ve kromozomal anormalliklerin
yaratilmas1 (Marriott ve Gravani 2006; Huang ve digerleri
2008).

Tek basina kabuklu yumurtalar goéz ontine alindiginda, S.
Enteritidis ile yapay olarak asilanmis kabuklu yumurtalann
dekontaminasyonu i¢cin EOW uygulamasim ticari bir deterjan-
dezenfektan tedavisi ile her ikisi de in vitro olarak
karsilastirmak icin bir calisma yapilmistir. Bu in vitro calisma
icin, yumurtalar alkalin EOW icinde ve ardindan c¢esitli
sicakliklarda asidik EOW icinde 1slatildi. Isleme tabi tutulan
yumurtalar, populasyonda 2 0.6 ve 2 2.6 logl0-CFU/g kabuk
S. Enteritidis arasinda bir azalma gostermistir. Tipik ticari
deterjan-dezenfektan uygulamalan icin S. Enteritidis icin
1.7'lik loglO azalmas: gozlemlenirken, S. Enteritidis icin =
2.1'lik loglO0 azalmasi EOW muamelesi kullanilarak elde
edilmistir (Bialka ve digerleri 2004).

Elektrostatik puskirtme (4 farklh tekrarda) ile uygulanan
EOW'nin kabuklu yumurtalara inokulum uygulandiktan ve
bakterilerin tutunmasina 1 saat izin verildikten sonra S.
Typhimurium ve diger patojen bakteri turleri Uzerindeki
etkisini belirlemek amaciyla kabuklu yumurtalar tzerinde
yapilan bir calismada; EOW, yliksek asilamalar kullanildiginda
bile 4 farkh uygulama tekrarinda 15 yumurtadan sirasiyla 3, 7,
1 ve 8'inde S. Typhymurium'u tamamen ortadan kaldirmistir
(Russell 2003).

Baska bir calismada, yazarlar (Cao ve digerleri 2009), asidik
EOW'nin kabuklu yumurtalarin ytizeyindeki (S. Enteritidis'i
hedefleyen) patojenik  mikroorganizma  populasyonlarin
azaltmada etkili oldugunu gozlemlediler; ancak, dusuk pH
degerleri (<2.7) gozlendiginde kullanimi sinirhdir, c¢tunkt
coziinmus Cl2 gazi, buharlagsma nedeniyle hizla kaybolabilir ve
zamanla solisyonun bakterisidal aktivitesi azalir. Diger
taraftan, hafif asidik elektrolize su (seyreltik bir hidroklorik
asidin membransiz bir haznede elektrolizi ile tretilir), Cl2'nin
gaz cikisiyla ilgili olarak insan saghg icin glivenlik sorunlarim
en aza indirir. Aym1 zamanda, EOW, ylzeylerin korozyonunu
hafifce azaltir ve 5.0 ila 6.5'lik bir pH'ta, klorun etkin formu
HOCI oldugundan, bu tip EOW, asidik EOW'ye kiyasla daha
gucli bir antimikrobiyal aktivite ile sonuclanabilir. Aym
yazarlar, hafif asidik EOW'nin bakterisit etkinliginin sicaklikla
arttigini, logl0 CFU/mL'deki duststun 45 °C'de, 1 dakika sonra
1.0'dan daha az bir degere ulastigimi, 8.0 ila 8.4 loglO
CFU/mL'lik bir baslangi¢ degerinden sonra kanitladilar. 2
dakika sonra 4 °C, 20 °C ve 45 °C sicakliklar kullanilarak S.
Enteritidis 6ldtrtldu (Cao ve digerleri 2009). Sonug olarak, son
calisma, hafif asidik oksitlenmis suyun, kabuklu yumurta
yikama islemi ve kabuklu yumurtalarin ylzeyine asilanmis S.
Enteritidis'in c¢evreye zarar vermeden azaltilmasi veya
etkisizlestirilmesi icin umut verici bir dezenfektan ajani olarak
etkili bir sekilde hareket edebilecegini gostermektedir.

Ote yandan, Bialka ve digerleri (2004) asidik elektrolize
suyun yumurta aki yuksekligini veya yumurta kabugu
mukavemetini 6nemli O6lctide etkilemedigini, ancak kutiktl
varhg tUizerinde oOnemli etkileri oldugunu gostermistir.
Calismalarinin isleme parametrelerinin, yukarida bahsedilen
hafif asidik oksitleyici su isleme parametrelerine kiyasla cok
daha ciddi etkilere sahip oldugu belirtilmelidir.
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Ozon. Ozon, nispeten dlstik konsantrasyonlarda her tar
mikroorganizmaya karst aktif olan, bilinen en glg¢la
dezenfektanlardan biridir (Khadre ve digerleri 2001). Disuk
stabilitesi nedeniyle ozon depolanamaz, talep Uizerine uretilir.
Ticari dlizeyde genellikle korona desarj yontemi kullanilir.
Korona desarjinda biri ytiksek gerilim elektrotu digeri dustk
gerilim elektrotu (toprak elektrotu) olmak tUzere 2 elektrot
seramik bir dielektrik ortam ile ayrilarak dar bir bosalma araligi
saglanir. Elektronlar oksijen molekilinil ayirmak i¢in yeterli
kinetik enerjiye sahip olduklarinda bu carpismalarin belli bir
bélimi meydana gelir ve her oksijen atomundan bir ozon
molektlli olusur (Guizel-Seydim ve digerleri 2004a). Bakterilerin
ozon yikimi, bakteriyel membran glikoproteinlerine ve/veya
glikolipidlerine saldirarak, hticresel bilesenlerin sizintisina neden
olarak ve ardindan, hayati hticresel bilesenlerin progresif
oksidasyonu yoluyla hticre 6limu, niikleik materyale ulasilmasi
ve DNA zinciri kinlmalarina neden olarak gerceklestirilir (Gtizel-
Seydim ve digerleri 2004b; Perry ve Yousef 2011). Bakterisidal
etkinligine ek olarak, ozon kendiliginden O2'ye ayrisir, bu
nedenle kabuklu yumurtalar icin kirletici olmayan bir
dezenfektan olma avantajina sahiptir.

Ozon, kabuklu yumurtalarda Salmonella 'yt etkin bir sekilde
inaktive eden giiclii bir mikrobiyal ajandir, sulu fazdaki etkinligi
kanitlanmistir. Salmonella  Enteritidis,  yiksek  ozon
konsantrasyonlar: (02 karisiminda %12 ila %14 wt/wt O3) ile
kabuklu yumurtalarin ylizeylerinde > S log birim etkin bir
sekilde inaktive edilmistir (Rodriguez-Romo ve digerleri 2007).
Ayni S. enterica serotipini iceren bagka bir calismada, kabuklu
yumurtalara 3 dakika sUreyle atmosfer basincinda ozon
uygulamast 6nemli dlctide (P < 0.05) yumurta kabugundaki S.
Enteritidis'i islenmemis kontrole kiyasla 3.1 log birim azaltts;
daha uzun stireler (8 dakikaya kadar) ek inaktivasyona neden
olmadi. 20 dakikaya kadar basin¢gh gaz halinde ozonun
uygulanmast, mikroorganizmanin dogrusal olmayan
inaktivasyonu ile sonuglanmistir; bu, atmosfer basincinda
ozonun uygulanmasi sirasinda gdzlenene benzer bir egilimdir.
Basin¢li ozon uygulanmis kabuklu yumurtalarda Salmonella
Enteritidis poptlasyonlar: 6nemli ol¢tide azaldi (P < 0.05).
Isleme tabi tutulmayan kontrollere kiyasla 10 dakikalik islem 4.5
ve 5.9 log Unite veya daha fazlasini inaktive etti ve 20 dakikalik
islem 3.7 ve 5.7 log Unite veya daha fazlasini inaktive etti
(Rodriguez-Romo ve Yousef 2005). Ayni konuda, Perry ve
digerleri (2008), yumurta kabuklarinda Salmonella Enteritidis'in
log azalmasii degerlendirmek icin swrayla ve 1s1 ve ozon
kombinasyonunu  kabuklu = yumurtalara uygulamislardir.
Salmonella Tek basina ozon ve tek basina 1s1 ile isleme tabi
tutulan tim yumurtalardan Salmonella elde edildi, ancak
kombinasyonla iglem gérmiis 18 yumurtadan sadece 10'unun
testi pozitif c¢ikti, bu da numunelerin cogunda Salmonella
azalmasina isaret etmektedir. Kabuklu yumurtalarin sitilmasi,
zarlarinin ozon gazi gecirgenligini arttirmistir, bu nedenle ozon
uygulamasi, yalnizca kabuklu yumurtalar ozon isleminden 6nce
1stya maruz birakildiginda i¢c Salmonella 'ya kars: etkili olmustur.
Ayrica, sofra yumurtalarinda ozon iceren cesitli uygulamalar
ayirt etmek amaciyla, Davies ve Breslin (2003a) kuru ve nemli
ozonlanmis hava kulland:, sonugclar, ilki icin 12 kontrolden 11'i
(%91,7) ile karsilastinldiginda, uygulamadan sonra 24
yumurtanin 23Untin (%95,8) kontamine kaldigini gosterdi ve
isleme tabi tutulan edilen 12 yumurtadan 41U kontamine
olurken, ikinci olarak 12 kontrol yumurtasindan 9'u (%75,0)
kontamine oldu. Bu nedenle, her iki tir ortamda da ozonun
uygulanmasi yalnizca kismen etkili olmustur.

Isinlama. Gida 1sinlamasi icin su anda sanitasyon icin
kullanilmasina izin verilen 3 tip iyonlastirict radyasyon vardir:
yiksek enerjili gama i1smnlarindan, X isinlarindan ve
hizlandirilmis elektronlardan gelen 1sinlama (Codex Alimentarius
Komisyonu 2003).

Gama 1s1nlari, kobalt-60 (60Co) ve sezyum-137 (137Cs) olmak
tzere radyoizotop adi verilen radyoaktif maddeler tarafindan

172 Comprehensive Reviews in Food Science and Food Safety ° Vol. 12,2013

Uretilir. Enerji icerikleri 1,17 ila 1,33 megaelektronvolt (MeV)
(60Co) ve 0,662 MeV (137Cs) degerine ulasir. Hizlandirilmig
elektronlar (veya elektron demetleri), lineer hizlandiricilarda
neredeyse 151k hizinda Uretilen 10 MeV'yi asmayan bir maksimum
kuantum enerjisine sahiptir. Yavaglama 1smnlari olarak da
adlandirilan X-1s1nlart da hizlandiricilarda Uretilir ve elektronlarin
kuantum enerjileri S5 MeV'yi asmaz (Riganakos 2010).
Mikroorganizmalarin inaktivasyon mekanizmasi, iyonlastirict
isinlarin  (gama 1sginlary) islem gdrmls UrGnin atomlarindan
elektron toplamasi gercegiyle aciklanmaktadir, bu nedenle serbest
elektronlar kimyasal reaksiyonlarda daha fazla yer alabilir ve canl
mikroorganizmalardan DNA molekillerini yok edebilir (Riganakos
2010).

Ikincisi ile karsilastinldiginda, elektron ismlari (iyonize edici
elektronlar) islemde radyoaktif madde olmadig icin daha kolay
kabul edilmektedir (Riganakos 2010). Isik hizina hizlanma ile
elektron 111 tabancasi daha sonra ylksek enerjili elektronlar:
urtine gecirerek mikrobiyal aktivasyona neden olur. Elektron 1s1n1
islemi, islenmis gidanin sicakhgini degistirmez ve yiiksek doz
oranlarinin uygulanmasini mimkin kilar (gama radyasyonu icin
sadece 0,01 ila 1 Gy/sn'ye kiyasla 103 ila 105 Gy/sn).
(Tahergorabi ve digerleri 2012). Bununla birlikte, tipik gida
urtnleri icin nifuz derinligi sadece 8 ila 10 cm'dir, bu nedenle
gida Urtnlerinin 1sinlanmasindan 6nce, boyut, islem 6ncesi
dikkate alinmahdir (Jaczynsky ve Park 2003).

X-1ginlari, elektron 1sin1 ile gida GirtinG arasina metal bir hedef
yerlestirilerek Uretilir. Bu sekilde, hizlandirici tarafindan tretilen
yiksek enerjili elektronlar metal hedefe carpacak ve X-isin1
uretecektir. Enerji seviyesi elektron 1smlarn  durumunda
oldugundan daha diistikttir, ancak ntfuz derinligi daha ytiksektir
(Tahergorabi ve digerleri 2012).

Bilimsel literatiir, Salmonella spp inaktivasyonunun etkinligini
kanitlamak icin kabuklu yumurtalar tzerinde farkli girisimler
gostermektedir.

Taze kabuklu yumurtalar, 3 doz gama 1sinlamasinin (1, 2 ve 3
kGy) etkisini test etmek amaciyla 108 CFU S. Enteritidis ile
astlanmistir. Isinlama isleminden sonra yumurtalar 4 °C'de 42
saat tutulmustur. 1 kGylik i1sinlama dozu, kabuk uzerinde
saptanabilir S. Enteritidis icin 3,9 logCFU'luk bir azalma ortaya
koymustur. Ayrica, kullanilan daha yuksek dozlar, kabuk
Uzerinde bakteriyel kontaminasyonun saptanamayan seviyelere
indirilmesini ortaya koymus ve bu uygulamanin kabuklu yumurta
yuzey dekontaminasyonu icin etkinligini kanitlamistir (Tellez ve
digerleri 1995).

Serrano ve digerleri (1997), ytizeyde (106 CFU/mL duzeyinde)

veya kabuklu yumurtalarda (1 mL 108 hiicre/mL enjekte ederek)
astlanan S S. Enteritidis izolatinin 1sinlama duyarhiligini test etti.
Asilanmis numuneler 0, 0.5, 1.0 ve 1.5 kGy'lik 1s1nlama dozlarina
tabi tutulmustur. Tlm izolatlarin ylzeyden elimine edilmesi icin
minimum 0,5 kGy dozu yeterli kabul edildi. Ancak ayni izolatlar
iceriklere asilandiginda daha blyik direnc gdsterdi ve bu
durumda sadece teste dahil edilen maksimum doz igerikteki S.
Enteritidis sayilarini yaklasik 4 log10 oraninda azaltabildi.
2003 yilinda, Wong ve Kitts 109 hiicre/mL-1 dozunda 0,5 mL L.
monocytogenes, E. coli ve S. Typhimurium slispansiyonu ile
asilanmis kabuklu yumurtalar tzerindeki antimikrobiyal etkileri
incelemek icin diistik dozlarda elektron 1sin1 1sinlamast (2, 3 ve 4
kGy) kullandilar. Inokule edilen numuneler 20 C'de 24 saat
tutulduktan sonra yukarida belirtilen dozlar kullanilarak i1ginlama
islemi yapilmustir.
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3 ve 4 kGy'lik elektron 1511 1sinlamasi dozlari, 3 patojenin

saptanamayan seviyelere indirildigini ortaya koymustur; S.
Typhimurium 1smmaya karst daha yliksek bir direnc
gostermektedir, sayimlar diger 2 tiirin durumundan daha yavas
azalmaktadir.
107 ila 108 CFU/yumurta asisi1 kullanilarak, kabuklu yumurtalar,
S. Typhimurium, S. Enteritidis, Campylobacter coli ve C.
jejuni'nin referans suslari ile yapay olarak kontamine edilmistir. D
degerlerinin (mikroorganizmalar i¢in 1s1 direnci degerleri)
belirlenmesi icin 1sinlama dozlan araligi Salmonella spp
icin 0,2 ila 1 kGy ve Campylobacter spp icin 0,2 ila 0,7
kGy idi. Gama 1s1masi dozlari, 0,5 ila 5 kGy araliginda yer
almistir. D degerleri S. Typhimurium ve S. Enteritidis icin
sirastyla 0.31 ile 0.26 ve 0.20 ve 0.19 kGy arasinda, yumurta
kabugu i¢in C. coli ve C. jejuni icin 0.21 ile 0.18 kGy ve 0.07
ile 0.09 kGy arasinda degismektedir (Cabo Verde ve digerleri
2004).

Al-Bachir ve Zeinou (2006), kabuklu yumurtalarin isinlanmasi
Uzerine baska bir calisma yapmislardir. 107 CFU/mL Salmonella
spp stspansiyonu kullanilarak kabuklu yumurtalar asilandi
ve daha sonra hayatta kalma egrilerinin tahmini ile 500 ila
3000 Gy gama 1s1masina tabi tutuldu. Salmonella spp yukiini bir
log déngli (D10) azaltmak i¢in gereken radyasyon dozu 448 Gy idi. Yun
ve digerleri (2012) bagka bir yaklasim 6nerdi. Farkli konsantrasyonlarda
kitosan kaplamalart ve farkhi iyonlastirict radyasyon dozlarini
birlestirerek, 1sinlanmis yumurtalanin glvenlik ve fonksiyonel
ozelliklerini en Ust diizeye cikarirken kalite bozulmalarini en aza
indirmek icin en uygun kosullart tahmin etmeyi amagcladilar. 1.
adimda, yumurtalar %0.0, %0.5, %1.0, %l.5 ve %2.0
konsantrasyonlar: kullanilarak kitosan ile kaplandi. 2. asama,
kabuklu yumurtalarin daldirma yoluyla S. Typhimurium ile
asllanmasindan ve ayrica 0.0, 0.5, 1.0, 1.5 ve 2.0 kGy dozlan
kullanilarak bir 1sinlama islemine tabi tutulmasindan olusuyordu.
Sonuclar, %l'den fazla kitosan konsantrasyonlar1 ile
kombinasyon halinde 0,5 kGy'den fazla dozlar kullanildiginda,
S. Typhimurium'un yumurta kabugundan basariyla ortadan
kaldirildigini gosterdi. Ayrica, 0.45 kGy 1sinlama dozu ve %0.525
kitosan kaplama konsantrasyonu kullanildiginda kdptik stabilitesi,
koptrme kapasitesi ve Haugh birimleri olumsuz etkilenmez.

Mikrodalga teknolojisi. Mikrodalgalar, 300 MHz ila 300 GHz
araliginda frekanslara sahip salinan elektromanyetik dalgalardir.
Mikrodalgalarin patojenler Uzerindeki etkileri genel olarak 2
sekilde ifade edilebilir: termal ve termal olmayan. Termal
inaktivasyon, enzimlerin, proteinlerin, niikleik asitlerin veya diger
hayati bilesenlerin denattirasyonu ve membranlarin bozulmasi gibi
degisiklikleri iceren mikrodalga uygulama islemi sirasinda 1sitmadan
kaynaklanir.

Termal olmayan etkiler 4 kategoride siniflandirilmigtir:

(a) Mikrodalgalarin kati mikroorganizmalar1 gevreleyen ortamdan

daha etkili bir sekilde 1sitmasi ve organizmanin daha hizh
oldurtlmesine neden olmasiyla a¢iklanan seckili 1sitma;

(b) bir elektrik potansiyeli mikroorganizmanin zarini gectiginde
meydana gelen ve zarda gézeneklerin olusmasina ve hucresel
bilesenlerin daha fazla sizintisina yol acan elektroporasyon;

(c) bir zar boyunca voltaj duslisi nedeniyle hiicre zarinin
yirtilmas;

(d) hiicrenin i¢ bilesenlerinde bir bozulmanin neden oldugu ve
hticre lizisine yol acan manyetik alan eslesmesi (Datta ve
Davidson 2000; Leonelli ve Mason 2010).

Mikrodalgalar, Lakins ve digerlerinin (2008) daha énce gosterdigi
gibi, aralarinda S. Enteritidis'in de bulundugu yumurta kabugunda
bulunan farkl bakterilerin yiikiint azaltmak icin kullanilabilir. Yeni
bir ydénlti mikrodalga teknolojisi (ITACA New Tech, Brescia,
ftalya) kullamlarak yumurtalar 20 saniye boyunca 12.2 cm dalga
boyuna karsilik gelen 2.45 GHz'e maruz birakildi. Mikrodalga
isleminin sonunda 30 saniyelik bir CO2 islemi gerceklestirildi.
Yumurta kabugu tzerinde S. Enteritidis'in maksimum
azalmas1 yaklasik 2 log doéngli idi, bu deger yazarlar
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tarafindan dogal olarak kontamine olmus yumurtalarin
cogunda S. Enteritidis'i ortadan kaldirmak icin uygun olarak
degerlendirildi. Bununla birlikte, minimum 3 ila 4 logio'luk bir
azalmaya ulasmak icin daha fazla calismaya ihtiyac¢ vardir.

Ultraviyole 1s1n teknolojisi. Ultraviyole (UV) 151k, X-1smlart (200
nm) ve goranir 1s1k (400 nm) arasindaki elektromanyetik
spektrumun iyonlastirici olmayan bolgesinde genis bir
dalga boyu bandini kaplamaktadir, ancak yalnizca 250 ila 260
nm araligindaki UV (kisa dalga UV radyasyonu veya UVC) cogu
mikroorganizma icin 6ldartcl olabilir. Pratik uygulamalar
arasinda sunlar sayilabilir: ylizeylerde mikroorganizmalarin
inhibisyonu, havadaki mikroorganizmalarin yok edilmesi ve
swilarin ~ sterilizasyonu  (Bintsis ve digerleri 2000). UV
radyasyonu, DNA'daki pirimidin niikleotid bazlar1 arasinda bir
capraz baglanmay: indiikleyerek mikroorganizmalari etkisiz hale
getirir, bu da DNA transkripsiyonunun ve replikasyon
mekanizmalarinin inhibisyonu ile sonuclanir ve sonunda
mikrobiyal hlicre 6llimtine yol agar. Ayrica UV radyasyonunun
hlicre zar1 bitinligint etkiledigi, protein modifikasyonlarin
indtikledigi ve oksidatif fosforilasyonu inhibe ettigi gosterilmistir
(Rodriguez-Romo ve Yousef 2005).

Keklik ve digerleri (2009), 3800 V giris voltajinin UV atimli 151811
(saniyede 3 kez, her atimin stresi 360 ps) kullanarak, lamba
ylizeyinin 1,5 cm altinda 1.27 J/cm?/atim radyan enerji Urettiler. S.
Enteritidis ile yapay olarak kontamine edilmis kabuklu
yumurtalardan olusan numuneler, farkli islem siirelerine tabi
tutulmus ve farkli mesafeler de kullanilmistir (1, 3, 5, 10, 15, 20 ve
30, 9,5 ve 14,5 cm). Sonuglar, UV flagindan 9,5 cm'lik bir uygulama
mesafesinde, azalmanin 2,0 ile 5,3 CFU/cm? arasinda oldugunu ve
uygulamadan sonra numunelerin gorsel gdrintimiintiin herhangi bir
farklilik gostermedigini gosterdi. 3, 5 ve 10 saniyelik uygulamalar
énemli olctide farkhhk gostermemistir (P < 0.05), 10 saniyelik
uygulama 15 saniyelik uygulamadan o6nemli 6lctide farklilik
gostermemistir (P > 0.05). 20 s ve 30 s sonuclar, diger
uygulamalardan énemli él¢tide farklilik gdstermistir (P < 0.05) ve
mesafeler dikkate alindiginda, 9.5 ve 14.5 cm'deki uygulamalar,
uygulama strelerinden bagimsiz olarak énemli olctide farklilik
gostermemistir (P > 0.05). Negatif zenginlesmeye neden olan en
kisa streli islem 9,5 cm mesafe iceren islem olmustur.

Salmonella ile kontamine kabuklu yumurtalarin 2 ve 4
dakika stireyle UV radyasyonu (100 pW/cm?2) ile isleme tabi
tutulmasi (P < 0.05), S. Enteritidis poptlasyonunu isleme tabi
tutulmamis kontrollere kiyasla sirasiyla 2.6 ve 2.0 log birim
azaltti. Ayni calismada fakat baska bir denemede, Salmonella ile
kontamine kabuklu yumurtalar, 5 dakikaya kadar daha yuksek
UV radyasyon yogunlugu (1500 ila 2500 pW/cm?) ile isleme tabi
tutuldu; bu islem, 6nemli bir (P < 0.05) mikrobiyal azalma ile
sonuglandy; 1, 3 ve 5 dakikalik UV uygulamalari, isleme tabi
tutulmamis  kontrollerle  karsilastinldiginda,  Salmonella
poptlasyonlarini sirasiyla 3.4, 3.0 ve 4.3 log birim azaltti; 1, 3 ve
5 dakikalik 1sinlamadan sonra Salmonella poptlasyonlarindaki

azalmalar karsilastinldiginda o6nemli bir fark (P > 0.05)
gdzlemlenmedi (Rodriguez - Romo ve Yousef 2005).
Elle calistinlan bir yumurta silindiri kullamlarak, kabuklu

yumurtalara 0, 15, 30 ve 60 saniye siireyle 7,35 mW/cm2'de 254 nm
1stktan olusan bir UV islemi uygulandi; son olarak yumurta kabuklarn
uzerindeki mikrobiyal yukin azalmasim gozlemlemek igin APC
degerlendirildi. Tam 30 saniyelik UV maruz birakma denemelerinde,
kontrollere kiyasla 1 ila 2 logio CFU/yumurta oraninda énemli bir
azalma meydana geldi. 60 saniye dondurtlen yumurtalar, diger maruz
kalma zaman araliklarindan 6nemli 6lctide daha fazla APC distsline
sahipti (kontrollere kiyasla, 60 saniye UV radyasyonuna maruz kaldiktan
sonra 2 ila 3 logio CFU/yumurta aerobik mikroorganizma gézlemlendi)
(Chavez ve digerleri 2002).
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Ampullerden 20 cm uzaklikta 10 mW/cm?/s'lik bir
UVC (254 nm) doz hizi ve maruz kalma sirasinda 4 kez
90° dontsle 1sinlama kullanarak, Sommers ve digerleri
(2010), kabuklu yumurtalarda Salmonella spp'nin J/cm2

basina farkh log azalmas: elde ettiler: 0.5J/cm?de 0.43
0.21; 1 J/cm?de 0.31 + 0.2; 2 J/cm?de 0.53 + 0.52 ve 4

J/cm%de 0.98 £0.55.

Atiml 151k teknolojisi. Atimli 151k (PL) islemi, yogun bir genis
spektrumlu 1s18in (200 ila 1000 nm) kisa streli atimlarin
uygulanmasindan olusan termal olmayan bir teknolojidir.
Spektrumun bu kismi, esas olarak fotokimyasal ve/veya
fototermal mekanizmalar yoluyla PL'nin 6ldurtct etkisinden
sorumludur. Bakteriler Uzerinde dretilen fotokimyasal hasar,
spektrumun UV-C bolgesi (200 ila 290 nm) tarafindan esas olarak
DNA ftzerinde indtklenirken, fototermal hasar mikroorganizmalar
tarafindan 151¢n absorpsiyonundan kaynaklanir; bu da hicre
icindeki suyun buharlagsmasina ve zarin yirtilmasina neden olan
gecici bir asirt 1simnmaya neden olur (Wekhof ve digerleri 2001;
Woodling ve Moraru 2005). Hierro ve digerleri (2009), UV
1s18ina karsilik gelen spektral ciktinin %30'u ile 100 ps'de
iletilen PL kullanilarak S. Enteritidis'in etkisizlestirilmesinin
mimkin oldugunu gosterdi. Bunun icin kutikilin
yoklugunun /varligmm etkisini de goézlemlemek icin yikanmis ve
yikanmamis yumurta kullandilar. Yikanmamis yumurtalarin
kalttre daldirilmasi, kabukta 4.5 log birimlik bir ik
kontaminasyon sagladi. Bu kategori i¢in, PL islemi, yumurtalarm
%24 ila %80'inde 3,6 logCFU/yumurta oraninda bir azalma tespit
etmistir. Yikanmig yumurtalar i¢in, asilama 6.3 log birimlik bir ilk
kontaminasyona yol acti; elde edilen maksimum azalma sadece 1.8
log CFU/yumurta idi. 12 J/cm? uygulandifinda yumurtalarda
kaydedilen maksimum sicaklik artist1 3 °C oldugundan bu
yontem yumurta kalitesi icin herhangi bir risk
olusturmamaktadir. Yikanmis yumurtalarda elde edilen daha
diastik kontaminasyon, kutikiilin durumunun uygulamanin
faydasini etkiledigi hipotezini desteklemektedir. Bu nedenle
kutikiliin butiinltiginin bozulmasma neden olan herhangi bir durum
PL isleminin etkinligini azaltir.

Yikanmamis yumurtalar da kullanilarak, S. Enteritidis ile
asilama ve 0,5 J/cm?1lik 8 flag ile isleme tabi tutularak,
kabuklu yumurtalarin ytizeyinde 8 log azalma gézlemlendi.
Ayni yazar, yumurtadan daha soguk bir inokulum soliisyonu
kullanildiginda, mikroorganizmalarin kabuga daha derin bir
sekilde ntifuz etmesinin arttiini, inaktivasyonun ise 1.
deneye kiyasla 2 ila 4 kat daha disik log azalmasi
sagladigini gozlemledi (Dunn 1996).

Gaz plazma teknolojisi. Plazma, stirekli etkilesim halindeki
parcaciklardan olusur: fotonlar, elektronlar, pozitif ve
negatif iyonlar, atomlar, serbest radikaller ve uyarilmis ve
uyarilmamis molektiller. Plazma, olusturulduklari kosullara
baghh olarak termal olabilir ve termal olmayabilir. Termal
plazmalar ytliksek basincta elde edilir ve korunmak icin 6nemli
bir glice ihtiya¢ duyarken, termal olmayan plazmalar daha
diisiik basingta elde edilir, daha az gii¢c kullanir ve gazinkinden
cok daha yuksek bir elektron sicakligi ile karakterize edilir
(Moisan ve digerleri 2001; Moreau ve digerleri 2008).

Plazma iglemi sirasinda mikroorganizmalar, OH ve NO
radikalleri tarafindan yogun bir bombardimana maruz
kalirlar, ancak inaktivasyonlarmnin mekanizmas: tam olarak
bilinmemektedir. Islem muhtemelen canli bakteri hticresinin
yeterince hizh tamir edemedigi ylizey lezyonlarina neden olur.
Mikroorganizmalarin yok edilmesinde yer alan siire¢, aymi
zamanda, plazma bilesenlerinin  mikroorganizmalarin
ylzeyine emilmesi ve daha sonra hiicrelerden elimine edilen
ucucu bilesiklerin olusturulmasiyla da ifade edilebilir. Ayrica
plazma, mikroorganizmalarin zarlarinda deliklere neden olur
ve besiyerinde belirgin bir asitlesmeye neden olur (Laroussi ve
digerleri 2003; Laroussi ve Leipold 2004).
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Gaz plazma, geleneksel yontemlerle sterilize edilemeyen trtnler
icin alternatif bir yontem olarak gidalarin dekontaminasyonu i¢in iyi
bir firsat sunabilir. Avrupa Birligi'nde, tasniften 6nce veya sonra
kabuklu  yumurtalarin  yikanmasi  veya  temizlenmesi
yasaklanmistir; bu nedenle alternatif yontemlere olan ihtiyac
artmaktadir. Ragni ve digerleri (2010), kabuklu yumurtalarn
yluzeyini dekontamine etmek icin termal olmayan bir gaz plazma
cihaz1 kullanma olasiigini arastirdi. Cihaz, 2 elektrottan olusan
direncli bir bariyer desarj sistemi ile temsil edilmistir. Bir veya
her ikisi, ark olusumunu oénleyecek yiiksek direncgli bir
malzeme ile kaplanmistir. Ylizeysel dekontaminasyon icin
prototipin etkinligi, S. Enteritidis ve S. Typhimurium ile yapay
olarak asilanmis kabuklu yumurtalarin farkli zamanlarda gaz
plazmasina maruz birakilmasiyla degerlendirildi: 0, 10, 20, 30,
45, 60 ve 90 dakika S. Enteritidis icin, 10 ila 20 dakikalik bir
maruz kalma, isleme tabi tutulmamis numunelere kiyasla 1.0
ila 1.6 log CFU/yumurta kabugu azalmasiyla sonugclandi. 60 ila
90 dakika sonra, %35 bagl nemde (RH) 2,2 ila 2,5 log
CFU/yumurta kabugunda maksimum azalma goézlemlenirken,
%65 RH'de uygulamalarin etkinligi arttinldi. Gaz plazma
uretecinin etkinligi, islem stresinin arttirilmasiyla artti; bu yari-
dogrusal bir egilim gostermektedir. S. Typhimurium i¢in, %65 RH
kullanildiginda daha ytksek bir hassasiyet gozlemlendi. Ayrica, 90
dakika boyunca isleme tabi tutuldugunda 3.5 log CFU/yumurta
kabugunda 6nemli bir azalma gozlemlendi.

Kayes ve digerleri (2007), gida kaynakli patojenlerin
inaktivasyonu i¢in bir atmosfer tek tip isima desarji kullanan
baska bir gaz plazma jeneratéri cihaznmn etkinligini
incelediler ve farkll bakteri tirlerinin (E. w/ O157:H7, L.
monoeytagenes, Staphylococens aurens, B. cerens, S. Enteritidis, Vibrio
parabaemolyticus, Yersinia enterocolitica, Shigella flexnerl) mikrobiyal
yukinin, 30 ila 90 s'lik bir ilk maruz kalma siresi
boyunca gigli bir sekilde azaldigini gosterdiler. Bununla
birlikte, spor olusturan B. cereus, spor olusturmayan tiirlere gére
plazmaya daha direngli olmasina ragmen, Gram-pozitif ve Gram-
negatif patojenler arasmda kayda deger bir fark gézlenmemistir
(Kayes ve digerleri 2007).

Ultrason. Akustik enerjinin transferinin anlik olmasi ve
Urtnlerin tim hacmine dagilmas: gerceginden dolayi, gida
Urlnlerinin ultrasonla isleme tabi tutulmasi, minimum isleme
icin yararh bir aractir (Ulusoy ve digerleri 2007). Ultrasonik
dalgalarla mikrobiyal 6ldirme mekanizmasi, esas olarak
hlicre zarlarinin incelmesi, lokalize i1sinma ve serbest
radikallerin Uretilmesinden kaynaklanmaktadir (Piyasena ve
digerleri 2003). Mikro-mekanik sok dalgalari, ultrasonikasyon
islemi altinda dalgalanan basin¢larin neden oldugu mikroskobik
kabarciklar olusturup kirarak olusturulur; bu sok dalgalar
hticresel yapisal ve fonksiyonel bilesenleri bozar ve hiicre lizisine
yol acar (Ulusoy ve digerleri 2007). Sonikasyon islemi mikrobiyal
yikima su sekilde yol ac¢maktadir: alternatif sikistirma ve
genisleme  bolgeleri  yaratarak, uzunlamasma  dalgalar
kavitasyonun meydana gelmesine neden olur ve kabarciklar
olusur; genlesme yoluyla, saglanan ultrasonik enerjinin bir buhar
fazin1 tutmak icin yeterli olmadig bir noktaya ulasilar ve bu
nedenle hizh yogusma meydana gelir. Yogunlasan molekiller
siddetli bir sekilde carpisarak sok dalgalar yaratir; bu dalgalar,
5500 °C ve 50 MPa'ya ulasan cok ylksek sicaklik ve basing
bolgeleri olusturur. Bu teknolojinin diger uygulamalarla farkl
kombinasyonlar: 6nerilmistir: termosonik (1s1 arti sonikasyon),
manosonik (basing arti sonikasyon) ve manotermosonik (is1 arti
basing artt sonikasyon), bunlarin timi, mikroorganizmalar
oldtirmede daha enerji verimli ve etkili olduklarindan, mikroplar
etkisiz hale getirmek i¢in yliksek verimli yéntemleri temsil etmektedir
(Dolatowski ve digerleri 2007). Ultrasonik ydntem, 1sil islemle
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birlikte kabuklu yumurta tedavisi ile Salmonella Enteritidis'e
verimli bir sekilde uygulandi. Kullanilan parametreler sunlardu:
5 dakika icin 54 °C, 24 kHz ve 60 pm'de 400 W. S.
Enteritidis sayist 7,78 log CFU/yumurta kabugundan 2,95
log CFU/yumurta kabuguna dustrtlda (P < 0.05). Yumurta
kabugu morfolojisi ve yapilar tizerinde termoultrasonik islemin
ihmal edilebilir bir etkisi vardi, kutikiil morfolojisinde bazi
degisikliklere ugradi, ancak depolama kosullar1 ve yumurta
iceriginde tespit edilen bakteri Uremesi Uzerinde bir etkisi
olmadi (Cabezave digerleri2011).

Bitki dzlerinin kullanimi. TUketicilerin organik ve islenmemis
gida Urlnlerine olan talebi giderek artiyor; bu nedenle
sofralik yumurta dekontaminasyonu icin bitki 6zlerinin
kullanilmasi1 bu acidan uygun bir secenek olarak
degerlendirilebilir.

Son zamanlarda Krittika ve Gi-Hyong (2012) birka¢ bitki
6zinltn Salmonella spp Utizerindeki inhibitér etkileri hakkinda bir
inceleme yayinladilar. Bu yazarlara gére, fenolik bilesikler, zari
gecirgen hale getirerek etkilesime girdiklerinden bakterisidal
etkilerinden sorumludur. Biyolojik aktiviteleri, ekstraksiyon icin
kullanilan ¢oztictiye de bagl gibi gdrinmektedir.

Su anda, bu konuda, 6zellikle kabuklu yumurtalar tizerinde
cok az calisma yaymlanmistir. Davies ve Breslin (2003a),
Salmonella ve diger zararli bakteriler tizerinde engelleyici etkisi
olan dogal bir bitki 6zinden bahsetmistir. Daha 6nce Salmonella
Enteritidis ile kontamine olmus yumurtalar %2 Protecta II'ye
(Bavaria Corp. Intl., Apopka, Fla., ABD) daldirildiginda ve ayrica
oda sicakliginda havada kurutuldugunda, yazarlar, damitilmig
su kontroli (8/20) ile karsilastinnldiginda kontamine kalan
yumurta sayisinda (8/20) bir fark gozlemlemediler.

Son zamanlarda, Pohuang ve digerleri (2009), Punica granatum
L.'nin etanolik ekstraktinin Salmonella Enteritidis'e karst yumurta
kabuklan ve yumurta kabugu zarlan tizerindeki etkisini test ettiler.
10 dakika boyunca uygulanan bu alkolli bitki 6ztintin %1,25'lik
bir konsantrasyonu ve %2,5'lik (a/h) birinin kullanilmasi, hem
yumurta kabuklarinda hem de yumurta kabugu zarlarinda S.
Enteritidis'in tamamen ortadan kaldirilmasina yol agmadi.

Bu bitki ozlerinin etkinligi simdiye kadar tam olarak
kanitlanmamigtir.

Sonuglar

Farkli koruyucu yoéntemlerin kullanilmasi, yumurtalarin
Salmonella spp., Ozellikle S. Enteritidis ile kontamine olma
olasitligini azaltma etkisine sahiptir. Ciftlik duzeyinde, farkl
hasat oOncesi yontemleri, enfeksiyon slirecine mudahale
ederek ve bu gida kaynakhi patojenin olusan yumurtaya
nifuz etme olasiligini azaltarak yumurta kontaminasyonu
riskini azaltabilir. Ayrica, hasat sonrasi yontemler, sogutma
adimina uyarak ve kimyasal ya da fiziksel farkli prosedurler
uygulayarak insanda salmonelloz riskini azaltabilir. Bunlar
ozellikle yumurta kabugundaki mevcut bakteri sayisini
azaltir ve dunyanin farkli yerlerinde pazarlanan kabuklu
yumurtalarin mikrobiyolojik kalitesini saglar. Ancak, bu hasat
sonras! kimyasal veya fiziksel prosediirler dinya capmda kabul
gdrmemekte ve uygulanmamaktadir; ¢linkii uygulanan isleme
yontemleri ne olursa olsun, kabuklu yumurtalarin besin
kalitesinin ve o&zelliklerinin korunmasmi saglamak icin bu
konuda arastirmalara hala ihtiya¢ duyulmaktadur.
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To estimate the global burden of nontyphoidal Salmonella gastroenteritis, we synthesized existing data from laboratory-based

surveillance and special studies, with a hierarchical preference to (1) prospective population-based studies, (2) “multiplier

studies,” (3) disease notifications, (4) returning traveler data, and (5) extrapolation. We applied incidence estimates to

population projections for the 21 Global Burden of Disease regions to calculate regional numbers of cases, which were

summed to provide a global number of cases. Uncertainty calculations were performed using Monte Carlo simulation. We

estimated that 93.8 million cases (5th to 95th percentile, 61.8-131.6 million) of gastroenteritis due to Salmonella species
occur globally each year, with 155,000 deaths (5th to 95th percentile, 39,000-303,000 deaths). Of these, we estimated 80.3
million cases were foodborne. Salmonella infection represents a considerable burden in both developing and developed

countries. Efforts to reduce transmission of salmonellae by food and other routes must be implemented on a global scale.

Salmonella species are a leading bacterial cause of acute gas-
troenteritis. Although the global human health impact of Sal-
monella infections has not been estimated, gastroenteritis is a
major cause of morbidity and mortality, worldwide, both in
children <5 years old [1, 2] and in the general population [3].
In a study from four developed countries, Scallan et al [3]
estimated that the incidence of diarrheal disease ranged from
0.44 to 0.99 episodes per person-year; conservatively, such an
incidence would translate into an order of 2.8 billion cases of
diarrheal illness each year worldwide. Accurate estimates of the
burden of diarrheal diseases caused by Salmonella species and
other foodborne pathogens are needed to effectively set public
health goals and allocate resources to reduce disease burden.
Recently, the World Health Organization (WHO) established
the Foodborne Disease Burden Epidemiology Reference Group
to provide global foodborne disease estimates [4].
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Although laboratory-based surveillance provides useful trend
information, it underestimates disease burden [5-12]. To be
ascertained in a laboratory-based surveillance system, an ill
person must seek medical care, submit a specimen (usually
stool), the laboratory must test for the pathogen and report a
positive finding, and the laboratory-confirmed infection must
be ascertained by public health authorities. Therefore, cases in
laboratory-based surveillance represent a fraction of the total
community cases. Several countries have conducted either pro-
spective population-based studies, or cross-sectional surveys to
determine the extent of the underascertainment within labo-
ratory-based surveillance [6, 11, 13-16]. However, global es-
timates are difficult to calculate because many countries, par-
ticularly developing countries, have insufficient surveillance
data.

In 2000, Crump et al [17] estimated the global burden of
typhoid fever by summarizing available data and extrapolating
to countries and regions where data were lacking. The WHO
has recommended a similar approach for estimating the global
burden of foodborne disease [18]. Thus, we synthesized existing
data from the literature, special studies and laboratory-based
surveillance to estimate the global burden of nontyphoidal Sal-
monella gastroenteritis.
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METHODS

Regional incidence. We classified the world population into
21 regions, as designated by the 2005 Global Burden of Disease,
Injuries and Risk Factors Study (GBD; Table 1) [19]. We used
the United Nations Department of Economic and Social Affairs,
Population Division year 2005 median fertility variant regional
population estimates [20], and included the regional popula-
tions as point estimates (ie, without uncertainty) in the sto-
chastic model.

We used a hierarchy of data sources to estimate the incidence
of Salmonella gastroenteritis for each GBD region (Table 1).
The ideal source was a prospective population-based study, in
which a cohort of individuals was followed up to determine
illness and collect specimens, and which estimated the incidence
of Salmonella infection in the population. If such a study existed
from a country within a GBD region, that incidence estimate
was extrapolated to the entire region. If these data were not
available, we used data from “multiplier studies” conducted in
the region. Multiplier studies calculate the incidence of Sal-
monella by multiplying the incidence of laboratory-confirmed
infections, ascertained from laboratory-based surveillance, by
a Salmonella-specific multiplier which adjusts for under-ascer-
tainment. If a multiplier study existed from a country within
a GBD region, that incidence estimate was extrapolated to the
entire region.

If neither a prospective population-based study nor a mul-
tiplier study existed in a GBD region, we used disease notifi-
cation data from countries in the region, averaged among the
countries within the region. To account for underascertain-
ment, notification data were multiplied by a Salmonella-specific
multiplier estimate obtained from the literature. If disease no-
tification data were not available, we used an estimate of the
incidence of Salmonella in foreign travelers returning from one
or more countries in the region, with two adjustments. Because
the incidence in foreign travelers represents only the fraction
of travelers who seek care and submit stool once back in their
home country, we adjusted for under-ascertainment using a
Salmonella-specific multiplier estimate from the literature. Be-
cause the susceptibility of foreign travelers to infection is likely
greater than the susceptibility of the resident population, po-
tentially due to lack of prior exposure to regional serotypes or
to differing exposure risks, we created a “correction factor” by
comparing incidence estimates from returning travelers to those
from the resident population, by region, where data allowed.
In GBD regions where none of the above data sources were
available, data were extrapolated from the geographically closest
GBD region with either prospective population-based and mul-
tiplier study data, because such data were considered superior
to the other data sources.

Disease notification data were obtained from institutional
Web sites. Estimates of the incidence and underascertainment

of Salmonella were identified from the published scientific lit-
erature for the period 1966—2007 using the keyword “Salmo-
nella” and any one of the following keywords: “incidence,”
public health,” “mortality,
surveillance,” “burden,” “distribution,

» o« » o«

“prevalence, population sur-

» « » <«

veillance, area,” “lo-

cation,” “developing countries,” “developed countries,” “coun-
try,” geography,
word “monitor-.” Additional articles were obtained through

» o« »

epidemiology, and permutations of the
consultation with experts and cross-referencing citations from
articles identified above. We also consulted members of WHO
Global Salm-Surv, an international network of laboratories and
individuals involved in surveillance, isolation, identification
and antimicrobial resistance testing of Salmonella to identify
unpublished studies [21].

Global incidence. For each GBD region, the estimated pop-
ulation was multiplied by the estimated incidence of Salmonella
gastroenteritis. The resulting annual number of cases was
summed across all regions to yield the annual number of cases
of Salmonella gastroenteritis worldwide. This calculation was
performed repeatedly using Monte Carlo simulation to account
for uncertainties in the estimated incidences. Each incidence
estimate was modeled as a PERT distribution [22]. The PERT
distribution is a smooth curve, which places emphasis on values
nearer to the most likely value and is often used to model
expert opinion data. The incidence estimate reported in the
literature was used as the most likely value in the corresponding
PERT distribution. For the majority of incidence estimates,
confidence intervals were reported in the literature, and were
thus used as the minimum and maximum values in the PERT
distribution. Where there was >1 confidence interval per region,
the lowest and highest values reported were used as the min-
imum and maximum values. Because disease notification data
did not have confidence intervals, in regions where we used
such data, we used the lowest and highest country-specific in-
cidences within the region as the minimum and maximum
values.

A distribution of estimates of the annual number of cases
of gastroenteritis due to Salmonella worldwide was generated
in @RISK, version 4.5.2 (Palisade Corporation), with 10,000
iterations and Latin Hypercube sampling. To determine the
annual number of deaths, we used two published case fatality
rates to parameterize a uniform distribution: 0.0003% [15] and
0.003% [23]. A sensitivity analysis was conducted to determine
which parameters had the most influence on the estimated
annual number of cases, by ranking correlation coefficients
between each of the input parameters and the annual number
of cases. Scenarios were run to explore the impact of the most
influential model parameter, select model assumptions, and the
potential impact of regions whose resulting incidence appeared
markedly lower than the geographically surrounding regions.

To estimate the proportion of estimated cases of Salmonella
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Table 1. The Global Burden of Salmonella Gastroenteritis, Circa 2006, Shown by 2005 Global Burden of Disease, Injuries and Risk
Factors Study (GBD) Region and Grouped by the 6 World Health Organization (WHO) Subregions

Existing sources of incidence data

Estimated global
burden, mean value

2006 Incidence per 100,000 person-years No. of No. of p;:ﬂ'gg?ggo
GBD region Population Type of data Most likely value (range)  Reference(s) cases deaths person-years
EMRO
North Africa/Middle East 410,800,000  Multiplier 124 (58-267) [27] 563,000 900 140
Total 410,800,000 563,000 900 140
AFRO
Sub-Saharan Africa, Central 84,412,000  Returning traveler 93 (43-205) [30] 85,000 100 100
Sub-Saharan Africa, East 314,208,000  Returning traveler 471 (294-755) [30] 1,488,000 2500 470
Sub-Saharan Africa, Southern 68,021,000  Returning traveler 69 (48-98) [30] 46,000 <100 70
Sub-Saharan Africa, West 300,598,000  Returning traveler 279 (180-432) [30] 839,000 1400 280
Total 767,239,000 2,458,000 4100 320
WPRO
Asia Pacific, High Income 180,468,000  Multiplier 32 (15-69) [13] 64,000 100 40
Asia, Central 76,815,000  Returning traveler 39 (28-53) [30] 29,000 <100 40
Asia, East 1,344,125,000  Multiplier 3600 (1688-7763) L2 53,429,000 88,200 3980
Australasia 24,407,000  Multiplier 257 (79-480) [11] 66,000 100 270
Oceania 9,002,000  Extrapolation 257 (79-480) [11] 24,000 <100 270
Total 1,634,817,000 53,610,000 88,500 3280
SEARO
Asia, South 1,498,563,000  Returning traveler 474 (330-681) [30] 7,034,000 11,600 470
Asia Southeast 573,711,000  Extrapolation 3,600 (1688-7763) L2 22,805,000 37,600 3980
Total 2,072,274,000 29,839,000 49,200 1440
EURO
Europe, Central 118,750,000  Disease notification 160 (39-322) [28] 2,835,000 4700 2390
Europe, Eastern 211,614,000 Disease notification 40 (23-69) [28] 1,265,000 2100 600
Europe, Western 407,707,000  Population 220 (110-430) [6] 965,000 1600 240
Total 738,071,000 5,065,000 8400 690
AMRO
North America, High Income 332,117,000  Multiplier 495 (250-870) [14, 15] 1,716,000 2800 520
Caribbean 40,525,000  Returning traveler 107 (86-134) [30] 42,000 <100 110
Latin America, Andean 49,517,000  Returning traveler 80 (60-106) [30] 39,000 <100 80
Latin America, Central 215,172,000  Returning traveler 108 (77-150) [30] 229,000 400 110
Latin America, Southern 58,371,000  Returning traveler 80 (60-106) [30] 46,000 <100 80
Latin America, Tropical 192,735,000  Returning traveler 80 (60-106) [30] 151,000 300 80
Total 888,437,000 2,222,000 3,700 250
Global total® 6,511,638,000 93,757,000 155,000 1140

NOTE. GBD regions crudely grouped into WHO sub-regions, based on majority overlap of countries between regions. Disease notification, disease notification
data plus underascertainment multiplier; extrapolation, extrapolation from regions in close geographic proximity; multiplier, multiplier study (laboratory-based
incidence adjusted for underascertainment); population, prospective population-based incidence study; returning traveler; returning traveler data, plus underas-

certainment multiplier and susceptible traveler correction factor.

@ Ran Lu, Branch of Enteric Infection Disease Control and Prevention, Chinese Center for Disease Control and Prevention, unpublished data

® Numbers may not add due to rounding.

gastroenteritis that were foodborne, we used the average “pro-
portion foodborne” from 6 published estimates of the food-
borne proportion [5, 8, 11, 24-26]. The proportion of food-
borne cases was multiplied by the annual number of cases to
estimate the annual number of foodborne gastroenteritis cases
due to Salmonella species. Because of the uncertainty associat-
ed with such source attribution values, we also calculated esti-
mates using the lowest (55%) [24] and highest (95%) [5, 26]
proportions in the published literature.

RESULTS

Availability of data. We found 14,806 articles with the key-
word “Salmonella,” which, when linked with the secondary
keywords, reduced to 1,619 articles, of which 724 were related
to humans. From these we identified one prospective, popu-
lation-based study, from England in the 1990s, which estimated
the community incidence of Salmonella infection [6]. This in-
cidence was extrapolated to the “Europe, Western” region.
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Figure 1. Distribution of plausible values for the estimated annual
number of cases of Salmonella gastroenteritis worldwide, circa 2006,
showing 5th and 95th percentiles.

Six countries in 5 GBD regions had “multiplier studies,”
which used laboratory-confirmed incidences adjusted for un-
der-ascertainment. The estimated incidence of Salmonella from
Australia [11] was extrapolated to the “Australasia” region, Jor-
dan [27] to the “North Africa/Middle East” region, Japan [13]
to the “Asia Pacific, High Income” region, and China (Ran Lu,
Branch of Enteric Infection Disease Control and Prevention,
Chinese Center for Disease Control and Prevention, unpub-
lished data) to the “Asia, East” region. The estimated incidence
from the United States [15] and Canada [14] were averaged,
and extrapolated to the “North America, High Income” region.

Two GBD regions had available disease notification data for
one or more country within the region. Data from the Europe-
an Food Safety Authority [28] for 2005 were used, with the
exception of Slovenia, for which 2004 data were used. Dis-
ease notification data from countries within regions were aver-
aged, and multiplied by a Salmonella-specific multiplier from
the Netherlands [29], and the resulting incidence estimate ap-
plied to the respective “Europe, Central” and “Europe, East-
ern” regions.

Eleven GBD regions had information available on the inci-
dence of Salmonella gastroenteritis in returning Swedish trav-
elers [30]. These incidences were multiplied by the Salmonella-
specific multiplier from the Netherlands [29], and then by the
correction factor to account for differences in the susceptibility
between traveling Swedes and the resident population in a given
region. The correction factor was calculated by taking advantage
of the fact that 2 incidence estimates were available for 1 region
(“North Africa/Middle East”): one from a multiplier study from
Jordan [27], and one from Swedish travelers [30], corrected
for under-ascertainment. The ratio of these 2 estimates (0.0678)
was used to correct for the hypothesized increased susceptibility
of traveling Swedes versus regional residents.

For the final 2 GBD regions, it was necessary to extrapolate

from neighboring regions. The calculated incidence from the
Australia multiplier study [11] was extrapolated to the “Oce-
ania” region, and the calculated incidence from the China mul-
tiplier study (Ran Lu, Branch of Enteric Infection Disease Con-
trol and Prevention, Chinese Center for Disease Control and
Prevention; unpublished data) was extrapolated to the “Asia,
Southeast” region.

The distribution of estimates for the annual number of cases
of Salmonella gastroenteritis worldwide is shown in Figure 1.
Opverall, we estimate that 93,757,000 cases of gastroenteritis due
to nontyphoidal Salmonella occur annually (Table 1), ranging
from 61,768,000 (5th percentile) to 131,634,000 (95th percen-
tile). The estimated annual number of deaths and the incidence
per 100,000 persons are shown by GBD region, WHO sub-
region, and overall (Table 1). We estimate that nontyphoidal
Salmonella causes 155,000 deaths (5th to 95th percentile,
39,000-303,000 deaths) each year, worldwide. By applying the
average of published values of the proportion of Salmonella
infections that is foodborne (86%), we estimated that, of the
93,757,000 cases, ~80,318,000 are foodborne, and that the
number of foodborne cases is likely between 51,566,000 (as-
suming 55% are foodborne) and 89,069,000 (assuming 95%
are foodborne).

The input parameter with the most influence on the esti-
mated annual number of cases was the incidence estimate for
the “Asia, East” region (Table 2). To illustrate its impact, we
ran the 4 scenarios: 1 with a 10-fold decreased incidence, 1
with a 2-fold decreased incidence, and 2 using data from other
sources considered lower in the hierarchy (returning traveler
data and extrapolation from Japan). We also assessed the impact
of our assumption that travelers to a region are ~15 times more
susceptible than regional residents, by decreasing our suscep-

Table 2. Correlation between the Input Parameters and the
Distribution of the Annual Number of Cases of Salmonella Gas-
troenteritis Worldwide, Showing the Top 5 Variables

Correlation

Rank Proportion coefficient
1 Incidence estimate for “Asia, East” region 0.917
2 Incidence estimate for “Asia, Southeast region® 0.391
A Incidence estimate for “Asia, South” region 0.059

B Incidence estimate from “Europe, Central” region 0.055
4 Incidence estimate for “North America, High In-

come” region 0.024
5
A Incidence estimate for “Sub-Saharan Africa, East”
region 0.016
B Incidence estimate from “Europe, East” region 0.016
C Incidence estimate from “Europe, West" region 0.015

@ Incidence for “Asia, Southeast” estimated by extrapolating from “Asia,
East.”
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tible traveler correction factor 2-fold (ie, travelers ~7 times
more susceptible) and 7-fold (ie, travelers ~2 times more sus-
ceptible). Because the incidence estimate for the “Asia, South”
region was markedly lower than its geographic counterparts,
we assessed its impact using both a 2-fold and a 10-fold increase
(Table 3).

DISCUSSION

The global human health impact of nontyphoidal Salmonella
is high, with an estimated 93.8 million illnesses, of which an
estimated 80.3 million are foodborne, and 155,000 deaths each
year. The estimated total number of cases is plausible given
previously published diarrheal disease estimates [3], which sug-
gest that the total annual number of diarrheal illnesses may be
on the order of 2.8 billion worldwide. If so, Salmonella infec-
tions represent ~3% of these illnesses. Worldwide, mass pro-
duction and distribution of food disseminates pathogens rap-
idly; this, combined with the challenge of multidrug resistance
related to antibiotic use, creates new challenges for controlling
and preventing Salmonella infection. Improving food safety and
reducing the burden of Salmonella infection means promoting
and implementing effective food safety interventions on a
global scale.

We estimated the global burden of Salmonella gastroenteritis
by using the best available data in each of the 21 GBD regions.
Our hierarchical approach allowed us to use published data,
as well as information from special studies and surveillance to
inform estimates of the disease burden. These methods may
be useful for other foodborne pathogens, particularly since data
on other pathogens, such as Campylobacter, Shigella, and Yer-
sinia species, will likely have the same data availability issues
as encountered with Salmonella species. We considered pro-
spective population-based incidence studies the gold standard
for determining the incidence and used them in preference to
other data sources. However, these studies are complex and

expensive, so few countries have used them to estimate the
incidence of enteric disease [6, 16].

In lieu of a prospective study, investigators in several coun-
tries have conducted multiplier studies that estimate the inci-
dence of Salmonella gastroenteritis by multiplying the incidence
of laboratory-confirmed infections by a multiplier to correct
for underascertainment. The multiplier is derived from cross-
sectional surveys of the general population and clinical diag-
nostic laboratories. Multiplier studies, which estimate the fre-
quency at which cases are lost to surveillance at each sur-
veillance step (care seeking, specimen submission, laboratory
testing), have been conducted in Australia [11], Canada [14],
the United States [15], Jordan [27], Japan [13], and China
(Chinese Center for Disease Control and Prevention; unpub-
lished data).

For 2 GBD regions, both European, there were no prospec-
tive, population-based or multiplier studies, but available dis-
ease notification data allowed us to estimate the disease burden
by determining the average incidence of laboratory-confirmed
Salmonella infection and adjusting for underascertainment us-
ing values from the literature. Salmonella-specific multipliers
range from 3.2 in England [6], 7 in Australia [31], 14.3 in the
Netherlands [29], 25 in Canada [14], 38 in the United States
[15], to 64 in Japan [13]. Because of geographic proximity, the
Netherlands Salmonella-specific multiplier of 14.3 [29] was
used to adjust for underascertainment in these 2 European
regions. It is very unlikely, however, that the completeness and
ascertainment of laboratory-confirmed cases of Salmonella in-
fection would be the same across all European countries given
varying methods of surveillance and levels of socioeconomic
development. Thus, the Netherlands multiplier probably pro-
vides a conservative estimate of the population incidence.

To overcome the lack of regional incidence data in Africa,
Asia (central, south, and southeast), Latin America, and the
Caribbean, we used a novel approach, using data from a Swed-

Table 3. Estimated Annual Global Burden of Sa/monella Gastroenteritis, Circa 2006, under Different Scenarios

Mean incidence

Mean no.  Mean no. per 100,000
Variable of cases of deaths  person-years
Results from Table 1 93,757,000 155,000 1140
Scenario
Estimated incidence in “Asia, South” increased by a factor of 10 157,059,000 259,000 2400
Susceptible traveler correction factor decreased by a factor of 7 153,916,000 254,000 2400
Susceptible traveler correction factor decreased by a factor of 2 103,783,000 171,000 1600
Estimated incidence in “Asia, South” increased by a factor of 2 100,790,000 166,000 1600
Estimated incidence in “Asia, East” decreased by a factor of 2 55,639,000 92,000 850
Estimated incidence in “Asia, East” decreased by a factor of 10 25,145,000 42,000 390
Estimated incidence in “Asia, East” derived from returning traveler data 22,545,000 37,000 3560
Estimated incidence in “Asia, East” derived from extrapolation (from “Asia Pacific, High Income”) 18,136,000 30,000 280
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ish study on travel-associated Salmonella infections (adjusted
for underascertainment) to estimate the incidence of labora-
tory-confirmed cases in these regions. The concept of using
such data as a measure of relative risk between regions was first
proposed by Ekdahl et al [30] in the Swedish traveler study.
We hypothesized that acquired immunity to specific Salmonella
serovars that are prevalent may mean that travelers are more
likely than residents to be infected with Salmonella. To com-
pensate, we derived a correction factor by comparing the in-
cidence in Swedish travelers returning from the “North Africa/
Middle East” region to the incidence estimate calculated for
the Jordan population, finding that the incidence in travelers
was 15 times greater. However, it is likely that local populations
of countries which are less developed than Jordan are relatively
more malnourished and susceptible to Salmonella infections
than their Jordanian counterparts. In such populations, the
local susceptibility may approach that of travelers to the area;
thus, estimates for such regions presented here would signifi-
cantly underestimate the true incidence.

We recognize that the methods used here do not capture the
full extent of the actual uncertainty associated with the data.
For example, we did not capture the uncertainty associated
with data coverage in a region, and thus did not distinguish
between regions which had information from only one country
versus multiple countries. As well, we did not distinguish be-
tween variability and uncertainty. However, we made the best
use of existing data to estimate the global burden of Salmonella
gastroenteritis and attempted to capture the main sources of
uncertainly. Further advancements are needed to better char-
acterize uncertainly in such models.

There is currently no consensus or guidance available on the
weight of evidence or uncertainty associated with different types
of burden of illness studies (for instance, prospective versus
laboratory-based incidence calculations) or extrapolations be-
tween countries or regions. Clearly, however, there is a scale of
declining weight of evidence and increasing uncertainty as we
move from prospective studies and extrapolate away from the
country in which the study was conducted. Future work should
consider accounting for this by, for instance, increasing the
spread of the uncertainty distributions based on study type, as
well as increasing the uncertainty in the results for some regions
as a function of the nature of the extrapolation performed.

We used a range of possible case fatality rate values, from
0.0003% [15] to 0.003% [23], to estimate the annual deaths.
However, the case-fatality rate—and, thus, the estimated num-
ber of deaths per year due to Salmonella infection—may be
higher in countries where nutrition is poor and access to health
care limited. Unfortunately, few published data exist with which
to improve these estimates; thus the estimated number of
deaths reported here should be considered a conservative value.

We limited this study to assessing the human health burden

of gastroenteritis caused by Salmonella as measured by numbers
of cases and deaths. We did not attempt to estimate its impact
in terms of hospitalization, disability, long-term sequelae, or
economic costs because of lack of data. These factors impact
hugely on the human health burden, and should be considered
in future. We also did not account for invasive Salmonella in-
fection, which poses a significant burden, particularly in HIV-
prevalent regions, such as sub-Saharan Africa.

We estimated the number of foodborne cases by averaging
published values of the estimated proportion of Salmonella
infections that were foodborne [5, 8, 11, 24-26], and applying
that average to our estimated number of cases. This crude
approach is subject to several limitations. First, since we applied
a single proportion to the total number of cases, we assumed
that the proportion of Salmonella cases that were foodborne
was the same across all world regions. However, the proportion
likely varies widely between countries and regions. More in-
formation on the country- and region-specific foodborne trans-
mission of Salmonella is needed, particularly for developing
regions, where the importance of waterborne transmission is
likely greater, due to more frequent contamination at the source
and during household storage, and lack of disinfection. Infor-
mation from developing countries is particularly needed since
all published estimates of the proportion of Salmonella infec-
tions that are foodborne currently come from developed coun-
tries. We recognize that the proportion that is foodborne is
likely lower in developing countries because the proportion
waterborne is likely higher. However, in the absence of regional
estimates we extrapolated an average of all published estimates
of the proportion that is foodborne to arrive at a global value.

The major limitation of this study is the significant reliance
of its results on the unpublished Chinese incidence estimate.
To address this, we explored the impact of using returning
traveler data and extrapolating from the “Asia Pacific, High
Income” region in lieu of the China data. Unfortunately, both
alternate data sources have their own inherent biases. A main
criticism of analyses such as this one is the use of data primarily
from developed countries, thus yielding values that significantly
underestimate the true incidence of disease. Through WHO
Global Salm-Surv, an international network of epidemiologists
and laboratory scientists, we were able to identify an unpub-
lished study from China which we felt more accurately depicted
the incidence of Salmonella infection in this populous region,
compared to either the returning traveler data and extrapola-
tion. The Chinese estimate is significantly higher than the other
multiplier studies, although this is likely due to true population
differences in rates of illness. It is also higher than the returning
traveler data for the “Asia, East” and other adjacent regions,
although this is likely due to the bias associated with returning
traveler data as discussed above. Unfortunately, other sources
of information (eg, disease notification data) with which to
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validate our choice of estimate were unavailable for the “Asia,
East” region. Thus, we chose the data we felt most accurately
represented the incidence in the region.

Salmonella causes considerable burden globally. Although
subject to several limitations, these data provide important in-
formation for priority setting in specific regions. They also
highlight the need for improved public health surveillance for
human foodborne illness in some regions. There were no pub-
licly available notification data from some regions, including
those with a large proportion of the global population, such
as South/South-East Asia, and South America, which account
for 39% of the world population. This lack of good surveillance
information significantly impacts the quality of the global es-
timate. Assessing the true burden of Salmonella infection should
be prioritized in countries within these regions, for example
via capacity-building initiatives such as WHO Global Salm-
Surv, to improve global burden estimates and better inform
priority setting.
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Abstract: Salmonella contamination of eggs and egg shells has been identified as a public
health concern worldwide. A recent shift in consumer preferences has impacted on the egg
industry, with apush for cage-free egg production methods. There has also been an increased
desire from consumers for raw and unprocessed foods, potentially increasing the risk of
salmonellosis. In response to these changes, this review explores the current literature
regarding Salmonella contamination of eggs during the production processing through to
food handling protocols. The contamination of eggs with Salmonella during the production
process is a complex issue, influenced by many variables including flock size, flock age,
stress, feed, vaccination, and cleaning routines. Currently there is no consensus regarding
the impact of caged, barn and free range egg production has on Salmonella contamination of
eggs. The literature regarding the management and control strategies post-collection, during
storage, transport and food handling is also reviewed. Pasteurisation and irradiation were
identified as the only certain methods for controlling Salmonella and are essential for the
protection of high risk groups, whereas control of temperature and pH were identified as
potential control methods to minimise the risk for foods containing raw eggs; however,
further research is required to provide more detailed control protocols and education
programs to reduce the risk of salmonellosis from egg consumption.

Keywords: Salmonella; salmonellosis; public health; risk assessment; caged; free range;
organic; food handling; foodborne illness
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1. Introduction

Worldwide, Salmonella is one of the most prevalent causes of foodborne illness [1,2]. Globally, the
annual incidence of foodborne salmonellosis is conservatively estimated at 80.3 million cases [3], but
other estimatesrange from 200 millionto 1.3 billion cases[4]. In the United States alone it was estimated
that non-typhoidal Salmonella spp. are responsible for 1 million cases of domestically acquired
foodborne illness annually [5]. A study from the European Union estimated that only 1 out of every 57
cases of samonellosis is reported. This study also demonstrated that the annual incidence of
salmonellosis in each of the European Union member states varied between 16 and 11,800 per 100,000
people and that the incidence of salmonellosisin each country correlated significantly with the presence
of Salmonella enterica serotype Enteritidis in laying hens, suggesting this was the primary source of
infection [6].

Contamination of eggs and eggshells has been identified as one of the maor causes of foodborne
Salmonella [1]. In the United States between 1985 and 2002 contamination of eggs was identified asthe
source of 53% of all cases of Salmonella reported to the Centre for Disease Control and Prevention
(CDC) [7]. Thetwo most commonly identified causative agents of foodborne salmonellosisare S. enterica
serotypes Typhimurium and Enteritidis [2]. Both serotypes have the ability to colonise the reproductive
organs of hens (the oviduct and ovary) and are major causes of foodborne illness. Globally Salmonella
Enteritidis is more commonly linked to contaminated eggs, except in Australia, where the mgjority of
egg-related foodborne salmonellosisis caused by Salmonella Typhimurium [8-10].

Salmonella contamination of eggsis acomplex issue that isinfluenced by many variables, making it
difficult to implement appropriate management strategies. There are two pathways for eggs to become
internally contaminated with Salmonella. Direct contamination occurs during the formation of an egg in
the reproductive tract of hens (including the ovary and oviduct); whereas, indirect contamination occurs
after an egg has been laid and Salmonella contaminating the outside of the egg penetrates through the
shell membrane [1,11]. These pathways for contamination can be influenced by the egg production
process, storage, handling and food preparation [7,12-14].

In recent years, there has been shift driven by consumers for more humane methods of egg production,
causing ashift from conventional battery cage housing systemsto free-range production [15]. There has also
been a shift in consumer eating habits with increasing demand for raw and unprocessed foods [16,17].
The increasing popularity of unprocessed home-made foods containing raw eggs such as mayonnaise,
certain sauces and raw egg based deserts like ice-cream, tiramisu and even milkshakes potentially
increases the risk of salmonellosis [17-20].

Currently, publications assessing the impact that various methods of egg production have on
Salmonella contamination are conflicting, which makes it difficult to implement informed legislation to
ensure food safety [21]. This manuscript reviews the current knowledge regarding Salmonella
contamination of caged, barn and free range egg production processes. It also explores the various
methods for control during production and at the point of use and how this can be influenced by the
consumer. Discussion of current management policies and identification of gaps in knowledge will help
inform future management protocols to ensure the safety of consumers.
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2. Egg Production Processes

Studies comparing Salmonella contamination in the different egg production processes have yielded
conflicting and inconsistent evidence. Thisisdueto the complexity of confounding factors and variables.
These factors include flock size, flock age and stress caused by rehousing, weather, transport, initiation
of egg lay and moulting [22]. Another difficulty with interpreting results is the variation in the
contamination pathways. Factors affecting Salmonella contamination of eggs differ for direct
contamination within the ovaries and indirect contamination of environmental samples[23].

Currently, the conflicting evidence surrounding the influence of housing systems on Salmonella
contamination still causes serious debate. A study by the European Food Safety Authority tested faecal
and dust samples from 5000 egg production sites across 25 European countries and concluded that cage
flock holdings were more likely to be contaminated with Salmonella [24]. However, a more recent
review by Holt et al. [22] concluded there was no general consensus as to which egg production housing
system resulted in less Salmonella contamination. This review was criticized by Greger [25] who stated
that Holt et al. [22] had misrepresented data published by The European Food Safety Authority by only
citing individual studiesfrom four countries, representing less than a quarter of the total study. Greger’s
rebuttal stated that presenting individual studies rather than a cumulative review of results allowed
readers to have a more in depth and informative comparison of results. By presenting the data this way
it raised the question as to why five of the studies showed higher incidence of Salmonella in free range
housing compared to caged housing, which was contradictory to the rest of the studies. Answering this
guestion may provide a better insight into the factors which may be promoting Salmonella
contamination. These publications demonstrate the complexity of thisissue and indicate that there is not
asingular answer. Asthe egg production processes are currently undergoing rapid changeit isimportant
to identify the specific factors that promote Salmonella contamination as this will ensure the best
management practices for the future.

3. Direct Contamination

Internal contamination of eggs with Salmonella occurs in the reproductive organs during egg
formation [26]. Both S. Enteritidis and S. Typhimurium have been demonstrated to have the ability to
colonise the reproductive tract of hens [8], however S. Enteritidis is more frequently isolated from the
internal contents of eggs due to its ability to adhere better to reproductive tract mucosa compared to
S Typhimurium [9]. Internal contamination is an important issue, not only for human health, but for the
egg production industry, as Gantois et al. [8] observed that hens infected with Salmonella had decreased
egg production which did not improve within 2 weeks post-infection. Currently there are limited studies
investigating the effect of different housing systems on this contamination pathway. Gast et al. [13]
compared Salmonella contamination of hens in conventional cages and colony cages enriched with
perching, nesting and scratching areas. Hens were orally dosed with 1.0 x 10’ CFU of S. Enteritidis for
5to 6 days prior to euthanisation and testing of internal organs. S. Enteritidiswas detected at significantly
higher frequencies in the livers, spleens, ovaries and oviducts of the hens housed in the conventional
cages compared to the hens housed in the enriched cages. It was suggested this could be due to housing
parameters such as stocking density or behavioural attributes might affect the susceptibility of hens to
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disseminated infection. However, another study by Gast et al. [23] demonstrated experimentally that
there was no significant difference in the rate of transmission of S Enteritidis from infected hens to
healthy hens housed in with conventional cages or enriched cages. The effect of housing on the
transmission of S. Enteritidisinfection was also explored by De Vylder et al. [27]. Four housing systems
were explored using experimentally infected hens. Thisincluded aconventional battery cage, afurnished
cage (most similar to an enriched cage), an aviary, and a floor system. The spread of infection between
hens was dlightly more in the aviary and floor housing systems compared to the two caged housing
systems. This was partly reflected with the egg contamination as significantly more contaminated eggs
were found in the aviary housing systems compared to two cage and floor housing systems. It was
suggested that the increased spread of infection could be to inherent differences between the housing
systems, including hygienic status, air quality and increased physical contact between birds.

4. Environmental Contamination

Numerous studies suggest that environmental sources present in free range housing have a lower
incidence of Salmonella contamination compared to caged housing [12,24,28]. A Belgian study found
that 30% (45/148) of dust samples and 30% (45/148) of faecal samples collected from caged housing
were positive for Salmonella; whereas, only one out of 148 of dust samples and two out of 148 faecal
samples collected from barn and free range housing were positive for Salmonella [12]. These results
were supported by a UK study by Wales et al. [28] who found the incidence of Salmonella in
environmental samples to be higher in caged housing (19%) compared to free range housing (10%).
As noted already, the study by Recio et al. [24], which investigated the presence of S Enteritidis in
faeces and dust samples from 5310 egg production holdings across the European Union found that free
range housing systems had significantly lower Salmonella contamination compared to caged housing
systems. However conflicting evidence was presented by Parisi et al. [15] who used eighty-four certified
Salmonella-free Bovan Brown hens to experimentally demonstrate that free range eggs had a higher
incidence of Salmonella contamination compared to conventional battery cages. In this study 5/212 (2%)
eggs sampled from three free range housings and 0/212 from three conventional battery cages tested
positive for Salmonella. It was suggested that the higher Salmonella incidence in the free range housing
was due to prolonged interaction between the hen and the egg after it has been laid, compared to cage
systems when the egg is removed more quickly from the physical proximity to the hen.

5. Penetration of Eggs Post-L aying

Post-laying internal Salmonella contamination of eggs from environmental sources ocurrs through
penetration of the shell membrane [11]. Miyamoto et al. [29] explored the potential of Salmonella to
penetrate egg shells by immersing the eggs in S. Enteritidis and S Typhimurium solutions at varying
times post-laying. The highest incidence of internal Salmonella contamination occurred when eggswere
between 15 min and 3 h post-laying (the shortest time period reported) and stored at 25 °C (compared
with 3.25 h to 6 h, 1 day and 7 days post-laying). Refrigerating eggs at 4 °C for 15 min prior to
Salmonella exposure significantly decreased penetration of the eggshell. It was suggested that this was
due to reduced growth at the lower temperature. This indicates that refrigeration of eggs at collection
may be a useful tool for minimising internal Salmonella contamination; however, redlistically thisis
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difficult to implement as it will not prevent any contamination that occurs in the housing prior to
collection. The ability of S Enteritidisand S. Typhimurium to penetrate eggshells was not significantly
different. De Reu et al. [11] demonstrated experimentally that the age of the hen and eggshell
characteristics such as area, shell thickness and number of pores does not significantly influence the
eggshell penetration by S. Enteritidis. Another study by Messens et al. [30] used commercially available
eggs and experimentally inoculated them with 2.71 log CFU of S. Enteritidis at 20 °C for 14 days. The
rate of internal contamination was 6% for free-range, 16% of the conventional battery caged and 30%
to 34% for the brown, organic, and omega-3-enriched eggs. Another trend observed in this study was
that hens fed corncob mix had a higher incidence of penetrated eggshells compared with the hens given
the standard feed, suggesting that feed type might affect eggshell permeability.

6. Production Control M easures

There are numerous methods that have been explored to control Salmonella contamination through
the production process, one of the basic methods being routine cleaning and disinfection between
flocks [28]. However, the effectiveness of these cleaning routines can be highly variable [14].
Wales et al. [28] investigated 12 Salmonella-contaminated caged layer houses post cleaning and
disinfection and found that none of the 12 housings were completely Salmonella-free. Another study by
Davies and Breslin [14] compared the effectiveness of cleaning and disinfection in free range, barn and
cage layer housing and found that there was a decrease in Salmonella contamination observed in free
range housing athough the soil remained contaminated, but in the barn and cage housing significant
contamination remained on the surfaces of buildings and equipment. Anecdotally it has also been
suggested that there may be reduction in contamination as a result of modern farming methods. For
example modern barn systems disposing of faecal material via manure belts would have lower
contamination compared with older barn systems which would alow faeca material to pool until restocking.

The cross contamination of wildlife vectors has aso been identified as a mechanisms for
recontamination of housing [14,28,31,32]. For example, S. Enteritidis was found to be more commonly
isolated from caged housing compared to S Typhimurium. One suggestion for the reasoning behind this
was the strong correlation between S Enteritidis and rodent activity which was not observed for
S Typhimurium. Other animals which have been identified as carriers for Salmonella causing
recontamination of farms include mice, rats, foxes, cats, flies, litter beetles, ground beetles and
centipedes [31,32]. Differences in egg production housings systems, climate and region also influence
the effectiveness of biosecurity measures implemented against each of these animal vectors, affecting
the success of remediation and prevention measures [22].

Vaccination of hens has had varying success against Salmonella infection, depending on the vaccine
and the Salmonella serotype. Berghaus et al. [33] demonstrated that a vaccine containing killed
S Typhimurium, S. Enteritidis, and S. enterica serotype Kentucky increased the immunity of the hens
and their progeny against these particular serotypes; however, it did not decrease the incidence of
Salmonellain environmental samples taken from the housing. Another study by Arnold et al. [34] found
that vaccination did not influence the proportion of hens shedding S Enteritidis and S Typhimurium,;
however, it did significantly decrease the incidence of S Enteritidis and S. Typhimurium present on
eggshells compared to the non-vaccinated hens.
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Antibiotic treatment is a controversial method for the control of Salmonella due to the early
emergence of antibiotic resistant populations[35]. A study by Li et al. [36] tested fecal samples collected
from a commercia layer house over a 78 week period. Using PFGE they characterized 45 different
Salmonella isolates with known serovars. Of these 45 isolates, 16 (35%) were resistant to at least one of
the 15 antibiotics tested against. Thisincluded resistance against tetracycline, ampicillin, streptomycin,
and ceftiofur which are widely used in the treatment of human systemic salmonellosis. A more recent
study investigated the presence of antibiotic resistant genotypes of Salmonellaisolated from broiler hens
found that more than 43% of the isolates were resistant to ampicillin, amoxicillin-clavulanic acid,
ceftiofur, cefoxitim, and ceftriaxone [37]. This was supported by Adesiyun et al. [38] who isolated 84
isolates of Salmonella from egg productions processes in Trinidad and Tobago, Grenada, and St. Lucia
and found that all of the 84 isolates displayed resistance to one or more of the seven antimicrobial agents
tested. A high frequency of resistance was observed against erythromycin, streptomycin, gentamycin,
kanamycin, ampicillin, and tetracycline. The presence of antibiotic resistant strainsis highly relevant to
food safety and public health with regard to treatment of the more invasive cases of salmonellosis [37].

Another control method was explored by Fiorentin et al. [39] who demonstrated that orally treating
hens infected with S Enteritidis with bacteriophages isolated from free-range hens was found to
significantly reduce the contamination of S. Enteritidis found in the caeca. A 3.5 order of magnitude
reduction of S Enteritidis CFU/g of caecal matter was observed five days after treatment with the
bacteriophage and samples collected up to 25 days after treatment continue to have contamination
concentrations compared to infected hens not treated with the bacteriophage.

7. Post-Collection Control M ethods

The benefits of current egg washing technology has been debated due to concerns the process may
transfer Salmonella from the egg shell surface into the contents of the egg [40]. There is a so the concern
that washing can spread Salmonella causing cross contamination [41]. Hutchison et al. [42]
demonstrated experimentally that washing contaminated eggs under optimum conditions (conveyor belt
speed of 111 cm/min, prewash water was 44 °C and 138 kPa, wash water was 44 °C, 262 kPa and
contained 3 g/L of chlorowash (a chlorine based disinfectant, rinse water was 48 °C, 262 kPa and
contained 2.5 ml/L of Quat 800 rinse water agent and post-washing air eggs drying for 2 min at 42 °C)
resulted in a 5 log reduction of Salmonella CFU on the shell surface and Salmonella was not detected
from the internal contents of the egg. However, variations in this wash time and lower temperatures
enabled both S Enteritidisand S. Typhimurium to penetrate the egg shell and contaminate the egg contents.

Egg washing protocols have been augmented by the addition of chemical compounds. Wang and
Slavik [41] experimentally compared the effect three commercial egg washing compounds have on
Salmonella penetration of the egg shell post washing. Two of the commercially available chemical
compounds (quaternary ammonium compound (QAC, pH 7.5) and hypochlorite (NaOCI, 100 ppm,
pH 7.5)) were shown to reduce Salmonella penetration of the egg shell; however, washing with sodium
carbonate (Na2COs, pH 12) was shown to facilitate bacterial penetration. Another addition to the egg
washing protocol isthe utilisation of slightly acidic electrolysed water, which was demonstrated by Cao
et al. [43] to experimentally reduce and even eliminate S. Enteritidis on shell eggs and washing water
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preventing cross contamination. The difficulty with interpreting these results for real world application
isthat the effect on egg shell penetration was not explored.

Whole eggs and egg pulp pasteurisation through heat treating for short periods of time, is another
method which has been demonstrated to reduce Salmonella contamination [40,44]. Barbour et al. [45]
demonstrated that when whole eggs inoculated with Salmonella were treated by placing in a hot water
bath at 57 € for 25 min, followed by application of hot air at 55 € for another 57 min a significant
reduction in the Salmonella contamination was observed. When the initial inoculation was reduced to
approximately 106 CFU there were no viable Salmonella detected after this heat pasteurization [45].
Pasquali et al. [46] also demonstrated that hot air treatment only reduced S. Enteritidis contamination of
eggshells by up to 1.9 log, with no significant changes to any of the quality traits of the egg.
Pasteurisation may present an suitable method to reduce the risk of salmonellosis from eggs for
high risk groups such as aged care facilities and hospitals, however, this is not likely to provide a
solution for all due to consumers desire for raw whole foods and concern regarding consumption of
pasteurised foods [47].

Irradiation of eggs has been presented as a potential method to prevent salmonellosis. The minimal
dose required to inactivate Salmonella is 1.5 kGy which had been shown to cause changes in sensorid
and functional properties of the egg. Sensorial changes include increased egg yolk odour and decreased
clarity of the egg white, functional changes include decrease foam stability of the egg white [48].
Experimentally, egg whites irradiated at doses 2.5 and 5 kGy were shown to have increased foaming
ability but decreased foam stability which obviously limits the functionality and desirability of the egg
white [49]. Despite this, irradiation and pasteurisation may present an acceptable option for high risk
populations, such asthe elderly, immunocompromised, children and pregnant women. As such they may
be a suitable control method against salmonellosisfor hospitals and aged care facilities [48,50]. As such,
regulatory guidelines enforcing the use of pasteurised egg products for vulnerable populations would be
method to reduce the risk of salmonellosis.

Another approach was presented by Leleu et al. [51] who demonstrated that coating eggshell with
chitosan (a linear polysaccharide derived from crustaceans) significantly reduced penetration by
S Enteritidis. Experimentally a 2% chitosan eggshell coating resulted in only 6.1% of eggs being
penetrated compared to 24.5% of untreated eggs. However, chitosan coating did not reduce eggshell
contamination, which does not prevent cross contamination during preparation to other food products.

8. Storage and Transport

A study by Radkowski [52] investigated the effect that storage at different temperatures had on 1440
eggs with the outside of the shells artificially contaminated with 10 CFU of S Enteritidis.
The artificial contamination of shells occurred after O, 10, or 20 days stored at room temperature and
eggs were stored for 0, 7, 14 and 21 days at 2 °C, 20 °C, and 30 °C prior to measuring the remaining
S Enteritidis contamination. The results from this study showed that storage at lower temperatures
actually increased S Enteritidis survival on the outside of shell eggs. Alternatively Humphrey et al. [53]
explored the effect that storage at room temperature has on the internal concentration of S. Enteritidis of
contaminated eggs. During this study a total of 5262 hen eggs from 15 different Salmonella positive
flocks were tested for S Enteritidis at a varying number of days post laying during which they were
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stored at room temperature. In thefirst, second and third week post laying 5/1085 (0.5%), 7/1353 (0.5%)
and 1/1221 (0.1%) of eggs were contaminated with S. Enteritidis and al contaminated eggs had
<20 cells of S Enteritidis. After 21 days though 12/1603 (0.8%) of eggs were S Enteritidis positive,
seven of these contained <20 cells but five had >100 cells with two eggs containing 1.5 x 10* and
1.2 x 10° cells of S. Enteritidis. Another study by Lublin et al. [54] demonstrated that after four weeks
stored at 25 °C the concentration of S. Enteritidis in experimentally inoculated eggs began to increase.
They also demonstrated the storing eggs at 6 °C prevented this increase in concentration observed at
25 °C, but did not prevent the survival of the initial concentration of S Enteritidis. Egg storage at
10 °C and 20 °C was shown to control S Enteritidis growth in experimentally inoculated eggs by
Okamuraet al. [55]. However, they a so discovered that fluctuation in temperature promoted growth and
that eggs stored at 22-30 € or 27 —35 € for 5 days followed constant storage at 25 € caused rapid

increases in the number of eggs containing >10° S. Enteritidis cells after only one and two weeks,
respectively. This rapid increase due to fluctuation in temperature is important to consider what
managing storage and transportation from the farm to the table.

9. Food Handling and Preparation

There are inconsistencies in the current literature regarding Salmonella control methods throughout
the processing process and the evidence presented is conflicting. This places a lot of pressure on the
control and management of Salmonella during food handling and preparation. The importance of
management of this pathogen during food handing has been further increased by the growing desire of
consumers for raw food products [16,17]. Humphrey et al. [56] demonstrated using a model kitchen and
experimentally contaminated intact eggs that utensils used to mix eggs were sometimes Salmonella
positive even after washing. When contaminated eggs were used in a batter mixture that was hand
whisked with a fork or hand help mixer, S. Enteritidis was recovered from work surfaces over 40 cm
away from the mixing bowl. Survival of the bacteria was seen in thin dry spots of egg or batter mixture
24 h after contamination. The importance of successfully cleaning kitchen to remove Salmonella
contamination was also explored by Barker et al. [57]. In this study using detergent based cleaning
without a rinse step was insufficient in achieving a hygienic surface within a model kitchen. Although
the detergent based cleaning method was improved by addition of a rinse step, the use of hypochlorite
at 5000 ppm was a significantly superior to the detergent based cleaning. This is an important message
as sufficient cleaning of kitchen surfaces and utensils is crucial to prevent the cross contamination of
Salmonella to other food products.

The importance of appropriate food handling is demonstrated by the example of a series of related
salmonellosis outbreaks in Tasmania, Australia which occurred between June and December 2005.
During this period there were five outbreaks and a total of 125 laboratory-confirmed cases of
S Typhimurium phage 135 reported to the Tasmania Department of Health. Of these cases 91% were
linked to food businesses which had their eggs supplied from the same farm. Each business was found
to have inadequate food handling and storage procedures which lead to the cross contamination of
Salmonella [58]. Crespo et al. [59] investigated foodborne disease outbreaks in Spain associated with
the consumption of eggs and egg products from 2000-2002. In total there were 895 outbreaks identified
and of these 85% were attributed to Salmonella (of these 58% were confirmed as S. Enteritidis).
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Investigationsinto each of these outbreaksidentified that the most important control measureswas health
education, followed by inspection of premises and monitoring of food handlers. The findings from these
outbreaks demonstrated the responsibility of food handlers to ensure the hygiene of the finished food
products and to never regard eggs as ‘sterile’. Many food handlers underestimate the risk of Salmonella
from raw eggs [60]. A recent study interviewing head chefs and catering managers of restaurant in
Owerri, Nigeria found that although all participants stated they washed their hands after handling raw
meat, chicken or fish, 6% stated they did not wash their hands after cracking raw eggs [61].

The difficulty of ensuring food handlers have the appropriate information regarding food safety
education is that the message is not aways straight forward. For example Radford and Board [62]
explored the role of homemade mayonnaise and S. Enteritidis survival. It was found that mayonnaise
made with vinegar to a pH of 4.1 or less controlled S. Enteritidis. The addition of garlic and mustard to
mayonnaise was also protective against S. Enteritidis; however, the addition of salt or any vegetable
materials promoted the survival of S. Enteritidis. The types of oil and vinegar used affected the survival
of S Enteritidis and storage of the mayonnaise at refrigeration temperatures actually protected
Salmonella from acidulants. It was recommended that the mayonnaise was stored at 18-22 °C for 24 h
prior to refrigeration.

10. Conclusions

Salmonella contamination of eggs is a complex issue affected by variables at each stage of the food
production process. Currently the literature regarding the benefits of free range, barn and caged
production processes with respect to Salmonella contamination is conflicting. However, the current
literature does indicate that it is not yet achievable to produce eggs guaranteed to be Salmonella-free.
This reinforces the importance of post collection control measures for Salmonella. This includes post
collection disinfection methods such as washing, pasteurisation and irradiation. Although the second
two methods will not be desirable for all consumers, they provide a niche solution for high risk patients.
There is also the need for further research to optimise storage, temperature and food handling protocols
as currently the information is highly complex and variable. Given the current shift in consumers’
preference and increasing desire for raw food products, there is a need for more informed guidelines
regarding the preparation of foods containing raw eggs. Further research is required to explore different
protocols to ensure control of Salmonella through temperature and pH of food products. Thereisalso a
need to re-educate food handlers and consumers of the risk from raw eggs and cross contamination of
food products and reduce the public health risk.
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Salmonella, the host and disease: a brief review

Bryan Coburn??, Guntram A Grassl!”> and BB Finlay!

Salmonella species cause substantial morbidity, mortality and burden of disease globally. Infections with Salmonella species
cause multiple clinical syndromes. Central to the pathophysiology of all human salmonelloses is the induction of a strong host
innate immune/inflammatory response. Whether this ultimately reflects an adaptive advantage to the host or pathogen is not
clear. However, it is evident that both the host and pathogen have evolved mechanisms of triggering host responses that are
detrimental to the other. In this review, we explore some of the host and pathogenic mechanisms mobilized in the two
predominant clinical syndromes associated with infection with Salmonella enterica species: enterocolitis and typhoid.
Immunology and Cell Biology (2007) 85, 112-118. doi:10.1038/sj.ich.7100007; published online 5 December 2006
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Salmonella enterica (S. enterica) is a Gram-negative facultative intra-
cellular anaerobe of worldwide importance causing as many as 1.3
billion cases of disease annually. Over 2500 serovars of S. enterica have
been identified belonging to six subspecies.”” Subspecies are further
subdivided into serovars that are differentiated by their flagellar,
carbohydrate and lipopolysaccharide (LPS) structures. S. enterica
species are typically orally acquired pathogens that cause one of four
major syndromes: enteric fever (typhoid), enterocolitis/diarrhea, bac-
teremia and chronic asymptomatic carriage. The disease manifestation
depends on both host susceptibility and the infectious S. enterica
serovar.? In humans, serovars Typhi, Paratyphi and Sendai cause
enteric fever, while most serovars cause enterocolitis/diarrhea. Several
serovars including Choleraesuis and Dublin are more commonly
associated with bacteremia in humans.? While serovar Typhi is largely
restricted to humans, other serovars are more broadly host adapted
and cause natural animal infection. Serovars Dublin, Typhimurium
and Choleraesuis cause disease in both humans and animals, but cause
distinct syndromes in different hosts. Serovar Dublin causes intestinal
inflammatory disease, bacteremia and abortion in cows; serovar
Typhimurium causes a typhoid-like systemic illness in mice; and
serovar Choleraesuis causes septicemia in pigs.> Human typhoid
fever and intestinal/diarrheal disease represent the most common
syndromes associated with S. enterica infection and involve the
pathogenic processes of both bacteria and host most thoroughly
investigated in infectious models of Salmonella pathogenesis. Signifi-
cant inflammatory disease is a common feature of typhoid and
enterocolitis. The various virulence programs employed by Salmonella
species interact with host defense mechanisms at various tissues in
different stages of infection resulting in significant host immuno-
pathology, morbidity and mortality.

TYPHOID

Human typhoid occurs following the ingestion of S. enterica serovar
Typhi bacteria, usually from contaminated water or animal products
or close contact with an infected individual or carrier.* Much of the
understanding of typhoid pathogenesis has arisen from the study of
infection of susceptible mice with S. enterica serovar Typhimurium.
In this model, following oral inoculation, virulent serovar Typhimur-
ium survives gastric acidity and colonizes the ileum and cecum, likely
by out-competing the resident microflora>® Via invasion of the
phagocytic epithelial M-cells covering Peyer’s patches (PP), as well
as through uptake by dendritic cells (DCs), bacteria are translocated
across the intestinal epithelium and gain access to the host circulation
or are carried from the gut within CD18 expressing phagocytes.”
Upon extraintestinal infection, bacteria disseminate via the reticulo-
endothelial system (RES) and take up residence in granulomatous foci
within various splenocytes, predominantly macrophages, DCs and
polymorphonuclear leukocytes (PMNs), as well as hepatocytes and
other non-professional phagocytes in the liver.'>!> In the absence
of intestinal infection, intracellular replication and survival may
be considered the central virulence features of typhoid. Upon translo-
cation to systemic sites, or upon inoculation of the bacteria into the
peritoneal cavity, survival of phagocytic killing is an essential compo-
nent of bacterial virulence. Fields et al.'> demonstrated that bacterial
survival within phagocytes was essential for virulence. Salmonella is
capable of infecting a wide variety of cells including DCs, macro-
phages, hepatocytes, neutrophils, colonocytes and other epithelial
cells. In vitro, within minutes of contact with cells, Salmonella are
internalized and take up residence in a unique membrane-bound
compartment distinct from a phagosome or lysosome, termed the
Salmonella containing vacuole (SCV).!4-1¢ Within phagocytes, Salmo-
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nella SCV formation has the important function of evading endo-
somal fusion with the phagocyte oxidase complex.!”

In humans, typhoid disease manifests one to 2 weeks following
bacterial inoculation with generalized fever and malaise, abdominal
pain with or without other symptoms including headache, myalgias,
nausea, anorexia and constipation. Diarrhea occurs occasionally but is
typical only of infection in the immunocompromised. Hepatospleno-
megaly is common but not present in all cases and diffuse abdominal
tenderness is usual. Fever is typically mild at first and worsening
as disease progresses (reviewed by Parry et al.!'®). In the absence of
complications, disease resolves following varied periods of infection
although carriage of the bacteria can continue in post-symptomatic
patients for months or years and relapse occurs in a minority of
patients. The primary treatment for serovar Typhi infection is fluoro-
quinolones, although nalidixic acid and other antimicrobial agents are
also used. Treatment is effective in the vast majority of cases and
decreases time to bacterial clearance, carriage rates and infection-
associated morbidity and mortality.!®

ENTEROCOLITIS AND DIARRHEA

Although estimates vary greatly due to a lack of consistent diagnosis
and reporting, between 200 million and 1.3 billion cases of intestinal
disease including 3 million deaths due to non-typhoidal Salmonella are
estimated to occur each year worldwide.!® Like typhoid, the incidence
of intestinal disease caused by non-typhoidal Salmonella species is
highest in the developing world, but is also of considerable importance
in developed countries. Until the development of a new murine model
of Salmonella enteropathogenesis,? the study of intestinal disease was
largely restricted to the study of bovine ileal loop inoculations and oral
infections and cultured intestinal epithelial cells.

In animal models, upon colonization of the intestine by virulent
S. enterica, bacteria localize to the apical epithelium, induce invasion-
associated virulence machinery and elicit significant inflammatory
changes including focal and diffuse PMN infiltrate, crypt abscesses,
epithelial necrosis, edema and fluid secretion.?!>* Human, bovine,
murine and rabbit serovar Typhimurium enterocolitis is most severe
in the caudal ileum, the cecum and the proximal colon. Neutrophil
recruitment to intestinal epithelium is the histopathological hallmark
of intestinal disease. In vitro, PMN recruitment to cultured epithelial
monolayers occurs via the induction of interleukin-8 (IL-8) by
Salmonella proximate to the apical epithelium.? The ability of various
S. enterica strains to cause human intestinal disease correlated to their
ability to attract PMNs across T84 cell monolayers, notably without
requiring epithelial invasion.® While neutrophil recruitment by ser-
ovar Typhimurium occurs within the first 1-3 h of infection, massive
neutrophil migration and the secretion of protein-rich exudates into
the intestinal lumen do not occur until 8-10h following infection and
diarrhea begins approximately 8-72h after bacterial colonization.?”-28
Both the temporal separation of inflammation and secretory diarrhea
and other evidence indicating that Salmonella in different growth
stages show differential induction of inflammation vs secretory
responses?® suggest that, although perhaps related, diarrhea and
inflammation occur independently in enteropathogenesis.

Disease in humans typically follows the ingestion of greater than
50000 bacteria in contaminated food or water with symptoms
occurring between 6 and 72 h after consumption. Onset of symptoms
is marked by acute onset, crampy, abdominal pain and diarrhea with
or without blood. Nausea and vomiting are also common. Commonly
a disease of the ileum, inflammation in non-typhoidal disease also
occurs in the large bowel, with rare infections in the jejunum,
duodenum and stomach.2** Enterocolitic infection in children is
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marked by increased inflammatory severity, bloody diarrhea and
increased duration of infection and risk of complication.

In the absence of treatment for gut-limited infections, symptoms
usually last between 5-7 days and resolve spontaneously. Treatment of
fluid and electrolyte imbalances by oral or intravenous rehydration is
necessary in cases where fluid loss is substantial. In adults, specific
antimicrobial therapy is indicated only in the presence of positive
signs of invasive disease, and does not decrease the duration of illness
or the severity of symptoms. Neonatal gut infection also requires
treatment to prevent invasion.

SALMONELLA VIRULENCE DETERMINANTS IN IMMUNE
ACTIVATION

Using cell culture and animal models of Salmonella infection, multiple
virulence determinants critical for the induction of inflammatory/
immune responses in infected hosts have been identified. Proinflam-
matory stimuli during Salmonella infection may be broadly considered
as representative of two categories: pathogen-associated motifs that are
capable of stimulating innate immunity; and virulence-associated
proinflammatory behaviors that coopt or exploit host processes
resulting in disease pathology. Of critical importance for in vivo
virulence are the Salmonella pathogenicity islands (SPI), in particular
SPI-1 and -2. Both SPIs encode a molecular apparatus called a type IIT
secretion system (T3SS) capable of injecting bacterial proteins known
as ‘effectors’ through bacterial and host membranes into host cells
(translocation) or the extracellular milieu (secretion) to directly
influence host biochemistry and cell physiology.

SPI-1 AND INFLAMMATION

In 1989, Galan and Curtiss*! identified Salmonella genes essential for
bacterial invasiveness in cell culture and complete oral virulence that
were later shown to be part of a horizontally acquired pathogenicity
island, SPI-1.32 Although initially characterized as an invasiveness
island, SPI-1 has additional functions related to the activation of
innate immune pathways. SPI-1-dependent inflammation appears to
reflect multiple processes: (1) the induction of PMN recruitment
across intestinal epithelia by the SPI-1 secreted effector SipA; (2) the
activation of NF-xB signaling by the concerted activity of SPI-1-
translocated effectors, and; (3) the activation of caspase-1-mediated
IL-1B/1L-18 activation and proinflammatory cell death by the SPI-1-
translocated effector SipB.

SIPA AND NEUTROPHIL RECRUITMENT

The recruitment of neutrophils to and across cultured epithelial
monolayers requires production of IL-8 and pathogen elicited epithe-
lial chemoattractant (PEEC) and the SPI-1 effector SipA.>* Secre-
tion or direct addition of purified SipA within the vicinity of intestinal
epithelial monolayers induces the production of PEEC and the
consequent recruitment and activation of basolateral neutrophils to
the apical epithelial membrane.

SIPB AND ‘PYROPTOSIS’

The SPI-1 effector and translocase SipB is also critical for inflammatory
disease in vivo,*® and in vitro is required for the induction of specific
inflammatory cascades.’” Upon host cell contact, the SPI-1 T3SS
translocates SipB into the host cell cytosol, where it binds caspase-1
(IL-1p-converting enzyme) resulting in the catalytic cleavage and release
of the proinflammatory cytokines IL-1 and IL-18.3 This also induces a
rapid proinflammatory cell death that has features of both apoptosis
and necrosis and has been termed ‘pyroptosis’ due to its proinflamma-
tory nature. Studies of the importance of caspase-1 activation in model

113

Immunology and Cell Biology



Salmonella, the host and disease
B Coburn et al

114

infections have yielded conflicting results*®*® suggesting alternately that

SPI-1-mediated activation of caspase-1 was necessary for efficient
translocation of bacteria from the intestinal lumen to systemic sites
during murine typhoid pathogenesis,®® and that caspase-1-deficient
mice had increased susceptibility to intestinal infection with Salmo-
nella.®® The use of congenic mice, and the corroborative evidence in
the latter study indicating that both caspase-1- and Ipaf-deficient mice
were more susceptible to murine typhoid suggest that caspase-1 plays
a protective proinflammatory role in infection.

SPI-1 EFFECTORS AND NF-xB SIGNALING
Salmonella SPI-1 T3S results in activation of mitogen-associated protein
kinases (MAPKs) resulting in the induction of NF-xB.#0#! This requires
the activation of Cdc42 and downstream MAPK signaling by the SPI-1
effector SopE.*? Interestingly, it is the coordinated activity of the SPI-1
effectors SipA, SopB, SopD and SopE/E2 that induce bacterial uptake by
activating intracellular signaling cascades and cytoskeletal machinery.
Subsequent to the activation of this important proinflammatory
cascade, another SPI-1 effector, SptP antagonizes this pathway, resulting
in a significant but transient SPI-1-dependent activation of NF-xB
signaling.*> In vivo, this combination of effectors are essential for early
inflammatory pathogenesis in mice and cows, explaining in part the
overlap between intestinal invasiveness and inflammatory pathogenicity
in some models of infection.*+-3

In vivo, SPI-1-mediated behaviors seem to be critical for early
intestinal inflammation,*>® yet their absence does not influence
systemic inflammation following intraperitoneal challenge,?! and
delayed intestinal inflammation occurs in their absence.’”8 Interest-
ingly, although incapable of inducing PEEC-mediated transmigration
of neutrophils across model epithelia, comparison of the inflamma-
tory gene expression profiles of cultured intestinal epithelial mono-
layers infected with wild-type serovar Typhimurium or those with a
complete deletion of the SPI-1 pathogenicity island demonstrated
little difference in the proinflammatory potential of these strains.” It
is apparent therefore that additional factors operating independently
of SPI-1 are sufficient to induce inflammatory disease.

SPI-2

The SPI-2 pathogenicity island is essential for intracellular parasitism
and systemic virulence in murine typhoid®®? and is essential for
evasion of the phagocyte oxidase machinery of the host.!” Recently,
roles for the SPI-2 T3SS have been identified in inflammatory disease
as well, indicating that SPI-2 is critical for early and complete
induction of Salmonella enterocolitis,””>%° as well as systemic disease.
Although the proinflammatory activity of SPI-2 is less well described,
several interesting candidates have been identified as potential path-
ways of SPI-2-mediated immune agonism.

Intestinal inflammation induced in the absence of SPI-1 in mice
requires the Toll-like receptor (TLR) adapter MyD88.* Although the
specific role of SPI-2 in TLR-mediated activation has not been
elucidated, it may in part depend on the delivery of other proin-
flammatory motifs to the appropriate compartment of the intestine,
for example, the subepithelial compartment.®® In a series of papers,
Uchiya et al.®~% also demonstrate that SPI-2 is involved in the
induction of cyclooxygenase as well as the modulation of host
cytokine expression and signaling.

SALMONELLA PATHOGEN-ASSOCIATED MOLECULAR
PATTERNS AND IMMUNE ACTIVATION

Pattern recognition receptors (PRRs) are a crucial innate immune
response system that is broadly conserved across wide evolutionary
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lineages. Pathogen-associated molecular patterns (PAMPs) include
constituents of viral, fungal and bacterial pathogens capable of
stimulating PRRs to induce immune responses. Several PAMPs of
pathophysiological importance are presented by Salmonella during
infection. Principal among these are bacterial LPS and flagellin, the
monomeric subunit of the bacterial flagellar apparatus.

TLR4 AND LPS

The activation of TLR4 in response to Salmonella LPS is essential for
inducing host responses. Mice lacking a functional TLR4 show
dramatically increased susceptibility to infection, regardless of the
presence of other Salmonella resistance loci.”®7* TLR4 is required for
a complete inflammatory response to Salmonella LPS administered
intravenously, and Salmonella LPS is a potent inducer of inflammatory
responses in macrophages,”>’® indicating that Salmonella LPS is an
important inducer of sepsis during systemic infection.”’” In contrast to
murine typhoid, a role for LPS in intestinal inflammatory salmonel-
losis has not been established. Although LPS stimulation of macro-
phages may be involved in intestinal disease, the absence of LPS
receptor CD14 on intestinal epithelial cells makes it unlikely that the
intestinal epithelium is involved in the direct response to Salmonella
LPS.

FLAGELLIN

Salmonella flagellin is a potent inducer of host inflammation in
polarized epithelial monolayers when delivered to the basolateral
surface of the epithelium.>>7® Once delivered there, Salmonella fla-
gellin induces IL-8 secretion via calcium-dependent NF-kB activation
by stimulating basolateral TLR5.738! Recently published evidence
indicates that Salmonella flagellin can also activate inflammatory
signaling intracellularly. In primary and cultured macrophages, intra-
cellular monomeric flagellin is capable of inducing the caspase-1
activation of IL-1f and IL-18 in a manner that requires intracellular
PRR signaling.323% Notably, this activation occurs in the absence of
TLR5 and in LPS-tolerized macrophages, indicating that it does not
require TLR activation. Salmonella produce and secrete monomeric
flagellin de novo following stimulation with intestinal epithelial culture
supernatants,® suggesting a sequence in which Salmonella detect host
cells, produce flagellin and translocate it into host cell cytosol via the
SPI-1 T3SS.

Flagellin stimulation of innate immune responses is critical for
intestinal inflammation, but not for murine typhoid. In a model of
murine intestinal inflammation, flagellar Salmonella mutants cause
attenuated early intestinal disease.® Interestingly, the proinflamma-
tory potential of flagellin at least partly requires its SPI-2-dependent
translocation to the basolateral membrane of the intestinal epithe-
lium. 8

SPIS AND THE DELIVERY OF FLAGELLIN

Although capable of inducing intestinal inflammatory responses
discretely in intestinal epithelial monolayers, SPI-1 and -2 and
PAMP delivery seem intertwined. The proinflammatory capability of
Salmonella flagellin monomers depends both on SPI-1 and -2. The
ability of monomeric flagellin to induce caspase-1 activation requires
a functional SPI-1 T3SS.83 Furthermore, while the transcytosis of
flagellin occurs within 15min of contact with intestinal epithelium
and does not require bacterial internalization,’® it does require SPI-2
T3SS,80 and, as noted, SPI-2-dependent SPI-1-independent inflam-
mation requires the presence of the TLR signaling adapter MyD88.%”
These data suggest the interesting possibility that SPI-1 and SPI-2
represent PAMP-delivery systems during in vivo pathogenesis of



Salmonella immune activation, accounting for some component of
their functions as virulence factors.

CYTOKINES IN SALMONELLA INFECTIONS

Multiple proinflammatory pathways are clearly involved in Salmonella
immune activation. Data from murine and bovine infections with
bacterial strains lacking a variety of virulence strategies substantiate
this observation in vivo. However, bacterial virulence programs are not
solely responsible for the immunopathology of typhoid or enter-
ocolitis, as the disease manifestations represent an interaction between
host and pathogen. Critical to the development of disease is the host
signaling milieu induced by contact between microbe and host cells
in various tissues, largely mediated by cytokine signaling.

Cytokines play a crucial role in initiating and regulating the innate
and adaptive immune response against Salmonella. The right balance
between pro- and anti-inflammatory cytokines is essential to control
infections and to avoid damage to the host. Cytokines are expressed by
many different cell types and they act on various cells. Experiments in
tissue culture, bone marrow derived or primary cells demonstrate that
Salmonella can trigger the synthesis of cytokines and chemokines in
epithelial cells,®® macrophages®>*® and DCs.”'~%* The consequences
of cytokine activation vary. While interferon (IFN)-y, IL-12, tumor
necrosis factor (TNF)-, IL-18, transforming growth factor -f and
CCL2 have protective functions during Salmonella infection, IL-4
and IL-10 interfere with host defenses (reviewed by Eckmann and
Kagnoff™).

HUMAN CYTOKINE ABNORMALITIES AND SUSCEPTIBILITY
TO SALMONELLA

A variety of cytokine abnormalities contribute to susceptibility to
Salmonella infections in humans. Genetic deficiencies in the type I
cytokine pathway (IFN-y/IL-12/IL-23) result in increased susceptibil-
ity to infection with intracellular pathogens such as Salmonella and
Mycobacteria.®>® Non-typhoidal Salmonella serovars can cause severe
extraintestinal disease in patients with these abnormalities. IL-12,
produced by antigen presenting cells (APC) such as macrophages
and DCs, induces the production of IFN-y by natural killer (NK) cells
and T cells which in turn further upregulates IL-12 production in
APC. IFN-y then enhances antimicrobial activity in macrophages, NK
cells and neutrophils, although this role in Salmonella infection may
not be critical for control of infection. Deficiencies in IL-12b, the
common p40 subunit of IL-12 and IL-23, and IL-12Rf1 which is the
common receptor subunit for IL-12 and IL-23, result in susceptibility
to Salmonella. In contrast patients with deficiencies in IFN-yR1 or
IFN-yR2 are frequently infected with Mycobacteria but less frequently
with Salmonella.®”-10! Thus, it seems that IL-12/IL-23 exert protective
effects against infection with Salmonella independently of induction of
IFN-y. A possible IFN-y-independent mechanism could be the up-
regulation of TNF-«, granulocyte-macrophage colony-stimulating
factor and IL-17 by IL-23 leading to enhanced bacterial killing and
enhanced nitric oxide (NO) production in macrophages, respectively.

MURINE CYTOKINES IN CONTROL OF SALMONELLA
INFECTION

In mice, the first cells encountered by Salmonella are intestinal
epithelial cells, DCs and macrophages. Interaction with these cells
leads to the synthesis of proinflammatory cytokines and chemokines
leading to a massive influx of neutrophils, macrophages and immature
DCs. IFN-y, TNF-o0 and IL-12 have been well demonstrated to be
crucial for resistance to Salmonella. IFN-y is important for control of
bacterial replication in the early phase of infection,!%? but is not
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sufficient for eradication of bacteria.!®® TNF-o enhances microbicidal
activity synergistically with IFN-y and triggers the production of
NO.!%4 Neutralization of IFN-y results in decreased killing of Salmo-
nella whereas neutralization of TNF-o results in a increased bacterial
replication.!%

IFN-y production is rapidly upregulated in gut-associated lymphoid
tissue (GALT) and spleen by infection with serovar Typhimur-
ium.%197 The main producers of IFN-y and TNF-z in naive
Salmonella-infected mice appear to be macrophages and neutro-
phils,'® although CD1d-restricted NKT cells also contribute to early
IEN-y production in Salmonella infected mice in a manner dependent
on IL-12 produced by APCs.!% T cells and NK cells only produce trace
amounts of IFN-y in a primary infection. In contrast, infection of
immunized animals leads to IFN-y production primarily by T cells
and NK1.1+ cells but not by APCs.108 Furthermore, IEN-y has been
demonstrated to control chronic infections with serovar Typhimur-
ium. Anti-IFN-y antibody treatment of mice carrying a chronic
infection with Salmonella reactivates the infection and the bacterial
burden in systemic sites increases.!!®

In addition, preweaned mice exhibit increased susceptibility to
Salmonella compared to adult mice. This is due to the low expression
of IFN-y in these mice. IFN-y is upregulated in 6-week-old mice
compared to young animals during enterocolitic infection, and
intestinal inflammatory disease in preweaned animals results in higher
bacterial load in the spleen and lower TNF-g, similar to an infection of
IFN-y~/~ mice.!!! Thus, IFN-y is important in animal models of both
typhoid and enterocolitis. As is clear from the data of human patients
IL-12 is important to control Salmonella infections.!!? This may relate
to IFN-y function, as IL-12 is a potent activator of IFN-y production.
However, it may also be in part due to IFN-y independent IL-23-
mediated effects as discussed above. IL-12p35—/— mice are more
resistant than IL-12p40—/— mice to infection with serovar Typhimur-
ium or serovar Enteritidis as IL-12p40—/— have higher bacterial
burdens and decreased serum cytokine levels of IFN-y and TNF-
o113 TL-18 contributes to IL-12 induced IFN-y in Salmonella infected
mice and anti IL-18 treatment diminishes IFN-y levels in PP late in
infection and survival time.!4113

Cytokine and chemokine production may not only have beneficial
but also pathological consequences for the host. Chemokines such as
MCP-1, CCL2, CCL20 and CCL3 have protective roles in Salmonella
infections (119, 120) but may also lead to tissue destruction by
triggering a massive influx of inflammatory cells into infected organs.

Inflammation in any host is a heterogeneous process and is the
culmination of the activation of numerous complex and interacting
proinflammatory cascades that are collectively influenced by host and
pathogenic behaviors. A double-edged sword, inflammation is the
strategy by which the host controls infection, the Trojan horse by
which some pathogens gain influence over host physiology and
ultimately the cause of death for either the pathogen or host in all
acute infections. Clearly, during infection with Salmonella enterica
species, both host and bacteria provide powerful stimuli to host innate
immune/inflammatory responses.

Salmonella contains multiple virulence mechanisms that, when
activated, result in the induction of an inflammatory response within
the host. Newly discovered roles for SPIs 1 and 2 in activation of
innate immunity and inflammation in human cells and animal models
demonstrate that these bacteria have evolved specific mechanisms to
elicit a dramatic host response. While the role of some SPI-1 behaviors
in innate immune activation has been well established, newly dis-
covered pathways — such as the SPI-1 dependent delivery of PAMPs
to intracellular pattern-recognition receptors — also clearly represent
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critical steps in the etiopathogenesis of Salmonella-induced disease.
Recently described roles for SPI-2 in intestinal inflammatory disease
suggest that Salmonella employs multiple, parallel systems of innate
immune activation in order to effect a specific series of inflammatory
changes. These behaviors have evolved despite the obvious potential
antibacterial effects of the host response induced, suggesting that they
confer some adaptive advantage upon the bacteria, perhaps creating
a new host environment more susceptible to invasion, or cause the
recruitment of cells critical for dissemination of bacteria to systemic
organs, and consequent retransmission into the environment.

Similarly, hosts susceptible to Salmonella infection mobilize
responses that are necessary for effective control of infection. The
activation of cytokine responses, or the presence of critical host
resistance factors such as TLR4, Nrampl or phagocyte oxidase, are
essential for a cogent and effective immune response to Salmonella. In
their absence, experimental infections with bacteria are almost always
fatal. Yet, it is because of the induction of many of these responses that
the clinical sequelae of Salmonella infection, such as sepsis, septic
shock and inflammation, occur.

As new pathways are investigated in which Salmonella and hosts
interact to produce innate and adaptive immune dysfunction, the
pathophysiology of this important disease will come to be better
understood. While judicious use of antimicrobials may represent the
backbone of treatment for Salmonella infections, the use of immuno-
modulatory agents have the potential to selectively enhance the host’s
ability to control infection, without the risk of developing antibiotic
resistance. Furthermore, identifying bacterial factors that are critical
for inducing disease vs bacterial colonization suggests bacterial targets
for the generation of more effective vaccines.

Whether inflammation favors the host or the bacteria may depend
not only on the severity but also the nature of the inflammatory
response. Using multiple interacting virulence strategies, infection
with various Salmonella species and serovars results in significant
immune activation and consequent morbidity and mortality. Host
responses, while clearly critical for control of infection, can also
contribute to the nature and severity of the immunopathology.
While the ultimate outcome of this competition may favor the host
or bacteria in ways we do not yet understand, it is clear that an
understanding of these competing forces represents an important step
in developing novel approaches to prophylaxis and therapy for
Salmonella infection.
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1. Introduction

In recent decades salmonellosis has been on the rise as a food
related illness worldwide. The Centers for Disease Control and
Prevention (CDC) estimates 1 million cases of non-typhoidal
salmonellosis occur each year in the US (Scallan et al, 2011).
Worldwide it is estimated that incidence of nontyphoid Salmonella
ranges from 200 million to 1.3 billion, with an estimated death toll of 3
million each year (Coburn, Grassi, & Finlay, 2007). In the US it is
estimated that 27% of patients require hospitalization and 378 cases
lead to death, a death rate of 0.5% (Scallan et al., 2011).

Serotype Salmonella Enteritidis is second only to Typhimurium as
the most frequently isolated serotype of Salmonella from human
illness in the US. In 2006, the most recent year for which data is
available, S. Enteritidis caused almost 17% of reported cases of
salmonellosis (CDC, 2010a). The European Union (EU) reported that
S. Enteritidis was responsible for 60% of all verified outbreaks due to
Salmonella (EFSA, 2009). Salmonella spp., and in particular S.
Enteritidis, is strongly associated with eggs and egg products (Patrick
et al., 2004). Grade A shell eggs or products containing eggs have been
the most common vehicle for the transmission of S. Enteritidis
(Braden, 2006). In 2010 there was an egg associated outbreak that led
to nearly 2000 illnesses nationwide in the US (CDC, 2010b).

This review will have a brief description of eggs and egg products
and a discussion of the physiology of egg formation. We will outline
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the natural defenses of the egg, as well as the infection routes of
Salmonella. Risk factors for flock infection with S. Entertidis will be
discussed, as well as post-harvest intervention methods.

2. Eggs and egg products

On average, Americans consumed 248 eggs per person in the year
2008 (Evans, 2009). Eggs are used as an inexpensive food source in
the form of shell eggs, liquid, frozen, and dried products (Ricke,
Birkhold, & Gast, 2001). The US egg industry is the second largest
producer of chicken eggs in the world after China (NASS, 2009).
According to the 2007 US Census of Agriculture, there were 146,000
US farms with layers in 2007, the majority of which are small-scale
producers (USDA, 2009). However, larger producers provide the bulk
of commercially produced table eggs. According to United Egg
Producers, more than 95% of egg production comes from only 240
egg producing companies that have flocks of more than 75,000 layers
per flock. There are six egg producing companies in the US which own
from 1 to 5 million layers each, and 12 companies that have more than
5 million layers each.

Not only do eggs and egg products provide a reliable source of
nutrition, they also serve a variety of functions in other products. The
emulsifying properties of lecithin and cholesterol within the egg yolk
make eggs valuable components of mayonnaise and other food
systems requiring an emulsifier (Baker & Bruce, 1994). Albumen, or
egg white, is noted for its ability to form heat stable foams used in
cakes, meringues, and other baked products. Other products involving
egg products include noodles, candy and ice creams (Ricke et al.,
2001). Eggs used in products with other primary ingredients are
referred to as hidden eggs.

Egg products are popular in foodservice operations due to
convenience of use, cost savings (for labor and storage) and for


http://dx.doi.org/10.1016/j.foodres.2011.04.030
mailto:sricke@uark.edu
http://dx.doi.org/10.1016/j.foodres.2011.04.030
http://www.sciencedirect.com/science/journal/09639969

756 Z.R. Howard et al. / Food Research International 45 (2012) 755-764

portion control (Messens, Grijspeerdt, Herman, & Billet, 2002). Egg
products include whole eggs, egg whites, and egg yolks in frozen,
refrigerated liquid, and dried forms, as well as specialty egg products.
Specialty egg products include pre-peeled hard-cooked eggs, omelets,
egg patties, quiches, quiche mixes, scrambled eggs, fried eggs, and
others. Due to wide spread use of eggs as a food source, the safety of
this product is important. Eggs and egg contents can become
contaminated by bacteria in a variety of ways, not only after being
laid, but also during formation in the ovary as well. Eggs contaminated
through transovarian infection may pose a significant hazard to both
industry and consumers, and therefore necessitate an understanding
of the reproductive tract of the laying hen.

3. The physiology of egg laying

The female reproductive system of the chicken is divided into two
separate parts: the ovary and the oviduct. In most chickens, only the
left ovary and oviduct are functional, the right typically regresses
during development and is non-functional in the adult bird (Okubo,
Akachi, & Hatta, 1997). There have been cases, however, where the
left ovary and oviduct have been damaged and the right one has
developed to replace it.

3.1. Follicular hierarchy

In a mature laying hen the ovary is composed of follicles of
different size and maturity at any given time, with one follicle being
ovulated every 24 to 40 h (Etches, 1990). Immature follicles which do
not yet possess large volumes of yolk material contain granulosa cells,
a distinct layer of cells releasing a variety of hormones in the more
mature follicles (Etches, 1990). The follicular hierarchy of the mature
laying hen is composed of 7 to 10 follicles of 10 to 35 mm, 15 to 20
follicles of 1 to 10 mm, and several thousand follicles of less than
1 mm (Williams & Sharp, 1978). The largest, most mature follicle of
the hierarchy is referred to as the F1 follicle, and is released into the
reproductive tract when maturation is complete. The F1 follicle has
the appearance of a fully formed egg yolk, but is still encapsulated in a
follicular sack with visible capillaries lining the surface of the follicle,
for the purpose of transport and deposition of yolk material (Johnson,
2000). Follicles that are progressively smaller than the F1 follicle and
further down the hierarchy of maturity are termed F2, F3, F4, and F5;
along with the F1 follicle, these are referred to as the large yellow
follicles. Also present are small yellow follicles in which yolk material
has begun to deposit, and these move forward in size and volume to
become F follicles as more yolk material is carried via the blood stream
from the liver into the developing follicle (Johnson, 2000).

3.2. Follicle growth

Maturation and growth of the follicles is divided into three
separate phases. First is a slow period of growth which can last over a
range of time from a few months up to several years. This slow growth
phase is followed by a more rapid period of a few months in which
yolk protein is brought into the developing follicle. The last phase of
follicle growth is characterized by rapid growth over a period of 6 to
11 days. During these last days before the follicle is released into the
reproductive tract a vast amount of yolk material is imported into the
follicle (Johnson, 2000). Yolk components are synthesized in the liver
and transported via the vascular system to the ova. Precursors for yolk
contents, vitellogenin (VTG) and very low density lipoprotein (VLDL)
are moved through the granulosa cells by blood capillaries (Johnson,
2000). VTG and VLDL are deposited inside the oocyte and contribute
to the observed increase in follicle weight and volume.

3.3. Hormone regulation of the reproductive system

Luteinizing hormone (LH) is a particularly important hormone in
the regulation of ovulation in the laying hen. A surge in LH is observed
approximately 6 h prior to ovulation of the mature F1 follicle (Wilson
& Sharp, 1973). The purpose of LH is to induce ovulation of the largest
F follicle in the hierarchy (Etches, 1990). LH also promotes the
production of steroids important to the ovulatory cycle of the hen
(Etches, 1990). Robinson et al. (1988) demonstrated that androstene-
dione and estradiol are produced in the small yellow follicles,
adrostenedione is secreted by the theca layer, and all are stimulated
by LH. Luteinizing hormone also serves to stimulate the production of
progesterone from granulosa cells within the follicle. Androgens are
released from the theca layer of the follicle until approximately 12 to
36 h prior to ovulation, and are stimulated by LH prior to its major
surge (Etches, 1990). Although all large F follicles produce steroids
and hormones used throughout the ovulatory cycle, the F1 follicle is
far more responsive to the action of LH, accounting for the fact that
typically only the largest F follicle is released during a particular
ovulation (Robinson & Etches, 1986).

Follicle stimulating hormone (FSH) also plays a major role in the
ovulatory cycle, but the actions are less well defined than those of LH
(Hammond, Burke, & Hertelendy, 1981). Like LH, FSH stimulates the
production and release of progesterone from small yellow follicles.
The smaller, preovulatory follicles are apparently the major target of
FSH (Imai & Nalbandov, 1971). It is also known that FSH is bound most
frequently to all follicles 12 to 16 h prior to ovulation (Etches, Croze, &
Duke, 1981).

Progesterone is released from the large F1 follicle of the follicular
hierarchy, apparently stimulated by relatively low levels of LH
(Etches, MacGregor, Morris, & Willams, 1983). Progesterone release
in turn stimulates secretion of gonadotropin releasing hormone
(GnRH) from the hypothalamus gland. GnRH is known to induce the
large surge of LH which precedes ovulation by 4 to 6 h (Wilson &
Sharp, 1973). The subsequent surge in LH accelerates the production
of progesterone. Both LH and progesterone have the ability to degrade
the follicular sack surrounding the F1 follicle and allow it to drop into
the infundibulum, the opening to the reproductive tract (Etches,
1990).

3.4. Descent of the egg in the reproductive tract

The ovulated follicle remains in the infundibulum for 15 to 30 min,
and this is where the outer layer of the vitelline membrane and the
chalazal layer of the albumin are most likely generated (Burley &
Vadehra, 1989). The follicle subsequently descends into the albumen-
secreting portion of the oviduct, where it remains for about 3 h
(Okubo et al., 1997). The albumen-wrapped egg yolk then moves to
the isthmus, where the shell membranes are deposited, a process that
takes slightly more than an hour (Okubo et al., 1997). The uterus is a
very short portion of the oviduct, but the egg is held there for
approximately 21 h to complete the process of calcification (Okubo
et al.,, 1997). The egg passes through the last portion of the oviduct,
the vagina, towards an external opening known as a vent. The vent is a
common opening for both egg laying and waste elimination, but a
chicken cannot perform both functions at the same time. An internal
flap known as a cloaca keeps the vaginal canal and the intestinal track
separate until either an egg or excrement reach the vent; when a
chicken is laying an egg, the cloaca descends and blocks the intestinal
track (Koch, 1973).

4. Egg defenses against bacterial contamination
Eggs function primarily as a means of reproduction to avian

species, and as such the egg must be able to protect a developing
embryo for the period of 21 days during which a chick will mature
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until hatching (Haines, 1939). Therefore, eggs as a biological system
necessitate certain defenses, both chemical and physical, to limit the
interference of microbial contaminants on the development of the
chick.

4.1. Physical defenses

4.1.1. Cuticle

The cuticle, a protein layer secreted over the shell immediately
before oviposition, is the first of the physical defenses that the egg
possesses to exclude bacteria, yeasts, and molds from the nutrient rich
yolk by clogging the pores of the calcium based shell (Mayes &
Takeballi, 1983; Simkiss, 1968). However, the cuticle has only
approximately 96 h of effectiveness before it is largely removed by
abrasion (Fromm, 1963; Mayes & Takeballi, 1983). Humidity,
temperature of the egg, ambient air temperature surrounding the
egg directly after oviposition, and washing of the egg can all influence
the amount of time the cuticle remains in place to prevent the
penetration of bacteria such as Salmonella to the interior of the egg
(Ball, Logan, & Hill, 1975).

4.1.2. Shell

The egg shell represents one of the more visible physical barriers to
external contamination. Shells of chicken eggs have between 7000
and 17,000 pores most of which span from the outside to the inside of
the shell (Mayes & Takeballi, 1983). Pores are wider at the top and
taper down toward the bottom end along a spiraling path. More pores
can be found at the larger end of the egg than in the small end
(Walden, Allen, & Trussell, 1956). This is the reason that air cells of
eggs are generally found at the broad end of the shell. Some
malformed pores are much larger in diameter and can allow easier
access to the interior of the eggs for bacteria (North, 1978). Thickness
of the shell can also play a role in the admittance of bacteria to the
interior of the egg (Taylor & Martin, 1929). As shell thickness
increases so does the length of the pore. Pores are not straight and
instead wind through the thickness of the shell matter. Longer pores
are likely to be more spiraled and therefore provide a more difficult
route for bacteria to navigate due to their limited motility (Mayes &
Takeballi, 1983).

Moisture on the surface of the egg can aid the process of bacterial
penetration as bacterial cells are better able to access the interior of
the egg if they are introduced onto the shell surface before the cuticle
has sufficiently dried (Humphrey, 1999). Rapid cooling of the egg
causes the yolk and albumen to contract while the shell remains fixed,
which produces a negative pressure thus pulling bacterial cells from
the exterior of the egg through the winding pores of the shell (Lock &
Board, 1992). Current USDA regulations mandate that egg wash water
must be at least 32.2 °C, or 11.1 °C warmer than the warmest egg
entering the processing line (USDA/AMS, 2004).

4.1.3. Shell membranes

Directly under the shell lie the last physical line of defense, two
shell membranes, the outer and inner membranes. The two shell
membranes are attached at all points except where the respiration of
gasses in and out of the cell forms an air cell, usually at the blunt end
of the egg shell (Mayes & Takeballi, 1983). The outer membrane is
attached directly to the shell of the egg and is composed of three
fibrous layers which provide a complex structure that is very difficult
for bacteria and other microorganisms to penetrate (Moran & Hale,
1936). The inner shell membrane is closest to the center of the interior
of the egg, and is thought to be made up of two layers (Mayes &
Takeballi, 1983). It is hypothesized that the shell membranes act
somewhat as a filter to potential contaminants through the intricate
system of pores and fibers they present. The shell membranes acting
jointly are thought to be a better defense against bacterial invasion
than the shell (Garibaildi, 1960).

4.2. Chemical defenses

If microorganisms successfully penetrate the physical barriers
presented by the cuticle, shell, and shell membranes, they will face a
number of chemical barriers in the harsh environment of the albumen
(O'Leary & Busta, 1974). One such chemical defense is the enzyme
lysozyme (Cuguennec, Nau, Molle, Le Graet, & Brule, 2000). Lysozyme is
present in biological fluids including milk, urine and blood, and lyses
Gram positive bacteria by cleaving the (1,4) linkage between N-
acetylneuramine and N-acetylglucosamine in the cell wall (Cuguennec
et al, 2000). Although most pathogens associated with foodborne
disease outbreaks are Gram negative and not susceptible to lysozyme,
up to 60% of the spoilage organisms isolated from eggs are Gram
positive (Lucore, Jones, Anderson, & Curtis, 1997). A more important
player in the chemical defense of the egg is the protein ovotransferrin,
which functions by chelating the iron of the egg albumen thus making it
unavailable to bacteria for growth (Lock & Board, 1992). Ovomucoid is a
proteinase inhibitor which denies bacteria the ability to utilize the
proteins of the albumen (Baron, Gautier, & Brule, 1997). Egg whites also
contain the compound avidin which binds biotin, a B vitamin necessary
for cell growth (Baron et al., 1997). Avidin is produced in the oviduct,
and is a minor component of egg white (Mine, 2000).

4.3. The vitelline membrane

After penetrating both the physical barriers of the shell and the
chemical barriers of the albumen, bacteria are faced with only one
more defense before migrating into the yolk. The vitelline membrane
surrounds the yolk and is responsible for compartmentalization of the
egg (Burley & Vadehra, 1989). Should this membrane fail, yolk and
albumen contents can mix, which causes an influx of iron and other
compounds into the albumen and the defenses of the egg are
weakened if not destroyed (Burley & Vadehra, 1989). Not only is
the vitelline membrane responsible for the segregation of yolk and
albumen but also plays a role in allowing the penetration of materials
involved in fertilization, yet it must exclude the transfer of nutrient
molecules and bacterial cells (Debruyne & Stockx, 1978; Mann, 2008).

4.4. Routes of egg contamination by Salmonella

There are two possible routes of Salmonella contamination of the
contents of intact eggs. In horizontal transmission, Salmonella pene-
trates through the eggshell, or in the transovarian route (vertical
transmission), the egg is directly contaminated as a result of Salmonella
infection of the reproductive organs before the eggs are covered by the
shell components (Miyamoto et al, 1998). Which route is most
important for Salmonella contamination, in particular S. Enteritidis, of
egg contents is not clear.

4.5. Horizontal transmission

After oviposition the egg is potentially exposed to a variety of
contaminated areas, and the high level of moist organic matter, including
feces, can aid the survival and growth of Salmonella by providing
protection and a source of nutrients. Eggs artificially contaminated with
feces containing S. Enteritidis, S. Heidelberg or S. Typhimurum were stored
at 25 °C, and there was an increase of number of all serotypes by 4 to 5 logs
after 3 days (Schoeni, Glass, McDermott, & Wong, 1995). However,
Salmonella can also survive and grow in the absence of fecal contamina-
tion, especially if temperatures and relative humidity are kept low
(Messens, Grijspeerdt, & Herman, 2006). In spite of the physical and
chemical barriers the egg possesses, penetration of Salmonella into the egg
has been demonstrated (Messens, Grijspeerdt, & Herman, 2005).

Studies of correlation of environmental contamination with contam-
ination of the shell have produced mixed results. In a laying house where
Salmonella was isolated from 72% of environmental samples, only 7.8% of
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shells were found to be contaminated (Jones, Rives, & Carey, 1995). Davies
and Breslin (2004) found that 1.0% of shells of eggs of non-vaccinated
flocks were contaminated with S. Enteritidis, and only 0.18% of shells of
eggs from vaccinated hens were contaminated as compared to 25.6% of
environmental samples. Time of sampling of the eggs also is a factor in
detecting Salmonella on shells. Eggshells from hens experimentally orally
inoculated with S. Enteritidis had over 50% of shells contaminated when
examined during the first week post inoculation, with frequencies
declining after that to as low as 8% after 8 weeks post inoculation (Bichler,
Nagaraja, & Halvorson, 1996; Gast & Beard, 1990).

Researchers have suggested that the eggshell is most easily penetrated
by bacteria within the first few minutes after oviposition (Miyamoto et al.,
1998; Padron, 1990). In addition, the egg becomes exposed to
temperatures cooler than the chicken body temperature (42 °C), perhaps
creating a negative pressure that would allow bacteria to more easily
penetrate the eggshell and the membranes (Board, 1966). It has been
hypothesized that when the warm egg encounters a moist, cool
environment, conditions are ideal for penetration of the shell by bacteria
(Berrang, Cox, Frank, & Buhr, 1999).

Some researchers have hypothesized that the cuticle is the first
line of defense against bacterial penetration of the egg, and as the
cuticle dries out and shrinks as eggs age the pores are exposed to
bacterial penetration (Mayes & Takeballi, 1983). Some studies have
indicated that cuticle deposition is critical, and in the absence of
deposition, penetration by bacteria is very likely (De Reu et al., 2006;
Messens et al.,, 2007). However, other research groups have found no
correlation between the deposition of the cuticle and penetration of
Salmonella through the shell (Messens et al, 2005; Nascimento,
Cranstoun, & Solomon, 1992).

Quality of the eggshell as defined by shell specific gravity, shell
weight or shell thickness has also been hypothesized to have a role in
bacterial penetration into the egg. Selecting strains of birds for higher
egg production and greater egg weight has tended to result in poorer
quality shells (Roberts & Brackpool, 1994) which are more prone to
become contaminated, as demonstrated by Jones, Anderson, Curtis,
and Jones (2002). The age of the hen is another factor affecting shell
quality, and contamination of shells, air cells and contents has been
found to be greater in older hens (Jones et al., 2002). Stressors such as
movement from floor to cage or vaccination have also been observed
to affect shell quality (Roberts & Brackpool, 1994).

Different genera and species of bacteria also seem to possess differing
abilities to penetrate the shell of the egg. De Reu et al. (2006) compared
the ability of 7 selected species of bacteria isolated from the contents of
eggs to penetrate the eggshell. They found that the Gram-negative motile
and non-clustering bacteria Pseudomonas sp., S. Enteritidis and Alcaligenes
sp. had the greatest potential to penetrate the shell. S. Enteritidis followed
by Carnobacterium sp. and Serratia marcescens penetrated into intact eggs
and grew most frequently of the 7 species that were compared.

Even though the albumen has several antibacterial chemicals, once
bacteria enter the egg there is evidence that they can survive for long
periods of time. Howard et al. (2006) demonstrated that S. Typhimurium
could survive within the egg and even exhibit net growth during 8 weeks
of storage, even under refrigeration conditions. In further studies, Howard
et al. (2007) inoculated egg components with S. Enteritidis and observed
the survival and growth of the bacterium as related to refrigerated storage
time for 8 weeks. Although they found no evidence of vitelline membrane
deterioration leading to yolk contamination during the storage period
they did observe survival of S. Enteritidis on the vitelline membrane and in
the albumen, and in some instances they did note net growth of the
pathogen (Howard et al., 2007). This research supports the need for rapid
refrigeration and maintenance of the cold chain during storage.

4.6. Vertical transmission

Although most bacteria commonly implicated in foodborne
disease outbreaks have the ability to migrate into the egg from

external sources, it would seem that some have an alternative route
(Mayes & Takeballi, 1983). In the case of several Salmonella serotypes, in
particular S. Enteritidis, transovarian infection of the laying hen may occur,
and eggs laid after infection may contain Salmonella (Humphrey, 1999).
Evidence suggests that transovarian infection of the hen ovary with
S. Enteritidis may be similar to the same route of infection found with
poultry host specific Salmonella disease causing isolates that are
monitored in the NPIP program (Benson & Keller, 1999).

4.6.1. Colonization of the ovary

Some researchers believe that contamination of the egg in the
reproductive tract of the hen is more likely to occur than penetration
of the eggshell, especially since S. Enteritidis can be localized in the
reproductive tissue when the hen does not experience intestinal
colonization by S. Enteritidis (Lister, 1988). Additionally, S. Enteritidis
seems to be able to avoid the immune response of the hen, perhaps by
being able to survive within the cells of the reproductive tract (Gast &
Holt, 2000).

Numerous experimental studies indicate that the ovary is more often
colonized by S. Enteritidis than is the oviduct (Gast, Guraya, Guard-
Bouldin, Holt, & Moore, 2007). In this case, S. Enteritidis must be able to
interact with the cells of the follicles before ovulation. Attachment of S.
Enteritidis to follicular granulosa cells has been observed (Thiagarajan,
Saeed, & Asem, 1994), and the organism may be able to invade and
multiply in these cells (Thiagarajan, Saeed, Turek, & Asem, 1996). Howard
et al. (2005) found that the immature small white follicles were more
susceptible to invasion than were the small and large yellow follicles,
perhaps leading to continuous infection of eggs throughout the
reproductive cycle. Dawoud et al. (2011) used a similar in vitro invasion
assay to evaluate follicle invasion by different strains of S. Enteritidis. They
determined that all five strains of S. Enteritidis tested were able to invade
the follicles after 2 h with a mean percentage of invasion from 0.016 to
0.034% as compared to 0.0003% for Escherichia coli K12, the negative
control. However, it is not hypothesized that ovarian colonization is the
main source of egg contamination since it is believed that degeneration of
follicles would result and there is no evidence of reduction of laying in
infected hens (Gantois et al., 2009). Other researchers have determined
that S. Enteritidis is more often associated with the vitelline membrane
than the yolk itself (Gast & Beard, 1990; Gast & Holt, 2000). S. Enteritidis
also apparently possesses some characteristics that other serotypes do not
possess; Okamura et al. (2001a,b) found that S. Enteritidis colonized
ovaries and follicles at a much higher rate than did other serotypes. Similar
results were found by Gantois et al. (2008), with the exception that S.
Typhimurium was equally able to colonize the ovary.

Other research has indicated that the albumen is the most
common area for contamination, indicating colonization of the tissues
of the oviduct (Keller, Benson, Krotec, & Eckroade, 1995). Contami-
nation of the vagina, isthmus or magnum could lead to Salmonella
incorporation into the shell, shell membranes or the albumen.

4.6.2. Colonization of the vagina

In hens inoculated intravaginally with Salmonella, there was a high
rate of contamination on the eggshell (Miyamoto et al., 1997), leading to
penetration into the egg due to the cooling of the egg after laying
(Miyamoto et al., 1998). It also appears that S. Enteritidis has a greater
ability to attach to the epithelium of the vagina compared to other
serotypes (Miyamoto et al,, 1998). Apparently invasiveness of serotypes
is linked to lipopolysaccharide type, with type 09 (S. Enteritidis) being
more invasive than 04 (S. Typhimurium, S. Heidelberg, and S. Agona)
and other lipopolysaccharide types (Mizumoto, Sasai, Tani, & Baba,
2005).

4.6.3. Colonization of the isthmus and magnum

S. Enteritidis was shown to be able to invade and multiply within
tissue cultures of both isthmus and magnum cells (De Buck, Pasmans,
Van Immerseel, Haesebrouck, & Ducatelle, 2004). An in vivo loop
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model experiment demonstrated that S. Enteritidis was more invasive
in the isthmus loop than in the magnum loop (De Buck et al., 2004).
When laying hens were infected intravenously with S. Enteritidis,
more bacteria were subsequently isolated from tubular gland cells of
the isthmus as compared to the magnum (De Buck et al., 2004). These
results are in agreement with the hypothesis that S. Enteritidis enters
and contaminates eggs through the albumen (Schoeni et al., 1995).

Despite increased research emphasis on this route of contami-
nation, infection of shell eggs with S. Enteritidis seems to be
somewhat rare. In commercial flocks less than 0.03% of eggs laid are
contaminated with S. Enteritidis (Gast & Holt, 2001). A risk
assessment for S. Enteritidis in eggs estimated that in the United
States only 1 in 20,000 (0.005%) eggs are contaminated with S.
Enteritidis (Ebel & Schlosser, 2000). With over 90 billion eggs
produced each year in the United States there is a potential for
4.5 million contaminated eggs entering the market each year
(USDA/NASS, 2010). Egg production in the EU was 104 billion
eggs in 2008. A risk assessment for S. Enteritidis conducted in the EU
concluded that it is difficult to estimate the number of contaminated
eggs per million from currently available data. In one country the
number of eggs per million was estimated to range between 14 and
150, but in a second country the number was estimated to be
between 2 and 28 (EFSA, 2010).

4.7. Risk factors for S. Enteritidis infection of laying hens

4.7.1. Biosecurity

Control of the movements of people and equipment on the farm, as
well as limiting hen exposure to rodents, insects, or wild birds and
mammals which may carry Salmonella reduces the potential for
introducing the organism into the flock or transmitting it among existing
flocks or from an old flock to a new flock (Crippen, Sheffield, Esquivel,
Droleskey, & Esquivel, 2009; Henzler & Opitz, 1992; Olsen & Hammack,
2000). Henzler and Opitz (1992) surveyed 10 mice-infested poultry farms,
5 of which were rated as clean of S. Enteritidis and 5 as contaminated as
determined by culture results of environmental samples. On the
contaminated farms, S. Enteritidis was isolated from 24.0% of the mice,
but was not detected in mice on clean farms. As much as 10° S. Enteritidis
per mouse fecal pellet was detected and the infection persisted as long as
10 months in the infected mouse population. The lesser mealworm beetle,
Alphitobius diaperinus (Panzer), is a serious pest in the laying industry and
has been shown to internalize Salmonella acquired from external sources
and to harbor bacteria in the alimentary canal, and may thus be an active
source for spreading Salmonella (Crippen et al., 2009). Houseflies collected
at caged-layer facilities that had produced eggs implicated as the vehicle in
two outbreaks of S. Enteritidis were analyzed and tested positive for the
pathogen (Olsen & Hammack, 2000).

Differences in housing systems may also affect biosecurity
measures. With free range housing the hens are allowed to spend a
portion of the time outdoors, increasing interactions with wildlife, and
contaminating soil that may serve as a persistent source of Salmonella
(Holt et al., 2011). However, many conventional cage systems are
more than 20 years old and are difficult to clean and disinfect because
of the nature of the system with the deep manure pits, stacked cages
and belts, which may lead to Salmonella being carried from the old
flock to the new (Carrique-Mas et al., 2009). A study conducted in
Europe, where conventional cage systems will be banned as of 2012,
found that risk factors for shedding of S. Enteritidis included
conventional battery cages, no cleaning in between production
rounds and the advent of winter (Van Hoorebeke et al., 2010).

4.8. Feed withdrawal to induce molt
It is natural for adult birds to undergo an annual molt in order to

renew their feathers, and at the same time body weight is lost and egg
laying stops (Mrosovsky & Sherry, 1980). In some commercial layer

operations in the US, hens are induced to molt before the end of a first
laying cycle, which renews the reproductive tract (Brake, 1993), and
allows them to enter into a second egg-laying cycle (North & Bell,
1990). The historically common method to force molt was withdrawal
of feed for several days, modeled after the natural behavior of birds
refusing to eat during the molting period (Bell, 2003; Mrosovsky &
Sherry, 1980; Ricke, Dunkley, McReynolds, Dunkley, & Nisbet, 2010).
However, feed withdrawal for the purpose of inducing molt is
stressful and often leads to increased mortality during the first
2 weeks of the molt (Bell, 2003). Inducing molt by feed withdrawal
also leads to an increase in S. Enteriditis fecal shedding (Holt, 1993;
Holt & Porter, 1992; Holt, Macri, & Porter, 1995), prevalence of S.
Enteritidis in organs (Holt, 1995), recurrence of a previous infection
(Holt & Porter, 1992), and increased susceptibility to infection with S.
Enteritidis (Holt, 1993) compared with nonmolting controls. When
birds are fasting the infectious dose for S. Enteritidis decreases (Holt,
1995). Additionally, researchers have noted an increase in Salmonella
contamination of the environment of molted hens as compared to
nonmolted (Murase et al., 2001). Durant, Corrier, Byrd, Stanker, and
Ricke (1999) noted that a 9-day feed withdrawal increased coloni-
zation of S. Enteritidis in both crop and ceca of birds as compared to
non-molted birds.

4.8.1. Alternatives to feed withdrawal for molting

Alternative methods to induce molting that do not use fasting have
been investigated, most of which involve manipulating the diet of the
hens in some manner. According to Ricke (2003) in order for a non-
feed withdrawal molting diet to be successful it must be palatable to
the hens so they do not refuse to eat, stimulate molt to the point
where the reproductive tract regresses, assure that egg production
and egg quality of the second cycle are the equivalent of those
achieved by feed withdrawal, and ingredients should be readily
available and economical.

Methods of inducing molt have included reducing the levels of
essential nutrients in the diet, or feeding something that reduces egg
production (Bell, 2003; Park, Birkhold, Kubena, Nisbet, & Ricke, 2004).
Some successful diets have involved reducing salt or sodium (Naber,
Latshaw, & Marsh, 1984), or calcium (Martin, Morris, Gehle, &
Harwood, 1973), but these diets have given inconsistent results
when tested by other researchers (Berry, 2003). Feeding high
concentrations of zinc led to higher egg production and greater egg
weights as compared to conventional feed withdrawal (Park et al.,
2004). Moore et al. (2004) also found that the use of zinc had the
potential to lessen colonization by S. Enteritidis during molt.
Aluminum or potassium iodide have also proven to halt egg
production (Arrington, Santa Cruz, Harms, & Wilson, 1967; Hussein,
Cantor, & Johnson, 1989; McCormick & Cunningham, 1987), but these
diets yield inconsistent results, cost more, and may induce birds to
peck one another (Webster, 2003; Biggs, Persia, Koelkebeck, &
Parsons, 2004). Natural products have also been tested. A diet
consisting of primarily grape seed pomace with 10 ppm of thyroxine
added was as effective as the conventional feed withdrawal method
(Keshavarz & Quimby, 2002). Low nutrient grain or high fiber feeds
have also been tested successfully. Using 12% jojoba meal in the diet
resulted in a successful molt and higher egg production than pre molt
(Vermaut et al., 1998). Researchers determined that feeding a diet
with 50% ground cottonseed produced a voluntary reduction of feed
intake and was as effective as complete feed withdrawal (Davis,
Lordelo, & Dale, 2002). Using high levels of wheat middlings have
been found to be an effective diet (Seo, Holt, & Gast, 2001), but are not
suitable on a large commercial scale because the feed with high wheat
middlings hardens in the feed tank and does not flow to the feeders
(Shimmura, Eguchi, Uetake, & Tanaka, 2008).

Although these diets successfully induced molt and allowed egg
production to return to a high level the researchers did not specifically
address colonization by S. Enteritidis, plus many of the amendments
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tested are waste or processing byproducts and are not necessarily
readily available (Dunkley et al., 2009; Park et al., 2004). Alfalfa is a
readily available forage material with low metabolizable energy.
Landers et al. (2005) determined that alfalfa meal or alfalfa pelleted
diets were as effective as feed withdrawal in inducing molt, and egg
production and quality post molt were equivalent to that of hens
molted by feed withdrawal. A significant reduction in crop coloniza-
tion was seen with an alfalfa diet as compared to feed deprived birds
when challenged orally with S. Enteritidis (Woodward et al., 2005).
McReynolds et al. (2006) determined that 100% alfalfa diets as well as
diets of 70% alfalfa with 30% standard layer ration reduced
colonization of the ceca with S. Enteritidis. Dunkley et al. (2007c)
orally challenged hens on different molting diets and determined that
there was a reduction of colonization by S. Enteritidis when hens were
fed 100% alfalfa crumbles as compared to feed withdrawal. There was
also an increase in the expression of the hilA gene, a virulence gene of
Salmonella in the feed withdrawal group as compared to alfalfa
crumbles (Dunkley et al., 2007c). Total short chain fatty acids were
lower in fecal and cecal contents for hens undergoing feed withdrawal
than in groups fed layer ration or 100% alfalfa crumbles, indicating
fermentation patterns for alfalfa fed birds as being more similar to
fully fed birds than the feed withdrawal group (Dunkley et al., 2007d).
Hens fed an alfalfa crumble diet may also experience less stress and
less inflammation than birds undergoing feed withdrawal (Dunkley et
al., 2007a,b; Landers et al., 2008a,b). The hens on alfalfa crumble
exhibited less nonnutritive pecking behavior, head movements, and
greater feeding activity than hens on total feed withdrawal (Dunkley
et al., 2008a,b). McReynolds et al. (2009) also demonstrated that the
use of alfalfa in the molting diet produced an immune response closer
to that of fully fed birds than did birds deprived of feed.

4.8.2. Prebiotics

Prebiotics are indigestible food ingredients that stimulate the growth
of beneficial bacteria, thus improving the health of the host (Gibson &
Roberfroid, 1995). Oligosaccharides fed to poultry have shown the
potential to inhibit colonization by S. Enteritidis (Bailey, Blankenship, &
Cox, 1991; Fernandez, Hinton, & Van Gils, 2002). Colonization by
Salmonella is limited because the natural flora of the intestine uses the
prebiotic in fermentation, increasing levels of volatile fatty acids which
leads to a decrease in the pH to levels at which Salmonella cannot attach
or grow (Cummings & Macfarlane, 2002; Flickinger, Van Loo, & Fahey,
2003). Adding fructooligosaccharide (FOS) to the alfalfa diet decreased
colonization of ovary and liver by S. Enteritidis, and in some trials there
was significant decrease in S. Enteritidis cecal counts (Donalson et al.,
2008).

4.9. Vaccination

Another important Salmonella prevention tool is vaccination. Two
types of Salmonella vaccines currently exist, live vaccines and killed
vaccines. Live vaccines can be given to an entire flock by water or
aerosol, but since they contain a living organism there are issues with
storage and viability, and there is also a possibility that an attenuated
strain can revert back to a more virulent organism. Additionally, live S.
Enteritidis vaccines are not permitted in the US, S. Typhimurium
vaccines are used and growers rely on cross protection between
serotypes (Hassan & Curtiss, 1997). Killed vaccines are administered
by injection to individual birds, and provide strong immunity and
good protection, but are very labor intensive (Gast, Stone, Holt, &
Beard, 1992). The United Kingdom mandated vaccination of layer
flocks belonging to the British Egg Industry Council in the 1990s,
which is considered the main reason for a striking decrease in human
salmonellosis in the UK (Cogan & Humphrey, 2003). In 2006 the EU
mandated that laying hen flocks with a prevalence of Salmonella of
10% or more must be vaccinated (Anonymous, 2006).

4.10. Caged versus non caged systems

In anticipation of the ban of conventional cage systems that will
take place in the EU effective in 2012 (Council of the European Union,
1999) several studies have undertaken to discover any connection
between conventional cage systems and infection of hens by S.
Enteritidis. A German study discovered that independent of housing
system, 32% of layer flocks had been positive at least once for
Salmonella. Further analysis revealed that conventional cage systems
had more than 46% of flocks positive as compared to 33% on free range
organic farms 22% in free range barn systems, and 23% in barn systems
that did not have access to the outdoors (Methner, Diller, Reiche, &
Boehland, 2006). A study conducted in Belgium determined that the
main risk factors for S. Enteritidis infection were rearing flocks in
cages compared to barns or free-range systems. The results also
indicated higher risk for Salmonella increase in age and in size of flock
(Namata et al., 2008).

4.11. Post harvest intervention methods

In the US no mandatory regulations detail specific requirements
for washing and sanitizing shell eggs prior to sale as table eggs, but the
Agricultural Marketing Service has a voluntary shell egg grading
program that includes specific egg washing and sanitizing require-
ments. In general, eggs are placed on a conveyor belt that carries them
through a wash cycle using recirculated water and brushes. Alkaline
detergents are added to wash water to clean the egg surfaces and
maintain a high pH for bacterial control, however organic matter
accumulates in the recirculated water and lessens the ability of the
detergent to kill bacteria (Kinner & Moats, 1981). Immediately
following the detergent wash, operations participating in the grading
program may sanitize shell eggs with a potable water rinse with a
chlorine concentration of 100 to 200 ppm, or quaternary sanitizers
compatible with the washing compound. Government agencies and
the egg industry are interested in alternative decontamination
techniques that could be more effective and cost less, thus benefiting
both the public and the industry. Numerous sanitizers and methods
have been investigated as post wash sanitation methods.

4.12. Sanitizers

Kuo et al. (1997b) tested the use of a peroxidase-catalyzed
compound (PCC) for sanitizing shell eggs. They determined that
dipping in the PCC compound reduced S. Enteritidis almost 4 logs as
compared to less than 1 log for water only, but PCC reduction was not
significantly greater than 200 ppm chlorine. Knape, Carey, and Ricke
(2001) found that distilled deionized water, an iodine based
detergent, and chlorine (200 ppm) all decreased Salmonella popula-
tions inoculated on eggs as compared to dry egg controls, but the
efficacy of egg sanitizers appeared to be dependent on the level of
total dissolved solids in the egg wash water.

4.13. UV radiation

Radiation using UV wavelengths has been investigated as a means
of sanitizing shell eggs because it leaves the cuticle of the egg intact.
Early research demonstrated that UV radiation was capable of killing
microorganisms on a variety of surfaces such as contact lenses (Gritz,
Lee, McDonnell, Shih, & Baron, 1990), poultry carcasses (Wallner-
Pendleton, Sumner, Froning, & Stetson, 1994), fiber or plastic belts,
metal or eggshells (Gao, Stewart, Joseph, & Carr, 1997). Kuo, Carey,
and Ricke (1997a) determined that UV radiation significantly reduced
aerobic bacteria, molds and S. Typhimurium inoculated on shell eggs.

A new technology known as pulsed UV light is being tested for the
ability to inactivate pathogens on food surfaces, initially approved by
the FDA (Federal Register, 1999). The effectiveness of pulsed UV light
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for 1 to 30 s was evaluated for the decontamination of eggs inoculated
with S. Enteritidis; the eggs were placed at a distance of 9.5 and
14.5 cm from the UV lamp. A 20-s treatment at 9.5 cm produced a log
reduction of 5.3 CFU/cm? without any visual damage to the egg
(Keklik, Demirci, Patterson, & Puri, 2010). Longer exposure times
resulted in an increase of the egg temperature.

4.14. Electrolyzed water

Electrolyzed oxidizing (EO) water is generated by combining
electrolysis and membrane separation to produce an acidic and an
alkaline component from a weak salt water solution.

Studies have demonstrated the effectiveness of EO water for the
inactivation of pathogens in suspension solutions (Kim, Hung, &
Brackett, 2000), and in foods (Bari, Sabina, Isobe, Uemura, & Isshiki,
2003; Russell, 2003). Bialka, Demirci, Knabel, Patterson, and Puri
(2004) compared EO water treatment with a commercial detergent-
sanitizer treatment, both in vitro and using a pilot-scale egg washer.
Eggs treated with EO showed a log reduction of S. Enteritidis of
2.3 CFU/g as compared to 2.0 CFU/g for commercial detergent-
sanitizer treatments (Bialka et al., 2004). Neither treatment signifi-
cantly affected albumen height or eggshell strength, but both had
significant effects on the cuticle.

4.15. Whole egg pasteurization

A risk assessment of S. Enteritidis in shell eggs predicted that
pasteurization of shell eggs resulting in a 3 log reduction of S.
Enteritidis would reduce illness caused by this organism by 70%
(USDA/FSIS, 2005). There have been several studies done to evaluate
the effects of pasteurization and dry heat treatments on intact shell
eggs and S. Enteritidis. In one study eggs were inoculated internally
with a 5-strain S. Enteritidis cocktail, then treated for 25 min at 57 °C
in a water bath followed by 57 min at 55 °C in a hot oven (Barbour,
Jurdi, Issa, & Tannous, 2001). This treatment resulted in a 6-log
reduction of S. Enteritidis with no effect on the overall functionality of
the eggs (Barbour et al.,, 2001). James, Lechevalier, and Ketteringham
(2002) demonstrated that shell eggs subjected to steam for 2s at
100 °Cyielded significant reductions in bacterial numbers on the shell
without increasing the interior temperature of the egg contents,
which could result in decreased egg protein functionality. Other
methods such as hot water alone, hot air alone, or a combination of,
have been used with some success (Jeng, Kaczmarek, Woodworth, &
Balasky, 1987; Vanlith, Putrirulan, & Mulder, 1995).

4.16. lonizing radiation

In 2000, the FDA approved ionizing radiation up to 3 kGy for the
reduction of pathogens in fresh eggs (FDA, 2000). However, when
Meszaros, Horti, and Farkas (2006) irradiated eggs with doses in the
range of 0.5 to 3.0 kGy, changes in the flow behavior of the white,
brittleness of yolk membrane, whippability and foam stability of
white and sensory changes of raw and soft-boiled eggs were observed.
A minimal dose of 1.5kGy would be required for radiation
inactivation of Salmonella, making the quality of shell eggs less than
fresh shell eggs, but irradiated eggs could still be acceptable for at risk
populations or industrial use.

5. Conclusions

The hen egg has both physical barriers and several microbicidal
molecules in the egg contents. Under natural conditions, finding
microorganisms inside the egg is rare, and usually infection causes so
much damage it is obvious that the egg is infected. S. Enteritidis seems
to be unique in its ability to migrate to the interior of the egg and
multiply without inducing noticeable changes. S. Enteritidis can

penetrate the eggshell depending on temperature differential,
moisture, number of organisms present, and storage conditions, as
well as the strain of bacteria. Some researchers now believe that S.
Enteritidis more commonly enters the egg via the reproductive tract
by being incorporated on the vitelline membrane, in the egg white or
on the shell membranes. By whatever means S. Enteritidis enters the
egg, it appears to be there rarely and in very small numbers. These
small numbers cannot be ignored however as even refrigerated
storage does not prevent growth, and even minimal temperature
abuse leads to rapid growth. Risk factors for flock contamination with
S. Enteritidis include conventional cage rearing, the age and the size of
the flock. Although post-harvest interventions exist and are success-
ful, there is need for more research into flock management practices,
proper egg storage and education of the public on proper cooking and
serving.
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Abstract:  Salmonella Enteritidis is one of the most prevalent foodborne pathogen, its main reservoir being considered

the shell egg. As the concerns related to the increasing human salmonellosis cases grow, the need for an application of

preventive methods either at the farm level or during the processing steps is crucial for a better control of the foodborne

outbreaks due to the consumption of this specific food product. This review focuses on the application of preventive

methods at the farm level, on preharvest step, in order to reduce the risk of shell eggs contamination with Salmonella,
especially S. Enteritidis, through a better control of the laying hens’ infection with this pathogen. As postharvest methods,
a 1st approach is the egg storage conditions and the prevention of Salmonella spp. growth and multiplication. In addition,
shell eggs may be subjected to eggshell decontamination, to reduce the risk of foodborne outbreaks. Several of these latter

mentioned methods are already authorized to be put in place in different countries, as it is the case in the United States

of America and Canada. Their efficacy has been proven and their use is regarded by some as mandatory for ensuring shell

eggs safety for the consumers.

Introduction

Salmonella genus is amember of the Enterobacteriaceae family,
comprising Gram-negative rod-shaped nonspore-forming bacte-
ria. Their main reservoir is the intestinal tract of humans and
animals (Bhunia 2007).

Among the different serotypes of Salmonella enterica, S. En-
teritidis, and S. Typhimurium account for the most nonty-
phoidal Salmonella infections in both developed and develop-
ing countries (CDC 2010, 2012; EFSA 2010; Majowicz and
others 2010; Scallan and others 2011; Wales and Davies 2011;
EFSA 2012).These serotypes are regarded as unrestricted, be-
ing able to cause infections in animals as well as in humans
(Martelli and Davies 2012). Eggs and egg-based products were
frequently associated with salmonellosis outbreaks caused by S.
Enteritidis in the United States of America (US.A.), as well
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as in the European Union (E.U.) (Braden 2006; EFSA 2012).
This is a potential consequence of the high frequency at which
S. Enteritidis colonizes the ovaries of laying hens (Gantois
and others 2008). Usually this happens without any lesions and
furthermore, when egg storage conditions allow it, this foodborne
pathogen may be isolated from the shell egg, as it survives in the
forming egg (Gast and others 2007; Gantois and others 2009;
Raspoet and others 2011; Howard and others 2012). Transmis-
sion of this serotype may happen either vertically (Gast and Beard
1990; Galan 2001;Groisman 2001; Gast and others 2002; Gast
and others 2004; Gyles and others 2004; Gast and others 2007,
Ibarra and Steele-Mortimer 2009; Li and others 2009; Mastroeni
and others 2009; Dawoud and others 2011; De Vylder and others
2011; Desin and others 2011; Linke and Goldman 2011; Shah and
others 2011; Howard and others 2012; Kumar 2012) or horizon-
tally (Holt 1995; Holt and others 1998; Jones and others 2002;
Davies and Breslin 2003b; De Reu and others 2006; Musgrove
and others 2012).

In comparison to S. Enteritidis, S. Typhimurium is less fre-
quently encountered to be a cause of human salmonellosis due
to consumption of shell eggs. However, its ability to colonize the
reproductive tract of the laying hens and contaminate the forming
eggs has also been determined (Okamura and others 2005; Wales
and others 2007; Gantois and others 2008; Okamura and others
2010; Wales and Davies 2011 Martelli and Davies 2012).

Other serotypes of S. enterica, such as S. Infantis, S. Virchow, S.
Heidelberg are very rarely found to be contaminating shell eggs

(CDC 2010).
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The preventive methods for reducing the risk of Salmonella con-
tamination of shell eggs and human salmonellosis outbreaks due
to their consumption can be either applied as preharvest or as
postharvest procedures. Furthermore, they can be either serotype-
specific or serotype-independent, the latter being considered a
more complex approach (Gast 2007). The environment of the
laying hen house can act as reservoir for Salmonella (Henzler and
Optiz 1992; Davies and Wray 1995, 1996; Eriksson de Rezende
and others 2001; Davies and Breslin 2003b; Davis and Morishita
2005; Holt and others 2007; Umali and others 2012), along with
the feed, that can be already contaminated as it arrives in the
farm (Davies and Hinton 2000; Shirota and others 2000; Ma-
ciorowski and others 2006; Gast 2007; Davies and Wales 2010).
Due to these various sources of infection for the laying hens, pre-
ventive methods are already applied or available at the farm level:
flock testing, sanitation and biosecurity (Gast and Beard 1990;
Davison and others 1996; Hogue and others 1997; Davies and
Breslin 2001; Gast 2007; Arnold and others 2010; Gast and Guard
2011; Holt and others 2011); vaccination (Nakamura and others
1994; Liu and others 2001; Goldsby and others 2003; Khan and
others 2003; De Buck and others 2004a; Van Immerseel and oth-
ers 2005b, 2005¢; Gantois and others 2006; Toyota-Hanatani and
others 2009; Omwandho and Kubota 2010); passive immunization
(Gtrtler and others 2004; Chalghoumi and others 2008, 2009a,
2009b); the use of natural antimicrobial products such as bacte-
riophages (Joerger 2003; Toro and others 2005; Borie and others
2009; Monk and others 2010; Waseh and others 2010), protein
and fiber sources (Sugita-Konishi and others 2002; Kassaify and
Mine 2004a, 2004b, 2005), competitive exclusion flora, probi-
otics, prebiotics, and organic acids (Schneitz and Mead 2000; Seo
and others 2000; Tellez and others 2001; Van Immerseel and other
2002; Schneitz 2005; Van Immerseel and others 2005a; Doyle and
Erickson 2006; Lima and others 2007; Sterzo and others 2007; Van
Coillie and others 2007; Van Immerseel and others 2007; Don-
alson and others 2008b; Vandeplas and others 2010; Tellez and
others 2012), essential oils (Chao and others 2000; Lee and others
2004; Johny and others 2008; O’Bryan and others 2008; Brenes
and Roura 2010; Ouwehand and others 2010), and bacteriocins
(Cleveland and others 2001; Gordon and other 2007; Heng and
others 2007; Dias Paiva and others 2011). For postharvest con-
trol of Salmonella in shell eggs, the 1st approach is to maintain an
adequate temperature during storage (Gast and Holt 2000, 2001;
Gast and others 2006; Lublin and Sela 2008; FDA 2009a, 2009b;
Gantois and others 2009). However, different surface decontam-
ination methods are already applied in the U.S.A. and new ones
make the subject of continuous research: egg washing (Hutchison
and others 2003; Jones and others 2005; Caudill and others 2010);
electrolyzed water (Huang and others 2008; Howard and oth-
ers 2012; Mukhopadhyay and Ramaswamy 2012);0zone (Davies
and Breslin 2003a; Rodriguez-Romo and others 2007; Perry and
others 2008); ultrasounds (Cabeza and others 2011); microwaves
(Lakins and others 2008); irradiation (Serrano and others 1997;
Wong and Kitts 2003; Cabo Verde and others 2004); gas plasma
(Kayes and others 2007; Ragni and others 2010); ultraviolet light
(Rodriguez-Romo and Yousef 2005); and pulsed light (Hierro
and others 2009). Among all these, the ones authorized in the
U.S.A. are the shell washing and irradiation (USDA 2005; FDA
2009b).

The aim of this paper is to review most of the postharvest and
preharvest methods for reducing Salmonella contamination of shell
eggs and furthermore the risk of human salmonellosis outbreaks
caused by this food product.
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Preharvest Methods for Reducing the Risk of
Salmonella Contamination of Shell Eggs

Salmonella carrier state in poultry and the genetic control
of resistance to salmonellosis

Among the different preventive methods used against Salmonella
in laying hens, genetic selection may be a promising one in reduc-
ing the occurrence of salmonellosis in layers. It has been shown,
indeed, that genetic lines of laying hens exhibit different resistance
levels against Salmonella spp. (Gantois and others 2009).

A genetic correlation between Salmonella spp. contamination
level in different tissues has been demonstrated. In an investiga-
tion concerning the heritability of resistance trait in laying hens,
Girard-Santosuosso and others (2002) demonstrated that the ge-
netic correlation (r) between the concentration (log;, CFU/g) of
S. Enteritidis in the liver and the genital organs was high (0.56).
A similar result was found for the concentration of S. Enteritidis
in the spleen and in the genital organs, with a correlation of 0.79.
The authors suggested that the genes controlling the contamina-
tion of these organs are the same. Beaumont and others (2009a)
estimated that in adult laying hens the genetic correlation be-
tween global contamination and ovarian contamination was 0.32,
while between global contamination and the other organs it was
high: 0.75 for the liver and, 0.85 for the spleen and ceca, with a
probability of 100% of being positive.

The assessment of genetically regulated resistance is of high im-
portance for genetic control of resistance to Salmonella spp. infec-
tion. The studies investigating this subject were all aimed to reduce
the disease occurrence and economic losses in laying hens, as well
as controlling Salmonella spp. colonization of internal organs and
the contamination of their products, especially focusing on S. En-
teritidis and S. Typhimurium (Wigley 2004). In a study performed
by Sadeyen and others (2006), 2 inbred lines of laying hens known
for different resistance traits were orally inoculated with S. En-
teritidis. Bacterial colonization and the host gene expression were
measured in the ceca and the gut-associated lymphoid tissue. The
expression of chemokine, of the anti-infectious cytokine, of the
bacterial receptor, of the antimicrobial mediator, and, particularly,
of the defensin genes were all increased in the line carrying a lower
level of bacteria in the ceca. These innate immunity molecules
were either constitutively or inductively highly expressed in resis-
tant adult birds, thus being considered candidate genes that could
play a role in a host’s protection against Salmonella colonization. In
a previous study, Sadeyen and others (2004) revealed that suscep-
tible lines expressed a lower baseline level of IFN-y than resistant
lines. They concluded that the persistence of Salmonella spp. in the
digestive tract is caused by an immunodeficiency state.

Considering the systemic phase of infection, Fife and others
(2009) showed that resistance is partly determined by genetic
strains and that, in resistant lines, the microbial load can reach
values of up to 1000 times lower, in comparison with suscepti-
ble lines. The identification of genes contributing to resistance
against this disease may therefore enhance the genetic selection
of the resistant lines. Furthermore, Prévost and others (2008) re-
vealed that in experimental conditions the crossbreeding between
different selected lines, for lower or higher propensity to carry
Salmonella spp., resulted in a reduction by half of the maximal per-
centage of contaminated animals. Nevertheless, they were unable
to accelerate the extinction of disease.

As stated above, the level of resistance differs from one line to
another. However, inside a particular line, age has been shown to
influence the genetic control of resistance. This may be linked
directly to the mechanisms of resistance, chickens being only
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protected by the innate immune response, while adult hens may
also benefit from the adaptive immune system (Beaumont and
others 2009b). The chicken antibody repertoire is generated dur-
ing the late embryonic stage and for a short period after hatching.
As the chick ages, its B cells undergo additional rounds of somatic
gene conversion and its antibody repertoire achieves a mature state
around the age of 5 to 7 wk. This corresponds to the age the bursa
becomes fully mature (Davidson and others 2008).

Resistance to systemic salmonellosis in poultry is encoded by a
number of factors, several of them being of genetic nature. The
gene Slc11al was 1st identified in mice (Roy and Malo 2002).
Its physiological and functional properties support its role in con-
trolling the intracellular replication of foreign microorganisms in
phagosomes. Slc11a1 alleles were shown to be involved in early as
well as in late resistance. The effect of the Slc11al locus has been
moreover associated with the carrier-state resistance variations in
divergent chicken lines (Wigley 2004; Calenge and others 2010).

Another resistance-related factor called Toll-like receptor 4 be-
longs to a family of innate immune system receptors involved in
the recognition of lipopolysaccharides (LPS) from Gram-negative
bacteria (Calenge and others 2010; Chaussé and others 2011).

Recent mapping has revealed a new locus on chicken chro-
mosome 5, accounting for a major part of the differences in sus-
ceptibility between the lines (Fife and others 2009). This novel
gene has been named SALT as it seems to play a role in increas-
ing macrophage activity against Salmonella spp. The differences in
the pathology of infection between the resistant and the suscep-
tible lines indicate that the key to the resistance lies within the
mononuclear/phagocytic cell function. SALT locus was assessed
by high-density single nucleotide polymorphism (SNP) panels in
combination with backcrossing of the resistant and susceptible
lines and, after refining, it has been shown that this region spans
14 genes, including 2 striking functional candidates: CD-27 bind-
ing protein (Siva-1) and the RAC-alpha serine/threonine protein
kinase homologue AKT1. Siva-1 is an apoptosis-inducing factor,
which possesses the ability to activate the process of induced cell
death and to downregulate the immune response. AKT-1 activates
NF-«B via regulation of IkB kinase, resulting in transcription
of prosurvival genes, which are directly involved in Salmonella-
induced apoptosis (Fife and others 2009).

Besides selection, genetic engineering has also been investigated
as an alternative strategy to traditional animal crossbreeding. The
goal is the enhancement of an animal’s ability to develop an ap-
propriate immune response against the pathogen. However, even
when the desirable allele for resistance is present in a population,
it may be difficult to introduce it into a given genotype due to the
simultaneous introduction of many unrelated and unknown traits.
Once genetically modified animals exhibit the trait of resistance to
Salmonella spp. they could be introduced into the breeding stock.
Nevertheless, their introduction in the food chain is still contro-
versial (Whitelaw and Sang 2005).

Until now, all the identified genes and loci concerning laying
hens’ resistance to Salmonella spp. represent potential subjects for
further investigation on the possibility of selection for this spe-
cific trait. The improvement of laying hens’ genetic resistance to
Salmonella spp. carrier-state could represent a complementary way
to reduce Salmonella spp. propagation, thus enhancing the possi-
bility for other preventive methods to succeed in reducing the rate
of contamination with high-risk Salmonella serotypes such as S.
Enteritidis and S. Typhimurium.

Before taking into account the possibility to use the result of
genetic studies considering the improvement of resistance against
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Salmonella in laying hens, it is certainly necessary to confirm the
roles of the different investigated genes and resistance factors.

Beaumont and others (2010) suggest that even when choosing
an approach by candidate genes, the association observed between
the quantitative trait loci region and the character encoded does
not allow excluding the possibility of another gene’s involvement.
The most detailed study was the one investigating SALI, this
permitting to reduce the quantitative trait loci presence zone to
a region, which contains only 14 genes (Fife and others 2009). If
continued, the efforts will lead to an obvious development in the
field of SNP methods, to a larger scale, permitting the progress in
different rapid applications.

Flock management

The high incidence of human salmonellosis caused specifi-
cally by S. Enteritidis through the consumption of contaminated
shell eggs or egg products derived from such contaminated shell
eggs recently determined the development and implementation of
multiple Salmonella programs. These comprise a series of testing
and monitoring methods, as well as several procedures (includ-
ing cleaning and disinfection, control of pests) considered very
efficient in reducing the risk of Salmonella presence in the envi-
ronment of the hen houses.

Gast (2007) considers that a more serotype-independent ap-
proach for reducing the risk of shell eggs contamination with
Salmonella has the advantage of detecting and responding to emerg-
ing problems before their impact becomes more severe. The same
author concludes that, regarding the preharvest Salmonella control
programs in poultry flocks, no single type of response (a serotype-
specific one or a serotype-independent one) could provide a uni-
lateral solution to the complex public health and economic prob-
lems related to this foodborne pathogen.

A series of environmental-related factors may influence the like-
lihood and outcome of Salmonella infections in poultry. These fac-
tors are: litter, dust, mice, flies and the different surfaces from the
hen houses or the farm, with which the laying hens may come
in contact with. Davies and Breslin (2003b) showed that during a
26-mo postdepopulation period, with periodical sampling from
the environment of a free-range breeding farm, S. Enteritidis
Phage Type 4 (PT4) was persistently present in the soil, in the
litter, nest boxes, feed troughs and mice droppings.

The levels of Salmonella in the litter have been reported to
increase with increasing the water-activity levels and the mois-
ture content, mostly due to accidental water leakage (Eriksson de
Rezende and others 2001). For this, preventive methods are ap-
plied, such as maintaining a litter drying environment through
a modest and uniformly distributed ventilation rate (100 to
150 ft/min) over the litter surface. Turnbull and Snoeyenbos
(1973) observed that a high pH value of the litter, caused by
the ammonia dissolved in the available moisture of the litter, was
unfavorable for Salmonella growth. Also, Bennett and others (2003)
observed that addition of hydrated lime to the litter can markedly
reduce Salmonella Enteritidis recovery in a relatively short time (<
24 h), due to the increase in pH of up to 12.57 at an addition of
20% of lime.

Dust has been associated with a long persistence of Salmonella
in the poultry houses. Davies and Wray (1996) observed that
S. Enteritidis was frequently found surviving in small pockets of
fan dust, which had been left after cleaning and disinfection of
the poultry house. This result came from a study on the survival
of S. Enteritidis in poultry units carried out over a period of
2 y. Also, it appears that S. Enteritidis persists preferentially when
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associated with dust particles swept from the floor and the feed
troughs, with at least a 26-mo survival in artificially contaminated
poultry feed. Davis and Morishita (2005) found that Salmonella
spp. could be isolated as an airborne pathogen, inside the laying
hens’” house, and as well in the outside area of the hen house, up to
a 40 ft distance (approximately 13 m). Dust could possibly act as a
vector for S. Enteritidis spread from infected hens to healthy ones,
through a potential airborne transmission. Gast and others (1998)
studied the mechanism by which S. Enteritidis might spread be-
tween groups of chicks housed in controlled-environment disease
transmission cabinets. The airflow was directed from one group
(“upstream”) to another (“downstream”). Groups consisting of
25 1-d-old chicks were placed in the upstream ends and orally
inoculated with S. Enteritidis. One day later, another group of
25 1-d-old chicks was placed in the downstream end. At 3 and
7 d postinoculation, S. Enteritidis was found on the feathers of
77% of the downstream chicks, among them 33% already infected
with S. Enteritidis. The authors suggested that the infection was
apparently transmitted through oral ingestion, probably from en-
vironmental surfaces contaminated by airborne movement of the
pathogen. This led to the conclusion that a reduction of S. En-
teritidis airborne-movement would limit the spread of infection
within flocks, further on reducing the incidence of potentially
contaminated eggs.

Due to the wide host range of Salmonella spp., different bio-
logic vectors may appear and pose a risk for an infection in poul-
try, through the dissemination of the pathogen. Mice are con-
sidered the main reservoir among the biologic vectors, Henzler
and Opitz (1992) revealing that the bacterial count from the feces
of one mouse can yield 2.3 x 10° S. Enteritidis bacteria/fecal
pellet. Moreover, this serotype can persist up to 10 mo in an in-
fected mice population. Persistent S. Enteritidis infection in the
poultry units are usually a result of a high proportion of mice
found to carry this pathogen. Davies and Wray (1995) showed
that S. Enteritidis determines a systemic infection in mice. At the
farm level, 3-wk-old chicken were infected with S. Enteritidis
through direct contact with droppings from mice experimentally
infected 5 mo previously. In addition, wild mice infected artifi-
cially or naturally, excreted S. Enteritidis intermittently, with up to
10* CFU/individual dropping.

Rats, as mice, are considered a reservoir of Salmonella, with a
high risk of poultry infections. Umali and others (2012) studied
the transmission and shedding patterns of Salmonella in naturally
infected wild rats, through daily observations and sampling. S.
Enteritidis was more frequently isolated from the spleen and liver
at the end of the study, in comparison to the number of positive
cultures from the feces. Moreover, the authors isolated another
serotype, S. Infantis, which determined more likely an enteric
type of infection. This was due to a much higher frequency of its
isolation from the feces, while absent in the organs.

Insects could also be considered a vector of Salmonella, one of
the most frequently encountered muscoid flies being Musca domes-
tica, also called the housefly. Mian and others (2002) found that
among the muscoid flies, at commercial farms subjected to tests
for Salmonella Enteritidis presence, 5 species were encountered,
and among these, the housefly was the only one tested positive for
S. Enteritidis. Further on, Holt and others (2007) demonstrated
that flies exposed to an environment containing S. Enteritidis can
become colonized with the microorganism and might serve as a
source for transmission of S. Enteritidis within a flock situation.
Flies collected at caged-layer facilities were involved in 2 outbreaks
of S. Enteritidis infections due to contaminated shell eggs. Among
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the existing flies, houseflies were S. Heidelberg and S. Enteritidis
carriers (2 out of 15 pooled samples for the latter serotype) and
dump flies (Hydrotaea aenescens) were carriers of S. Infantis (Olsen
and Hammack 2000).

Related to flock management, Holt and others (2011) mention
that one of the factors that can affect the prevalence of Salmonella
on premises is the flock size. A potential connection between
the high stocking density of laying hens in conventional cages
and the large volume of feces and dust may lead to an increase
in the incidence of Salmonella infections in this particular type
of housing system (Davies and Breslin 2004). In addition, high
stocking densities may indirectly interact with Salmonella infec-
tions because of the caused stress (Van Hoorebeke and others
2011).

Feed management practices and foodborne Salmonella spp.
contamination of poultry feeds

Feed withdrawal for molting purposes. Molting induced by feed
withdrawal, a common practice destined to increase egg produc-
tivity and decrease hen mortality (Alodan and Mashaly 1999),
has been shown to enhance the risk of vertical transmission of
Salmonella spp. (Holt 1999; Golden and others 2008). Berry (2003)
states that during the induced molting, due to stress, transient
reductions in the number of specific lymphocyte classes appear,
which may cause an increased susceptibility to infection. The same
author states that reduced mortality during and after induced molt-
ing suggests that this practice does impair the immune function
with respect to avian pathogens, but only to a limited degree. In
addition, during the molting periods, S. Enteritidis can be trans-
mitted to uninfected layers from infected ones (Holt 1995; Holt
and others 1998).

Durant and others (1999) showed during a challenge with S.
Enteritidis (10° organisms) that through feed deprivation, applied
as a method for molting, the numbers of lactobacilli and the con-
centrations of lactate, acetate, propionate and butyrate as well as
the total volatile fatty acids (VFA) in the crops decreased, while
crop pH increased. As a result, crop and cecal colonization of S.
Enteritidis increased significantly in molted hens compared to the
controls. This suggests that the changes in the crop environment,
caused by feed deprivation are important for the regulation of S.
Enteritidis survival.

For this reason, research has aimed to develop alternative meth-
ods for molting, new procedures that would avoid feed removal,
but retain at the same time the economic benefits (Maciorowski
and others 2006). For molting purposes, Woodward and others
(2005) demonstrated that alfalfa could be used as an alternative,
resulting in a reduction of S. Enteritidis colonization in experi-
mentally challenged laying hens. Furthermore, in order to decrease
the population of Salmonella spp. in the ceca of laying hens during
molting, Willis and others (2008) assessed a combination of alfalfa
and an extract of Lentinus edodes, also known as the Shiitake mush-
room (Leatham 1982). The results showed a high decrease, up to
2.72 log CFU/g from the initial Salmonella spp. counts, suggesting
that this combination might be successfully used as an alternative
to feed removal during molting periods.

Feeding laying hens with wheat middlings caused a cessation of
egg production within 3 to 7 d. The comparison of S. Enteritidis
levels between unmolted group, molted by feed withdrawal group
and wheat middlings feeding group resulted in a difference of 3 to
5 log more S. Enteritidis in the feed withdrawal group (Seo and
others 2001).
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Whole cottonseed meal (50% of the diet) can also be used when
inducing molting, hens voluntarily reducing their feed intake. This
type of molting is believed to be equivalent in effectiveness to
the one produced by complete feed withdrawal, and with the
same consequences on the egg safety, by increasing the risk of S.
Enteritidis contamination (Davis and others 2002). Induction of
molt by using grape pomace freely for 10, 14, or 18 d resulted in
a postmolting performance comparable to that of hens exposed to
10 d of feed removal.

Keshavarz and Quimby (2002) observed that layers on continu-
ous feed removal and grape pomace with added thyroxin went out
of production 3 to 4 d after the initiation of molt. Furthermore,
egg production for 70 to 98 wk of age or 66 to 98 wk of age, as
well as egg mass and feed conversion were similar for feed removal
and grape pomace plus thyroxin treatments.

Foodborne Salmonella spp. contamination of poultry feeds.
Poultry feed can become contaminated with foodborne Salmonella
either during harvesting, processing at the feed mill or storage
(Maciorowski and others 2006). Poultry feeds can also become
contaminated with salmonellae from animal proteins and other
ingredients, or even from the dust present in the feed mills (Gast
2007).

Salmonella contamination of complete animal feed seems to be
common, as studies from the U.S.A., as well as from several Euro-
pean countries, report Salmonella contamination rates in complete
animal feed (finished feed) that range from 1.1% to 41.7% (Li and
others 2012).

In Japan, Shirota and others (2000) isolated 148 strains of
Salmonella spp. from 143 out of 4418 feed samples subjected to
analysis. The isolated strains consisted of 32 serotypes, including
20 strains of S. Enteritidis, mainly originating in samples collected
from feed mills. Davies and Wales (2010) investigated 4 commer-
cial feed mills and 4 on-farm poultry feed mixers for the presence
of Salmonella spp. They revealed that the serotypes (among them
none pertaining to S. Enteritidis) present in raw feed ingredients
on farms were associated with wildlife and/or livestock, whereas
those in commercial mill ingredients were associated with home-
produced cereals and imported vegetable protein sources. The in-
gredient contamination, particularly of cereals, may be attributed
to wildlife, such as badgers and rodents that defecate in crops or
in storage facilities (Davies and Hinton 2000).

Different protein sources and cereals have been identified as
contaminated with Salmonella spp.: peanut meal, sunflower meal,
soybean meal, bran meal, barley, corn, sorghum, and wheat
(Maciorowski and others 2006). Sunflower yielded the high-
est number of positive samples for Salmonella spp. presence
(MacKenzie and Bains 1976).

Animal protein and byproducts destined for obtaining protein
meals for animal feed have always been considered a major source
of Salmonella spp., one cause being the incomplete decontami-
nation of these ingredients during processing (Davies and others
2004).

Among these animal protein sources, meat meals (Mackenzie
and Bains 1975; Hacking and others 1978; Nabbut 1978) and
feather meals (Hacking and others 1978) have already been trig-
gered as Salmonella sources. In addition, bone meal and fish-
meal are apparently also sources of contamination with Salmonella
(Nabbut 1978). In a study conducted on the Dutch feed industry,
mash feeds used for layers were more frequently contaminated than
pelleted ones, suggesting the role of the increased temperature dur-
ing pelleting for a suitable reduction of the foodborne pathogens.
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Considering their nature, 31% out of 130 fishmeal samples were
contaminated in comparison to 4% out of 83 meat and bone meal
samples. Therefore, fishmeals may have the tendency to be more
frequently contaminated with Salmonella spp. than other types of
animal protein sources (Veldman and others 1995).

During the feed processing, due to different processes to which
the ingredients are subjected to (grinding, mixing, and pelleting),
Salmonella spp. contamination can occur, as well as recontamina-
tion, once the processing is over.

According to Whyte and others (2003), Salmonella may be
present in preheat as well as in postheat treatment areas of the
poultry feed mills. They recovered the pathogen from samples of
feed and dust, with overall percentages of 18.8% and 22.6%, re-
spectively. A percentage of 11.8% of feed samples collected from a
preheat area were associated with Salmonella presence, while from
the same area, 33.3% of the dust samples were also Salmonella pos-
itive. From the postheat areas, 24.2% of the dust samples were
Salmonella positive. In addition, the feed delivery area was consid-
ered a Salmonella recontamination space, therefore, samples were
collected from this site too. It appeared that 57.1% of the samples
taken from it were Salmonella positive.

At the level of primary production of feed, the ingredients ob-
tained from different vegetal sources may become contaminated
with Salmonella following direct contact with fertilizers. This could
be reduced through different measures, as the EFSA report on the
microbiological risk assessment of feedingstuffs mentions: storage
of the fertilizer more than 2 mo, without any new influx; compost-
ing; ploughing in after spreading the fertilizer; increasing the time
allowed between spreading of the fertilizer and the animal graz-
ing or crop harvesting, heat treatment of fertilizers before use and
treating fertilizers by lime addition. The conditions of transport
and storage of the ingredients are considered of high importance,
the risk increasing with the poor hygiene and no respect of good
practices (EFSA 2008).

Salmonella control principles involve preventing contamination
from entering the facility, reducing multiplication within the plant
and killing the pathogen. Among the preventive measures to be
applied for Salmonella feed contamination, the most important are
obtaining Salmonella-free feed ingredients (Jones 2006), controlling
the dust (Whyte and others 2003; Jones and Richardson 2004),
restricting the flow of the personnel (EFSA 2008), reduction of fat
accumulation, controlling rodents and wild birds and maintaining
the sanitation of the transport vehicles (Fedorka-Cray and others
1997).

Maciorowski and others (2007) suggested different methods for
controlling Salmonella contamination in feed. For feed degrada-
tion, shortening storage time to prevent browning and caking of
the feed and the supplementation with soybean oil to prevent fat
losses would be of 1st importance, before implementing other
prevention methods. In addition, rapid drying is widely used to
preserve raw feed ingredients (ICMSF 2005). Considering the
addition of different antimicrobial agents, disinfectants such as
acids (mineral acids, short-chain fatty acids), isopropyl alcohol,
aldehydes, and trisodium phosphate may reduce the risk of con-
tamination with Salmonella, through inactivation of this pathogen
during the storage of feed (Maciorowski and others 2007). How-
ever, the same authors conclude that the efficacy of these additives
may be reduced, due to the high concentration of organic matter
in the feed. Moreover, several of them may act as corrosives and/or
are toxic when introduced in high concentrations. Therefore,
their use should be limited in processed feed.
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Inactivation of Salmonella in feeds may involve pelleting (which
consists of thermal processing) and/or chemical addition. The
pelleting process consists of 3 major steps: mixing steam with mash
feed (also called conditioning), pressing conditioned feed through
metal dies (pelleting), and removal of heat and moisture via large
volumes of air (cooling). During conditioning, it is considered
that an amount of 10> CFU/100 g is destroyed, with destruction
beginning at approximately 71 °C (Jones 2011).

Data presented by Jones and Richardson (2004) indicate that
16 out of 178 samples of mash diets (8.79%) were positive for
Salmonella, while 19 out of 451 samples of pelleted feed (4.21%)
were contaminated. This suggests that the pelleting process re-
duced the number of Salmonella cells isolated from feed by 50%.

Fancher and others (1996) reported that the use of an expander
for conditioning step has, among others, the advantage of ensuring
lower feed moisture, therefore an increased feed hygiene. The
expander is a device that resembles to a single-screw extruder,
which, in change, discharges the feed over an annular gap, instead
of forcing it through a fixed die. This expander may improve the
hygienic quality of feed, through a reduction of bacterial loads
by 10° to 10° CFU/g. This is accomplished through values of
temperature of 115 to 125 °C and pressure of up to 1200 psi,
maintained for 10 to 20 s (Fancher and others 1996).

Steaming during pelleting process has been shown to elimi-
nate bacteria (Stott and others 1975; Furuta and others 1980a,b).
Stott and others (1975) showed that pelleting process reduced up
to 1000-fold the numbers of Enterobacteriaceae in poultry feed,
by sampling before and after this processing stage. Also, they
isolated Salmonella only from samples of meat and bone meal.
Furuta and others (1980a) observed that mash diets treated at
70 to 80 °C for 5 s in order to obtain pellets and crumbles,
suffered a reduction of the number of bacterial colonies from
1.9 x 10° to 3.0 x 10° CFU/g.

The success of reducing Salmonella colony-forming units in feed
may be influenced by difterent factors, related to the physical qual-
ity of the pellets, as they are discussed by Thomas and van der Poel
(1996) and Thomas and others (1997, 1998). Apparently, different
properties of the ingredients influence directly the binding pro-
cess, with further influence on the pellet quality, evaluated through
hardness and durability. In addition, the equipment plays a very
important role in the final quality, with a direct influence on the
final hygienic characteristics of the feed.

After conditioning and heat treatment, the cooling step poses a
great risk of recontamination with Salmonella, in 2 ways. During
cooling, condensation may occur if the temperature difference is
more than 5 °C between the pelleted feed and the environment.
Therefore, the warm pellets will determine condensation and free
water in the so-called “clean-side” of the feed manufacturing
facility. Condensation droplets, in favorable conditions, may lead
to Salmonella growth, either on the top of the conveyor or in
the silo. To reduce the microbiological risk that this problem may
pose, the insulation of the top of the cooler can reduce the risk of
condensation (EFSA 2008). Moreover, because pellet coolers pull
large volumes of air, dust obtained from the cooler would appear
to have a greater likelihood of contamination than dust collected
in other areas. In addition, mechanical vibrations and air currents
around the pellet mill may result in dust particles being dislodged
and falling into the pelleted feed (Jones and Richardson 2004).
EFSA (2008) mentions that adequate dust collector systems in the
feed manufacturing facilities are important to control dust and to
keep the environment in a clean condition.
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Flock testing, sanitation, and biosecurity

Testing is a very important part of the Salmonella control pro-
grams. Testing is however controversial as its efficacy may be some-
times low, due to a continuous reintroduction of many serotypes
of Salmonella (including S. Enteritidis) in the poultry houses and
flocks, from environmental sources. Trace-back testing has gener-
ally not been an effective control strategy in the U.S.A., through
the USDA regulation, between 1990 and 1995 (Hogue and others
1997; Gast and Guard 2011). Due to the fact that Salmonella fecal
shedding is intermittent, testing this kind of samples does not have
reliable results (Gast 2007). Nevertheless, environmental sampling
has proven to be relatively easy to perform and the testing sensi-
tivity is high, when the appropriate method is chosen (Arnold and
others 2010) although it only indirectly reflects the actual proba-
bility of the egg contamination (Gast and Guard 2011). Intensive
monitoring for S. Enteritidis through the use of drag-swab sam-
ples, when sampling from different locations: floors, nest boxes,
egg belts, dropping belts, scrapers, fan blades and dust, is consid-
ered a very efficient approach and may lead to a high sensitivity
detection of Salmonella (Davies and Breslin 2001; Kinde and others
2005; Gast 2007). Because many of the Salmonella serotypes are
invasive, different tissues are often collected and further tested for
detecting infected birds (liver, spleen, ovary, oviduct, testes, yolk
sac, heart, heart blood, kidney, gall bladder, pancreas, synovia, and
eye) (Gast and Beard 1990; Gast 2007). Salmonella infections are
often a consequence of the pathogen’s colonization of the intesti-
nal tract, hence samples of intestinal tissues and contents (ceca and
their contents) are often collected for evaluation and in some cases,
alow-frequency recovery of S. Enteritidis may be possible for long
periods of time (Gast and Beard 1990). In the end, egg culturing
comes as a confirmatory step in many testing plans, but the de-
tection of Salmonella inside eggs is very difticult due to the low
incidence at which internal contamination occurs and the very
low initial cell densities of salmonellae usually found in freshly
laid eggs (Gast 2007). However, in the U.S.A., when an environ-
mental test is positive for S. Enteritidis, the FDA Egg Rule (FDA
2009a) requires either continuing the egg testing or diverting eggs
to a treatment that will result in at least a 5-log reduction in S.
Enteritidis. Under the alternative of continuing the egg testing, 4
batches of 1000-egg samples must be tested at 2-wk intervals and
if all 4 tests are negative, no further testing is required. Consider-
ing the E.U. regulations for laying hens flocks, for all Salmonella
serotypes with public health significance, in the rearing period,
1-d-old chicks and pullets 2 wk before moving to laying unit must
be tested for Salmonella, while during laying period, testing must
be performed every 15 wk (EC 2003). Furthermore, eggs must
not be used for direct human consumption (as table eggs) unless
they originate from a commercial flock of laying hens subject to a
national Salmonella control program.

When a flock has been tested positive for S. Enteritidis presence
in the environment and the eggs, FDA’s egg rule (FDA 2009a)
requires that the poultry house in which this flock has resided
needs to be cleaned and disinfected through 3 steps: the removal
of visible manure, dry cleaning in order to remove dust, feathers
and old feed and disinfection with spray, aerosols, fumigation or
another appropriate disinfection method (FDA 2009a). During
cleaning and disinfection, all the moveable equipment has to be
displaced, in order to thoroughly clean all the space. Furthermore,
rodent baits have to be placed and removed just prior to cleaning,
and in addition, rodent entry sites have to be thoroughly repaired.
The sanitation of water lines has to be performed 2 to 3 d prior to
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placement of new layers, with water lines filled with an 1870-ppm
citric acid solution and a thorough flush of the lines after 2 h. In a
2nd step, the water lines are filled with a 20-ppm chlorine solution
and flushed thoroughly after 2 h, without any remaining smell of
chlorine (FDA 2009a). The disinfection procedure has to include
also an application of the disinfecting solution outside the poultry
house, on a 10-feet perimeter.

Poultry facilities are often subjected to disinfection using chem-
ical compounds (especially phenolic and quaternary ammonium
ones), following the removal of waste materials and cleaning by
high-pressure spraying (Gast 2007). Not only the chemical com-
pounds are different in their efficacy against Salmonella. Davison
and others (1996) evaluated the differences between 5 classes of
disinfectants, with the use of well, stream or pond water, against
S. Enteritidis. Their results suggested that the inability to remove
S. Enteritidis from layer houses might in part be associated with
the source of water.

Biosecurity is defined as “a program, including the limiting of
visitors on the farm and in poultry houses, maintaining personnel
and equipment practices that will protect against cross contamina-
tion from one poultry house to another, preventing stray poultry,
wild birds, cats and other animals from entering the poultry houses,
and not allowing employees to keep birds at home, to ensure that
there is no introduction or transfer of S. Enteritidis onto a farm
or among poultry houses” (FDA 2009a).

The current control programs applied in laying hens farms in-
clude the following recommendations: (1) to obtain the eggs and
chicks only from breeding flocks proven to be Salmonella free; (2)
to properly disinfect the hatching eggs and that hatching should
take place under conditions of stringent sanitation; (3) to clean
and disinfect thoroughly the poultry houses between flocks, using
recommended procedures; (4) to incorporate rodent- and insect-
control measures into the house design and management, and to
document their implementation through periodic monitoring; (5)
to implement rigidly enforced biosecurity practices, through the
restriction of the personnel movement and control of equipment
on the poultry-housing premises and between the houses; (6) to
ensure that feed is pelleted and does not contain animal proteins;
and (7) to ensure the microbiological quality of the water, through
treated sources (Gast 2007; FDA 2009a).

The control of people and equipment is considered critical
for preventing the introduction of Salmonella in the farm, among
other pathogens. One of the most effective ways to control human
traffic is the use of signs, fences and gates, while buildings should
remain locked to the extent possible to ensure that the plans are
followed. Nonfarm employees will receive special disposable or
reusable clothing or coveralls, after reporting to a central location
and signing a logbook before coming on the farm (FDA 2009a).

Sharing equipment is not recommended, but if this happens, it
should be ensured that it is clean and disinfected between farms
(FDA 2009a). Knape and others (2002) mention 2 general classes
of commercial egg processing facilities, in-line and off-line. The
in-line type refers to multiple houses connected by a common
egg belt, while off-line type refers to eggs coming from houses
not connected to the processing plant. Overall, the authors found
that aerobic plate counts (APC) of eggs obtained from the in-line
type of facility were higher in comparison to those obtained from
the oft-line one. Also, Musgrove and others (2012) determined the
possibility of nest run egg carts to act as reservoir of Salmonella, with
comparisons between an oft-line facility and a mixed-operation
one (with in-line processed eggs and supplementation with off-
line ones). It appears that Salmonella prevalence in the off-line
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facility (12%) was significantly different (P < 0.001) from the
mixed-operations one (36%).

It is also necessary to limit the exposure of laying hens to
different vectors of this pathogen, such as mice, insects and wild
birds, to reduce the risk of Salmonella introduction in the flocks
(Henzler and Opitz 1992; Davies and Wray 1995; Olsen and
Hammack 2000; Mian and others 2002). The FDA Egg Rule
(FDA 20092) mentions that monitoring is essential in the control
program of pests. Visual inspection and monitoring by mechanical
traps or glueboards is the method to achieve satisfactory rodent
control. As for flies, the use of spot cards, scudder grills or sticky
traps will help evaluate the level of fly activity and interfere
to achieve satisfactory control over them. Furthermore, the
harborage of pests must be avoided through removal of debris
within and outside the poultry house (FDA 2009a).

Holt and others (2011) consider that the different housing
systems may influence the relative effectiveness of the biose-
curity measures and the on-farm levels of potential Salmonella
vectors, thus affecting the success of remediation and preven-
tion methods. The interaction of laying hens with wildlife is
increased in free-range housing systems, compared to aviaries
or cage systems. In addition, the already contaminated soil can
act as a persistent source of Salmonella, as it is very difficult to
disinfect.

Vaccination

The control of Salmonella spp. infection in hen eggs includes var-
ious preventive measures, among the most frequently used being
vaccination (Van Immerseel and others 2005b).

Active immunization is achieved by inoculation with microbial
pathogens that induce immunity but do not cause disease, or with
antigenic components extracted from the pathogens. When it is
successful, a subsequent exposure to the pathogenic agent elicits
an intensified immune response that will eliminate the pathogen
or will prevent the disease mediated by its products (Goldsby and
others 2003). Many of the common vaccines currently used at a
commercial level in poultry consist of inactivated (killed) or live,
but attenuated, Salmonella spp. strains. Live vaccines generally con-
fer better protection than inactivated ones, the former stimulating
both cell-mediated and humoral immunities (Van Immerseel and
others 2005b). Live vaccines have been successfully used in the
E.U.,, showing their capacity to reduce the reproductive tract col-
onization and further on the internal egg contamination risk in
laying hens. The vaccine strains were not detected in 1575 eggs
from the vaccinated group, hence demonstrating the safety of the
approach (Gantois and others 2006).

S. Enteritidis vaccines proved to be efficient in decreasing egg
contamination and S. Enteritidis and S. Typhimurium coloniza-
tion following challenges (Nakamura and others 1994; Cerquetti
and Gherardi 2000a, 2000b; Liu and others 2001; Woodward and
others 2002; Khan and others 2003; Van Immerseel and others
2005¢). Different studies including Salmonella challenges on lay-
ing hens followed by vaccine administration proved that the risk
of infection with S. Enteritidis as well as S. Typhimurum can be
decreased via this approach (Table 1). Toyota-Hanatani and oth-
ers (2009) assessed S. Enteritidis contamination of eggs laid by
vaccinated (inactivated vaccine) and nonvaccinated flocks. More
than 1600 S. Enteritidis cells/100 mL (most probable number—
MPN) of liquid egg samples were isolated from the nonvaccinated
flock. For the vaccinated flocks, the maximum value for MPN
was 8/100 mL, the risk for a foodborne S. Enteritidis outbreak
being considerably reduced.

Vol. 12,2013  Comprehensive Reviews in Food Science and Food Safety 161



Salmonella prevention in shell eggs. . .

Table 1-Different in vivo studies of the effects of S. Enteritidis vaccines in poultry.

Immunization way and type of vaccine Salmonella challenge conditions

Observed effects

Reference

Single oral or intramuscular immunization 10° CFU S. Enteritidis at 6 wk of

Decrease of fecal shedding and

Liu and others (2001)

with formalin-inactivated S. Enteritidis age
encapsulated in biodegradable
microspheres
Intramuscular immunization with S. 5-7.5 x 107 CFU S. Enteritidis at
Enteritidis PT4 bacterin (Salenvac) 8,17,23,30,and 59 wk

Subcutaneous immunization of 9-wk-old
chicken with 2 outer membrane proteins
of S. Enteritidis, followed by 2 booster
immunizations with time intervals of 2 wk

Oral immunization with 10° CFU of a
temperature-sensitive mutant of S.
Enteritidisat 1,2,3,and 7 d

Two sets of immunizations, combining oral
and intraperitoneal ways with a
temperature-sensitive mutant of S.
Enteritidis

Immunization with oil-emulsion vaccine of a
S. Enteritidis PT4 strain at 14 and 18 wk of
age

8 x 108 CFU of S. Enteritidis
virulent strain

strain at 14 d after the last
immunization

108 CFU of S. Enteritidis and S.
Typhimurium at 7 and 14 d
after the last vaccination

S. Enteritidis strain

109 CFU of a virulent S. Enteritidis

10% and 103 cells of homologous

organ colonization

Reduction of the number of
tissues and fecal samples that
were culture-positiveFewer
positive eggs from vaccinated
laying hens.

~1000-fold decrease in cecal
colonization

Woodward and others (2002)

Khan and others (2003)

Decrease of shedding and
colonization of internal organs

Cerquetti and Gherardi (2000a)

Fewer bacteria recovered from
the cecal contents, liver and
spleen 14 d postchallenge

Cerquetti and Gherardi (2000b)

S. Enteritidis isolated from cecal
droppings of fewer vaccinated
hens

Nakamura and others (1994)

Atterbury and others (2009) aimed to determine the efficacy
of a killed Salmonella vaccine and 3 live vaccines in preventing
cecal colonization of pullets following a challenge with Salmonella
Enteritidis PT4. There were no significant differences in the total
number of positive birds between the groups given the difterent
vaccines following a Salmonella challenge. Despite this, the group
vaccinated with the killed vaccine contained the smallest number
of birds with directly countable levels of Salmonella in their ceca
(= 10*> CFU/g), compared with the unvaccinated group and fol-
lowed by the live vaccines’ groups. The oral administration of a
live vaccine to newly hatched chickens results in extensive gut
colonization and strong adaptive immunity. In addition, a large
presence of bacteria originating from a live Salmonella vaccine in
the intestine can induce infiltration of polymorphonuclear cells
into intestinal walls, conferring resistance to invasion and sys-
temic spread of virulent Salmonella strains (Omwandho and Kubota
2010).

Purified-typel S. Enteritidis fimbriae has been used as an anti-
gen in a vaccine and triggered the presence of IgG and IgA in
eggs and sera of immunized birds (De Buck and others 2004b).
Intravenous vaccination of chickens with a fimD mutant of S. En-
teritidis led to a lower contamination of eggs (De Buck and others
2004a). Immunization with vaccines containing outer membrane
proteins (OMP) of S. Enteritidis also led to reduced intestinal
mucosa colonization in laying hens (Khan and others 2003).

E.U. legislation provides different requirements for food indus-
try stakeholders to apply, in order to reduce the risk of eggs con-
tamination by S. Enteritidis. For this purpose, each E.U. country
has implemented its own approved national control program, vac-
cination being one of the adopted measures. The national control
programs aim to reduce the prevalence of the foodborne Salmonella
serotypes. For all Salmonella serotypes with public health signifi-
cance, sampling must be performed at specific moments during
breeding and production phases. If the animals are vaccinated, im-
munological testing would not be performed. Also, “[...] eggs
originating from flocks with unknown health status, suspected of
being infected or being infected may be used for human consump-
tion only if treated in a manner that guarantees the elimination of
Salmonella serotypes with public health significance” (EC 2003).
Through an amendment that modifies Regulation EC 2160/2003
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“the eggs originating from flocks with unknown health status and
suspected of or being infected with a serotype of Salmonella for
which it has already been established a point of reduction or be-
ing the cause of a foodborne outbreak” are considered as eggs
included automatically in class B (EC 2007b). As defined by the
Commission Regulation EC no. 557/2007, class A eggs are those
that meet the following characteristics: (a) shell and cuticle: normal
shape, clean and undamaged; (b) air space: height not exceeding
6 mm, stationary and 4 mm for eggs marketed as “extra”; (c) yolk:
visible on candling as a shadow only, without clearly discernible
outline, slightly mobile upon turning the egg and returning to a
central position; (d) white: clear translucent; (e) germ: impercep-
tible development; (f) foreign matter; and (g) foreign smell: not
permissible. Class A eggs which no longer have the mentioned
characteristics, may be downgraded to class B (EC 2007a)

They are marked as such and their introduction in packaging
centers depends on the efficacy of applied methods for the preven-
tion of a potential cross-contamination of the eggs coming from
healthy flocks.

Vaccination is a mandatory measure used to fight against
Salmonella in Austria, Belgium (for S. Enteritidis), The Czech
Republic, Germany, and Hungary, while allowed and recom-
mended in Bulgaria, Belgium (for S. Typhimurium) Cyprus,
Estonia, France, Greece, Italy, Latvia, Lithuania, The Netherlands,
Poland, Portugal, Romania, Slovakia, Slovenia, Spain, and the
United Kingdom (EFSA 2004; EFSA 2011). Denmark, Finland,
Sweden, and Ireland have banned vaccination and developed efti-
cient control programs for Salmonella spp. They rejected the use of
vaccines also due to their potential interference with the results for
serological tests (Murchie and others 2007; Kornschober and oth-
ers 2009). As an example, in Sweden, the national Salmonella spp.
control program aims to reduce the prevalence of the bacterium
by implementing different measures such as the quarantine of all
imported poultry and the destruction of any imported birds that
would be tested positive for any Salmonella spp. Sweden also uses
sampling procedures according to E.U. legislation requirements,
and the flocks are rapidly depopulated if positive. Also, any traced
products on the market are immediately withdrawn. Additionally,
there exists a specific control program for Salmonella spp. in feed
production (Keery 2010).
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Salmonellosis is not caused by S. Enteritidis or S. Typhimurium
in Australia, these serotypes being reported as absent in layer flocks.
Therefore, the application of a national control program against
Salmonella has been considered not necessary.

In the U.S.A. (FDA 2009a) and Canada (Keery 2010) the use
of vaccines to increase the resistance of birds against Salmonella
spp. is encouraged. In Canada, the vaccination of the layer flocks
introduced into a new house becomes highly recommended of
the former flock was tested S. Enteritidis-positive (Health Canada
2011).

Passive immunization

Laying hens immunized with antigens from selected microor-
ganisms (for example, S. Enteritidis and S. Typhimurium) react
by producing high quantities of specific antibodies (IgY) which
are transported from the blood into the egg yolk. These eggs con-
taining high levels of antigen-specific IgY, called hyperimmune
eggs, can be administered as a feed additive (usually in the form
of whole yolk powder) to other species to provide them with pas-
sive immunity (Chalghoumi and others 2009a). Chalghoumi and
others (2008) have shown that it is possible to produce IgY against
S. Enteritidis and S. Typhimurium OMP in the same egg with
concentrations of 429 &£ 20 mg/g. Moreover, they demonstrated
(Chalghoumi and others 2009b) that these specific antibodies have
a growth inhibitory effect on Salmonella spp., in a concentration-
dependent manner. They also assessed the ability of preventing
adhesion of Salmonella spp. to intestinal cells by using human ep-
ithelial Caco-2 cell lines. The results demonstrated that specific
IgY was able to reduce the decrease in transepithelial electrical
resistance of the infected Caco-2 cell monolayers, blocking ad-
hesion of Salmonella spp. in a concentration-dependent manner.
Another study demonstrated that orally administered egg yolk an-
tibodies induced a reduction of 13.3% of Salmonella-positive eggs
(in an experimentally infected group), in comparison to 29.4%
Salmonella-positive eggs in the group that did not receive the egg
yolk powder. The antibodies were administered as a feed additive
(3 g/hen/day), in the form of whole egg powder (Giirtler and
others 2004).

The risk of the development of resistance phenomenon against
these antibodies is highly limited (Xu and others 2011). Indeed,
these are polyclonal antibodies, targeting multiple epitopes. Nev-
ertheless, it has been pointed out that resistance phenomena can
occur concerning vaccines (Sirsat and others 2009) and this is still
a possibility concerning passive immunization even if weak, in our
opinion. Sirsat and others (2009) also mentioned the risk of de-
veloping too specific tools with antibody therapy or vaccination,
which could be particularly problematic for Salmonella spp. given
the wide range of immunogenic serotypes. However, Chalghoumi
and others (2008) observed a high cross-reactivity of anti-S. Enter-
itidis IgY with S. Typhimurium (ST)-antigen and vice versa. In this
experiment, they used indeed OMP as vaccinal antigens; and both
Salmonella spp. share common epitopes on OMP. Using antigens
shared between several serotypes allow, thus, to cope with the risk
of a too high specificity of the developed antibodies. Moreover,
by developing IgY against 2 Salmonella serotypes in the same egg
yolk, Chalghoumi and others (2008) left the door open for the
further development of hyperimmune eggs targeting a diverse set

of pathogens.
Natural antimicrobial products

Bacteriophages. Bacteriophages are bacterial viruses with the
ability of using the bacterial cell to multiply. The mechanism of
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the infectious cycle is used to differentiate the 2 main types of
bacteriophages: the virulent ones (that determine lysis and death
of the cell in a very short time) and the temperate ones (the
latent, using lysogeny in their infectious cycle). Virulent bacterio-
phages are used in different products destined to reduce foodborne
pathogens in foods (Monk and others 2010). Bacteriophages are
highly discriminatory, most of them interacting with a specific set
of bacteria that express specific binding sites (Joerger 2003).

Using a combination of 3 different Salmonella-specific bacterio-
phages to reduce S. Enteritidis colonization in the ceca of laying
hens resulted in a significant reduction of the incidence, up to 80%.
The cocktail of the 3 bacteriophages was administered via spray at
6 d of age, using a multiplicity of infection of 10®) plaque-forming
units. The birds were experimentally infected by oral inoculation
with 2.95 x 10> CFU/mL of S. Enteritidis, at 7 d of age. At 14 d,
S. Enteritidis counts in the ceca of control group hens reached
1.56 x 10° CFU/g, while for the bacteriophage-treated group
only 9.48 x 10° CFU/g (Borie and others 2009) (Table 2). Ad-
ditionally, the same study assessed the ability of a combination
between a bacteriophage and a competitive exclusion product to
reduce cecal colonization by S. Enteritidis. The results revealed
that this combination treatment was even more efficient (1.6 x
10? CFU/g), compared to the use of bacteriophages alone.

Toro and others (2005) also showed that the use of a “cock-
tail” of bacteriophages, in a dose of 5.4 x 10° PFU/0.5 mL/bird,
on White Leghorn chickens challenged at day 7 with S. Ty-
phimurium (suspension of 0.5 mL with 2.4 x 10° CFU/mL)
determined a decrease of ileum colonization with this pathogen.
The ileum samples collected from bacteriophage-treated chickens
showed significantly lower S. Typhimurium counts (1.1 CFU/mL)
than challenged and untreated ones (81.8 CFU/mL) (Table 2).

Tailspike protein of bacteriophages is a component of the tail
apparatus with the role of mediating the specific recognition of its
bacterial host by binding to its surface structures. After oral admin-
istration to 1-d-old Leghorn chickens, it resulted in a significant
delay of Salmonella spp. growth and colonization and a significant
reduction of Salmonella spp. counts at the level of the ceca, liver,
and spleen, in comparison with control groups (Waseh and others
2010). According to these authors, their efficacy depends on their
degree of resistance to gastrointestinal proteases.

Generally regarded as safe, bacteriophages are considered a
highly efficient tool for the biocontrol of pathogens in food prod-
ucts (Garcia and others 2008). Phage therapy can be successfully
applied to reduce the S. Enteritidis level on poultry carcasses af-
ter slaughter (Higgins and others 2005a, 1997). In spite of their
high specificity, bacterial resistance has been encountered. Re-
sistance to bacteriophages occurs when losses or modifications
of bacterial cell surface molecules (like the LPS, pili, or flag-
ella) take place, those being used usually as receptors (Levin and
Bull 2004). However, bacteriophages possess the ability to change
rapidly in response to the emergence of bacteria-resistant mu-
tants (Sulakvelidze and others 2001; Carvalho and others 2012).
Therefore, the use of different bacteriophages in what is called a
“cocktail” has been found necessary even to fight against a single
bacterial strain (Joerger 2003).

Protein and fiber sources. Kassaify and Mine (2004a) demon-
strated that nonimmunized egg yolk powder could suppress the
colonization of S. Typhimurium in laying hens (Table 2). The
nonimmunized egg yolk powder was prepared as it follows: the
eggs were cracked after disinfection of the exterior shell surface
and the egg yolks were aseptically separated from the albumen;
the pooled yolks were freeze-dried and crushed into a fine
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Table 2-Different in vivo and in vitro studies concerning natural antimicrobials on laying hens and broilers for reduction of S. Enteritidis or S. Typhimurium

colonization in different organs and tissues.

Type of natural antimicrobial used Salmonella challenge conditions Observed effects Reference

A cocktail of 3 bacteriophages administered  Oral inoculation with 2.95 x 10° Cecal counts drop to 9.48 x 103 Borie and others (2009)
via spray at 6 d of age, at a dose of 103 CFU/mL of S. Enteritidis at 7 d of CFU/g, in comparison to 1.56 x
plaque forming units age 10° CFU/g for the control group

Oral administration of 3 doses of tailspike Oral gavage with 10*-107 Significant reduction of Salmonellain ~ Waseh and others (2010)
proteins of bacteriophages with 10% Salmonella/ 300 pL PBSP at 2 d of the ceca, liver, and spleen in both
BSA? at 1-d-old age in 2 protocols: at 1 h, age protocols
18h,and 42 h (Protocol 1) and at 18 h,
42 h,and 66 h (Protocol 2)

A cocktail of bacteriophages in a dose of 5.4 Oral administration of a suspension Decrease of S. Typhimurium countsin  Toro and others (2005)

x 10° CFU/mL/bird at the age of 1 d

Feed supplemented with nonimmunized egg
yolk powder at 10% concentration
(wt/wt) for 4 wk, beginning at the age of
1d

90% of alfalfa and 10% basal diet (1), 90%
alfalfa + 10% basal diet with 0.375% FOS
(2) and 90% alfalfa + 10% basal diet with
0.75% FOS (3) at the age of 1d

Product containing10'? viable spores of B.
cereus var. toyoi (powder feed additive)
included at 0, 20 or 100 mg/kg of feed at
theageof 1d

1 g of Saccharomyces boulardii/kg feed (trial
1) and 100 g of the same product/kg feed
(trial 2) administered to 1-d-old broiler
chickens

Acidifier in a dose of 1.5 kg/t of feed (A) or
3.0kg/t of feed (B) on T-d-old chicken

Aromatic product composed of eugenol (250
ppm) in an amorphous SiO; inert carrier,
administered as feed additive 1st at
15-wk-old, during a 3-wk period

Dietary capsaicin at doses of 18 ppm (A) and
36 ppm (B) administered in feed, for 28 d,
beginning at the age of 1 d

containing 2.4 x 10° CFU/mL of
S. Typhimurium at day 7

Oral administration of 1.0 mL of 10°
CFU/mLS. Typhimurium 2 times at
the end of the 4-wk period

Crop gavage on day 4 with 1 mL of

inoculum containing 10° CFU of S.
Enteritidis phage type 13a

Oral suspension containing 2 x 108
CFU S. Enteritidis/mL administered
atday 7

Oral gavage on day 4 with 3.3 x 108
S. Typhimurium

Crop inoculation at 3-d-old with 0.1
mL of S. Enteritidis suspension
containing 1.3 -3.3 x 10°
CFU/mL.

Inoculation into the crop of 1 mL

(single dose), containing 3.2 x 107
CFU S. Enteritidis at 18 wk of age

Challenge on day 27 with 108
CFU/mL of S. Enteritidis

the ileum

No detection of S. Typhimurium in
any organs from the egg yolk
powder treated group; 3.1 to 4.0
logyo cfu in the sampled organs
(intestine, ovary, and oviduct) of
the positive control group.

Reduction of ovary and spleen
colonization by S. Enteritidis for
FOS- containing diets' method
when compared to feed withdrawal

3 wk p.i. 38% of the treated birds
positive for S. Enteritidis (63% in
the control group)

Reduction of S. Typhimurium
colonization frequency from 70%
in the control group to 20% and
5% intrial 1 and trial 2,
respectively

Reduction to 3.47 log CFU/g S.
Enteritidis in cecal contents for
dose Band 4.59 log CFU/g S.
Enteritidis for dose A, compared to
5.06 log CFU/g S. Enteritidis in
control group

Isolation of S. Enteritidis after 2 wk
p.i.in feces and 3 wk p.i. in eggs;
positive results in liver, spleen, and
ovary 15 d p.i. but negative at 29 d
p.i.

Reduction of S. Enteritidis
colonization in liver and spleen for
both groups (A - 56.67%; B —
43.33%); control group (feed
without capsaicin) — 76.67%.

Kassaify and Mine
(2004a)

Donalson and others
(2008a)

Vila and others (2009)

Line and others (1998)

Sterzo and others (2007)

Ordofiez and others
(2008)

Vicente and others (2007)

2Bovine serum albumin.
bPhosphate buffer solution.
p.i. = postinoculation.

powder. Following infection with 10° CFU of S. Typhimurium
per bird, the addition of 5.0, 7.5, and 10.0% (wt/wt) nonimmu-
nized egg yolk powder to the feed rapidly decreased the number of
S. Typhimurium in feces samples. Indeed, the counts reached 10%
of the initial values, after only a week, with a significant difference
in comparison to the positive control group (nonsupplemented
feed). Moreover, after 2 wk of feeding egg yolk powder at a dose
of 10.0%, Salmonella was completely undetected.

In another research study, Kassaify and Mine (2004b) demon-
strated that at a concentration as low as 5% (wt/wt) in the feed,
nonimmunized egg yolk powder eliminated S. Enteritidis at the
intestinal level after the 1st week, demonstrated by the negative
results obtained for the tested fecal samples.

This may be explained by the presence of components such
as high-density lipoproteins (Kassaify and others 2005) or sialy-
loligosaccharides and their derivatives (Sugita-Konishi and others
2002).

Competitive exclusion flora, probiotics, prebiotics, and organic
acids. The use of competitive exclusion flora, probiotics, prebi-
otics, as well as acid-based products, have been widely investigated
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worldwide as preventive methods for Salmonella spp. colonization
in poultry (Seo and others 2000; Van Immerseel and others 2002;
Wagner and Cerniglia 2005; Donalson and others 2008b; Dunkley
and others 2009).

Competitive exclusion products involve the introduction of in-
testinal bacteria from mature healthy poultry to newly hatched
chickens, the concept being defined as “the early establishment
of an adult intestinal microflora to prevent subsequent coloniza-
tion by enteropathogens.” The mechanism used by the bacterial
species from the competitive exclusion products to inhibit the
proliferation of other bacteria consists of creation of a restrictive
physiological environment (for example, bacteriostatic effect of
VFA in the ceca). Added to this are the following: competition
for bacterial receptor sites, elaboration of antibiotic-like substances
(such as bacteriocins), and depletion of or competition for essential
substrates (Schneitz and Mead 2000; van der Wielen and others
2000; Joerger 2003; Callaway and others 2008).

Competitive exclusion products represent a mix of different
bacterial species, usually derived from cecal contents and/or wall
of healthy domestic fowl. Several products have been evaluated as
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competitive exclusion cultures. Schneitz (2005) and Schneitz and
Mead (2002) mention a wide variety of such products. Several of
them consist of unrefined mixed cultures of whole cecal contents
from adult chickens, while others contain selected mixed cultures,
with addition of cecal walls scrapings, including identified genera
of bacteria, efficient against S. Enteritidis and S. Typhimurium
cecal colonization. Because most of them include a mix of not
entirely determined bacteria, isolated from the avian gut, and in
spite of their proved effectiveness, the incertitude concerning their
composition is reducing the rate of their use in the egg and broiler
meat production sector (Van Immerseel and others 2005b).

A probiotic is defined as “a live microbial feed supplement which
beneficially affects the host animal by improving its intestinal mi-
crobial balance” (Fuller 1989). A variety of microbial species have
been used as probiotics, including species of Bacillus, Bifidobac-
terium, Enterococcus, Lactobacillus, Streptococcus as well as a variety
of yeasts (Patterson and Burkholder 2003). The potential mecha-
nisms that allow the exclusion of pathogenic species, among them
S. Enteritidis, by the probiotics include competition for adhesion
sites and nutrients or production of antimicrobial compounds,
such as bacteriocins, VFA, or hydrogen peroxide (Erwing 2009;
Vandeplas and others 2010). Besides the inhibition of cecal col-
onization by pathogens, it has been demonstrated that probiotic
bacteria determined an increase of the oxidative burst capacity
and degranulation of heterophils isolated from chicks 24 h after
probiotic administration. This suggests a possible activation of the
innate immune system (Farnell and others 2006).

In poultry (laying hens and broilers), bacteria of the genus Lac-
tobacillus have been frequently studied for its effects on reducing or
inhibiting Salmonella cecal colonization (Gusils and others 1999;
Pascual and others 1999; Jin and others 2000; Tellez and others
2001; Ammor and others 2007; Lima and others 2007). It has been
suggested that lactobacilli isolated from either cloaca or vagina of
laying hens present in vitro inhibitory activity against S. Enteritidis,
with no differences noticed between those isolated from the cloaca
and the ones from the vagina (Miyamoto and others 2000). Van
Coillie and others (2007) have also demonstrated that lactobacilli
isolated from the cloaca and the vagina of laying hens inhibited
Salmonella growth in vitro and decreased S. Enteritidis colonization
in vivo. Salmonella inhibition was shown to depend on the species
of Lactobacillus, correlated to some extent with the production of
lactic acid of each.

Another probiotic with potential use in laying hens is based on
an active ingredient consisting of Bacillus cereus var. toyoi spores (EC
2001; Tellez and others 2012). Its efficacy against S. Enteritidis has
been demonstrated on poultry by Vila and others (2009) (Table 2).
They challenged laying hens with a S. Enteritidis suspension
containing 2 x 10° CFU/mL for trial 1 and 2 x 108 CFU/mL for
trial 2, respectively. The product containing 10'° viable spores was
administered as feed additive in concentrations of 20 mg/kg (trial
1) and 100 mg/kg (trial 2). The results showed that S. Enteritidis
was not detected in the probiotic-administered groups, while for
the control group, 42% of the birds were positive. These authors
suggested that the product encourages the proliferation of Lacto-
bacillus spp., improving the balance of the intestinal microflora.

Yeasts were also studied for their potential to act as probiotics
in poultry, against pathogens like Salmonella spp. Line and others
(1998) showed that including Saccharomyces boulardii reduced the
frequency of cecal colonization from 70% in the positive control
broilers to 20% and 5%, respectively (2 trials) (Table 2). The possi-
ble mechanism to reduce the cecal colonization of such pathogens
could be the possibility for the yeast to act as a pathogen-adherent
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microflora, due to the mannose content of Saccharomyces boulardii’s
cell wall, with potentially successful use in egg production sector.
Another mechanism was suggested by Pontier-Bres and others
(2012) who revealed that Saccharomyces boulardii was able to modify
S. Typhimurium motility and trajectory, registering a decrease in
its invasion properties.

Another option as a preventive method is the use of prebiotics.
They can be regarded as an integrated approach to an improve-
ment of food safety, starting with the maintenance of a healthy in-
testinal ecosystem (Gaggia and others 2011). Among the beneficial
effects of prebiotics these can be mentioned: stimulation of the im-
mune system, reduction of inflammatory reactions, toxin inactiva-
tion, modification of the intestinal microbiota, increased produc-
tion of VFA, and prevention of pathogen colonization (Patterson
and Burkholder 2003; Revolledo and others 2006; Salminen and
others 2010).

Prebiotics are not digested or metabolized, or they are metab-
olized very little, during their passage through the upper por-
tion of the gastrointestinal tract (GIT). Therefore, they enter the
ceca without any change to structure, being fermented by the
colonic flora. Through the stimulation of bifidobacteria, they may
have the ability to inhibit pathogenic bacteria such as Salmonella
spp. (Grizard and Barthomeuf 1999; Doyle and Erickson 2006;
Vandeplas and others 2010). Lactose (Ziprin and others 1993),
fructooligosaccharides (FOS) (Fukata and others 1999), mannano-
ligosaccharides (MOS) (Fernandez and others 2002), and isoma-
Itooligosaccharides (Chung and Day 2004) are highly effective
prebiotics already applied in the broiler chicken industry for the
inhibition of Salmonella spp. cecal colonization. It has been shown
that FOS are highly effective in reducing chicken intestinal colo-
nization by Salmonella spp., by exerting a preferential stimulatory
effect on several bacteria of 2 health-promoting genera (Bifidobac-
terium spp. and Lactobacillus spp.), while maintaining populations of
potential pathogens at relatively low levels (Xu and others 2003).
During an in vitro fermentation test, cecal contents collected from
laying hens were diluted to a 1:3000 concentration with an anaer-
obic dilution solution and added to serum tubes filled with ground
alfalfa or a layer ration with or without FOS, the latter as a prebi-
otic. The concentrations of VFA and lactic acid were quantified at
6 and 24 h of substrate fermentation. The results showed a greater
production of VFA and lactic acid compared with the layer ration.
The amendment of FOS to both alfalfa and the layer ration ap-
peared to further increase fermentation, with a more pronounced
effect after 24 h of fermentation (Donalson and others 2008a).

Kaplan and Hutkins (2000) also showed that different species of
Lactobacillus (L. bulgaricus, L. acidophilus, L. plantarum, L. casei) as
well as Bifidobacterium (B. adolescentis, B. breve, B. infantis, B. longum)
were able to use FOS in a FOS-MRS broth. Fernandez and others
(2002) showed that laying hens’ diets supplemented with MOS
resulted in a decrease in S. Enteritidis hen cecal contents over
time, by increasing the Bifidobacterium spp. and Lactobacillus spp.
levels.

However, more recent studies have focused on investigating
prebiotics’ efficacy during the molting period, as this practice has
been proven to increase to some extent laying hens’ suscepti-
bility to Salmonella infections (Donalson and others 2008b) (Ta-
ble 2). Adding FOS to a combination of 90% alfalfa and 10%
layer ration, in 2 levels (0.750% and 0.375%) resulted in a re-
duced ovary and liver colonization by S. Enteritidis, while the
counts decreased significantly. It appears that between the 2 doses
used for FOS administration, the authors consider as sufficient the
lower one.
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Due to the ability of prebiotics to stimulate some benefi-
cial microflora populations such as bifidobacteria (Suskovic and
others 2001; Vandeplas and others 2010) another approach was
developed. Synbiotics are combinations of probiotic strains and
prebiotic substrates, their use being regarded as a way of stabi-
lization and/or improvement of the probiotic effect. The com-
bination is thought to be able to improve the survival of the
probiotic microorganism, because its specific substrate is readily
available for its fermentation (Collins and Gibson 1999). Nisbet
and others (1993) showed that by using a combination of mixed
cecal microflora continuous flow culture a reduction of 1.75 log
S. Typhimurium colonization in chicken was observed; by us-
ing 5% dietary lactose as a prebiotic, the decrease was 2.98 log.
A combination of the 2 succeeded in reducing the cecal colo-
nization by 4.27 log;, suggesting the success of these combined
approaches.

It is also possible to decrease egg contamination risk by adding
organic acids to the feed or drinking water at an appropriate
time (Thompson and Hinton 1997). Van Immerseel and others
(2007) have extensively described the mechanisms involved in
organic acids’ activity. The effect of feed with added organic acids
(commercial blend) in a quantity of 3 kg/ton of feed represented an
efficacious and cheap prevention method for cecal colonization by
S. Enteritidis in a challenge experiment with laying hens (Sterzo
and others 2007) (Table 2).

Butyric acid is the most frequently used organic acid as a feed
or drinking water additive. The efficacy of butyrate in powdered
form and sodium salt of n-butyric acid (30%) in microencap-
sulated (coated) form was assessed 3 d after inoculation with S.
Enteritidis, during 2 trials that included young layer chickens and
broilers. The studied parameters were cecal and internal organ
colonizations. The results showed that coated butyric acid was
superior to uncoated butyric acid in reducing S. Enteritidis colo-
nization on both trials (Van Immerseel and others 2005a, 2007).
Foster (2001) showed in vitro that organic acids determine acid
resistance in Salmonella spp. through a complex process of pH
homeostasis induction. Indeed, it had already been shown that for
S. Typhimurium the exposure to short-chain fatty acids (SCFA)
increased to some extent the virulence of this pathogen by increas-
ing its acid resistance (Kwon and Ricke 1998; Sirsat and others
2009). The induction of an acid tolerance response involves growth
of the acid-sensitive microorganisms in a moderately low pH en-
vironment. This subsequently leads to survival when the species
is suddenly exposed to what would normally be considered lethal
acidic conditions, thus protecting Salmonella spp. against the effects
of organic acids (Ricke 2003). Van Immerseel and others (2006)
also showed that SCFA can regulate the invasive phenotype of
Salmonella spp., and that preincubation of Salmonella with SCFA
increased acid resistance and survival in macrophages. The same
authors mentioned that medium-chain fatty acids possess even
greater bacterial activity against Salmonella spp. than the SCFA.
Considering the latter, Durant and others (2000) assessed the ex-
pression of 2 transcriptional regulators of SPI-1, hilA, and invE,
needed for host tissue invasions. Growth rates of Salmonella spp.
were reduced by increasing the SCFA concentrations at pH 6, but
not the same happened at pH 7. The pH-dependent manner of
induction suggested that entry of SCFA into the host cells is nec-
essary; these fatty acids possibly serve as an environmental signal
that triggers the expression of invasion genes in poultry GIT.

Essential oils. Many studies performed until now on the possi-
bility of using essential oil (EO) as active antimicrobial ingredient
in animal feed in vivo or in vitro, showed high variability in the
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results obtained. An overview on the potential of EOs in poul-
try production and their possible modes of action, among them
antimicrobial activity, has recently been published by Brenes and
Roura (2010).

An EO is “a mixture of fragrant, volatile compounds, named af-
ter the aromatic characteristics of plant materials from which they
can be isolated” (Lee and others 2004). Being already known that
EOs are more active against Gram-positive bacteria, in comparison
to Gram-negative ones, it has been shown in vitro that cinnamalde-
hyde (obtained from cinnamon) moderately inhibits L. acidophilus
and B. longum (Lee and Ahn 1998). This could suggest the ex-
istence of an undesired effect on the gastrointestinal microflora.
However, Lee and others (2004) suggested that the selective in-
hibition shown by the cinnamaldehyde on pathogenic intestinal
bacteria may have a pharmacological role in balancing the intesti-
nal microflora. In addition, Ouwehand and others (2010) showed
that potentially beneficial bacteria (such as Bifidobacterium spp.) are
resistant or only a little susceptible to the majority of EOs tested in
vitro. On the contrary, these authors proved that L. fermentum or B.
breve were stimulated in their growth by several EOs (Ouwehand
and others 2010).

Helander and others (1998), and afterwards Cosentino and
others (1999), evaluated the minimum inhibitory concentrations
(ppm) for 3 different EOs against S. Typhimurium during in vitro
studies. Carvacrol (obtained from oregano and thyme) showed val-
ues of 150 and 225 ppm, respectively, cinnamaldehyde showed a
level of 396 ppm (with no value offered by Cosentino and others
1999) and thymol (obtained from common thyme) showed values
of 150 and 56 ppm, respectively. O’Bryan and others (2008) re-
ported the antimicrobial activity of orange EOs against Salmonella
spp. (including S. Enteritidis and S. Typhimurium), using the
disc diffusion assay. The most effective orange EOs were com-
posed mainly of d-limonene (94%) and myrcene (about 3%).
Moreover, Johny and others (2008) have shown in vitro efficacy
of trans-cinnamaldehyde, a safe ingredient obtained from cinna-
mon, against S. Enteritidis that could possibly be added to chicken
drinking water. Chao and others (2000) showed that the essential
oils extracted from cinnamon were effective against both Gram-
positive and Gram-negative bacteria. Ouwehand and others (2010)
showed the same. They evaluated 13 different essential oils for the
ability to inhibit the growth in vitro of several bacteria species,
among them S. Infantis, S. Enteritidis, and S. Typhimurium. All
3 serotypes were significantly inhibited when using the maximum
level of EOs (500 mg/L). The most eftective EOs against these
were carvacrol, cinnamaldehyde, citral, and thymol.

Ordonez and others (2008) concluded that, in commercial pro-
duction layers, eugenol (obtained from clove) seems to aid in the
cleaning of intestinal and systemic infections, thus playing an im-
portant role in the control of S. Enteritidis cross-contamination
of table eggs. Finally, Vicente and others (2007) observed in lay-
ing hens the prophylactic effect of capsaicin (obtained from chili
peppers) in an experimental S. Enteritidis infection (Table 2).

The efficacy of EOs against foodborne pathogens depends on
the active molecule, on the targeted pathogen, but it must be men-
tioned that the chemical composition of EOs can greatly vary for
a particular plant species. This depends on the part of the plant,
the geographic origin, and the harvesting period in a year or even
in a day. This may be a possible explanation for the variability of
the results obtained from one experiment to another. Moreover,
whole EOs can have greater antimicrobial activity than their major
isolated constituents can. As an example, antimicrobial activity of
allyl sulfur compounds of garlic oil was shown to increase with
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each additional sulfur atom, suggesting that the effect is a result of
synergy among the different compounds. Therefore, the antimi-
crobial activity of garlic oil may be more powerful than the activity
of its main compounds individually (Calsamiglia and others 2007).

The possibility for a foodborne pathogen to develop resistance
to EOs exists. Ultee and others (2000) observed a decrease of
sensitivity of B. cereus toward carvacrol. The cause of this decrease
was believed to be the growth of this pathogen in the presence of
nonlethal carvacrol concentrations. However, the risk of resistance
development against EOs is still extremely rare (Sirsat and others
2009).

Considering the possibility of a change in odor and palatability
of the EO-supplemented rations, Windisch and others (2008) sug-
gested that the use of phytogenic feed additives, a series of botan-
icals already containing EOs, improved feed flavor and enhanced
hen production performance. This leads to a potential conclusion
that EOs may modify in a positive way the organoleptic charac-
teristics of feed, therefore no decreases in ingestion should occur.

Bacteriocins. Bacteriocins are proteins, produced by some bac-
teria, that act against other closely related bacteria. The family of
bacteriocins includes a large diversity of proteins differing in size,
the microbial target, and mode of action. Two main groups can
be distinguished: those produced by Gram-positive bacteria and
the ones produced by Gram-negative bacteria (Gordon and others
2007; Heng and others 2007).

Most of the bacteriocins differ from classical antibiotics through
their ribosomal origin and their great specificity (Riley and Wertz
2002a, 2002b). Bacteriocins may possess a bactericidal or bacte-
riostatic mode of action on sensitive pathogens, depending on the
dose and degree of purification, physiological state of pathogen
(growth phase), and experimental conditions. The majority of
bacteriocins uses membrane permeabilization or interferes with
essential enzymes to cause cell death (Peschel and Sahl 2006;
Pithva and others 2011). For example, nisin forms a complex
with ultimate cell wall precursor lipid II, a hydrophobic carrier of
peptidoglycan monomers (Dias Paiva and others 2011). Further,
it uses this compound as a docking molecule for its pore-forming
activity, leading to the inhibition of bacterial cell wall biosynthe-
sis. In addition, nisin is able to induce a rapid efflux of ions or
cytoplasmic solutes such as amino acids and nucleotides. The con-
comitant depolarization of the cytoplasmic membrane determines
an instant termination of all biosynthetic processes (Wiedemann
and others 2001).

As antimicrobials, bacteriocins may be used as food preservatives
or feed additives. Hereafter, we will develop only the feed additive
aspects.

Bacteriocins are often considered more natural in contrast to
antibiotics, as they are thought to have been present in many of
the foods eaten since ancient times (Cleveland and others 2001).
Also, bacteriocins are produced by lactic acid bacteria, which have
been demonstrated to be beneficial for human health (Joerger
2003). Therefore, they can be used without risk in food-producing
animals, their application being consistent with consumer demand
for natural food products.

Gram-negative bacteria are less sensitive to bacteriocins than the
Gram-positives. However, microcins—bacteriocins produced by
Escherichia coli strains—which are smaller than colicins possess the
capacity to inhibit Gram-negative bacteria (Diez-Gonzalez 2007).
Microcin J25, for example, is active against Salmonella spp., includ-
ing S. Enteritidis (Portrait and others 1999). Microcin J25 is highly
resistant to digestive proteases and could affect the gastrointestinal
microbiota, when ingested in feed (Galvez and others 2010). On
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the other hand, a chymotrypsin-susceptible microcin J25 variant
may be used as a food preservative (Pomares and others 2009) in
combination with other hurdles. Line and others (2008) demon-
strated in vitro (the spot test) strong antibacterial properties of a bac-
teriocin produced by enterococci (an enterocin)—E-760—against
a broad spectrum of foodborne Gram-negative or Gram-positive
pathogens, including S. Enteritidis and S. Typhimurium. Svetoch
and others (2008) observed that oral administration of bacteriocins
E 50-52 in chicken feed resulted in a significant reduction of S.
Enteritidis, at the cecal level, but also in the liver and the spleen,
while enumeration of lactic acid bacteria was not significantly
different in the ceca of both treated and untreated groups. There-
fore, it is expected that the results obtained for chickens could be
applied to laying hens also.

The modes of action of bacteriocins are complex and not fully
understood. Most of them act in different ways to inhibit or kill
sensitive bacteria (Rossi and others 2008). It is the reason why
development of pathogen strains which manifest resistance to an-
timicrobial peptides has been considered difficult, if not impossible
(Hancock and Chapple 1999; van’t Hof and others 2001). How-
ever, Lin (2009) and Sirsat and others (2009) mentioned the factual
resistance to bacteriocins (nisin) through the altering of target bac-
terial cell surface receptors.

In order to reduce the cost of bacteriocins to a price that any
producer could afford, Lin (2009) considers necessary an improve-
ment in the production process. In addition, Gaggia and others
(2011) suggested that the use of bacteriocins-producing lactic acid
bacteria would have more advantages, considering the cost also,
than using purified bacteriocins alone. The application of pure
bacteriocins in food may present reduced efficacy, as they could
bind to food components.

Despite the promising results obtained with the use of bac-
teriocins, more research on combinations of bacteriocins or on
associations between bacteriocins and other treatments is needed.

Postharvest Methods for Reducing the Risk of
Salmonellosis Due to Contaminated Shell Eggs Con-
sumption

Shell eggs storage and prevention of growth and
multiplication of Salmonella

Prompt refrigeration to temperatures capable of restricting mi-
crobial growth has been recommended as an approach to reducing
the likelihood that contaminated eggs will transmit S. Enteritidis
to humans (Gast and Holt 2000).

In 2000, FDA published a final rule in the Federal Register
(65 FR 76092), which states that a proposed maximum ambient
temperature of 7.2 °C (45 °F) would extend the effectiveness of’
the egg’s natural defenses against S. Enteritidis and would slow
the growth rate of this foodborne pathogen (FDA 2000). In the
Final Egg Rule (FDA 2009a), this proposition is maintained, as
it is specified that this maximum value needs to be applied not
only during storage, but also during transport, beginning 36 h
after the time of lay. As an exception, shell eggs may be stored at
ambient temperature values (above 7.2° C) if they are directed to a
following step of processing, but not for more than 36 h. However,
refrigeration must be kept even when using ionizing radiation
(which results in only 2 to 3 logs reduction of S. Enteritidis), as this
procedure is not regarded as efficient as the use of pasteurization
(which ensures a 5 log reduction of S. Enteritidis) (FDA 2009b).

In Canada, shell eggs and those sent to a processing station must
be kept under refrigeration, or stored for a maximum of 6 d at
storage temperatures of 20 °C or less, or stored for a maximum
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of 2 d at temperatures between 20 °C and 30 °C (Health Canada
2011).

Concerning cold storage of eggs in the E.U., EC Commission
Regulation 589/2008 specifies that “[...] eggs should be stored
and transported at a constant temperature, and should in general
not be refrigerated before sale to the final consumer [...]” (EC
2008). Nevertheless, it has been shown that Salmonella spp. growth
inside the egg is influenced by storage temperature.

Research in this field has proved that ambient temperatures are
not proper for the storage of shell eggs, especially since the risk
of S. Enteritidis horizontal transmission has increased, and further
on, due to its capacity of growth and multiplication inside the shell
eggs. Martelli and Davies (2012) suggested that the temperature
values for shell eggs storage should not exceed 20 °C. In egg
albumen, Salmonella spp. can grow at 20 °C, while unable to grow
at temperatures below 10 © C, therefore showing that a temperature
value for optimal storage of eggs should not exceed this last value.

Foodborne pathogens such as S. Enteritidis can grow in the con-
tents of naturally contaminated eggs at room temperature (20 °C)
and it does not lead to changes in the color, smell and consistency
of the egg contents. However, the multiplication of S. Enteritidis
in the stored eggs appears to be associated with alteration of the
yolk membrane, which allowed the bacterium to either invade the
yolk or obtain nutrients from it (Humphrey and Whitehead 1993).

Cogan and others (2001) reported S. Enteritidis growth after
8 d at 20 °C in 7% of the whole eggs inoculated in the albumen
near the shell with as few as 2 CFU. If the inoculum equaled or
exceeded 25 CFU/egg when eggs were subsequently stored at
20 °C, or 250 CFU/egg when eggs were stored at 30 °C, high
levels of growth of Salmonella in the egg occurred significantly
more frequently than when the inoculum dose was smaller
(Cogan and others 2001).

Chen and others (2005) compared the storage of table eggs
at 4 °C, 10 °C, and 22 °C. The albumen was inoculated with
102, 10*, and 10° S. Enteritidis cells. At 22 °C, for all examined
concentrations of inoculum, S. Enteritidis was able to grow, while
at 4 °Cand 10 °C, its growth was inhibited, regardless of the initial
concentrations used. The authors believe that storage at 4 °C and
10 °C postponed the aging process of the eggs, preserving the
antimicrobial agents of the albumen, and maintaining the integrity
of the vitelline membrane.

Gast and Holt (2000) determined the extent to which small
numbers of S. Enteritidis could grow to more dangerous levels
at different temperatures over a period up to 3 d. Their intention
was to stimulate the potential opportunities for S. Enteritidis
multiplication following oviposition and prior to the achievement
of internal temperatures able to prevent further microbial growth
in eggs. Their results showed that extensive multiplication of S.
Enteritidis was less frequently observed at lower inoculum dose
(0.1 mL containing 15 CFU of S. Enteritidis), shorter storage
time (1 d) and lower temperatures (10 °C and 17.5 °C). At 25 °C,
with higher inoculum dose (0.1 mL containing 150 CFU of
S. Enteritidis) and longer storage time (2 and 3 d), a rapid and
substantial multiplication of the foodborne pathogen occurred.
The inoculation site influenced in a great extent S. Enteritidis
multiplication, since they used 4 types of samples: yolks (internally
inoculated), albumens, whole egg, inoculated at the albumen edge
and whole eggs inoculated at the yolk surface. In the yolk, mul-
tiplication occurred rapidly, with S. Enteritidis numbers reaching
8.7 logyo/mL, at 25 °C, after only 2 d of storage. On the contrary,
it was confirmed that the albumen is not a good growth medium
for bacteria, since the S. Enteritidis levels suffered only a slight
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change during storage. The whole eggs inoculated at the yolk sur-
face presented increasing levels of S. Enteritidis, during storage (no
matter the dose and the storage time and temperature), while the
other category of whole eggs (inoculated on the albumen edge)
revealed only a slight change in these levels (Gast and Holt 2000).

It is believed that Salmonella cells that are deposited in the al-
bumen are able to migrate to and penetrate through the vitelline
membrane, in the egg, postlay, in order to reach the yolk and thus
gain access to a pool of nutrients that are necessary for its survival
and growth (Baron and others 1997; Gantois and others 2009).

Braun and Fehlhaber (1995) studied the migration of S.
Enteritidis from the albumen into the egg yolk. Difterent doses
of S. Enteritidis PT 4 were inoculated on the albumen (10 to 200
bacterial cells/albumen). Storage took place at 7, 12, 20, and 30 °C
for 4 wk. The results showed that S. Enteritidis was able to
migrate from the albumen into the egg yolk during storage. The
risk of egg yolk penetration was relatively low at 7 and 12 °C.
However, after 14 d, at 7 °C, the 1st positive egg yolk was found.
At 20 and 30 °C, the 1st positive egg yolks were already present
after 1 or 2 d. Schoeni and others (1995) also observed that the
temperature values of < 10 °C will not allow but a sporadic
growth of S. Enteritidis, S. Heidelberg and S. Typhimurium in
the inoculated eggs, no matter the inoculum size.

Earlier, Hammack and others (1993) showed that the growth
of S. Enteritidis on artificially inoculated shell eggs was negligible
in eggs refrigerated up to 16 d. On the contrary, the population
level of this food borne pathogen increased by more than 8 log
units in unrefrigerated eggs stored for the same amount of time.
Lock and Board (1992) observed that when inoculating different
Salmonella serotypes, among them S. Enteritidis, S. Typhimurium
and S. Infantis, on egg albumen, their persistence in vitro was dif-
ferent during storage at 3 different temperatures: 4, 20, and 30 °C.
The majority of serotypes remained viable but did not increase in
numbers at 20 and 30 °C, for 42 d. At 4 °C, many of the serotypes
died. At 20 °C, upon inoculation with 39 CFU/mL~! albumen,
both S. Enteritidis and non-S. Enteritidis strains were able to
grow in separated fresh albumen samples up to > 10° CFU/mL™!,
during a storage period of 3 wk (Messens and others 2004; Clavijo
and others 2006). It appears that the survival of S. Enteritidis
in egg albumen is regulated by nucleic acid and aminoacid
metabolism, and furthermore is related to genes involved in cell
wall structural and functional integrity (Clavijo and others 2006).
When extending the incubation time and increasing the storage
temperature, the numbers of samples with pronounced growth in-
creases further. Moreover, near room temperature (approximately
20 °C), the probability that an outgrowth takes place is much
higher when the albumen of a fresh rather than a stored whole egg
becomes contaminated with Salmonella. Even in the presence of
a small number of S. Enteritidis cells present in the egg contents,
cooling practices should be applied shortly after lay, to prevent
Salmonella from growing in eggs (Messens and others 2004).

The egg yolk is a very important source of high quality
nutrients, therefore fast growth of Salmonella is expected to occur
in this site, when temperature will allow it. Experimentally
infected laying hens often deposit S. Enteritidis on the vitelline
membrane (Gast and Holt 2001; Gast and others 2007). The
fast growth of S. Enteritidis occurs after a certain delay, during
this period the integrity of the vitelline membrane being lost
and finally resulting in a leakage of nutrients into the albu-
men. This enhances further migration and multiplication of
S. Enteritidis in the yolk (Humphrey and Whitehead 1993).
The initial growth phase potentially involves the use of iron
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reserves. This appears to be sufficient to support 4 generations,
but once these reserves are depleted, Salmonella cells would enter
in a lag phase, further on translated as a stagnation in the number of
bacterial cells (Gantois and others 2009). The site of deposition of
S. Enteritidis in the shell egg could influence the extent to which
this pathogen multiplies before the refrigeration would achieve
growth-inhibiting internal temperature values (Gast and Holt
2001). When 10*> CFU of S. Enteritidis was inoculated onto the
exterior surface of intact egg yolk (the vitelline membrane), mul-
tiplication within the interior egg yolk contents occurred in 10%
of the samples after 6 h of incubation, in 75% of the samples after
24 h at 25 °C (reaching mean levels of 10* CFU/mL) and in only
20% of the samples incubated for 72 h at 15 °C (Gast and others
2001). Further on, Gast and others (20006) tested the effect of re-
frigeration on the frequency of in vitro S. Enteritidis penetration of
the egg yolk membrane. After inoculating intact exterior surface
of the egg yolks with a suspension of 0.1 mL containing approx-
imately 100 CFU, samples were held 5 min at room temperature
(24 °C) to facilitate bacterial attachment to the vitelline mem-
brane. Further on, these samples were kept at 30 °C for different
periods of time (2 h, 6 h, and 24 h), followed by refrigeration at
7 °C for 18 to 22 h. S. Enteritidis penetrated inside the egg yolk
contents in 4% of contaminated egg samples refrigerated after 2 h
at 30 °C, 15% of samples refrigerated after 6 h of storage at
30 °C and 40% of samples stored at 30 °C for 24 h, followed
by refrigeration. Lublin and Sela (2008) showed that from an
initial concentration of 3.65 log CFU of S. Enteritidis inoculated
into the egg yolk, the concentration increased by 1 log during
the 1st 2 wk postinoculation at 6 °C, after which it remained
constant, at around 4 logs, for up to 8 wk. At 25 °C, the bacterial
concentrations increased to 5 logs by week 4 postinoculation and
remained at 8 to 9 logs until the end.

In different European countries, cold storage of eggs is banned
on the market place. The reason is related to the concept that the
eggs kept in cold storage can no longer be regarded as “fresh.” On
the other hand, consumers are advised to keep purchased table eggs
in the refrigerator until consumption (FDA 2009b). The practical
aspects of this situation are different from one country to another.
However, the scientific data clearly prove that refrigeration reduces
in a great extent the risk of contaminated table eggs to become a
vehicle for S. Enteritidis, a main worldwide cause of foodborne
human salmonellosis.

Decontamination methods for reducing the risk of
Salmonella spp. penetration through the eggshell and
further contamination of the egg content

In the last decades, different methods have been studied
for microbial decontamination of shell eggs, with a focus on
Salmonella. We can distinguish the procedures tested for on shell
decontamination from those, more limited, also active inside the
shell. Moreover, concerning the 1st category, the procedures can
be classified into 3 classes: the chemical, the physical and the
biological procedures (Table 3).

Several procedures are currently approved by the FDA or USDA
in the U.S.A. and also, commercially available for shell eggs pro-
cessing facilities. As none of them is perfect, they are continu-
ously improved, as new procedures may emerge as well. However,
the need for improvement is continuous, and research should
focus more on the effects on sensory, rheological, and func-
tional properties of eggs and their acceptability by the consumers,
once the decontamination was performed. Moreover, when a
new method emerges, research will still be a necessity before
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Table 3-Methods of shell eggs surface decontamination as postharvest
control procedures for reducing the risk of salmonellosis due to Salmonella
contaminated eggs.

Chemical methods
Washing (use of sanitizers)
Hydrogen peroxide
Electrolyzed water
Ozone

Physical methods
Irradiation
Microwave technology
Ultraviolet light technology
Pulsed light technology
Gas plasma technology
Ultrasounds

Biological methods
Plant extracts

an efficient application on a full-scale production would take
place.

Egg washing. In the E.U., egg washing is currently banned
(with same exceptions—see further on) but this subject is always
under a rigorous debate (Nys and Van Immerseel 2009). In this
chapter, we will review different procedures that have the main
objective of reducing or eliminating Salmonella spp. In order to be
considered efficient, a decontamination procedure must lead to a
reduction of at least 5 log CFU/eggshell ™!, otherwise the resulting
shell eggs being regarded as inappropriate for egg safety point of
view (FDA 2009b).

Egg washing is currently used in the U.S.A., Canada, Australia,
and Japan, in order to reduce the bacterial contamination and to
prevent the penetration of bacteria in the egg contents. Moreover,
in the U.S.A., egg washing is followed by cold storage.

Washing of class A-table eggs is banned in the E.U., but still
under discussion following the increase in noncage egg produc-
tion. Moreover, Member States which, on June 2003 authorized
packing centers to wash eggs, may continue to authorize these
packing centers to wash eggs, but the eggs may only be marketed
in the Member States in which such an authorization has been
issued (EC 2007). For example, in Sweden, several providers are
allowed to perform it, as the washing practice has been used for
the last 40 y and the consumers prefer washed eggs (Hutchison
and others 2003).

In the US.A., there are not specific guidelines provided by
the FDA to the specific process of egg washing. However, FDA
provides general information for the Food Service and Inspection
Service (FSIS) to provide to companies and local producers, as to
what types of chemicals are allowed to be used during cleaning and
destaining of shell eggs. Usually, the compunds included in the list
of Generally Regarded As Safe (GRAS) ones can be used without
any specific limits when cleaning shell eggs. These are mentioned
and described in the Code of Federal Regulations (CFR), Title
21, parts 178 to 186 under the general term of “food additives.”
However, for several of these so-called “food additives,” limits are
mentioned, and maximum allowable concentrations are described
and recommended to be followed, as allowed by the food additive
regulations, especially for the indirect food substances affirmed as
GRAS (CFR 2012a)

In the CFR Title 7, section 56.76, there are described the mini-
mum facility and operating requirements for shell egg grading and
packing plants, point (f) clearly specifying the shell egg cleaning
operations. It is stated that the temperature of the wash water shall
be maintained at 90 °F (32.2 °C) or higher, and shall be at least
20 °F (6.7 °C) warmer than the internal temperature of the eggs
to be washed. These values shall be maintained throughout the
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entire cleaning cycle. For safety reasons, the wash water has to be
changed approximately every 4 h or more often if needed, in order
to maintain the sanitary conditions, and mandatory at the end of
each shift. In addition, special measures have to be taken in order
to avoid foaming during the egg washing operation. During the
cleaning cycle, the addition of replacement water it is mandatory
and has to be performed continuously. The replacement water may
contain residues of chlorine or quaternary compounds, provided
they are compatible with the compound used for washing. The
use of iodine sanitizing water for rinse is forbidden (CFR 2012b).

Also for safety purposes, only potable water may be used during
the shell eggs cleaning cycle, and it is mandatory the analysis of
the iron concentration of the water supply. When the iron content
exceeds 2 ppm, it has to be reduced to the maximum allowed level,
and each time the water source is changed, new tests are required.

Wastewater is directly discarded, through its piping directly to
the drains. Considering the type of washing procedure and equip-
ment used, it is specified that eggs shall not be allowed to stand
or soak in the water, therefore the use of immersion-type washers
is forbidden. The washed eggs may be rinsed through spraying,
with water having a temperature equal to, or warmer than the
temperature of the wash water. It is specified that the rinse water
should contain a sanitizer, approved by the national supervisor.

The main advantages of egg washing procedure are:

- the reduction of microbial load on the shell surface, mini-
mizing the risk associated with the presence of foodborne
pathogens, especially Salmonella spp.

- further reduction occurring after washing, since different
chemicals may still be present after the washing step, con-
tinuing to exert their antibacterial effect;

- reduced risk of cross-contamination of other foods;

- reduced risk of contamination of the egg content, provided
that the shell itself is not damaged.

The main disadvantage comes from the potential damage that
this practice can cause to the physical barrier of the egg, especially
to the cuticle (EFSA 2005). It is well known that the cuticle is
the 1st defense against bacterial contamination (Board and Halls
1973).

Egg washing procedure uses water or solutions that involve
chemicals (sanitizers) to determine an efficient decontamination.
It is believed that different chemicals used to decontaminate the
eggshell may interact with its physical barrier components. De-
pending on the types of chemicals used in the wash water, different
microstructural changes may occur in the eggshell surfaces, and the
more damaged eggshell surfaces are, the more they may allow bac-
terial penetration (Kim and Slavik 1996). In a study performed to
investigate the abilities of different solutions, a quaternary am-
monium compound (pH 7.5) and NaOCI (same pH value) suc-
ceeded in reducing bacterial penetration, without any changes to
the eggshell, while Na,CO3 (pH 12) altered the eggshell surface
which allowed bacterial recontamination (Wang and Slavik 1998).
However, without using sanitizers in the washing water, it has
been proven that spray washing of eggs in 15.5 °C water does
not appear to increase internal shell bacterial counts (Lucore and
others 1997).

Due to the concern that using a high temperature during egg
washing may determine changes in egg quality, several studies have
aimed to this point, evaluating as well the reduction of microbial
load. Caudill and others (2010) concluded that wash water tem-
perature did not significantly affect average Haugh Unit values,
albumen height, vitelline membrane strength or aerobic bacteria
in the shell matrix, but did affect average numbers of aerobic mi-
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croorganisms on the exterior shell surfaces. In fact, a treatment
with cool water, maintained at a pH of 10 to 12, has the po-
tential of reducing also the internal egg temperature during and
after processing, enhancing the physical qualities of the eggs, and
improving their microbial quality. Using different schemes of tem-
perature, Caudill and others (2010) obtained a reduction from 2.98
to 3.12 log CFU/mL.

Another study performed by Jones and others (2005), using 6
temperature schemes, with an exposure time of 60 s, maintaining
the pH between 10.5 and 11.5, a postwashing treatment consisting
of spraying a 200 ppm chlorine solution at 48.9 °C and a period
of 9 wk of storage and continuous sampling, resulted in an aerobic
bacterial load from 2.3 log CFU/mL to 2.87 log CFU/mL on
shells and membranes, while between 53.33% and 61.8% of the
samples inoculated experimentally with S. Enteritidis were nega-
tive. The conclusion is that washing shell eggs initially at 48.9 °C
followed by a 2nd washing temperature of 23.9 °C or 15.6 °C led
to a fewer aerobic bacteria present on the shell surface, than eggs
washed in a combination of 23.9 °C and 15.6 °C.

Several years ago, Hutchison and others (2004) had undertaken a
study on the effects of spray washing under various processing con-
ditions to shell surface counts of Salmonella spp. and the presence of
bacteria in egg contents. Experiments mimicked the natural condi-
tions: they were carried out over a complete laying cycle, the eggs
were contaminated with S. Enteritidis PT4 and S. Typhimurium
DT104 before cuticle hardening. They used a standardized set of
best washing guidelines as recommended by the equipment manu-
facturer and within the ranges discussed by Hutchison and others
(2003). They used 2 different wash chemicals a chlorine based
sanitizing agent in a concentration of 3 g/L and a quaternary
ammonium based sanitizing agent in a concentration of 25mL/L,
with 3 different steps in the egg washing process: prewash at 44 °C,
with water flow pressure of 138 kPa; wash at 44 °C and water flow
pressure of 262 kPa and rinse at 48 °C, with a water flow pressure
of 262 kPa, followed by a final step consisting of air drying at 42 °C
for 2 min. The used water was soft, potable and had an iron con-
centration of 1.4 ppb. In addition, the belt speed was 111 cm/min.

In another study that aimed to investigate the effects of different
chemicals used in solution as egg disinfectants, a 1st commercial
disinfecting product (pH 6.6) was used in water at 43.3 °C for
5 min, determining a 4.27 log reduction of microbial aerobic flora
on eggshell. A 2nd one (pH 7.56) was used in the water at 25 °C
for 10 min, determining a 3.11 log reduction. A 3rd solution
of sodium hypochlorite (containing 100 ppm free chlorine, pH
8.74) used at 25 °C for 10 min, determined a log reduction of
3.08. A combination of sodium hypochlorite and 2nd solution
(pH 8.4) used at 25 °C for 10 min resulted in a log reduction
of 2.38. Considering side effects, the 1st compound determined
a cuticle erosion, showing also an increased pore size, while in
the case of the 2nd, the inside layer of the shell presented a great
number of fissures and pores (Favier and others 2000).

In order to assess the food safety implications of washing ta-
ble eggs under a deviation from the standard set of procedures
for washing, several parameters have been modified. The results
of their study have shown that when undertaken according to a
strictly controlled set of best practices conditions, washing eggs
that have been contaminated with Salmonella spp. resulted in a
reduction of more than 5 log of Salmonella spp. counts from the
shell surface. In addition, this does not lead to contamination of
egg contents with the foodborne pathogen.

The concentration of the washing chemical compounds, the
length of the washing period, the lowered pressure of the water

© 2013 Institute of Food Technologists®



Salmonella prevention in shell eggs. ..

flow and the age of the laying hens do not appear to influence the
contamination of the egg contents. However, if the wash and rinse
water temperatures are allowed to drop under 34 °C, the risk of
content contamination is increased.

In commercial processing, eggs are most frequently rinsed with
chlorine and chlorine-containing compounds that act as antimi-
crobial agents. In addition, they are widely available, have a rela-
tively low cost and a high efficacy. Zeidler (2001a) observed that
under optimal parameters, commercial egg washing can lead to
a reduction of the bacterial load on the shell of 2 to 3 logjy. A
high level of chlorine can be detrimental for the quality of eggs
(Bialka and others 2004) due to remaining residues deposited on
the eggshell.

Hydrogen peroxide. Hydrogen peroxide (H,O5) is responsible
for bactericidal effects in biological systems. Its toxicity is appar-
ently due to its capacity to generate more reactive and cytotoxic
oxygen species such as the radical hydroxyl (-OH), that can initiate
biomolecules’ oxidation. The conversion of the H,O» into these
toxic compounds may be potentiated by reducing agents and by
paroxydases (Juven and Pierson 1996).

Padron (1995) successfully used H,O, for the decontamination
of hatching eggs in a challenge involving S. Typhimurium. The
eggs were treated by double dipping in H>O at a concentration
of 6%.

Cox and others (2000) reported that S. Typhimurium contam-
inated shell eggs were treated with H,O, (1.4%) by immersion
in a solution containing a surfactant and submitted further on to
a vacuum of 12 to 13 in Hg (0.4 bar) applied for 4 min. This
treatment maximized the elimination of salmonellae on fertile
hatching eggs, without adversely affecting the hatchability or the
early chick mortality. These results demonstrated the difficulty in
killing salmonellae that had already penetrated the shell egg.

Such a treatment could be extended to table eggs, with the
difference considering the immersion. This latter process should be
replaced by spray washing to enhance the practicability at industrial
scale.

Electrolyzed water. Water electrolysis technology was 1st used
around 1900 in the soda industry, including in the production
of sodium hypochlorite, being now applied in various fields and
regarded as a promising nonthermal treatment for hygiene control
(Al-Haq and others 2005). Electrolyzed oxidizing water (EOW)
is produced by passing a diluted salt solution through an elec-
trolytic cell, within which the anode and cathode are separated
by a membrane, obtaining an acidic and an alkaline component
(Huang and others 2008; Howard and others 2012). The acidic
EOW may have a pH of 2 to 3, an oxidation reduction potential
(ORP) of 1.150 mV and a free available chlorine concentration
of up to 50 ppm, while the alkaline EOW may reach a pH of
6.8 to 11.6 and an ORP of 795 mV at the maximum value of
pH (Mukhopadhyay and Ramaswamy 2012). Many studies con-
ducted for the evaluation of the bactericidal activity of EOW have
proved that it possesses antimicrobial activity on a variety of mi-
croorganisms: Staphylococcus aureus (Park and others 2002b), E. coli
O157:H7 (Kim and others 2000a, 2000b), Salmonella Enteritidis
(Venkitanarayanan and others 1999), S. Typhimurium and Liste-
ria monocytogenes (Fabrizio and Cutter 2003), Campylobacter jejuni
(Park and others 2002a) and others.

The antimicrobial effect of EOW is attributed mainly to pH,
ORP, and HOCI (Mukhopadhyay and Ramaswamy 2012). Aero-
bic bacteria grow mostly at ORP range of 4200 to 800 mV, while
anaerobic bacteria grow well at =700 to 4200 mV. The high ORP
in the EOW could cause the modification of metabolic fluxes and
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ATP production, probably due to the change in the electron flow
in cells. In general, bacteria grow in a pH range of 4 to 9. A low
pH may sensitize the outer membrane of bacterial cells to the en-
try of HOCI, the most active of chlorine compounds. The latter
appears to kill the microbial cell through inhibiting glucose oxi-
dation by chlorine-oxidizing sulthydryl groups of certain enzymes
important in carbohydrate metabolism. Other modes of chlorine
action that have been proposed are: disruption of protein synthesis;
oxidative decarboxylation of amino acids to nitrites and aldehydes;
reactions with nucleic acids, purines, and pyrimidines; unbalanced
metabolism after the destruction of key enzymes; induction of de-
oxyribonucleic acid (DNA) lesions with the accompanying loss
of DNA-transforming ability; inhibition of oxygen uptake and
oxidative phosphorylation, coupled with leakage of some macro-
molecules; formation of toxic N-chlor derivatives of cytosine; and
creation of chromosomal aberrations (Marriott and Gravani 2006;
Huang and others 2008).

Considering shell eggs alone, a study was undertaken to compare
EOW treatment with a commercial detergent-sanitizer treatment,
both in vitro, for the decontamination of shell eggs, artificially inoc-
ulated with S. Enteritidis. For this in vitro study, eggs were soaked
in alkaline EOW followed by soaking in acidic EOW at various
temperatures. Treated eggs showed a reduction in population be-
tween > 0.6 and > 2.6 log;,. CFU/g of shell S. Enteritidis. The
log;o reduction of 1.7 for S. Enteritidis was observed for typical
commercial detergent-sanitizer treatments, whereas log; reduc-
tion of > 2.1 for S. Enteritidis was achieved using the EOW
treatment (Bialka and others 2004).

In a study conducted on shell eggs, performed in order to de-
termine the effect of EOW applied using electrostatic spraying (in
4 different repetitions) on S. Typhimurium and other pathogenic
bacterial species after applying the inoculum onto the shell eggs
and allowed the bacteria to attach for 1 h, EOW completely elim-
inated all S. Typhymurium on 3, 7, 1, and 8 out of 15 eggs in 4
different treatment repetitions, respectively, even when high inoc-
ulations were used (Russell 2003).

In another study, the authors (Cao and others 2009) observed
that acidic EOW is effective in reducing the populations of
pathogenic microorganisms on the surface of shell eggs (aiming
at S. Enteritidis), but its use is limited when low pH values are
observed (<2.7), because dissolved Cl, gas can be rapidly lost due
to volatilization, decreasing the bactericidal activity of the solution
with time. On the other side, slightly acidic electrolyzed water
(produced by electrolysis of a dilute hydrochloric acid in a cham-
ber without a membrane), minimizes the safety issues for human
health, regarding Cl, oft-gassing. At the same time, slightly EOW
reduces the corrosion of the surfaces, and because at a pH of 5.0 to
6.5, its effective form of chlorine is the HOCI, this type of EOW
may result in a stronger antimicrobial activity, in comparison
to acidic EOW. The same authors proved that the bactericidal
efficiency of slightly acidic EOW increases with temperature, the
reduction for log;y CFU/mL at 45 °C, after 1 min reaching less
than 1.0, after an initial value of 8.0 to 8.4 log;y CFU/mL. After
2 min, using temperatures of 4 °C, 20 °C, and 45 °C, S. Enteritidis
was killed (Cao and others 2009). In conclusion, the last study
shows that slightly acidic oxidized water can efficiently act as a
promising disinfectant agent for the shell egg washing process and
the reduction or inactivation of S. Enteritidis inoculated on the
surface of shell eggs, without environmental damages.

On the other side, Bialka and others (2004) have shown
that acidic electrolyzed water did not significantly affect albu-
men height or eggshell strength but there were significant effects
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on cuticle presence. It must be mentioned that the processing
parameters of their study has much more severe effects in compar-
ison to the slightly acidic oxidizing water processing parameters,
mentioned above.

Ozone. Ozone is one of the most potent sanitizers known, ac-
tive against all forms of microorganisms at relatively low con-
centrations (Khadre and others 2001). Due to its low stability,
ozone cannot be stored, being produced on demand. At com-
mercial level, corona discharge method is usually used. In corona
discharge, 2 electrodes, one of which is the high-tension electrode
and the other one the low-tension electrode (ground electrode)
are separated by a ceramic dielectric medium, providing a nar-
row discharge gap. When the electrons have sufficient kinetic
energy to dissociate the oxygen molecule, a certain fraction of
these collisions occurs and a molecule of ozone is formed from
each oxygen atom (Guzel-Seydim and others 2004a). Ozone de-
struction of bacteria is accomplished by attacking on the bacterial
membrane glycoproteins and/or glycolipids, resulting in cellular
components leakage and followed by cell death, through the pro-
gressive oxidation of vital cellular components, reaching the nu-
cleic material and causing DNA-strand breaks (Guzel-Seydim and
others 2004b; Perry and Yousef 2011). In addition to its bacterici-
dal effectiveness, ozone decomposes spontaneously to O», hence
having the advantage of being a nonpolluting sanitizer for shell
eggs.

Ozone is a strong microbial agent that effectively inactivates
Salmonella in shell eggs, its efficacy in aqueous phase being demon-
strated. Salmonella Enteritidis was effectively inactivated > 5 log
units on the surfaces of shell eggs by high ozone concentrations
(12% to 14% wt/wt O3 in O, mix) (Rodriguez-Romo and others
2007). In another study involving the same serotype of S. enter-
ica, ozone treatment of shell eggs, at atmospheric pressure for 3
min significantly (P < 0.05) reduced S. Enteritidis on eggshell by
3.1 log units compared with the untreated control, while longer
times (up to 8 min) did not cause additional inactivation. Ap-
plication of pressurized gaseous ozone for up to 20 min resulted
in nonlinear inactivation of the microorganism, a trend similar to
that observed when ozone was applied at atmospheric pressure.
Populations of Salmonella Enteritidis decreased significantly (P <
0.05) on shell eggs treated with pressurized ozone. The 10-min
treatment inactivated 4.5 and 5.9 log units or more, and the 20-
min treatment inactivated 3.7 and 5.7 log units or more compared
with the untreated controls (Rodriguez-R omo and Yousef 2005).
On the same subject, Perry and others (2008) applied sequen-
tially and in combination heat and ozone to shell eggs, in order
to assess the log reduction of Salmonella Enteritidis on eggshells.
Salmonella was recovered from all eggs treated with ozone alone
and heat alone, but only 10 of 18 combination-treated eggs tested
positive, indicating Salmonella reduction in a many of the samples.
Heating shell eggs increased permeability of their membranes to
ozone gas, therefore application of ozone was effective against
internal Salmonella only when shell eggs were subjected to heat
prior to ozone treatment. Also, in an attempt to differentiate the
various treatments involving ozone on table eggs, Davies and Bres-
lin (2003a) used dry and moist ozonated air, the results showing
that 23 of 24 (95.8%) eggs remained contaminated after treatment
compared with 11 of 12 (91.7%) controls, for the 1st one, and 4 of
12 treated eggs were contaminated compared with 9 of 12 (75.0%)
control eggs for the 2nd. Therefore, the application of ozone in
either type of environment was only partially effective.

Irradiation. For food irradiation, currently there are 3 types
of ionizing radiation that are allowed to be used for sanitation:
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radiation from high-energy gamma rays, X-rays and accelerated
electrons (Codex Alimentarius Commission 2003).

Gamma rays are produced by radioactive substances, called ra-
dioisotopes, among them the allowed ones being: cobalt-60 (*Co)
and cesium-137 (¥’ Cs). Their energy content arrives up to 1.17
to 1.33 megaelectronvolts (MeV) (**Co) and 0.662 MeV (137 Cs).
The accelerated electrons (or the electron beams) have a maximum
quantum energy that does not exceed 10 MeV, being produced in
linear accelerators at nearly the speed of light. X-rays, called also
decelerating rays, are also produced in accelerators, their quantum
energy of the electrons not exceeding 5 MeV (Riganakos 2010).
The mechanism of microorganisms’ inactivation is explained by
the fact that ionizing rays (gamma rays) are picking electrons from
the atoms of the treated product, therefore the free electrons can
take part further on in the chemical reactions, also being able
to destroy the DNA molecules from the living microorganisms
(Riganakos 2010).

In comparison to the latter, electron beams (ionizing electrons)
are more often easily accepted because there are no radioactive
substances in the process (Riganakos 2010). By the acceleration to
the speed if light, the electron beam gun subsequently passes the
high-energy electrons onto the product, resulting in microbial ac-
tivation. Electron-beam processing does not alter the temperature
of the processed food and permits the application of high dose
rates (10° to 10° Gy/s in comparison to only 0.01 to 1 Gy/s for
gamma radiation) (Tahergorabi and others 2012). However, the
depth of penetration is only 8 to 10 cm, for typical food products,
therefore before irradiation of food products, the size has to be
considered prior processing (Jaczynsky and Park 2003).

The X-rays are generated by interposing a metal target between
the electron beam and the food product. This way, the high-energy
electrons produced by the accelerator will impinge upon the metal
target and produce the X-ray. The energy level is lower than in
the case of electron beams, but the depth of penetration is higher
(Tahergorabi and others 2012).

The scientific literature shows different attempts on shell eggs,
in order to prove the efficacy of the Salmonella spp. inactivation.

Fresh shell eggs were inoculated with 108 CFU of S. Enteritidis
with the aim of testing the effect of 3 doses of gamma-irradiation
(1, 2, and 3 kGy). After the irradiation treatment, the eggs were
kept at 4 °C for 42 h. The irradiation dose of 1 kGy determined a
reduction of 3.9 logCFU for detectable S. Enteritidis on the shell.
Further on, the higher used doses determined a reduction of bac-
terial contamination to nondetectable levels on the shell, proving
the efficacy of this treatment for shell eggs surface decontamination
(Tellez and others 1995).

Serrano and others (1997) tested the irradiation sensitivity of 5
S. Enteritidis isolates inoculated either on the surface (a level of
10° CFU/mL) or inside the shell eggs (by injecting 1 mL of 10®
cells/mL). The inoculated samples were subjected to irradiation
doses of 0, 0.5, 1.0, and 1.5 kGy. A minimal dose of 0.5 kGy
was considered sufficient for the elimination of all the isolates
from the surface. However, the same isolates showed a greater
resistance when inoculated in the contents, and in this case, only
the maximum dose included in the test was able to reduce S.
Enteritidis counts by approximately 4 log; in the contents.

In 2003, Wong and Kitts used low doses of electron beam irra-
diation (2, 3, and 4 kGy) to examine the antimicrobial effects on
shell eggs inoculated with a 0.5 mL suspension of L. monocytogenes,
E. coli, and S. Typhimurium, at a dose of 10” cells/mL™". After
holding the inoculated samples at 20 °C for 24 h, the irradiation
treatment was conducted, using the doses mentioned above. The
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doses of electron beam irradiation of 3 and 4 kGy determined the
reduction of the 3 pathogens to undetectable levels, with S. Ty-
phimurium showing a higher resistance to irradiation, the counts
decreasing slower than on the case of the other 2 species.

Using an inoculum of 107 to 108 CFU/egg, shell eggs were ar-
tificially contaminated with reference strains of S. Typhimurium,
S. Enteritidis, Campylobacter coli, and C. jejuni. The range of irra-
diation doses for the determination of D values (the values of heat
resistance for microorganisms) was 0.2 to 1 kGy for Salmonella spp.
and 0.2 to 0.7 kGy for Campylobacter spp. The gamma irradiation
doses were included in the range 0.5 to 5 kGy. The D values
varied between 0.31 and 0.26 and 0.20 and 0.19 kGy for S. Ty-
phimurium and S. Enteritidis, respectively, and between 0.21 and
0.18 kGy and 0.07 and 0.09 kGy for C. coli and C. jejuni for the
eggshell (Cabo Verde and others 2004).

Al-Bachir and Zeinou (2006) performed another study on the
irradiation of shell eggs. Using a suspension of 107 CFU/mL
of Salmonella spp. the shell eggs were inoculated and subjected
further on to doses of gamma irradiation from 500 to 3000 Gy,
with the estimation of survival curves. The radiation dose required
to reduce the Salmonella spp. load one log cycle (D)) was 448 Gy.

Yun and others (2012) suggested another approach. They aimed
to predict the optimal conditions to minimize quality deteriora-
tion while maximizing safety and functional properties of irra-
diated eggs, by combining different concentrations of chitosan
coatings and different ionizing radiation doses. In a 1st step, eggs
were coated with chitosan, using concentrations of: 0.0%, 0.5%,
1.0%, 1.5%, and 2.0%. The 2nd step consisted in the inocula-
tion of the shell eggs, through dipping, with S. Typhimurium and
further on subjected to an irradiation treatment, using doses of:
0.0, 0.5, 1.0, 1.5, and 2.0 kGy. The results showed that using
doses of more than 0.5 kGy, in combination with concentra-
tions of more than 1% chitosan, S. Typhimurium was successfully
removed from the eggshell. Moreover, foam stability, foaming ca-
pacity and Haugh units are not negatively affected when using a
0.45 kGy irradiation dose and a concentration of 0.525% chitosan
coating.

Microwave technology. Microwaves are oscillating electromag-
netic waves with frequencies in the 300 MHz to 300 GHz range.

The effects of microwaves on pathogens can be generally ex-
pressed in 2 forms: thermal and nonthermal. Thermal inactivation
is caused by heating during the microwave application process, in-
volving changes such as denaturation of enzymes, proteins, nucleic
acids or other vital components as well as disruption of membranes.
Nonthermal effects have been classified in 4 categories:

(a) selective heating, explained by the fact that microwaves heat
solid microorganisms more effectively than by the surrounding
medium, causing a more rapid killing of the organism;

electroporation, caused when an electrical potential crosses the
membrane of the microorganism, determining the formation
of pores in the membrane, and a further leakage of cellular
components;

(c) cell membrane rupture, due to the voltage drop across a mem-
brane;

(d) magnetic field coupling, caused by a disruption in internal
components of the cell, leading further on to cell lysis (Datta
and Davidson 2000; Leonelli and Mason 2010).

Microwaves can be used to reduce the load of difterent bacteria
found on the eggshell, among them S. Enteritidis, as Lakins and
others (2008) already showed. Using a new directional microwave
technology (ITACA New Tech, Brescia, Italy), the eggs were ex-
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posed to 2.45 GHz, corresponding to 12.2 cm wavelength, for
20 s. A CO; treatment for 30 s was performed at the end of
the microwave processing. The maximum reduction of S. En-
teritidis on the eggshell was of approximately 2 log cycles, this
value being considered by the authors as appropriate to eliminate
S. Enteritidis in most naturally contaminated eggs. However, fur-
ther studies are required to reach a minimum reduction of 3 to
4 10g1().

Ultraviolet light technology. Ultraviolet (UV) light occupies a
wide band of wavelengths in the nonionizing region of the elec-
tromagnetic spectrum between X-rays (200 nm) and visible light
(400 nm), but only UV in the range of 250 to 260 nm (short-wave
UV radiation, or UVC) may be lethal to most microorganisms.
Amonyg its practical applications may be mentioned: inhibition
of microorganisms on surfaces, destruction of microorganisms in
the air and sterilization of liquids (Bintsis and others 2000). UV
radiation inactivates microorganisms by inducing a cross-linking
between pyrimidine nucleotide bases in the DNA, this resulting
in inhibition of DNA transcription and replication mechanisms,
leading eventually to microbial cell death. In addition, it has been
demonstrated that UV radiation affects cell membrane integrity,
inducing protein modifications and inhibiting oxidative phospho-
rylation (Rodriguez-Romo and Yousef 2005).

Using UV pulsed light (3 times per second, each pulse’s duration
360 ws) of 3800 V input voltage, Keklik and others (2009) gener-
ated 1.27 J/cm?/pulse of radiant energy at 1.5 cm below the lamp
surface. Samples consisting of shell-eggs artificially contaminated
with S. Enteritidis were subjected to different treatment periods
and different distances were also used (1, 3, 5, 10, 15, 20, and 30 s
at 9.5 and 14.5 cm). Results showed that at a treatment distance of
9.5 cm from the UV-strobe, the reduction was between 2.0 and
5.3 CFU/cm? and the visual appearance of samples did not show
any difference after treatments. Treatments for 3, 5, and 10 s were
not significantly different (P < 0.05), while 10 s treatment was not
significantly different from 15 s treatment (P > 0.05). The results
for 20 s and 30 s were significantly different from other treatments
(P < 0.05), and considering the distances, the treatments at 9.5
and 14.5 cm were not significantly different (P > 0.05) regard-
less of the treatment times. The treatment with the shortest time
that resulted in negative enrichments was the one comprising the
distance of 9.5 cm.

Treatment of Salmonella-contaminated shell eggs with UV ra-
diation (100 W /cm?) for 2 and 4 min significantly (P < 0.05)
decreased S. Enteritidis population by 2.6 and 2.0 log units, respec-
tively, compared with the untreated controls. In the same study, but
another trial, Salmonella-contaminated shell eggs were treated with
higher UV radiation intensity (1500 to 2500 wW/cm?) for up to
5 min; this treatment resulted in significant (P < 0.05) microbial
reductions; UV treatments for 1, 3, and 5 min decreased Salmonella
populations by 3.4, 3.0, and 4.3 log units, respectively, compared
with the untreated controls; no significant difference (P > 0.05)
was observed when reductions in Salmonella populations after 1, 3,
and 5 min of irradiation were compared (Rodriguez-Romo and
Yousef 2005).

Using a hand-operated egg roller, an UV treatment consisting
of 254 nm light, at 7.35 mW/cm?, for 0, 15, 30 and 60 s, was
applied to shell eggs, finally assessing APC, in order to observe
the reduction of microbial load on the eggshells. In all 30-s UV
exposure trials, there was a significant reduction of 1 to 2 log
CFU/egg, compared to the controls. Eggs rotated for 60 s had sig-
nificantly greater reductions of APC than the other time intervals
of exposure (a 2 to 3 log;y CFU/egg of aerobic microorganism
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compared to controls was observed after 60 s of exposure to UV
radiation) (Chavez and others 2002).

Using an UVC (254 nm) dose rate of 10 mW/cm?/s at a
20 c¢m distance from the bulbs and irradiation by 90° rotation
4 times during exposure, Sommers and others (2010) obtained
different log reduction per J/cm? of Salmonella spp. on shell eggs:
0.43 &£ 0.21 at 0.5 J/cm?; 0.31 4+ 0.2 at 1 J/cm?; 0.53 & 0.52 at
2J/cm? and 0.98 4 0.55 at 4 J/cm?.

Pulsed light technology. Pulsed light (PL) treatment is a non-
thermal technology that consists of the application of short dura-
tion pulses of an intense broad spectrum light (200 to 1000 nm).
This part of the spectrum is mainly responsible for the lethal effect
of the PL, through photochemical and/or photothermal mecha-
nisms. The photochemical damage produced on the bacteria is in-
duced mainly on DNA, by the UV-C region of the spectrum (200
to 290 nm), while photothermal damage is due by the absorption
of light by microorganisms, which causes a temporary overheat-
ing leading to the vaporization of water inside the cell and the
rupture of the membrane (Wekhof and others 2001; Woodling
and Moraru 2005). Hierro and others (2009) showed that the
inactivation of S. Enteritidis by using PL delivered in 100 pus,
with 30% of the spectral output corresponding to UV light, is
possible. For this, they used washed and unwashed eggs, in order
to observe also the effect of the absence/presence of the cuticle.
Dipping unwashed eggs into the culture provided an initial con-
tamination of 4.5 log units in the shell. For this category, the PL
treatment determined a reduction of 3.6 logCFU/egg in 24% to
80% of the eggs. For washed eggs, the inoculation determined an
initial contamination of 6.3 log units, while the maximum reduc-
tion obtained was of only 1.8 logCFU/ egg. This method does
not pose any risk for the egg quality, as the maximum temperature
increase recorded in the eggs was 3 °C when 12 J/cm? were ap-
plied. The lower contamination obtained in washed eggs supports
the hypothesis that the state of the cuticle influences the utility of
the treatment. Therefore, any circumstance that causes the loss of
integrity of the cuticle reduces the efficacy of PL treatment.

Using also unwashed eggs, by inoculation with S. Enteritidis
and treatment with 8 flashes of 0.5 J/cm?, an 8 log reduction
was observed on the surface of the shell eggs. The same author
observed than when using an inoculum solution colder than the
egg, a deeper penetration of the microorganisms into the shell was
enhanced, while the inactivation yielded 2 to 4 folds lower log
reductions, in comparison to the 1st experiment (Dunn 1996).

Gas plasma technology. Plasma is constituted by particles in
permanent interaction: photons, electrons, positive and negative
ions, atoms, free radicals and excited and nonexcited molecules.
Based on the conditions in which they were created, plasma can
be thermal and nonthermal. Thermal plasmas are obtained at high
pressure and need substantial power to be conserved, while non-
thermal ones are obtained at lower pressure, use less power and are
characterized by an electron temperature which is much higher
than that of gas (Moisan and others 2001; Moreau and others
2008).

During plasma treatment, microorganisms are exposed to an
intense bombardment by the radicals of OH and NO, but the
mechanism of their inactivation is not entirely known. The treat-
ment probably provokes surface lesions that the living bacterial
cell cannot repair sufficiently quickly. The process involved in mi-
croorganism destruction can also be represented by the absorption
of the plasma components onto the surface of microorganisms,
forming volatile compounds that are then eliminated from the
cells. Also, plasma induces perforations in the membranes of mi-
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croorganisms and provokes a marked acidification of the medium
(Laroussi and others 2003; Laroussi and Leipold 2004).

Gas plasma can represent a good opportunity for the decontam-
ination of foods as an alternative method for those products that
cannot be sanitized by conventional methods. In the European
Union, washing or cleaning of shell eggs before or after grading is
banned; therefore the need for alternative methods is rising. Ragni
and others (2010) studied the possibility of using a nonthermal gas
plasma device to decontaminate the surface of shell eggs. The de-
vice was represented by a resistive barrier discharge system, which
comprises 2 electrodes. One or both of them are covered by a
high resistive material, which would prevent arcing. The efticacy
of the prototype for superficial decontamination was evaluated
by exposing shell eggs artificially inoculated with S. Enteritidis
and S. Typhimurium to gas plasma for different times: 0, 10, 20,
30, 45, 60, and 90 min. For S. Enteritidis, an exposure of 10 to
20 min resulted in a decrease of 1.0 to 1.6 log CFU/eggshell, in
comparison to untreated samples. A maximum reduction of 2.2
to 2.5 log CFU/eggshell were observed following 60 to 90 min,
at a relative humidity (RH) of 35%, while at RH 65%, the ef-
fectiveness of the treatments was enhanced. The efficacy of the
gas plasma generator increased by increasing the treatment time,
this showing a quasi-linear trend. For S. Typhimurium, a higher
sensitivity was observed when using 65% RH. Also, a significant
reduction of 3.5 log CFU/eggshell was observed when treated for
90 min.

Kayes and others (2007) studied the efficacy of another gas
plasma generator device using one atmosphere uniform glow dis-
charge for inactivation of foodborne pathogens, showed that the
microbial load of different bacterial species (E. coli O157:H7, L.
monocytogenes, Staphylococcus aureus, B. cereus, S. Enteritidis, Vibrio
parahaemolyticus, Yersinia enterocolitica, Shigella flexneri) was strongly
reduced during an initial exposure time of 30 to 90 s. However, no
appreciable differences between Gram-positive and Gram-negative
pathogens were observed, although the spore-forming B. cereus
was more resistant to plasma than the non-spore-forming species
(Kayes and others 2007).

Ultrasounds. Ultrasound treatment of food products is a useful
tool to minimal processing, due to the fact that the transfer of
acoustic energy is instantaneous and distributed throughout the
whole volume of the products (Ulusoy and others 2007). The
mechanism of microbial killing by ultrasonic waves is mainly due
to the thinning of cell membranes, localized heating and produc-
tion of free radicals (Piyasena and others 2003). Micro-mechanical
shock waves are created by making and breaking microscopic
bubbles induced by fluctuating pressures under the ultrasonica-
tion process; these shock waves disrupt cellular structural and
functional components and lead to cell lysis (Ulusoy and oth-
ers 2007). The sonication process determines microbial destruc-
tion as it follows: by creating regions of alternating compression
and expansion, the longitudinal waves cause cavitation to occur,
and bubbles are formed; by expansion, they reach a point where
the ultrasonic energy provided is not sufficient to retain a vapour
phase, and therefore, rapid condensation occurs. The condensed
molecules collide violently, creating shock waves; these waves cre-
ate regions of very high temperature and pressure, reaching up to
5500 °C and 50 MPa. Ditfferent combinations of this technology
with other treatments have been proposed: thermosonic (heat plus
sonication), manosonic (pressure plus sonication), and manother-
mosonic (heat plus pressure plus sonication), all of them repre-
senting highly efficient methods to inactivate microbes, as they
are more energy-efficient and effective in killing microorganisms
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(Dolatowski and others 2007). Ultrasonic method was applied
efficiently on Salmonella Enteritidis, by shell eggs treatment, in
combination with thermal treatment. The parameters used were:
54 °C for 5 min, 24 kHz and 400 W at 60 wm. S. Enteritidis count
was reduced (P < 0.05), from 7.78 log CFU/eggshell to 2.95 log
CFU /eggshell. There was a negligible effect of thermoultrasonic
treatment on the eggshell morphology and structures, while the
cuticle suffered some changes in its morphology, but without ef-
fect on storage conditions and bacterial growth detected in the
content of eggs (Cabeza and others 2011).

The use of plant extracts. The consumers’ demand for organic
and nonprocessed food products is increasing; therefore the use of
plant extracts for table eggs decontamination may be considered a
suitable option, from this point of view.

Recently Krittika and Gi-Hyong (2012) have published a review
on the inhibitory effects of several plant extracts on Salmonella spp.
According to these authors, the phenolic compounds are respon-
sible for their bactericidal effects as they interact by permeabilizing
the membrane. Their biological activity seems to depend also on
the solvent used for extraction.

Currently, very few studies provided published results on this
subject, especially on shell eggs. Davies and Breslin (2003a) men-
tioned a natural herb extract that has an inhibitory effect on
Salmonella and other harmful bacteria. When eggs previously con-
taminated with Salmonella Enteritidis were dipped in a 2% Pro-
tecta II (Bavaria Corp. Intl., Apopka, Fla., U.S.A.) and further on
air-dried at room temperature, the authors did not observe a dif-
ference in the number of eggs that remained contaminated (8/20),
compared with the distilled water control (8/20).

Recently, Pohuang and others (2009) have tested the effect of an
ethanolic extract of Punica granatum L. against Salmonella Enteritidis
on eggshells and eggshell membranes. Using a concentration of
1.25% and one of 2.5% (w/v) of this alcoholic plant extract applied
for 10 min did not lead to a complete elimination of S. Enteritidis
on both eggshells and eggshell membranes.

The effectiveness of these plant extracts has not been fully
demonstrated until now.

Conclusions

The use of different preventive methods has the effect of reduc-
ing the likelihood that eggs become contaminated with Salmonella
spp., especially with S. Enteritidis. On the farm level, the difter-
ent preharvest methods may reduce the risk of egg contamination
by interfering in the infection process and reducing the likeli-
hood of this foodborne pathogen penetration in the forming egg.
Further on, postharvest methods may reduce the risk of human
salmonellosis, by respecting the refrigeration step and by difter-
ent procedures, either chemical or physical. These latter reduce
the existing bacterial counts, especially on the eggshell and ensure
the microbiological quality of the shell eggs marketed in different
parts of the world. However, these postharvest chemical or phys-
ical procedures are not worldwide accepted and implemented, as
research is still needed on this topic, to ensure that the nutritional
quality and properties of shell eggs are maintained, no matter the
processing methods applied.
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