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A Literature Survey of Sa/monella Contamination in Shell Eggs and Liquid Eggs in the World

Hodaka Suzuki®, Shigeki Yamamoto

Salmonella species are common bacterial pathogens associated with human gastroenteritis worldwide. In Ja-

pan, salmonellosis is one of the main food-borne bacterial illnesses and, especially, Sa/monella Enteritidis in-

fections have been strongly associated with the consumption of eggs and egg-containing foods. In this study,

we performed the literature survey of Sa/monella contamination in shell eggs and liquid eggs worldwide for

comparing the prevalence among the countries and summarized in the tables. This survey clarified that one

out of several thousands of retail shell eggs were contaminated with Sa/monella spp. in Japan and the preva-

lence of Salmonella in retail shell eggs were higher in some countries. This paper is useful for providing re-

ferable data on Sa/monella contamination in shell eggs and liquid eggs in Japan, especially for researchers of

other countries.
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Table 1. Results of each database”

Database No. of results
JDreamll 1457
Japana Centra Revuo 200
Medicina (Ichushi)
PubMed 697
ScienceDirect 125

“ These databases were searched by using a combination
of 2 sets of keywords, "Sa/monella" and "egg", from
November to December 2008. The papers, which were
published from 1998 to the time of the searches, were
collected.
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Table 2. Prevalence of Salmonella in shell eggs and liquid eggs in Japan

a) shell egos (markets etc.)
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No. of  Prefecture Investigated Sample No. of No. of eggs Object  Prevalence Method Sampling
reference (Reported year) year sample pooled from on egg
J1 Osaka(2008) 2004-2006 packed eggs 9010 10 in egg 0.03% enrichment
J2 Qita(2008) 2007-2008 eggs 20 NS NS 0.00% enrichment
J3 Aomori(2007) NS egos 10 1 NS 0.00% direct plating
J4 Tokyo(2006) 2005 packed eggs 32 1 on egg 0.00%  enrichment swab
in egg 0.00% enrichment
J5 Qita(2007) 2006-2007  eggs 20 NS NS 0.00% enrichment
J6 Qita(2006) 2005-2006 eggs 26 NS NS 0.00%  enrichment
J7 Qita(2005) 2004-2005  eggos 23 NS NS 0.00% enrichment
J8 Qita(2004) 2003-2004 eggs 10 NS NS 0.00% enrichment
9 Tokyo(2003) 2002 packed eggs 24 1 on egg 0.00% direct plating swab
in egg 0.00% direct plating
J10 Qita(2003) 2002-2003 eggs 10 NS NS 0.00%  enrichment
J11 Qita(2002) 2001-2002 eggs 10 NS NS 0.00%  enrichment
J12 Hokkaido(2002) 1998-1999  egos 4398 5 in egg 0.00%  enrichment
J13 Qita(2001) 2000-2001 eggs 17 NS NS 0.00%  enrichment
J14 Qita(2000) 1999-2000 eggs 10 NS NS 0.00% enrichment
J15 Fukuoka(1999) 1994-1999  egos 3 NS NS 0.00% enrichment
b) shell egos (grading and packing centers etc.)
No. of  Prefecture Investigated Sample No. of No. of eggs Object  Prevalence Method Sampling
reference (Reported year) year sample pooled from on egg
J1 Osaka(2008) 2004-2006 i’;:‘;essed 11280 40 inegg  1.03% enrichment
J16 Tokyo(2006) 2003 unwashed eggs 14 NS NS 0.00% enrichment
J17 Fukuoka(2006) 2002 egos 3 10 on egg 0.00% NS NS
J18 Kyoto(2003) 2001 unwashed eggs 5 1 on egg 40.00%  enrichment swab
in egg 0.00% enrichment
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processed eggs 4 1 on egg 0.00%  enrichment swab
in egg 0.00% enrichment
J19 Nagasaki(2001) 1999 unwashed egos 273 10 on egg 0.00% enrichment crush
2000 unwashed egeos 137 10 on egg 0.73% enrichment crush
2001 unwashed egos 61 10 on egg 1.64%  enrichment crush
cracked or
J20 Fukuoka(2001) 1995-1998  faecally soiled 92 about 100 whole 47.83%  enrichment
shell eggs
121 Iwate(1999) NS normal eggs 20 3 on egg 5.00%  enrichment swab
in ego 0.00% enrichment
dirty eggs 22 3 on egg 0.00% enrichment swab
in ege 0.00% enrichment
cracked eggs 51 3 on egg 0.00% _enrichment swab
in egg 0.00%  enrichment
122 Osaka(1999) 1997 washed eggs 46 1 on egg 0.00% enrichment swab
Z;‘:sked or dirty 5 1 on egg 0.00%  enrichment swab
washed eggs 43 1 in egg 0.00% enrichment
Z;tsked or dirty 10 1 in egg 0.00%  enrichment
packed eggs 30 1 in ego 0.00% enrichment
J23 Toyama(1999) NS unwashed eges 40 1 on ego 0.00% direct plating stamp
]s;(;(;essed 40 1 on egg 0.00% gizﬁg stamp
124 Hiroshima(1999) 1997-1998 unwashed eggs 7 1 on egg 14.29%  enrichment swab
EE\:/}?:h:ileggS 5 1 on egg 0.00%  enrichment swab
washed eggs 6 1 on egg 0.00%  enrichment swab
Ezztseurlzed 3 1 on egg 0.00%  enrichment swab
packed eggs 5 1 on egg 0.00% enrichment swab
125 Nagasaki(1998) 1998 z;:;ocessed 279 10 whole  0.00% enrichment
¢) shell eggs (farms etc.)
No. of Prefecture Investigated Sample No.of No. of eggs Object  Prevalence Method Sampling
reference (Reported year) year sample pooled from on egg
J1 Osaka(2008 2004-2006 |nProcessed 1766 90 whole  1.70% enrichment
egos
126 Hyogo(2008) 2003 egas 44 10 NS 0.00% __enrichment
2004 egos 104 10 NS 0.00% enrichment
2005 egos 112 10 NS 0.00%  enrichment
2006 egeos 73 10 NS 0.00% enrichment
2007 egos 32 10 NS 0.00%  enrichment
127 Osaka(2007) NS nest run eggs 130 30 NS 0.00%” NS
:;r;}sf and broken 31 80 NS 123%® NS
128 Aomori(2007) 1996-1999 MAtMreegesing g5y 10 inegg  6.81% enrichment
oviducts
1996-1997 anaig;:ggs o 20 inegg  6.78%  enrichment
129 Fukushima(2006) 2004 nest eggs NS 1 on egg 0.00%  direct plating z::ri:p
o . . swab.
floor eggs NS 1 on egg 0.00%  direct plating stamp
eggs NS 1 on egg 0.00%  direct plating z::rir?p
o . . swab.
eggs NS 1 on egg 0.00%  direct plating stamp
130 Kochi(2006) 2004 egos 50 1 NS 0.00% enrichment
2005 egos 80 1 NS 0.00% enrichment
J31 Fukushima(2003) 2001 egos 12 about 20 whole 0.00%  enrichment
J32 Fukushima(2001) 1995-1998 egos 3740 30 whole 1.23%  enrichment
eggs 855 333 0r334 inegg 2.57%  enrichment
J33 Okinawa(2001) 1998-2000 egg shells 38 NS on egg 0.00%  enrichment NS
i +
134 Aomori(1999) 1996 Shelleggyolks 0 10 incgg 6129 Cnrichment:DNA
in oviducts probe, immunoband
i +
1997  Shelleggyolks 50 10 inege 144y, CnrichmenttDNA
in oviducts probe, immunoband
i +
135 Niigata(1998) 1998 eggsinoviducts 200 1 onegg  0.50y Cnrichment:DNA - o

probe, immunoband
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eggs in oviducts 296 1 in egg 0.00%  enrichment
J36 Kanagawa(1998) 1997 S 7 1 on egg 0.00% direct plating stamp
J37 Aichi(1998) 1996-1997  eges NS NS NS 0.00% NS
d) liquid eggs etc.
No. of  Prefecture Investigated Sample No. of No. of eggs Object  Prevalence Method Sampling
reference (Reported year) year sample pooled from on egg
J27 Osaka(2007) NS liquid eggs 627 NA NA 0.96%Y NS
J38 Fukuoka(2007) 2006 liquid eggs 5 NA NA 20.00% enrichment
J16  Tokyo(2006) 2003 Zg;lsld whole 14 NA NA 0.00%  enrichment
liquid egg yolks 14 NA NA 7.14%  enrichment
liquid egg whites 14 NA NA 7.14%  enrichment
J39 Fukuoka(2006) 2005 liquid eggs 5 NA NA 0.00%  enrichment
raw liquid eggs
J40 Saitama(2005) 2003 before 24 NA NA 100.00% enrichment+LAMP
pasteurization
raw liquid eggs
2003 before 110 NA NA 90.91%  enrichmenttLAMP
pasteurization
JAl  Ibaraki(2004) NS ﬁzsf(;“e‘::g 74 NA NA 0.00% enrichment(+DOX)
J13 Qita(2001) 2000-2001  liquid eges 3 NA NA 0.00%  enrichment
J20  Fukuoka(2001) 1995-1998 ﬁ‘;ﬂ?stz:z:ed 59 NA NA 18.64%  enrichment
342 Shizuoka(2000) 1998-2000 ;‘izﬁ?;t::;‘:ed 12 NA NA 75.00%  enrichment
ﬁiﬁf;?::g 12 NA NA 0.00%  enrichment
unpasteurized .
J43  Chiba(2000) NS liquid whole 53 NA NA 30.19%  Cnrichment(*DNA
eags probe)
J44  Saitama(2000) 1998 ﬁ‘;ﬁ?;‘::::ed 50 NA NA 12.00%  enrichment
J14 Qita(2000) 1999-2000 liquid eggs 7 NA NA 0.00% enrichment
J22 Osaka(1999) 1997 liquid eggs 15 NA NA 66.67% enrichment
J15 Fukuoka(1999) 1994-1999  liquid eggs 124 NS NA 8.06%  enrichment
J45 Qita(1999) 1998-1999  liquid eges 9 NA NA 0.00%  enrichment

NA: not applied
NS: not specified
9 Only S. Enteritidis was examied.
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Table 3. Prevalence of Salmonella in shell eggs and liquid eggs in various countries
a) shell eggs (markets etc.)
No. of  Country Investigated Sample No. of No. of eggs Object  Prevalence Method Sampling
reference (Reported year) year sample pooled from on egg
i +
FI  USA(2001) NS shell eggs 5 NS NS 20.00% 68?2535’?3?;( PCR,
Trinidad and o .
F2 Tobago(2005) NS table eggs 138 6 on egg 2.90%  enrichment swab
in egg 10.14%  enrichment
whole 13.04% enrichment
F3 Argentina(2001) NS fresh hen eggs NS 1 on egg 0.00% enrichment rinse
in egg 0.00% enrichment
F4  Argentina(2000) Ng  fresh chicken NS 1 onegg 000y Ccnrichment direct o
eggs plating :
F5 Argentina(2000) NS 2:;: chicken NS 1 on egg 0.00% z;l;tlic:;nent, direct rinse
F6 Chile(2000) 1998-1999  eggs 1081 12 on egg 0.00%" _enrichment+IMS crush
inege  0.09%" enrichment+IMS
F7 UK(2008) 2005-2006 raw shell eggs 1588 6 on egg 0.38%  enrichment crush
in egg 0.06% enrichment
origins of above samples
UK 1413 whole 0.35%
Spain 48 whole 0.00%
Germany 38 whole 2.63%
France 27 whole 0.00%
other countries 43 whole 0.00%
unknown 19 whole 0.00%
non-UK
F8 UK(2007) 2005-2006  produced raw 1744 6 on egg 9.00%  enrichment crush
shell eggs
in egg 0.57%  enrichment
origins of above samples
Spain 1157 whole 13.31%
France 348 whole 0.57%
Germany 45 whole 0.00%
other countries 194 whole 0.52%
F9 UK(2007) 2002 raw shell eggs 726 6 whole 0.96% enrichment
origins of above samples
UK 541 whole 0.18%
France 45 whole 0.00%
unknown 140 whole 4.29%
F10 UK(2005) 2003 raw shell eggs 5686 6 whole 0.30% _enrichment
origins of above samples
UK 4987 whole 0.32%
Spain 22 whole 0.00%
Germany 10 whole 0.00%
other countries 16 whole 0.00%
unknown 651 whole 0.15%
F11 UK(1998) 1996-1997 raw shell eggs 2090 6 on egg 0.38%  enrichment crush
in egg 0.05% enrichment
F12 Germany(2008) 2007 eggs entire 6382 NS whole 0.72% NS
shells 3212 NS on egg 0.53% NS NS
ego white 1347 NS in eggo 0.00% NS
yolk 3339 NS in egg 0.06% NS
F13 Germany(2007) 2006 eggs entire 4761 NS whole 0.59% NS
shells 3334 NS on egg 0.39% NS NS
ego white 575 NS in egg 0.00% NS
yolk 3356 NS in egg 0.06% NS
F14 Germany(2007) 2005 eggs entire 8285 NS whole 0.51% NS
shells 6876 NS on egg 0.41% NS NS
ego white 1151 NS in egg 0.00% NS
yolk 6252 NS in egg 0.02% NS
F15 Germany(2006) 2004 eggs entire 10179 NS whole 0.44% NS
shells 8968 NS on egg 0.42% NS NS
ego white 1870 NS in egg 0.00% NS
yolk 9160 NS in egg 0.02% NS
F16 Poland(2001) 1997-1998 unwashed eggs 1200 1 on egg 0.00%  enrichment rinse
in egg 0.00% enrichment
F17  Albania(1999) 1996-1997 g;’g:md shell 79 5 onegg  127%  enrichment crush
in egg 0.00% __enrichment
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F18 Albania(1998) 1997 imported eggs 7 5 on egg 14.29%  enrichment crush
in egg 0.00% enrichment
F19 Zambia(1999) NS table eggs 240 10 in ego 3.75%%  enrichment
F20 Turkey(2002) NS egos 9 1 in egg 0.00% enrichment(+IMS)
F21 India(2006) 1997-1998 unwashed eggs 492 1 on egg 6.10%  enrichment swab
in egg 1.83%  enrichment
F22 India(2003) NS egos 41 NS NS 0.00% enrichment
F23 India(2003) NS eggs 534 1 on egg 9.55%  enrichment rinse
in egg 1.31%  enrichment
whole 10.86% enrichment
F24 Thailand(2007) 2003 chicken eggs 50 NS NS 14.00% NS
F25 China(2007) 2003-2005 raw eggs 58 1 NS 0.00%  enrichment
F26 China(2007) NS egos 25 1 NS 4.00%  direct plating
F27 Korea(2003) 1993-2001 eggs 40 NS NS 0.00%  enrichment(+EIA)
F28 Korea(2000) 1998 shell eggs 135 1 on egg 0.00% enrichment rinse
in ego 0.00% enrichment
b) shell eges (egg-processing plants etc..)
No. of  Country Investigated Sample No. of No. of eggs Object  Prevalence Method Sampling
reference (Reported year) year sample pooled from on egg
F29 USA(2007) NS restricted eggs 90 6 on egg 2.22%  enrichment crush
in ego 0.00% enrichment
F30  USA(2005) NS Eff:;;:ifr‘l’;e 60 5 onegg  25.00% enrichment rinse, crush
f)ffcse(:slirrllr;g 84 5 on egg 14.29%  enrichment rinse, crush
E%fcsezztiﬁ:g 54 5 on egg 12.96%  enrichment rinse, crush
F31 USA(2004) NS washed eggs 36 1 on egg 0.00% direct plating rinse
unwashed eggs 36 1 on egg 0.00%  direct plating rinse
F32 Canada(1998) 1996 table eggs 252 6 whole 0.40% enrichment
F33 gléo‘i‘)”ela“d 2005-2006  eggs 5018 6 inegg  0.00% enrichment
on egg 0.04%  enrichment crush
¢) shell eggs (farms, hatcheries, etc..)
No. of  Country Investigated Sample No. of No. of eggs Object  Prevalence Method Sampling
reference (Reported vear) year sample pooled from on egg
F34 Canada(2003) NS chicken eggs NS NS NS 0.00%” NS
F32  Canada(1998) 1996 Iel:f:shmg layer 378 6 whole  3.17% enrichment
:Zg:shmg broiler 126 6 whole 0.00%  enrichment
F2 %tr)l;;z?z?ods) NS table eggs 46 25 on egg 6.52%  enrichment swab
in egg 6.52%  enrichment
whole 13.04%  enrichment
Trinidad and o ;
F35 Tobago(1998) 1995 eggs 750 25 on egg 4.67%  enrichment swab
in ego 1.20%  enrichment
F36 Germany(2008) 2004-2005 eggs 80 10 on egg 1.25%  enrichment crush
in ego 0.00% enrichment
F37 Portugal(2004) NS eggs 150 1 on egg 0.00% direct plating rinse
in egg 0.00% direct plating
F38 Kuwait(2007) 2004-2005 hatching egeos 30 1 in egg 10.00%  enrichment
d) liquid eggs etc.
No. of Country Investigated Sample No. of No. of eggs Object  Prevalence Method Sampling
reference (Reported year) year sample pooled from on egg
F39  Canada(1998) NS gf;’;i‘itzgg 21 NA NA 0.00%  enrichment(+IMS)
F40  Canada(1998) NS Ei’i g’:’gizrs & a0 NA NA 0.50%  enrichment(+EIA)
F41  Egypt(2006) NS le?::;: °es 1 NA NA  100.00% enrichment
liquid egg yolk 1 NA NA 100.00% enrichment

NA: not applied
NS: not specified
IMS: immunomagnetic separation
EIA: enzyme immunoassay
¥ Only S. Enteritidis was examined.

® Only S. Typhimurium was examined.
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Table 4. Frequency of Sa/monella serovar distribution among the isolates from shell eggs and liquid eggs

a) Japan
No. of Prefecture total S S S others note
reference Salmonella  Enteritidis Infantis Typhimurium
J1 Osaka 149 121 27 1
J16 Tokyo 2 2
J18 Kyoto 2 1 1
J19 Nagasaki 2 2 Mbandaka 2
120 Fukuoka 11 9 2 Nitra 1, group C; 1
J22 Osaka 10 10 Livingstone 10
Braenderup 5, Galiema 4, II 4, Dusseldorf 2, Heiderberg
J28 Aomori 86 17 2 4 63 2, Stanley 2, Blegdam 1, Corvallis 1, Schwarzengrund 1,
Singapore 1, untypable 40
132 Fukushima 68 18 23 27 Bgreilly 11, Derby 3, Orion 2, Brendey 1, Livingstone 1,
Rissen 1, Schwarzengrund 1, untypable 7
Galiema 4, II 4, Dusseldorf 2, Heidelberg 2, Stanley 2,
134 Aomori 50 4 1 1 44 Blegdam 1, Braenderup 1, Schwarzengrund 1, O7 group
13, O4 group 7, O3, 10 group 5, O13 group 2
J35 Niigata 1 1
Cerro 20, Emek 4, Braenderup 11, Mbandaka 9,
Thompson 8, Virchow 5, Corvallis 4, Lockleaze 2,
. Agona 1, Bareilly 1, Derby 1, Hadar 1, Haifa 1,
140 Saitama 156 A 17 6 ” Havana 1, Heidelberg 1, Livingstone 1, Montevideo 1,
Saintpaul 1, Schwarzengrund 1, Yoruba 1,
035:74.723:- 3, 08:74.724:- 1
J42 Shizuoka 13 7 1 5 Cerro 2, Braenderup 1, Montevideo 1, Rissen 1
J44 Saitama 6 3 1 2 Livingstone 1, Worthington 1
b) World
No. of Country total S S S others note
reference Salmonella  Enteritidis Infanti Typhimurium
2 Trinidad and 74 4 3 Ohio 14,.Mbandaka 6, Javiana 5, Braenderup 3, Caracas
Tobago 1, Georgia 1, group C 1
F7 UK 6 5 1 Mbandaka 1
8 UK 173 147 1 25 Mbandaka 14, Rissen 2, Braenderup 1, Panama 1,
Weltevreden 1, untypable 6
F9 UK 7 6 1
F10 UK 17 15 1 1 Livingstone 1
F11 UK 9 3 2 1 3 Kentucky 1, Mbandaka 1, Montevideo 1
F12 Germany 65 38 1 24
F13 Germany 43 35 2 2
F14 Germany 72 61 0 4
F15 Germany 84 75 2 6
F17 Albania 1 1 group C 1
F18 Albania 1 1 group C 1
F21 India 39 35 4 Cerro 2, Molade 1, Mbandaka 1
. Braenderup 2, Cerro 1, Derby 1, Enterical, Hvittingfloss
F24 Thailand 0 0 1, Idikan 1, Mbandaka 1, Montevideo 1
F32 Canada 65 16 49 Heidelberg 40, Agona 5, 1:4,12:-:1,2 4
F33 UK & Ireland 2 2 Poona 2
p3s  [rinidadand 44 1 2 26 5 Cerro 2, Ohio 2, Heidelberg 1
Tobago
F36 Germany 1 1 Kimuenza 1
F38 Kuwait 3 3

SalmonellaDFREEIEIZ DWW TG T 2 &, HBIFOKRE
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DR 2 BERR P T2, I T &, b L <IIREEHK
DHEHEET D,

3. SEMVE-IiREEE R, Thaeiele LCH

W5,

4. AB TV IIBRRE AT O FE ERFHICHEMM I 5.
DATFERR BT
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1. BB EE IR E R L CRI(— RO R L T2
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G EMTFR T O T T ER B L R FEE A
7o, BREME AW HE, 5 WITHEEICHK
E—XEAAE DR HEE LAV b T,
B LT, BN CIE— KRR & L CEEM

(Enterobacteriaceae enrichment mannitol broth)<° BPW
(buffered peptone water)z FIWVVTW 5 b DR %L, =
W HE B BS H & L C i3, HTT(Hajna tetrathionate broth)<°
RV (Rappaport-Vassiliadis broth), SBG(S)(selenite bril-
liant green (sulfa) broth), SC(selenite cystine broth),
TT(tetrathionate broth)% 2% F > 5 AL T 72, 4y B 5% M
12 B L TI%, DHL(deoxycholate hydrogen sulfide lactose

Table 5. List of references (Japan)

agar), MLCB(mannitol lysine crystal violet brilliant green
agar), SS(Salmonella Shigella agar), XLD(xylose lysine
deoxycholate agar), CHROM-S(CHROMagar Salmonella)%
DRV, fEFREAESE L TAE LA AR MG B
BOGEFWTWD b DREh o Tz, #ESMETIE, —kIE
B & L CBPWDth, LB(lactose broth)<°TS(trypticase
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