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Introduction

Microbial pathogens of the genus Salmonella are among the leading
causes of food-borne illness in the world. Reports of almost 380,000 human and
66,000 nonhuman Salmonella isolations worldwide were entered into the WHO
global surveillance report database during 2000-2002. In Japan, most cases of
bacterial food poisoning cases have generally been attributed to Salmonella in
the past 20 years. From 2004 to 2006, the top two Salmonella serovars
associated with human salmonellosis in Japan were Salmonella enterica subsp.
enterica serovar Enteritidis (S. Enteritidis) and Salmonella enterica subsp.
enterica serovar Infantis (S. Infantis).

Most of the outbreaks of S. Enteritidis infection are often associated with
contaminated eggs and egg products. In addition, S. Enteritidis is the only
human pathogen that routinely contaminates the egg. S. Enteritidis seems to be
able to colonize the ovary and oviduct of laying hens and this route of
contamination has been identified as major risk factor in the emergence of
human illness. Since the primary contamination of S. Enteritidis occurs at the
farm level, on-farm prevention and control measures and quality assurance
programs were initiated in the 1990s.

The concept of Hazard Analysis and Critical Control Point (HACCP) has
been generally known to Japanese farmers. The Japanese layer industry has



been carrying out numerous measures to prevent egg contamination in layer
houses. These measures include, stocking layer houses with
Salmonella-negative birds from uninfected breeders, regular monitoring of feed
samples and sometimes vaccination against S. Enteritidis. However, inclusion of
rodents as part of intervention strategies to prevent Salmonella contamination
has not been fully realized by the Japanese layer industry probably due to limited
documentations of significant public health threat that rodents pose in livestock
operations. In Japan, roof rats (Rattus rattus), are the dominant rodent species
in poultry premises. Investigations of the prevalence of Salmonella infection
among rodents in layer farms are limited and its epidemiological role in the
spread of Salmonella contamination is not yet fully understood.

In the present study, the prevalence of Salmonella spp. in rats found in
layer farms was investigated. Additionally, isolation of Salmonellae from eggs,
environment samples, layer hens, liquid egg samples were also conducted.
Pulsed-field gel electrophoresis (PFGE) analyses of Salmonella isolates from
rats, eggs, environment samples, layer hens, and liquid egg samples were also
performed to elucidate the epidemiological role of rats in transmission of
Salmonella contamination in layer farms. Furthermore, a field experiment was
initiated on one of the confirmed Salmonella-contaminated farm to determine the
effect of rodent control program in reducing Salmonella contamination levels in
the layer houses.

Chapter I. The role of roof rats (Rattus rattus) in the spread of Salmonella
contamination in layer farms

The prevalence of Salmonellae in rodents, eggs, and environment
samples of 7 commercial layer farms in eastern Japan was investigated between
2004 and 2006 to determine the role of roof rats (Rattus rattus) in the
epizootology of S. Enteritidis contamination in layer farms. Also, the rodent
density of each farm was estimated using visual inspection and Rodent Indexing
(RI) developed by Henzler. Several Salmonella serovars such as S. Enteritidis, S.
Infantis, S. Thompson, S. Potsdam, S. Mabandaka, and S. Virchow were
detected from environment samples of different layer farms. S. Enteritidis and S.
Infantis strains were the only serovars isolated from pooled egg samples.
Persistent S. Enteritidis contamination of environment and pooled egg samples
were observed in 3 (Farms A, B, and C) of 7 layer farms. These 3 persistently S.
Enteritidis-contaminated farms have high rodent populations. A total of 113
(12.6 %) and 158 (17.6%) out of 900 roof rats examined were positive for S.
Enteritidis and S. Infantis, respectively. In addition, 13 (1.4 %) rats from Farm E
were infected with S. Thompson. There were no rodents caught in Farms D, F,
and G.



By PFGE analysis, a variety of Pulsed-field patterns were generated by
S. Enteritidis isolates from rats, eggs, and environment samples of one
contaminated farm (Farm A), however, there were also very closely related S.
Enteritidis and S. Infantis strains observed. In addition, PFGE analysis of S.
Enteritidis strains from rats, eggs and environment samples of Farms B (F
value=0.92) and C (F value=1.0) yielded genetically related clones. These
results suggest that roof rats are persistent carriers of S. Enteritidis and S.
Infantis and may have an important role in the transmission and persistence of
these pathogens inside the layer premises.

Chapter Il. Comparison of the prevalence of Salmonella infection in layer
hens among layer farms with low and high rodent density

There are evidences that S. Enteritidis gains access to egg contents by
migrating from the cloaca to the reproductive organs, or via trans-ovarian
transmission following systemic infection and localization in the ovaries, oviducts
or peritoneum of laying hens. Consequently, infected flocks are difficult to
identify.

There are limited studies that have documented the prevalence of
Salmonella in naturally infected layer hens in field conditions. This study was
conducted to compare the prevalence of Salmonella infection in layer hens
housed in layer farms with high rodent populations and with low rodent
populations. In addition, PFGE analysis of Salmonella isolates from layer hens,
rats, eggs and environment samples were conducted to determine the
epidemiological link between rats and layer hens in the transmission of
Salmonella contamination in layer farms. A total of 380 layer hens from 7
commercial layer farms were examined for Salmonella infection from 2004 to
2006. Portions of the liver, spleen, kidney, intestine, ovary, oviduct, and cloacal
swabs were cultured for Salmonella isolation. S. Enteritidis strains were only
isolated from farms with high rodent density (Farms A, B, and C). Salmonella
infection rate in layer hens ranged from 5.7 % to 8.8 %. Oviduct (48.0 %) was the
organ with the highest isolation rate for S. Enteritidis followed by liver. Results of
PFGE analysis revealed that S. Enteritidis strains from layer chickens had the
same Pulsed-field patterns generated by Salmonella isolates originating from the
resident rat population. These findings suggest that high rodent population is a
major risk factor in the transmission and persistence of S. Enteritidis infection in
layer hens.

Chapter Ill. Epidemiological analysis of S. Enteritidis and S. Infantis
isolates from liquid eggs by Pulsed-field gel electrophoresis
In order to determine the epidemiology of Salmonella contamination in



liquid eggs, Salmonella isolates from environment, rodent, layer chicken, and
egg samples were compared with isolates from liquid eggs from a liquid egg
factory, in which some of the eggs supplied originated from a rodent-infested
layer farm. The prevalence of Salmonella contamination in unpasteurized liquid
eggs was investigated. A total of 1,585 batches of unpasteurized liquid eggs
were examined for Salmonella contamination. The contamination rates of S.
Enteritidis and S. Infantis strains in liquid egg samples were 1.2 % and 0.2 %,
respectively. By PFGE analysis, S. Enteritidis and S. Infantis isolates from liquid
eggs are very closely related to Salmonella isolates from rodents, layer chickens,
eggs and environment samples of the layer farm. Salmonella contamination in
liquid eggs can be traced back to the rodent-infested farm.

Chapter IV. Effect of reducing rodent population on Salmonella
contamination levels in layer houses

The high rodent population inside the layer farms might be an important
factor in the transmission of Salmonella. To determine the effect of rodent control
program in reducing and ultimately eliminating Salmonella contamination in layer
houses, a field experiment involving initiation of rodent control measures on
confirmed highly rodent-infested S. Enteritidis-contaminated layer houses was
undertaken for six months. Three groups of 2 layer houses each were examined
for Salmonella contamination on eggs and environmental samples. Two types of
rodent control programs were implemented on groups 1 and 2, while, in group 3
(control group), no rodent control measures were applied. Rodent control
measures include repair of rodent-damaged walls and attic of layer houses,
application of adhesive traps and rodenticide baiting. Rodent density was also
estimated monthly using Rodent Index developed by Henzler. The
implementation of rodent control measures resulted in gradual reduction of
rodent population inside the layer houses and in turn, Salmonella contamination
rates of eggs and environmental samples were also significantly reduced.

Conclusions

1. Roof rats are persistent carriers of S. Enteritidis and S. Infantis and may have
an important role in the transmission and persistence of these pathogens
inside the layer premises.

2. High rodent population is a major risk factor in the transmission and
persistence of S. Enteritidis infection in layer hens.

3. Salmonella contamination in liquid eggs can be traced back to the
rodent-infested farm.

4. The implementation of rodent control measures resulted in the reduction of



rodent population inside the layer houses and Salmonella contamination rates
of eggs and environmental samples were also significantly reduced.

BEERROEE

YILERT TR B PEI O EB2PFE O — > THY 2SO GRS IR 135
R THD, HATY, &It 20 FFRIOMEMER T EFFOZINY VTR TICLDEME
INTERY, B THEBERMBERIL Salmonella enterica subsp. enterica serovar Enteritidis (.S.
Enteritidis) &[A] serovar Infantis (S. Infantis) TV, ZZHAFERIC H AR ToHBEES 72 MR D
Bz 5D TS, <D S. Enteritidis &GS 51235 B SN 72 INLCHR L L L PR | S
Enteritidis > 27275 YT EINR RS THLEWVDN TN D, LD EHY TOIG Y
Bk xR DI, HART | fF, HERE OB AEFHLIILDOV /T LR EE N TZbbp 5
FIEPFECONI-AER, B FEOIAERITAEICH DM, K2, LTz ien,

HEEE L, SNETHEVEBAIZIZ O TRDSTZEBBGICBITARAID Y LEXRT
BB OARENHE B LT-, HATIEY ~ A (Rattus rattus) BMEZIRT >HIETHH,
WEOFERBIZONWTORE TV, 22T, BHGITBITLRAIL Y LEXTTHYITD
WCHBIGIZE A LTEELZEML, SHI2, RAIDOHEELMZHZEICL> THLERTIHY
T TE AN EINEEEOEE G O CGRERL -, BGEIZLL FO IS NS,

W1E T, VTR TIEREPHERSN TR & & Te 7T H T ORINE ROV T, 3
FICES CRHEMZR A A FEMEL . LN ORERE G, KBS CITHEMMPIcb 2]ty
TEFEHEE ANEZ TS, TEBHBGOIH 3T TIL, IPRCREMBHI R 7 S
Enteritidis &5V M S. Infantis {5 YA B b0, FIRFIZZ NSO Tl ~1YZ—0 Rodent
Index (RI) CTHERL /=R AIOBEREE N @S- T-, VIVERTOBEEEELE R AL, IR
BEEVE RAID @ h o7, Fo, SBEEKED SV AT 4 — )V RERUKE) (PEGE) /34—
DG ZNENDEIHGN TO BRI L A WIZEEICBEL TWhA 2 e -7, il
DAFETE TIIBREBEAM B S, Enteritidis <° S, Infantis EAZA DOV /LT MG NS BES U
oDy, IR BIEmHt s T X AIOEREEG IR 7o, ZRHDRERNG, RAIT S
Enteritidis & S. Infantis DRFGEHI72F ¥ T Tho> T, BEHNOGHREEHRIEARO R4
BUCEHBEREEI R OZENVRIBE LT,

2R TCIL, BWINETHYT A L ERXRTOMIER)S S. Enteritidis <° S. Infantis I[ZEEH T
FEFF 2RI 5 —BhE LT B OFEINRIC OV T LT R T DR i A i~ 4y BERR
IZDWTHRAIH KM TD PEGE R — % LT, TEIBG D) HIHYD LT 3%
D REINFE Dlgas7 5 S. Enteritidis &2V ML S, Infantis 2568 S, BRICIRE DB D55 B
K (48.0%) M D 2E L 0E B A>T, PEGE OfEETlL. FEINBENLSBEEL-2TD S
Enteritidis Bk D /X% — N3 2 AIF Sk fkE —F L=, LEENo T, 2 AJCHEKTS S
Enteritidis &2V ME S. Infantis 25EIIFEATEYLL | IPEICBEL TIRATG YL LT- Al Re ey R
iz,

BT T, I LEN =R A DR SN B R VX T L BIRGORAINMEA



THHIVEXTEDOBURETANDIZDIT, ENEND 5 BERIZDOWT PEGE NE— 77—
U L U=, WP 1,585 Yo Mb% S. Enteritidis 73 1.2%, S. Infantis 73 0.2%DE| & T

DS, OO ERE  IRIFO HRE R DR AR R EZ LR L2 2 A [l
ILFEF BB BEE T 22 ERH OISR RINO Y VR TIH YT, AR ESINT
BRI CETHMDIEN TEDIEN RSN,

HAB T, S Enteritidis (215 SN BB e 5 W TRAIZHIE L -5 A2 VB X TT5
YN SO E I ERER LT, 6FE % 3RETT, ﬂ%*ﬁf%x @mAD%ELﬁL
RAIE RO #E, B BEAIOHERHOTRE, BIOELER AT, 6 pHICED, ~
77— RI, BLOUREEREAELO Y L ERT 5B L > TRHiiL 72, FAIOHEEAHIEL 72
2 ODHETIX S, Enteritidis (YO A ERK F A ALIL, BT TORXIDOHEL DY ILER
TGV DOFHRICE > CNAZ LD GE S LT,

LU EDFERIE, IOV VTR TIERICEB S DR AINEEE L TWH I LaiEAL:
bDOTHD, ZNHDORERIE, BEBYIZB T LV VERTIH YRR EEEORERE 5250
DTHY, BRIERES BIEARGE LT G THLEIANRREN, LIZD3-> T, K?ﬁm%
BB LOERARBROM R L HOE TR (BRES) OS2 G T 5T L2060 4 L5800



	Introduction 
	Microbial pathogens of the genus Salmonella are among the leading causes of food-borne illness in the world. Reports of almost 380,000 human and 66,000 nonhuman Salmonella isolations worldwide were entered into the WHO global surveillance report database during 2000-2002.  In Japan, most cases of bacterial food poisoning cases have generally been attributed to Salmonella in the past 20 years. From 2004 to 2006, the top two Salmonella serovars associated with human salmonellosis in Japan were Salmonella enterica subsp. enterica serovar Enteritidis (S. Enteritidis) and Salmonella enterica subsp. enterica serovar Infantis (S. Infantis).  
	Most of the outbreaks of S. Enteritidis infection are often associated with contaminated eggs and egg products. In addition, S. Enteritidis is the only human pathogen that routinely contaminates the egg. S. Enteritidis seems to be able to colonize the ovary and oviduct of laying hens and this route of contamination has been identified as major risk factor in the emergence of human illness. Since the primary contamination of S. Enteritidis occurs at the farm level, on-farm prevention and control measures and quality assurance programs were initiated in the 1990s.  
	The concept of Hazard Analysis and Critical Control Point (HACCP) has been generally known to Japanese farmers. The Japanese layer industry has been carrying out numerous measures to prevent egg contamination in layer houses. These measures include, stocking layer houses with Salmonella-negative birds from uninfected breeders, regular monitoring of feed samples and sometimes vaccination against S. Enteritidis. However, inclusion of rodents as part of intervention strategies to prevent Salmonella contamination has not been fully realized by the Japanese layer industry probably due to limited documentations of significant public health threat that rodents pose in livestock operations. In Japan, roof rats (Rattus rattus), are the dominant rodent species in poultry premises. Investigations of the prevalence of Salmonella infection among rodents in layer farms are limited and its epidemiological role in the spread of Salmonella contamination is not yet fully understood.  
	In the present study, the prevalence of Salmonella spp. in rats found in layer farms was investigated. Additionally, isolation of Salmonellae from eggs, environment samples, layer hens, liquid egg samples were also conducted. Pulsed-field gel electrophoresis (PFGE) analyses of Salmonella isolates from rats, eggs, environment samples, layer hens, and liquid egg samples were also performed to elucidate the epidemiological role of rats in transmission of Salmonella contamination in layer farms. Furthermore, a field experiment was initiated on one of the confirmed Salmonella-contaminated farm to determine the effect of rodent control program in reducing Salmonella contamination levels in the layer houses. 
	 
	Chapter I. The role of roof rats (Rattus rattus) in the spread of Salmonella contamination in layer farms  
	The prevalence of Salmonellae in rodents, eggs, and environment samples of 7 commercial layer farms in eastern Japan was investigated between 2004 and 2006 to determine the role of roof rats (Rattus rattus) in the epizootology of S. Enteritidis contamination in layer farms. Also, the rodent density of each farm was estimated using visual inspection and Rodent Indexing (RI) developed by Henzler. Several Salmonella serovars such as S. Enteritidis, S. Infantis, S. Thompson, S. Potsdam, S. Mabandaka, and S. Virchow were detected from environment samples of different layer farms. S. Enteritidis and S. Infantis strains were the only serovars isolated from pooled egg samples. Persistent S. Enteritidis contamination of environment and pooled egg samples were observed in 3 (Farms A, B, and C) of 7 layer farms. These 3 persistently S. Enteritidis-contaminated farms have high rodent populations. A total of 113 (12.6 %) and 158 (17.6%) out of 900 roof rats examined were positive for S. Enteritidis and S. Infantis, respectively. In addition, 13 (1.4 %) rats from Farm E were infected with S. Thompson. There were no rodents caught in Farms D, F, and G.   
	By PFGE analysis, a variety of Pulsed-field patterns were generated by S. Enteritidis isolates from rats, eggs, and environment samples of one contaminated farm (Farm A), however, there were also very closely related S. Enteritidis and S. Infantis strains observed. In addition, PFGE analysis of S. Enteritidis strains from rats, eggs and environment samples of Farms B (F value=0.92) and C (F value=1.0) yielded genetically related clones. These results suggest that roof rats are persistent carriers of S. Enteritidis and S. Infantis and may have an important role in the transmission and persistence of these pathogens inside the layer premises.  
	 
	Chapter II. Comparison of the prevalence of Salmonella infection in layer hens among layer farms with low and high rodent density 
	 There are evidences that S. Enteritidis gains access to egg contents by migrating from the cloaca to the reproductive organs, or via trans-ovarian transmission following systemic infection and localization in the ovaries, oviducts or peritoneum of laying hens. Consequently, infected flocks are difficult to identify. 
	  There are limited studies that have documented the prevalence of Salmonella in naturally infected layer hens in field conditions. This study was conducted to compare the prevalence of Salmonella infection in layer hens housed in layer farms with high rodent populations and with low rodent populations. In addition, PFGE analysis of Salmonella isolates from layer hens, rats, eggs and environment samples were conducted to determine the epidemiological link between rats and layer hens in the transmission of Salmonella contamination in layer farms. A total of 380 layer hens from 7 commercial layer farms were examined for Salmonella infection from 2004 to 2006. Portions of the liver, spleen, kidney, intestine, ovary, oviduct, and cloacal swabs were cultured for Salmonella isolation. S. Enteritidis strains were only isolated from farms with high rodent density (Farms A, B, and C). Salmonella infection rate in layer hens ranged from 5.7 % to 8.8 %. Oviduct (48.0 %) was the organ with the highest isolation rate for S. Enteritidis followed by liver. Results of PFGE analysis revealed that S. Enteritidis strains from layer chickens had the same Pulsed-field patterns generated by Salmonella isolates originating from the resident rat population. These findings suggest that high rodent population is a major risk factor in the transmission and persistence of S. Enteritidis infection in layer hens.  
	Chapter III. Epidemiological analysis of S. Enteritidis and S. Infantis isolates from liquid eggs by Pulsed-field gel electrophoresis  
	 In order to determine the epidemiology of Salmonella contamination in liquid eggs, Salmonella isolates from environment, rodent, layer chicken, and egg samples were compared with isolates from liquid eggs from a liquid egg factory, in which some of the eggs supplied originated from a rodent-infested layer farm. The prevalence of Salmonella contamination in unpasteurized liquid eggs was investigated. A total of 1,585 batches of unpasteurized liquid eggs were examined for Salmonella contamination. The contamination rates of S. Enteritidis and S. Infantis strains in liquid egg samples were 1.2 % and 0.2 %, respectively. By PFGE analysis, S. Enteritidis and S. Infantis isolates from liquid eggs are very closely related to Salmonella isolates from rodents, layer chickens, eggs and environment samples of the layer farm. Salmonella contamination in liquid eggs can be traced back to the rodent-infested farm.  
	 
	Chapter IV. Effect of reducing rodent population on Salmonella contamination levels in layer houses 
	 
	 The high rodent population inside the layer farms might be an important factor in the transmission of Salmonella. To determine the effect of rodent control program in reducing and ultimately eliminating Salmonella contamination in layer houses, a field experiment involving initiation of rodent control measures on confirmed highly rodent-infested S. Enteritidis-contaminated layer houses was undertaken for six months. Three groups of 2 layer houses each were examined for Salmonella contamination on eggs and environmental samples. Two types of rodent control programs were implemented on groups 1 and 2, while, in group 3 (control group), no rodent control measures were applied. Rodent control measures include repair of rodent-damaged walls and attic of layer houses, application of adhesive traps and rodenticide baiting. Rodent density was also estimated monthly using Rodent Index developed by Henzler. The implementation of rodent control measures resulted in gradual reduction of rodent population inside the layer houses and in turn, Salmonella contamination rates of eggs and environmental samples were also significantly reduced.  
	 
	Conclusions 
	1. Roof rats are persistent carriers of S. Enteritidis and S. Infantis and may have an important role in the transmission and persistence of these pathogens inside the layer premises.  
	2. High rodent population is a major risk factor in the transmission and persistence of S. Enteritidis infection in layer hens. 
	3. Salmonella contamination in liquid eggs can be traced back to the rodent-infested farm. 
	4. The implementation of rodent control measures resulted in the reduction of rodent population inside the layer houses and Salmonella contamination rates of eggs and environmental samples were also significantly reduced.  

