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ABSTRACT

Salmonella s the most frequently reported cause of foodborne bacterial illness
worldwide. The ultimate objective of controlling this foodborne hazard is to reduce or
eliminate its potential risk to consumers, in addition to the economic burden
associated with adverse impacts on human health. In recent years, much attention has
been focused in determining the prevalence of Salmonella at different stages in

poultry production chain.

Therefore, this study was designed to investigate the prevalence of Salmonella
serovars in the retail chicken meat in Hanoi. A total of 262 random samples were
collected from retail markets. They were examined for the presence of Salmonella
using conventional (culturing and serotyping) methods. Of these samples, 48.9% were
contaminated with Sal/monella. The most prevalent serotype was S. Agona, followed
by S. Emek and S. London. The proportions of Salmonella Enteritidis and Salmonella
Typhimurium, were 1.55% and 7.75%, respectively. Among the risk factors
examined, ‘“Number of knives were used”, “Number of choppers were used”,
“Hygiene status of shop” and “Type of table surface” were significantly (p < 0.001)
associated with Salmonella contamination in chicken meat. These findings have
highlighted the magnitude of the Sal/monella contamination in retail chicken meat in

Hanoi.
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Therefore, based on these results, setting up of cost-effective Salmonella
monitoring and surveillance systems, augmented by good agricultural and hygienic
practices and well-designed longitudinal research activities on the whole poultry

production chain, are strongly recommended.



d' d' a a J o dy [ dy 1
¥IT0INUNUD msugnuazauungosa Iuuaa luiie 1nlu

=} =
o918 Uszmaneauw

éﬁﬂu 1N Luu Quynh Huong
a a 4 % a o -4
‘]Jiiyiy_"l INYIMTATUNIVUUNG (ﬁ@]’JLLW‘VIfJﬁ”I‘ﬁﬁﬂ!fI"U)
A (R a a o a
ANENTIUNITNUTAYIINGIHNUT WAL AW.AT. NI WINA U325 1UNITUMT(CMU)

#.95. Reinhard Fries 1U5¢5114n354n15(FU-Berlin)

UNAALD

v

491 @ I 49’ A A [ A wvAa J J o
Wosa luuaal WuwyouuanFenalsalus1visnigianisalaiganilan

a LUl
1
=

I~ o 1 @ a
Fauonvnaziuduasieasgunimudl deaduanugydomauasygnanle MIaugy
o dy [ o Y o v 1 dy =R A9 =
guaswNNFedaluuaal 0199 1alasmssidaunasveuse Jeldauladnuinnugnues
dy ] a [~ o
Wodra luuaa luvurumswaa ladlusauunn

[

=2 dyd s A 5’ [ j’ = 1
msAn i inglseasamomanugnueudoda luuaar lutie lnfsmie
= o S o ] dil ) o [ 1 1 I~
a.naueslszmaioauy hmsinedlediauile Inswau 262 dred1e Tasmsduediuilu
dy [ Aax % 1 9 = &
52UU AT IFodta luuam laedBasgiu #alsingaiededosas 48.9 Iimsduilou
dil [ a dy [ a A Y 1
Woda Tuuan stiavouFoda lumaal ANDFIEAND S. Agona 509a901 1NN S. Emek 11z
Y Y Y Y
S. London $19819508ay 1.55 Yulowds S. Enteritidis §10819508az 7.75 Juilouso
< 1 o o
S.Thyphimurium YeyanINUDUAPUMLAAIIRIAUIRIMIUEA S1IwAes ANNEze1AVS
Y a dy a o 1 [ @ J o y dy Y] 1 A v o W
1 wagriavesiiuiaz 1 Inlinnuduiusiumstudlewseda luvanedeiiiodingy
(p<0.01)
=< [ 1 Y I 1 o =® a
ANANITANNIAINANIUAAI AT UIIAITIINISAAM IV UAAAIN
dy [ a 1 Y [ ds' (% dal 1
ot Tuaa lunszuiumsnanls vazarsaswszuumaihseTasedalumaarluiieln

v a Ay v A § Y o
ﬁa@ﬂﬂui%i%'ﬂ'ﬂﬂﬁWﬂﬁllﬁ$ﬂ1§Lﬂ‘]elﬁi“l/lUlﬂiJWlﬁﬂWuLWfJﬂ'J‘UﬂiJﬂWi‘]JuLﬁﬂu‘ﬁﬂ“ﬁaiﬂluﬁaﬂu

diolAde'l



TABLE OF CONTENTS

CONTENT
ACKNOWLEDGEMENTS
ABSTRACT IN ENGLISH
ABSTRACT IN THAI
LIST OF TABLES
LIST OF ILLUSTRATIONS
ABBREVIATIONS AND SYMBOLS

1. INTRODUCTION AND OBJECTIVES
1.1 Introduction
1.2 Objectives

2. LITERATURE REVIEW
2.1 Background o%almonella
2.1.1 History
2.1.2 Taxonomy
2.1.3 Morphology
2.1.4 Serotyping ofalmonella
2.2 Salmonellosis
2.2.1 Epidemiology
2.2.2 Public Health and Economic impacts
2.2.3 Antibiotic resistance
2.2.4 Salmonellosis in Human
2.2.4.1 Incidence
2.2.4.2 Transmission

2.3Salmonella in chicken meat

Page

Vi
viii
Xi
Xii

Xiii

© © © N O b~ b b

e = S S S
g w w N Rk



2.3.1 Distribution and importance in foods

2.3.2Salmonella Typhimurium andsalmonella Enteritisdis in
chicken meat

2.3.3 Studies ofSalmonella in chicken meat in Vietham and

overseas

3. MATERIALS AND METHODS
3.1 Study area and period
3.2 Sample selection
3.3 Sampling
3.4 Sample size
3.5 Laboratory methods
3.6 Information from the questionnaire survey

3.7 Data management and data analysis

4. RESULTS
4.1 Salmonella isolation
4.2 Serogroups and serotypes
4.3 Results from the questionnaire
4.3.1 Shop level
4.3.2 Sample level

5. DISCUSSION AND CONCLUSIONS
5.1 Discussion

5.2 Conclusions
REFERENCES

APPENDIXES
Appendix A
Appendix B

CURRICULUM VITAE

16

19
19
20
20
20
25
26

27
30
36
36
38

41
45

46

56
56
58

59



Table

© 00 N O o~ WN PP

[ S
N B O

13

14

15

16

Xi

LIST OF TABLES

Species within th&lmonella genus

Antigen of somé&almonella serotypes

Prevalence dialmonella in poultry and raw poultry products
Sampling frame

Kligler reactivity ofSalmonella

List of factors

Proportion ofSalmonella positive samples

Proportion ofSalmonella positive samples by shop
Serogroups dialmonella isolated from chicken meat
Salmonella serogroups distributed by markets and districts

Distribution ofSalmonella serogroups by shops

Page

18
19
23
25
28
29

30

32

33

Number of isolates in each serotypesalimonella by districts and 35

markets

Summary results of univariate analysis of panisk factors for

Salmonella contamination in chicken shops

37

Variables in final model of Multivariate analysof risk factors 38

associated with proportion &lmonella contamination in shops

Summary results of the assessment of assogdiEtween sample 39

prevalence ofalmonella with potential risk factors

Logistic regression of the risk factors asseclatvith sample 40

prevalence ofalmonella



Figure

1

2

Xii

LIST OF ILLUSTRATIONS

Flow of Salmonella chart conventional culture methods

Serological procedure

Page

22

24



ACMSF
ACT

CDC

DIN

DNA

EC

etal

EU

FDA
FSRIO

G

H antigen

ICMSF

IFST

ISO

Xiii

ABBREVIATIONSAND SYMBOLS

Negative
Positive
Degree Celsius
Advisory Committee on the Microbiological 88f of Foods
Australian Capital Territory Government Health
Center for Disease Control and Prevention
District
Deutsches Institut fir Normung e. V.
Deoxyribonucleic Acid
European Commission
et alii
European Union
Food and Drug Administration
Food Safety Research Information Office
Group
Flagella antigen
International Commission on Microbiologicape®ifications
for Foods
Institute of Food Science & Technology

International Standardization Organization



KIA

M

MLEE
MOH
NIAID

O antigen
OR

P

PFGE

RAPD

SE

Spp.

ST

UK

us

USDA

Vi antigen
WHO
XLT4

v>-Test

Xiv

Kligler iron agar

Market

Multi locus enzyme electrophoresis

Ministry of Health

National Institute of Allergy and InfectiouRiseases
Somatic antigen

Odds ratio

P-value

Pulsed field gel electrophoresis

Random amplified polymorphic DNA
Shop

Salmonella

Salmonella Enteritidis

Species

Salmonella Typhimurium

United Kingdom

United States

United States Department of Agriculture
Capsular antigen

World Health Organization

Xylose Lysine Turgitol 4 Agar

Chi-square Test



1. INTRODUCTION AND OBJECTIVE

1.1 Introduction

Vietnam is a country in Southeast Asia. The coursinares borders with
China in the north, Laos in the West and the noegiywCambodia in the southwest,
and the South China Sea in the east and the ssuth@Bmatically, Vietham is

located within the tropical and sub-tropical ar@d® latter are quite hot and humid.

Vietnam is a developing country with an old agriatdl production system
that is undergoing modernization. In recent yettues jssue of food hygiene and safety
has received special attention from many countriehe world, including Vietnam.
According to the Ministry of Health of Vietham, tieeare about 3.000-4.000 cases
caused by food-borne infections with at least 100-fatalities annually. In 2004,
there were 145 outbreaks with 3,584 cases and dthsleA proportion of 55.8% of

these cases were caused by several pathogens (RODB).

Hanoi, the capital city, has an estimated humaruladipn of three million.
This population is ever increasing due to tourgstd immigrants. As a result of this,
Hanoi is continuously facing high demand for fogdantitatively and qualitatively.
This has led to increases of food establishmentsexample vendors, small shops,
and servicesHowever, the owners of these establishments héle kinowledge or
awareness of food hygiene and safety. Hence, & gpaarity of consumers buy food
from vending or small shops at which food hygiemel safety conditions are not

assured.

There are several causes of food-borne infectimngxample bySalmonella.
It is found in the intestinal tracts of both animand humansSalmonella is
recognized worldwide as an important food-bornd@gén that causes salmonellosis
in many people (Doyle and Cliver, 1990). For examplaffects as many as 3.84

million Americans, and costs billions of dollarslast productivity and medical costs



per years (Farmer and Kelly, 1991). In recent y#agsoccurrence of this disease in
humans has increased (NIAID Fact Sheet, 2005).

The infections caused b§almonella serovars are implicated as important
Public health problems worldwide (Van der Kloosted Roelofs, 1997; Workmaat
al., 1999). The zoonoses, which occur most frequemtlyhe industrialized world
today, are food-borne infections causedSaymonela and Campylobacter (Jargensen
et al., 2002). In 2000, there were about 15,000 laboratwgfirmed cases of
Salmonella infection in the United Kingdom (Public Health lahtory Service,
2002).

The vehicles indicated in these infections are m&timonella contaminated
foods (Cartwright and Evans, 1988). Poultry meat & derivatives are among the
food products that cause the most concerns to @ukfklth authorities, owing to the
associated risks of bacterial food poisoning (Bawnm2000; Beliet al., 2001). The
most frequently reported and important sourc&abimonella contamination is cross —
contaminated or undercooked chicken meat (Todd,4Y19%almonella and
Campylobacter are the most important pathogens associated witktrg products in
the world (Bryan and Doyle, 1995).

In Hanoi, there are so far no modern chicken s$igrgqng and processing
facilities. Thus, small butchers in the marketsvie most of the chicken meat. Live
poultry markets are common not only in Hanoi, bisioan all other parts of the
country. Furthermore, street or vended food is \mgular. However, food hygiene
practices and food handling are still big problemshe city and in the country as a
whole. Therefore, a study of tlsolation and Identification of Salmonella from

chicken meat in Hanoi- Viethamwvas necessary.

The result of this study will provide informatioeeessary for the authorities

to control and prevent future outbreak of salmarsedl in Hanoi.



1.2 Objectives

The objectives of this present study are as follows

2.2.1 To determine the prevalenceSafmonella in chicken meat in an urban

area in Vietnam.

2.2.2 To determine the serotypes Smonella found in chicken meat in

Hanoi.

2.2.3 To determine some potential risk factors @ased with chicken meat

contamination witrSalmonella.



2. LITERATURE REVIEW

2.1 Background of Salmonella
2.1.1 History

Before the nineteenth century, human enteric ohdyp fever was often
confused with typhus, a riskettsial disease. The tdiseases pathologically
distinguished by P. Ch. A. Louis in France (18289 &Villiam Jenner in the United
States (Scherer and Miller, 2001). Further invesioms by European workers led to
the isolation and characterization of the typhaagdillus responsible for typhoid fever
and to the development of a serodiagnostic tegshfodetection of this serious human
disease agent (D'Aoust, 1989; Le Minor, 1981). Bgrthe first quarter of the 20
century, great advances occurred in the serologietdction of somatic and flagella
antigens within theSalmonella group. Salmonella is a generic term coined by
Lignieres in 1900 (Le Minor, 1981). An antigenicheme for the classification of
salmonellae was first proposed by White (1926) anbdsequently expanded by
Kauffman (1941) into the Kauffmann — White schemvhich currently includes more
than 2,600 serovars (Portillo, 2000).

2.1.2 Taxonomy

There are many different references on the TaxonahySalmonella.
According to the World Health Organization (WHO) llaborating centre for
Reference and Research 8almonella (Institute Pasteur, Paris) (D’Aoust al.,
2001), the genussalmonella contains two speciesS enterica and S bongori

(formerly subspecies V) (Table 1).

In the ninth edition of Bergey’s Manual, all 8lmonella serovars belong to 2

speciesS. bongori andS cholerasuis. More than 2500 remaining serovars are all part



of Salmonella cholerasuis, which is divisible both phenotypically and genatiy, into
6 subspecies (Hodt al., 2002)

Table 1: Species within the Salmonella genus

Salmonella species No. of serovars (source  No. of serovars
and subspecies Popoffet al., 2000) | (source Popoff2001)

S enterica subspenterica (1) 1,454 1,478

S enterica subspsalamae (I1) 489 498

S enterica subsparizonae (llla) 94 94

S enterica subspdiarizonae (ll1b) 324 327

S enterica subsphoutenae (1V) 70 71

S enterica subspindica (VI) 12 12

S bongori (V) 20 21

Total 2,463 2,501

S enterica is divided further into six subspecies, which eaterred to by a
Roman numeral and a name §, enterica subsp.enterica; Il, S. enterica subsp.
salamae; llla, S enterica subsp.arizonae; lllb, S enterica subsp.diarizonae; IV, S
enterica subsp.houtenae; V, S. enterica subsp.indica). S enterica subspecies are
differentiated biochemically and by genomic relaess (Brennegt al., 2000; Holtet
al., 2002).

Depending on this classification system, the cdérreanes for the formerly,
called Salmonella enteritidis and Salmonella typhimuritum are S enterica subsp.
enterica serovar Enteritidis and serovar Typhimurium, respely. S. bongori, which
was initially categorized as subspecies V, is gaheconsidered a separate species

due to its divergence from the ottt monella (Reevest al., 1989).

According to Popoff and Le Minor (1997), the namk tlhe Salmonella
serotype is related to the geographical place witevas first isolated. The serotype

name is written in roman (not italicized) lettefer(example,Salmonella serotype



Typhimurium orSalmonella Typhimurium). Serotypes belonging to other submssec
are designated by their antigenic formulae follayithe subspecies name (for
example Salmonella enterica subsp. salamae ser. 50: Z: e,n,&@monella serotype
I150: z: e,n,x).

Currently, the genus o&almonella comprises more than 2,600 serovar of
gram — negative facultative anaerobic bacilli (Port 2000). Classification and
detection of these bacteria is based in serologypdiage susceptibility assays. New
DNA-based typing methods, such as random ampliieigmorphic DNA (RAPD)
technique, ribotyping, pulsed field gel electrogwis (PFGE), and multi locus
enzyme electrophoresis (MLEE), have contributedetdassification of the serovars

of Salmonella into a new subspecies group’s scheme (Scheredied, 2001).

For epidemiological purposes the salmonellae carclassified into three

groups (WHO Expert committee, 1988):

Those that infect humans only: including tgphi, S paratyphi A and S
paratyphi C. This group includes the agents of typhoid dvel paratyphoid fevers,

which are the most severe of all diseases causé&d impnella.

The host-adapted serovars some of which are huratogens and may be
contracted from foods includirg gallinarum (poultry), S dublin (cattle),S abortus-

equi (horses)S. abortus-ovis (sheep) an&. cholerasuis (swine).

Unadapted serovars, which have no host preferehese are pathogenic

agents for humans. These groups include mostly-bowde serovars.

2.1.3 Morphology

Salmonella are small 0.7-1.5 x 2-5um, gram-negative, facukatnaerobic,

straight, rod-shaped bacteria belonging to the lfaEmterobacteriaceae. Members of

this genus are usually motile by peritrichous flegerhe bacteria grow optimally at



37°C. Salmonella are oxidase negative, catalase positive, indotevages-proskauer
negative, but methyl red and simmons citrate pasitHoltet al., 2002).

A typical Salmonella isolate would produce acid and gas from glucosa in
triple-sugar iron agar medium and would not utiliaetose or sucrose differential
plating media such as Brilliant Green, Xylose LygsiDeoxycholate Additionally,
typical salmonellae readily produce an alkalinectiea from the decarboxylation of
lysine to cadaverine in lysine iron agar; genergt@rogen sulfide gas in triple sugar

iron and lysine iron media, and fail to hydrolyzea (D’Aoust and Purvis, 1998).

Although most salmonellae are motil§, gallinarum or S. pullorum are
always non-motile. Most salmonellae are aerogdrowever,S. typhi is an important
exception, which never produces gas. Anaerogenitarva of normally gas —
producing Salmonella serovar may occur, for examp®& dublin. The majority of
salmonellae produce hydrogen sulfide, but a fevesygo not form this gas (e.g.,
some strains of. cholerasuis and most strains d& paratyphi A) (Krieg and Holt,
1984).

2.1.4 Serotyping oBalmonella

Classification of these organisms by antigenidyamais based on the original
work of Kauffmann and White and it is often refeir® as the Kauffmann-White
scheme. Identification of the various serovarssaimonella is historically based on
the presence of lipopolysaccharide (somatic or t@an), flagella (H antigen, phase |
and Il) and capsular (Vi) antigen on the bacterel surface as determined by serum
agglutination. The use of O, H and Vi antigens las basis of classification of
Salmonella spp. is based on the fact that each antigen pEsdés own genetically
determined specificity (Jay, 1992)

The serological typing of salmonellae has led ® ittentification of a large
number of types. In the Kaufman-White classificatstheme, there are 2501 named

serotypes or serovars, each one being defined plyrbg two antigenic sites denoted



O (somatic) and H (flagellar) (Popoff, 2001). Indédcbn, a few serovars, such 8s
Typhi, S. Dublin andS. Hirschfeldii have a supplementary antigen denogediaThis
antigen is located in an external polysacchariderasapsule and is associated with
virulence in particular hosts. The O antigens csingi the lipopolysaccharide-protein
chains exposed on the cell surface (Krieg and H®84). These are heterogeneous
structures, and antigenic specificity is determibgdhe composition and linkage of

the O group sugars. Mutations that affect the sugay lead to new O antigens.

In many serovars the flagellar H antigens can $wietween two types, called
phase 1 and phase 2. This switching results in dlternative sets of H antigens.
Because H antigens are less heterogeneous tharcathehydrate side chains,
considerably fewer H antigenic serovars exist ((@@d Holt, 1984). The H antigens
of phase 1 are designated with small letters, Andet of phase 2 are designated by
Arabic numerals (Jay, 1992). The antigenic formditaesome salmonellae are shown
in Table 2.

Table2: Antigen of some Salmonella serotypes

Serotype Serogroup Somatic (O) Flagella (H) ansgen
antigens Phase 1 Phase 2
S Paratyphi A 1,2,12 a (1,5)
S Typhimurium B 14, (5), 12 [ 1,2
S Agona B 4,12 f,0,s -
S Derby B 1, 4,(5),12 f, g (1,2)
S Typhi D 9, 12, (Vi) c 1,2
S Enteriditis D 1,9 12 g,m (1,7)

(Krieg and Holt, 1984; Jay, 1992)



2.2 Salmonellosis

2.2.1 Epidemiology

The primary reservoir of salmonellae is in the shtel tract of humans and
animals, particularly in poultry and swine. As stieal forms, the organisms are
excreted in feces from which they may be transihitte insects and other creatures to
a large number of places such as to water, sodkachen surfaces. Egg, poultry and
raw meat products are the most important food Vesiof Salmonella infection in
human, withS Typhimurium andS. Enteritidis being the most commonly isolated

food-borne serovars (Jay, 1992).

Information about the incidence and serotype dhistion of salmonellae in
domestic animal populations is essential for urtdeding the relationships within
and among reservoirs of salmonellae in animals lamthans that are ultimately

responsible for zoonotic disease transmission (Ga97).

Salmonella infection is usually acquired by the oral rgutainly by ingesting
contaminated food or drink. Any food product is atgmtial source of human
infection. Salmonella can be transmitted directly from human to humanfrom
animal to human without the presence of contamehéded or water, but this is not a
common mode of transmission. The true incidenc&bhonella infection is difficult
to determine. Reported cases represent only a gmagibrtion of the actual number
because it is only large outbreaks that are ingatd and documented. Hence,
sporadic cases are underreported because it ispatilgnts with protracted diarrhea

that report health care providers for microbioladievaluation (Hanes, 2003).

2.2.2 Public health and economic impacts

Infectious diseases spread through food or beverage a common,

distressing, and sometimes life-threatening prokfienmillions of people around the

world. The Center for Disease Control and Preven{loDC) estimates 76 million
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people suffer food-borne illnesses each year inUnéed States, accounting for
325,000 hospitalizations and more than 5,000 dektheed-borne disease is extremely
costly. Health experts estimate that the yearly obsll food-borne diseases in this
country is five to six billion dollars in direct mdieal expenses and lost productivity.
Infections withSalmonella alone account for one billion dollars yearly, inedt and
indirect medical costs (NIAID Fact Sheet, 2005).

Salmonella is one of the microorganisms most frequently asdedi with
food-borne outbreaks of illness. Meat productsenegal and poultry in particular are
the most common sources of food poisoningsalynonella (D’Aoust, 1997; Antunes
et al., 2003).

Although many other pathogens have recently redevemsiderable attention,
salmonellae remain among the leading sources affaone illness throughout much
of world (Gast, 1997).

Salmonella Typhimurium DT104 is an emerging pathogen detetteskveral
countries worldwide including the United Statese tbnited Kingdom, Canada,
Germany, France, Austria, and Denmark. lliness basn associated with the
consumption of pork sausages, chicken, unpasteudagy products, a brand of meat
paste, and direct contact with ill animals. Muchdiidnal information is needed
about the epidemiology of DT104 in the US (Hogl#97).

Typhoid and non-typhoid salmonellosis remain majoblic health problems
and are clearly the most economically importantfborne disease. The incidence of
typhoid salmonellosis is stable, with very low nwerd of cases in developed
countries, but cases of non-typhoid salmonellosés iacreasing worldwide. Non-
typhoid cases account for 1.3 billion cases of e@astroenteritis/ diarrhea with 3
million deaths and for 16 million cases of typhdeder with nearly 600,000 deaths
(Panget al., 1995).
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In the US 1997, the estimated annual incidenceabhanellosis was 13.8
cases per 100,000 people. However, most casesigpaited, and the true incidence
may be much higher. Although the incidence is g&aamong children, outbreaks
are common among individuals who are institutioreadi and residents of nursing
homes. Far fewer cases of typhoid fever occur gaah (0.2 per 100,000 people), and
these are increasingly associated with travel t@ld@ing countries (currently 72% of
cases) (Zapor, 2005). The Center for Disease Coatnd Prevention (CDC) in
Atlanta, GA in 1999 estimated that there were aldiobitmillion cases with 500 deaths
associated with the consumption of food contamohat&h Salmonella. The Food
and Drug Administration (FDA) estimated that in 539%almonellosis from food-
borne sources resulted in economic loses of $330omito 1.5 billion dollars
(Schneidegt al., 2003).

In many countries, the incidence of salmonellosas markedly increased;
however, a paucity of good surveillance data existshe Netherlands, which has a
population of 15.8 million, 50,000 cases of salmlmses are reported each year
(incidence, 3 per 1,000 person-years) (Van Pelt ®@atkenburgh, 2001). An
estimated 12-33 million cases of typhoid fever ocglobally each year, and the
disease is endemic in many developing countrie®findian subcontinent, South
and Central America, and Africa (Zapor, 2005)

2.2.3 Antibiotic resistance

Another major public health concern $&Imonella spp. with resistance to
antibiotics used in human medicine, thereby gre@&tiucing therapeutic options and
threatening the lives of infected individuals (Tebé#t al., 1985). Antibiotic resistance
in Salmonella spp. has been continuously reported since the earg049Van
Leeuwenet al., 1979), when most of the reported resistance wassiagle antibiotic
(Cherubin, 1981). However, multidrug — resistamaiss are emerging in India and
Southeast Asia. In India 50- 70% of strains arestast to chloramphenicol and other
antibiotics (Pangt al., 1995; Roweet al., 1997).
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In some parts of the world, antibiotics are usextaasingly in the agriculture
and aquaculture industries as therapeutic, proptiglJaand growth-promoters to
protect the vigor of reared animal species. Newd@&we indicates that growth-
promoting drugs such as apramycin, avoparcin, gtusih can engender bacterial
resistance to gentamicin, vancomycin and erythreomyespectively. The approved
veterinary use of enrofloxacin in several Europeauntries (1987-1994) and
sarafloxacin in the US (1995) was most unforturegeause the agents used there led
to the emergence and spread of fluoroquinolonestasiSalmonella, Campyl obacter

and other bacterial pathogens in foods and in coassi (D’Aoust, 2001).

Recently, the emergence of antibiotic resist&nt Typhimurium strains,
particularly the penta-resistant strain DT104, whig a more virulent than sensitive
strain, is troublesome in the United States (Glghal., 1998). This strain has been
isolated from numerous species of animals, bothd wihd domesticate, and it is
resistant to ampicilin, chloramphenicol, streptomysulfonamides and tetracycline.
In addition, there have been reports of resistadncévo other antibiotics namely

trimethoprim and fluoroquinolones, in Great Brit§8cherer and Miller, 2001).

2.2.4 Salmonellosis in Humans

Most persons infected witbalmonella develop diarrhea, fever, and abdominal
cramps 12 to 72 hours after infection. Additionaligere may be chills, headache,
nausea and vomiting. The illness usually lasts 4 ttays, and a majority of persons
recover without any treatment. However, in somesathe diarrhea may be so severe
that the patient needs to be hospitalized. In theseere diarrhea patients, the
Salmonella infection may spread from the intestine to theodlstream, and then to
other parts of the body and can cause death uthlegserson is treated promptly with
antibiotics. The elderly, infants, and those withpaired immune systems are more
likely to have fatal illness (CDC, 2004).
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2.2.4.1 Incidence

Human gastroenteritis is caused by many serotgpe&simonella, the most
common of which in the US ai® Enteritidis andS. Typhimurium (Altekruseet al.,
1997). Cases of gastroenteritis are usually dusbtdamination of food with animal
rather than human waste. Undercooked meat, seafmolddeggs are common causes
of salmonellosis, although the contamination otlfrggroduce with animal waste is

also a significant problem (Tauxe, 1997).

In the US, approximately 2-4 million cases &amonella related
gastroenteritidis occur per year. Children are rninest likely to get salmonellosis.
Young children, the elderly and the immuno-compsedi people are the most likely
to have severe infections. It is estimated that@pmately 600 persons die each year
with acute salmonellosis, and salmonellosis is mm®mon in the summer than
winter (CDC, 2004).

Salmonellosis may occur in small, contained outksean the general
population or in large outbreaks in hospitals,aesints, or institutions for children or
the elderly. While the disease is found worldwitlealth experts most often report
cases in North America and Europe. Every year, GB¢eives reports of 40,000
cases of salmonellosis in the United States. Tlen@gestimates that 1.4 million
people in this country are infected and that 1,Q@®ple die each year with
salmonellosisSalmonella Typhimurium andSalmonella Enteritidis are the two most
commonly found in the United States (NIAID Fact 8h&005).

2.2.4.2 Transmission

Salmonella bacteria can grow on just about any food, sucmeat, poultry,
seafood, eggs, and dairy products in particulawels as vegetables and fruits, such
as beans, grains, orange juice, cantaloupe, andtspFood prepared on surfaces that
previously were in contact with raw meat or meatdpicts can, in turn, become

contaminated with the bacteria. This is called stoentamination. In recent years, the
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CDC has received reports of several cases of salosis from eating raw alfalfa
sprouts grown in contaminated so8almonella infection frequently occurs after
handling pets, particularly reptiles like snakestlés, and lizards (NIAID Fact Sheet,
2005).

Infection occurs by ingestion of the organismsand derived from infected
animals or contaminated by the feces of an infeat@thal or person. This includes
raw and undercooked (inadequate time for a givanpesature) eggs and egg
products, raw milk and raw milk products, contarneadawater, meat and meat
products, poultry and poultry products. Epidemi@yralso be traced to foods such as
meat and poultry products that have been processg@depared with contaminated
utensils or on work surfaces or tables contaminatefdrevious useS Enteritidis
infection of chickens and eggs has caused outbmaaksingle cases, especially in the
Northeastern US and Europe, and is responsiblehimrmajority of cases of this
serotype in the US. Temperature abuse of food dur® preparation and cross
contamination during food handling are the mostangmt risk factors (Washington
State Department of Health, 2002).

Salmonellosis can become a chronic infection in esggaople who may not
have symptoms. Though they may have no symptorag,dain spread the disease by
not washing their hands before preparing food thers. In fact, health care experts
recommend that people who know they have salmasigllwot prepare food or pour
water for others until a laboratory tests show theyonger carrysalmonella bacteria
(NIAID fact sheet, 2005).
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2.3 Salmonellain chicken meat

2.3.1 Distribution and importance in foods

Infections with bacteria of the gen8almonella are responsible for a variety
of acute and chronic diseases in poultry. Infegedltry, moreover, comprise one of
the most important reservoirs of salmonellae tlaat be transmitted through food
chains to humans. Isolations &lmonella are reported more often from poultry and
poultry products than from any other animal spe@iesst, 1997).

Poultry can become colonized by pathogens via drnkvater, feed or
pecking in contaminated soil or litter ICMSF, 1998

Although the proportion of food poisoning outbreakd cases in which the
sources of infections can be positively identified small, poultry and poultry
products are repeatedly implicated in human oultsre®almonella organisms from
poultry sources currently enter the human food rchmainly as a result of carcass
contamination from infected fecal material or eggsveralSalmonella serovars have
been isolated from poultry. The exact number, hame¢ difficult to estimate, some

serovars may be predominant for a number of y@aasrégion or country.

The distribution of Salmonella serotypes from poultry sources varies
geographically and changes over time. Althoughftbguency of isolation of various
Salmonella serotypes from poultry changes from year to yeawesal serotypes are
consistently found at a high incidence. Based aa di@m the US Department of
Agriculture (USDA) National Veterinary Service Labtory between July 1990 and
June 2003, the most commonly identified serotypeshickens in the US were (in
descending order of incidenc&)HeidelbergS. Enteritidis,S. Hadar,S. Montevideo,

S Kentucky ands Typhimurium (Gast, 1997).
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2.3.2Salmonella Typhimurium andsalmonella Enteritidis in chicken meat

Human illness caused by infection wisalmonella enterica serovar Enteritidis
(S Enteritidis) increased worldwide beginning asleas the mid-1970s and, by
1990, this serovar displace@®lmonella enterica serovar Typhimurium §
Typhimurium) as the primary cause of salmonellogishe world (Baumlert al.,
2000).

Occurrence of food poisoning related Salmonella contaminated eggs and
chicken meat has been frequent in humans (Metadl., 1999). Eating raw or
undercooked eggs has also been considered a nijofactor for food poisoning
with salmonellae in some situations (Molback andinien, 2002). Salmonella
Enteritidis (SE) andS Typhimurium (ST) are included among the most imgafrt
paratyphoid salmonellae associated with chickentraed eggs (Tavechiet al.,
2002, Taunayet al., 1996). SE is the most frequently isolat8almonella from
poultry products in Brazil (Fiorentin, 2004).

Since the 1990’s, a specific type of ST known aefnitive type DT 104 has
become a problem in the UK, Western Europe andntBcan the US. The primary
route by which humans acquire ST infection is bgstomption of contaminated food
of animal origin. Unlike SE, which is mainly assated with poultry and eggs, multi-
drug resistant ST DT104 can be found in a broadeat food. Outbreaks in the UK
and Northern Ireland have been linked to poultrd anpasteurized milk (FSRIO,
2005).

ST DT104 is primarily associated with cattle buh#s spread to a range of
food animals, especially pigs and chickens (IFS997). Recently, there has been
little information as to whether foods sourced frother EU countries or elsewhere
are also becoming increasingly contaminated withibamic-resistantSalmonella
Typhimurium DT104. However, recently-published Ugtistics have shown a

dramatic increase in the proportion of multi-remmt isolates of allSalmonella
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Typhimurium from 7% in 1990 to 28% 1995, 83% of tlager beingSalmonella
Typhimurium DT104 (Anon., 1997).

In many EU countries the salmonellae that mosgueatly cause human
gastroenteritis ar€. Typhimurium and, especially in more recent ye8r&nteritidis,
particularly Phage Type 4 (PT4) (ACMSF, 2001; WHRDQ1). The other serotypes
involved in human iliness vary geographically brgqguently includeS Agona S
Hadar S Heidelberg S Infantis S Newport S PanamaS. Saint-paul S Thompson
andS Virchow (WHO, 2001).

2.3.3 Studies ofalmonella in chicken meat in Vietham and overseas

In Vietnam, there are very few published reportssalmonella contamination
in chicken meat as far as we know. A study thati$ed on chicken and duck showed
that the prevalence ofalmonella in chicken and duck were 7.9% and 8.7%
respectively (Phaet al., 2004). In another study on contaminationSafmonella in
retail meats and shrimp in the Mekong Delta, Viein®&hanret al., 2005) showed that

Salmonella was isolated from 21.0% of chicken meat samples.

Worldwide, there are many prevalence studieSabmonella in poultry. Table
3 summarizes published reports on prevalence studienany countries showing a
prevalence foBGalmonellain poultry ranging from 0% to >50%. Both fresh drmakzen
poultry have been contaminated by this pathogesigaificant rates. The serotypes
detected tend to be rather similar, wih Enteritidis andS. Typhimurium being

commonly isolated (Laket al., 2002).
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Table 3: Prevalence of Salmonella in poultry and raw poultry products

Country Samples % positive Ser otype information Reference
tested
Albania Chicken 30/461 (6.5)| S. Enteritidis 51.5%, Senftenberg 9.7% Serogroup C 9.7%% Newport 6.5%, | Beli et al., 2001
S Abony 3.2%,SAgona 3.2%S. Banana3.2%,S. Brancaster 3.2%& Infantis
3.2%,S Oslo 3.2%,S Serogroup B 3.2%
Australia | Chicken 109/266 S Kiambu 19.4%S Sofia Subsp. 11 58.1%& Subsp. |l rough 2.29& http://lwww.health.
(ACT) (41.0) Typhimurium untypable 2.2%g Typhimurium RDNC 1.1%S. Typhimurium 9
2.2%,S Typhimurium 64 5.4%S. Typhimurium 1356.5%,S Typhimurium 135a | act-gov.au
1.1%,S Typhimurium 193 1.1%S Zanzibar 1,1%
Belgium Chicken carcasses 45/133 (33.8 Enteritidis 13.3%, Other serotypes 86.7% Uyttendaelest al., 1999
Spain Chicken 71/198 (35.8)S Enteritidis 47.9%S Hadar 25.4%S. Serotype 4,12:b:-(II) 19.7% Mbandaka | Dominguezet al., 2002
2.8%,S. Virchow 1.4%,S Derby 1.4% S Paratyphi B 1.4%
UK Chicken 74/325 (22.8) S Enteritidis 42.6%S. Typhimurium 6.5%, Other serotypes 50.9% Plummext., 1995
Ireland Poultry 28/106 (26.4) S Bredeney 46.4%& Kentucky 39.3%$ Enteritidis 7.1%S. London 3.6%S. Duffy et al., 1999
Schwartzangram 3.6%
Malaysia Chicken portions|  13/33 (39.4) S Blockley 33.0%S. Enteritidis 26.7%S Chincol 13.3%S. Paratyphi B var Arumugaswamyt
Odenses.7,S. Kentucky 6.7S. Welteverden 6.75 Virchow, 6.7 al., 1995
USA Retail chicken 9/212 (4.2) Zhaoet al., 2001
Vietnam Chicken meat 21% Phanet al., 2005
Thailand Chicken meat 2% Boonmaret al., 1998




3. MATERIAL AND METHODS

3.1 Study area and period

This research focused on retail markets in Haityi ®lost of the poultry meat
(chicken, goose, and duck) would be sold on thelnetarket and it is very popular in
the north part of Vietnam. The rest was sold inesoparkets around Hanoi. Actually,
people still have a habit of buying ready-to-eaid@and ready-to-cook food in the

retail shops.

Samples collection was divided into two periodarimg the first sampling
(from December, 2004 to February, 2005) it was @i the north of Vietham. The
second sampling (from March, 2005 to April, 20G&)k place during springtime.

3.2 Sample selection

The sample selection was based on the geogragttsdion. During the study
period, Hanoi was divided into 5 urban districtsorR each of these districts, 4
markets (in District 1) and 3 markets (in DistiZ;t3, 4 and 5) were randomly selected

for sample collection (Table 4).

Table 4: Sampling frame

Samplingtime | District Market Shop n/shop Total
1st sampling D1 4 14 5 70
D2 3 12 4 48
2nd sampling D3 3 12 4 48
D4 3 12 4 48
D5 3 12 4 48
Total n =262
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In each market, 4 shops were conveniently seleateld4 chicken pieces were
collected from each shop (5 chicken pieces wereaeld from each shop in District
1).

3.3 Sampling

The samples were collected in the morning — whenajpen market started.
Three hundred gram chicken breast was purchasedtaretl at 2C. Samples were

brought to the laboratory and processed within @$after collection.

3.4 Sample size

The expected prevalence &dlmonella in chicken meat in Hanoi was assumed
at a percentage of 50%, and in chickens sold pgmuare than 10.000; a level of
confidence of 90% and accepted error of 5% werd ussample size determination
A sample size (n) of 240 was obtained using thgnam Win-Episcope 2.0 (Dawson
and Trapp, 2004).

3.5 Laboratory methods

In this study, we followed ISO 6579 “Microbiologyf dood and animal
feeding stuffs — Horizontal method for the detactmf Salmonella spp.” and DIN

method (Germany), see Figure 1.

There are five steps for the detectiorsalimonella
- Pre-enrichment
- Enrichment

- Selective culture
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- Preliminary confirmation using biochemical tests

- Confirmation by serological testing

Twenty-five grams of each sample was taken frorokem breast by knife and
scissors using aseptic techniqgue. Homogeneous samjith Buffer Pepton Water by
stomacher machine then samples were incubated@tf8718h-24 hours.

In this study, Rappaport Vassiliadis and Tetrathtenbroth were used as
selective enrichment media. The pre-enrichmentesuspn was transferred from the
stomacher bag to Rappaport Vassiliadis (0,1ml) @etrathionate broth (10ml).
Rappaport Vassiliadis was incubated dtG}avhile Tetrathionate broth was incubated
at 37C.

Then, from the selective enrichment broth, a lodpth® inoculum was
transferred to a selective agar. In this case, Ramlagar and XLT4 agar (Xylose
Lysine Turgitol 4 Agar) were used. Both were incloat 37C /18h-24 hours.

Salmonella colonies in the XLT4 agar showed black colour amange-
coloured agar an&almonella colonies in the Rambach agar showed red colour on
pink agar.

From each plate, up to 5 colonies wigalmonella characteristics were
transferred to nutrient agar for further test.
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Figure 1: Flow of Salmonella Chart Conventional Culture Methods

proportion
259 1:10 225ml
U
total sample buffered peptone
(homogenised) - stomacher bag water (sterile)

g

| pre-enrichment |

>

I
homogenise
l Incubation; 16-20h/37°C
Rappaport-
Vassiliadis 0Ll 14 10m
enrichment broth Tetrathionate
(RV) broth (T)
10ml I: stomacher :I 100 m|
1% selective enrichment pre enrichment 2" selective enrichment
(after incubation)
Incubation: Incubation
24h/42°C 24h/37°C
loop smear loop smear Eriﬁ;ﬁf}»henolred-bne-
| 1 Lactose-Saccharose-agar
B l J{ l l *: Rambach-agar:
(second selective mediun
free choice)
== & = &=
RV IBPLS* RB. sanare BPLS Rbl' T
Incubation: ! . Incubation:
another 24h/37°C R Another 24h/37°C
total incubation: total incubation:
48h loop smear loop smear 48h

=S & S &
BPLS Rp.

'Ell L]

RV |BPLS RD. 5 ha7ec

)

analysis




23

Biochemical confirmation

The Kligler Iron Agar (KIA) was used. Kligler iroagar is based on double
sugar fermentation and hydrogen sulphide productionear the surface of a Kligler
Iron Agar slope and stab the butt with a colonyked off one of the solid media.
There are three reactions to record when inten@edi KIA tube, reactions after 18 -
24 hours at 35°C (Oxoid, 2004).

1- Carbohydrate utilization

(i) slant reaction ‘ (i) butt reaction
acidity: yellow colour acidity: yellow colour
alkalinity: red colour alkalinity: red colour

2- Gas production

aerogenic ‘ anaer ogenic

bubbles or splitting of agar ‘ no gas production

3- H;S productionBlackening in whole or part of butt

Table5: Kligler reactivity of Salmonella

Organism Slope Butt Gas H.S
Shigella sonnei red yellow - -
Shigella dysenteriae red yellow - -
Salmonella typhi red yellow - +
Salmonella species red yellow + +
Enterobacter species red yellow + -
Klebsiella species yellow yellow + -

V = variable, + = positive, - = negative.
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Serological confirmation

All isolates growing on solid media indicating te $almonella and showing a

reaction on KIA asSalmonella were serotyped by agglutination according to the

Kauffmann-White scheme, usingalmonella polyvalent I, Il (A-E; F-67). Then,
typing was completed witBalmonella somatic antigen (O) anSalmonella flagella
antigen (H).
Figure 2: Serological procedure
Salmonella polyvalent |
(A-E)
Positive Negative
l Grouping A, B, Salmonella
C,DE Polyvalent |1 (F-67)
Testing fo /\
self -
agglutination Proceed int Positive Negative
main somatic
serovar groups l l

Define in to Nor-
group F-67 Salmonella

\ 4

Proceed for Flagella
testing

— T

Phase | Phase Il
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3.6 Information from the questionnair e survey
Information about possible risk factors was colelcusing a questionnaire.
The author collected all of the information. Thatefactors were obtained as follows

(Table 6).

Table6: List of Factors

List Factors Description

1 Chicken/source Source of chicken

2 Chicken/slaughter by How the chicken was slaughte

3 Chicken/eviscerated How the chicken was evisedrat

4 Water/source Source of water

5 Water/chlorinate Was water chlorinated?

6 Water/storage How water was stored

7 Shop/knife Number of knives used in shop

8 Shop/chopper Number of choppers used in shop

9 Shop/worker Number of workers in shop

10 | Shop/surface Type of table surface (where theicken was
placed on)

11 | Hygiene/market The hygiene status of market

12 | Hygiene/shop The hygiene status of shop

13 | Hygiene/human The hygiene status of workers
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3.7 Data management and data analysis

Field, laboratory and questionnaire data were mashagsing MS excel.
Databases were prepared for each type of dataaéedrerged into one. Chi-square
(corrected/Pearson) test was used to compare ¢valpnce ofSalmonella according

to seasons, districts and shops within markets.

Univariate analysis was performed to relate themtl risk factors, (derived
from the gquestionnaire responses)Samonella outcomes (present or not present) in
samples and shops. The categorical variables weayzed using the Chi-square
(Corrected/Pearson) test while the continuous blasawere assessed using either the
T-Test or ANOVA depending on the factor levels. @e 13 risk factors (Appendix
B) were used in this study. Factors that showgdifstant (P<0.1) association with
the outcome were offered for multivariate analysdse two multivariate analyses
used were linear multiple regression and logistgression. A backward elimination

algorithm was used for the parameter estimatidherfinal model.



4. RESULTS

4.1 Salmonellaisolation

A total of 262 samples of chicken meat from 62 shop 16 markets in 5
districts of Hanoi were collected f&lmonella isolation. Of these samples, 128 were
positive for Salmonella giving an overall sample prevalence of 48.9% (Table
Seasonally, 41.43% of the samples gathered durimjemwwere positive while
51.56% of spring samples were positive $ahmonella. However, these two seasonal
proportions were not significantly (p = 0.1894)fdrent.

Numerically, the percent of district-specifalmonella contamination was
different with the highest recorded in district @ (%) and the lowest in district 4
(37.5%). No statistically significant difference svabserved among proportions
(p=0.0698) (Table 7).

Similarly, the different markets had differenGalmonella percent
contamination levels. The highest proportion (81).2¢as recorded in Market 2 (M2)
located in District 2 (D2) and the lowest (30%)Market 4 (M4) in District 1 (D1).
Nevertheless, there was no significant differencaoreg the proportions of

Salmonella contamination among and within markets in eactridigTable 7).



28

Table 7: Proportion of Salmonella positive sample

Prevalence of Salmonella n No. of Per cent P-value
contaminated positive
Overall 262 128 48.9
By season
- Winter time 70 29 41.43 p=0.1894
- Spring time 192 99 51.56
By districts (n=5)
- D1 70 29 41.42
- D2 48 30 62.5 p=0.0698
- D3 48 27 56.25
- D4 48 18 375
- D5 48 24 50
M1 20 10 50
D1
M2 20 8 40 p=0.7584
M3 20 8 40
M4 10 3 30
D2 M1 16 10 61.2
- M2 16 13 81.2 p=0.0907
e M3 16 7 43.7
= D3 |m1 16 11 68.7
[}
I M2 16 8 50 p=0.4667
g M3 16 8 50
@ | D4 M1 16 6 375
M2 16 7 43.7 p=0.7659
M3 16 5 31.2
D5 M1 16 8 50
M2 16 9 56.2 p=0.7788
M3 16 7 43.75

(D= District; M= Market)
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Of the 62 shops participating in the study, thewswne shop with 100%
percentSalmonella contamination (D2 M2 S1) and one shop with $abmonella
contamination (D4 M3 S1) (Table 8).

Table 8: Proportion of Salmonella positive samples by shop

Market Shop Digtrict
D1” D2 D3 D4 D5
M1 S1 40 75 75 25 50
S2 40 75 50 50 50
S3 60 50 75 25 50
S4 60 50 75 50 50
M2 S1 40 100 50 50 50
S2 60 75 75 25 50
S3 40 75 50 75 50
S4 20 75 25 25 75
M3 S1 20 25 50 0 25
S2 80 50 50 50 50
S3 40 25 25 25 25
S4 20 75 75 50 50
M4 S1 40 : - - -
S2 20

D= District; M= Market; S= Shop

" 4 samples per shop

“5 samples per shop
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4.2 Serogroups and ser otypes

A total of 128 Salmonella positive samples were tested for sero-grouping
using polyvalent antisera | and 1l. Out of thesmgles 129 isolates (Table 9) were
obtained (2 isolates from sample 44- D2M1S2). Ak t129 Salmonella isolates
belonged to 5 somatic groups. The main somaticpgravere B (42.6%), C (27.9%)
and E (25.6%).

Table 9: Serogroups of Salmonella isolated from chicken meat

Group No. of isolatesin group Percent (%)
Group B 55 42.6
Group C 36 27.9
Group E 33 25.6
Group D 2 1.6
Group F-67 3 2.3

Total 129 100
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Table 10 shows that members $fimonella group B were most frequently
found in the Districts 1, 4 and 5 in the followinigscending order: 100% in D4,
58.33% in D5 and 48.28% in D¥almonella group B was found in all markets in D1,
D4 and D5. In particular, this serogroup accouatdtie majority of isolates that were
isolated from all markets of District 4 (100%), ltaling by Market 4 (D1) and
Market 2 (D5) with 66.7%

Whereas the most commonly found isolates in D2 @Bdwvere Salmonella
Group C (54.84%) and E (48.14%), respectively. With2, Salmonella group C was
found with the highest percentage of 71.44% ofaited from M3. Similarly, in D3,

Salmonella group E accounts for 75% of isolates from M2.
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Table 10: Salmonella serogroups distributed by market and district

Digricts | Markets Group B Group C Group E Group D Polyvalent || Total
n % n % n % n % n %
D1 M1 3 30 3 30 4 40 10
M2 4 50 3 375 1 12.5 8
M3 5 62.5 2 25 1 12.5
M4 2 66.7 1 33.33
> 14 48.28 8 27.8 7 24.14 29
D2 M1 2 18.18 5 45.45 3 27.27 1 9.09 11
M2 7 53.85 6 46.15 13
M3 1 14.28 5 71.44 1 14.28 7
> 3 9.67 17 54.84 11 35.48 31
D3 M1 1 9.09 6 45.45 5 45.45 11
M2 1 12.5 6 75 1 12,5 8
M3 5 62.5 2 25 1 12,5 8
> 6 22.22 6 22.22 13 48.14 2 7.41 27
D4 M1 6 33.3
M2 7 38.9
M3 5 27.8
> 18 100 18
D5 M1 5 62.5 2 25 1 12.5 8
M2 6 66.67 1 11.11 i 11.11 1 11.11
M3 3 42.86 2 28.56 1 14.28 1 14.28
> 14 58.33 5 20.83 3 125 2 8.33 24
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Most (67.74%) of the shops were contaminated ®s#imonella of Group B
(Table 11). However, only 3.22% of the shops werstaminated with &monella
belonging to Group D and 4.84% shops atinonella of Group F-67. As the table
shows, 40.31% shops were contaminated with twogseups ofSalmonella and

8.06% with three serogroups.

Table 11: Distribution of Salmonella ser ogroups by shops (n=62)

Ser ogroups Number of shops/ sero-group Per cent
Group B 42 67.74
Group C 26 40.625
Group E 24 38.7
Group D 2 3.22
Group F-67 3 4.84
Two groups
Overall 25 40.31
B+E 7 11.29
B+C 7 11.29
C+E 8 12.9
C + F-67 1 1.61
E+D 2 3.23
Three groups
Overall 5 8.06
B+C+E 3 4.84
B+ E+F-67 4 1.61
B+ C+F-67 1 1.61
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Table 12 shows the distributions of the numbersaktes of eac&almonella
serotype by district and market. Overall, twelveogges were identified from 129
isolates. Most (31.01%) isolates we&eAgona, followed bys. London (18.6%) and
S Emek (17.83%). Other serotypesSafmonella detected belong t8 Typhimurium
(7.75%),S. Brunei (6.2%)S. Senftenberg (3.87%% Derby (3.87%)S. Weltevreden
(3.1%),S Haardt (3.1%), somatic group F-67 (2.33%)Enteritidis (1.55%), an&.
Newport (0.78%).

There was only one serotype distributed in Distdc{S. Agona), whereas
eight serotypes were distributed on District$%.Enteritidis (two isolates) an&

Typhimurium (10 isolates)ere found only in D3 and D1, respectively.

S Agona was found in all markets of D4 and [35London was detected in
all markets of D2 and D& Emek was found in all markets of D2. However sthe

serotypes were not found in D1.

Similarly, S Typhimurium ands. Senftenberg were found in all markets of D1
only (in the winter time), and are meanwhile natrfd in other districts (in the spring

time). In addition, th&. Newport serotype was detected only in M1 of D5.
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Table 12: Number of isolatesin each serotype of Salmonella by Markets and Districts

D1 D2 D3 D4 D5 Total | Percent

SEROTYPES | Group | M1 |M2 | M3 |M4 | M1 |M2|M3|M1| M2 |[M3|M1|M2|M3| M1 |[M2|M3| n %
S Agona B 2 1] 1 5/ 6| 7| 5 5 6 2 40 31.01
S London E 3| 6/ 1 5 6 1 1 24 18.6
S Emek C 5| 5| 4| 5 1 1 2 23 17.83
S Typhimurium B 4 1 10 7.75
S Brunei C 8 6.2
S Senftenberg E 2 1 5 3.87
S Derby B 2| 1| 1 1 5 3.87
S Wetevreden E 2 4 31
S Haardt 2 1 1 4 31
S F-67 F-67 1 7 1 3 2.33
S Enteritidis D 1 1 2 1.55
S Newport C 1 1 0.78
No. of serotypes 4 4 4 4 3 4 3 4 1 1 1 4 4 5 100
No. of isolates 10 11 | 13 11| 8 6 | 7|5 129

D= District; M= Market;
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4.3 Resultsfrom the questionnaire

4.3.1 Shop level

The distributions of proportions @almonella contaminations per levels of
each risk factor and number of shops are showrabi€l'13. Eight of 13 factors were

significantly associated witBalmonella proportions in the univariated analysis.

Summary results of the multiple linear regressinalgsis are shown in Table
14. The results indicate that “number of knivesdiseas marginally (p= 0.0632)

associated witlsalmonella contamination.

However, it should be noted that the number of shepich used only one
knife were twice the number of shops that used niwee@ one knife (table 13). But
the mean prevalence was higher (53.3) than tha@3&3% that used more than one
knife. These two mean proportions were significgmt0.0235) at the univariate

analytical level.

In addition, the proportion ofSalmonella contamination in shop was
significantly (p<0.0001) associated with the lewél“The hygiene status of shop”,

whether the shop hygiene level is clean or dirty.
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Table 13: Summary results of univariate analysis of potential risk factorsfor

Salmonella contamination in chicken shops (continuous variable)

Factors Level No. of shop M ean of P-value
proportion
Chicken/source Household 55 47.818 0.12037
Farm 7 60.714
Chicken/slaughter by  Others 18 50.833 0.7069
Retailer 44 48.636
Chicken/eviscerated| at home 46 49.782 0.8293
at retail 16 47.8125
Water/source Well 21 59.048 0.0482
Tap 41 44.268
Water/chlorinate No 21 57.857 0.0178
Yes 41 44.878
Water/storage Closed 2 62.5 0.3612
Open 60 48.833
Shop/knife >1 20 40.75 0.0235
=1 42 53.333
Shop/chopper >1 17 36.765 0.0026
=1 45 54
Shop/worker >1 27 44.63 0.1205
=1 35 52.857
Shop/surface Ceramic 3 26.666 0.0142
Stainless 40 46.125
Steel 8 56.25
Wood 11 61.818
Hygiene/market Dirty 54 51.296 0.0441
Clean 8 35.625
Hygiene/shop Dirty 34 62.941 <0.0001
Clean 28 32.678
Hygiene/human None 25 59 0.0017
Apron 37 42.702
Mask 0
Glove 0
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Table 14: Variablesin final model of Multivariate analysis of risk factors

associated with proportion of Salmonella contamination in shops

Factors P-value
Shop/knife 0.0632*
Hygiene/shop <0.0001

*significant at p = 0.1000

4.3.2 Sample level

Number ofSalmonella positive samples in each level of risk factorhis\sn in
Table 15. There were seven out of 13 factors thertevsignificantly (p= 0.1000)

associated with sample prevalence in univariaté/sisa
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Table 15: Summary results of the assessment of associations between sample

prevalence of Salmonella with potential risk factors (univariate analysis)

Factors Level No. of sample | n(+) | n(-) | % (+) P-value*
examined
Chicken/source| Household 234 113 | 121 | 48.29 | (.2927
Farm 28 17 11 | 60.71
Chicken/ Others 73 37 36 | 50.68 | (.9388
slaughter by Retailer 189 93 96 49.2
Chicken/ at home 197 99 98 | 50.25 | (.8297
eviscerated at retail 65 31 | 34 | 47.69
Water/source Well 90 54 36 60 0.0214
Tap 172 76 96 | 44.186
Water/ No 90 53 37 | 58.88 | 0.0413
chlorinated Yes 172 77 95 | 44.76
Water/storage Close 8 5 3 62.5 0.7032
Open 254 125 | 129 | 49.21
Shop/knife >1 85 35 50 | 41.18 | (.0781
= 177 95 82 | 53.67
Shop/ chopper >1 72 27 45 37.5 0.0228
= 190 103 | 87 | 54.21
Shop/worker >1 111 50 61 | 45.04| (.2525
= 151 80 71 | 52.98
Shop/surface Ceramic 15 4 11 | 26.66
Stainless stee 164 76 88 | 46.34 0.0908
Steel 36 20 16 | 55.55
Wood 47 30 17 | 63.82
Hygiene/market  Dirty 228 118 | 110 | 51.75 | 0.1081
Clean 34 12 22 | 35.29
Hygiene/shop Dirty 142 91 51 | 64.08 | <0.0001
Clean 120 39 81 32.5
Hygiene/human, None 117 69 | 48 | 58.97 0.0094
Apron 145 61 84 | 42.06 '
Mask
Glove

"P-value from Chi-square test
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Of the seven factors, only four were found sigmifitty (p<0.05) associated
with the sample prevalence (Table 16). Four factassociated with sample
prevalence oSalmonella were “number of knives used”, “number of choppessd”,

“type of table surface” and “the hygiene statushudp”.

Notably, the odds ratios of the number of choppes shop, type of table
surface (steel, stainless steel and wood) in te slere greater than one. Thus they

were strongly associated with the presencg&abhonella in the samples.

Table 16: Logistic regression of therisk factors associated with sample

prevalence of Salmonella

Factors Level OR P-value 95% ClI
>1 1 - 0
Shop/knife =1 0.456347819| <0.001 | [-1.0668, 0.3262]
>1 1 0
Shop/chopper | =1 2.150069141| <0.001| [0.4082, 1.1228]
Ceramic 1 - 0
Stainless stee| 1.771629 0.0002 |[0.2693, 0.8745]
Shop/surface | Steel 2.01980 0.0016 |[0.2652, 1.1407]
Wood 2.552568 0.0002 |[0.4525, 1.4218]
Dirty 1 - 0
Hygiene/shop | Clean 0.313893978| <0.001 | [-1.5045, -0.8130]

Note:
OR = Odds ratio
OR = 1: no association exits between presen&alafonella and factor
OR > 1: the factor is positively associated witle presence ofalmonella
(risk factor)
OR < 1: the factor is negatively associated with pgresent ofSalmonella

(protective factor)



5. DISCUSSION AND CONCLUSIONS

5.1 Discussion

5.1.1 The aim of the study

It was the aim of this study to get a picture Ssimonella from highly
populated urban/ suburban areas of South East A$iere overlapping production/
stocking of animals as well as consumption wouldobserved. Here, data on the
prevalence of salmonellae in chicken meat readysklling was obtained from
popular markets. In the different districts, a eliéint pattern was obtained, possibly

reflecting a different origin of the birds and {hv®ducts.

5.1.2. Aspects of sampling

There were 262 samples taken from 16 markets iistiiads of the capital of
Hanoi. A total of 62 shops were visited, offeringgqes for sale according to the
convenience of the customers. During sampling, Slmaples were kept in plastic
bags. The samples were investigated for their poesépresence/ absence test). A

guantitative result was not intended.

5.1.3 Level of contamination

In this study, the prevalence &ilmonella in chicken meat from retail markets
in Hanoi was 48.9%. The results are comparabléeofindings reported in the US
(Bokanyi, 1990) with 43% of broiler carcasses beingtaminated witlsalmonella or
with results from Spain with 60% (Carraminagtaal., 1997) or Portugal (Antunes,
2003), 36% in Malaysia (Russt al., 1996) and 34% in Belgium (Uyttendaeteal .,
1999).
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However, in studies from other countries, the pleavee of Salmonella in
chicken meat was lower than here: 8% in Albanidi(Beal., 2001), 25% in the UK
(Jorgenseret al., 2002), 26% in Ireland (Duffyet al., 1999), 16.4% in Austria
(Mayrhoferet al., 2004), 15% Denmark (Bager, 2000), 5.7% in UK (Fstzhdard
agency, 2001). Moreover, this study shows a lowevadence ofSalmonella in
chicken meat when compared with countries suchrasland with 72% (Boonmar,
1998) and Greece with 69% (Arvanitideal., 1998).

For Vietnam, there are only a few reports on thevalence ofSalmonella in
chicken meat. A study from the south part of Vietnrshows that 21% of the chicken
meat samples were positive wihlmonella (Phanet al., 2005).

5.1.4 The Districts, Markets and Shops

In samples of one of the shops visited (Districtr Salmonella was found,
and at one of the shops visited (District 2), 100f4he samples wer8lmonella
positive. The high percentage of positive sampiesome markets confirms the major
role of salmonellae in poultry products, which hes#n expected from the production

and marketing patterns in these markets.

However, there is still a difference: from Distridf a uniform pattern was
obtained § Agona), which should be scrutinized more thordwuglRPossibly, the
results reflect the same origin of the raw matestad sort of “market flora”. Also, the
percentage of positive samples was quite differemt:District 2, the highest
percentage (62.5 %) and District 4, the lowest graiage (37.5 %) was obtained. The
hygienic status of the shops promotes the tramgfsalmonellae, once they are in or

on the birds.

All of Salmonella Typhimurium (10 isolates) have been found in Destd
during winter time. On the other hand, some seegywere common in the spring

time -S Agona.S Emek orS London could not be found during the winter time.
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5.1.5 The serotypes

Mainly S. Agona (group B)S Emek (group C)S London (group E), an8&.
Typhimurium (group B) were obtaine& Agona (31%) has been obtained most
frequently in this study. In a similar study, Prearl., (2005) collected samples from
different species from markets in the Mekong Delti@tnam. Predominant serotypes
were S Weltevreden (group E)S. Derby (group B),S London (group E),S
Lexington (group E) an& Tennessee (group C). Isolates from chicken mese w
more broadly distributed, in this study among th&n Emek (group C),S
Typhimurium (group B) an&. Dessau (group E).

Data from the EU clearly show a different pattefnSalmonella serotypes:
From the Zoonoses Report (EC, 2005), the rangeredgminant serotypes w&s
Enteritidis (group D),S Typhimurium (group B),S. Saintpaul (group B), an&
Heidelberg (group B). Also, in the EU, a higher godion of group D types were

obtained.

Salmonella Enteritidis (SE) andSalmonella Typhimurium (ST) are known as
the most important non-typhoidal salmonellae asgediwith chicken meat and eggs
(Taunayet al., 1996). Many studies indicate a high prevalenc& dEnteritidis: 44%
in Portugal (Antunes, 2003), 28% in Thailand (Boan1998), 54.35% in Austria
(Mayrhoferet al., 2004). But, in this study§ Enteritidis was isolated only is 1.55%

of isolates.

In Germany, the sero- pattern is different frora tlata obtained here; much
more of Group D & Enteritidis 58%) was isolated, followed by Gro&p (S
Typhimurium 28%) (SIFIN, 2000).

From the different seropattems, it is concluded gerovares from chicken for
international trade should be investigated in otdeget a picture of upcoming global

strains.
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5.1.6 Geographic and local aspects

In the northern part of Vietnam, there are fourssea (summer, winter, spring
and autumn). In the winter time, the temperatur®vg cold and humid; during the
first sampling from December, 2004 to January, 2008 temperature was at a range
13-1€C. The second sampling (spring time) from March April 2005, the
temperature was at 20%5 The proportion ofSalmonella contaminated in winter
time was lower (41.43%) than in spring time (51.56%owever, the different

contaminated proportion was not significant.

At present, there is no modern chicken processimggih Hanoi yet. Most of
the poultry is slaughtered by the retailer. Othexsuld be slaughtered in some
wholesale chicken market. This might explain whe threvalence ofBalmonella

contamination in chicken meat in Hanoi is high.
5.1.7 Risk factor

The results from the questionnaire show that sé¥actors can be considered
risk factors, which increase the risk of presenteSammonella,, such as chicken
source, hygiene status, and shop surfaces. Thiy stdicates that the “number of
knives used”, “number of choppers used”, “hygietadus of shop” and “type of table
surface” were significant risk factors 8almonella contamination in chicken. Odds

ratios showed the strong relation of exposure ametsence ofalmonella.

Distribution and trade patterns on the marketppert the spread of

salmonellae from the place of origin via marketthe consumers.

Finally, the high percentage of positive samplesame markets in an urban
area in Vietnam confirms the major role of salmé@elin poultry products, which

was to be expected from the production and margtaiterns on these markets.
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5.2 Conclusions

262 samples from chicken meat in Hanoi, Vietnamewigvestigated for
salmonella. The contamination rate &fimonella was 48.9%. Season, district and

market were not significantly associated with camtetion of the poultry meat.

The main somatic group pattern was B (43 %), C ¥@8and E (26 %),

predominant serotypes wefeAgona, S. Emel& London.

The proportions o& Enteritidis andS. Typhimurium contamination were low
1.55% and 7.75%, respectively.

Some handling pattern (“Number of knives used”, fihoer of choppers
used”) as well as several aspects (“Hygiene stafushop” and “Type of table

surface”) were significant risk factors &l monella contamination.

The time of data collection represented only atstioration, the sample size
was small. So, the data cannot stand for the peacalin the entire area of the capital

of Hanoi. However, these data may reflect otheasie Hanoi as well.
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APPENDICES

APPENDIX A: EQUIPMENTS, MATERIALS, MEDIA AND REAGEN TS

Equipments and Materials

- Sterile 100, 200, 500, 1000, 2000 and 5000m| Erkyenflasks
- Electric balance

- Incubator, 3%C and 42C

- Refrigerator 4C

- Water bath

- Eppendoff tube 1,5ul

- Vortex mixer

- Sterile scissors, forceps, knifes, spoons
- Bunsen burner

- Autoclave

- Plastic bag, cotton pad, Aluminum foil

- Sterile plastic plate, plastic loop
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Media and reagents

- Buffered Pepton Water (Merck - Germany)

- Rappaport — Vasilliadis medium (RV) (Merck - German
- Tetrathionate broth (Merck - Germany)

- Kligler agar (Merck - Germany)

- Xylose Lysine Turgulor 4 Agar (XLT4) (Merck - Germg)
- Nutrient agar (Merck - Germany)

- Rambach Agar (Merck - Germany)

- Ethanol 70% and 90% (Vietnam)

- Sterile distilled water (Vietnam)

- NaCl (Sigma - US)

- Gram staining set (OXOID — UK)

- Salmonella polyvalent antiserum: I, Il (SIFIN - Geny)

- Salmonella somatic antiserum (SIFIN - Germany)

- Salmonella flagella antiserum (SIFIN - Germany)
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APPENDIX B: QUESTIONNAIRE FORM

QUESTIONNAIRE

Questionnaire number

Isolation and Identificatio®almonella from chicken meat in Hanoi — Vietnam

No. Item Question Response Code
1 | Collection| 1.1 | Time
1.2 | Collector
2 | Retailer 2.1 | Name
2.2 | Market
2.3 | District
3 | Chicken | 3.1 | Source o Farm o Household
3.2 | Slaughter by o Retailer o Others
3.3 | Eviscerated o At retail o At slaughter
4 | Water 4.1| Source o Tap o Well
4.2 | Chlorinated oYes o No
4.3 | Storage o Open o Close
5 | Shop 5.1 | Number of knives o=1 o>1
5.2 | Number of choppers | o =1 o>1
5.3 | Number of workers |o=1 o>1
5.4 | Table surface o Wood o Steel
o Stainless o Ceramic
6 | Hygiene 6.1| Market hygiene o Clean o Dirty
6.2 | Shop hygiene o Clean o Dirty
6.3 | Human hygiene o Glove o Mask
o Apron o None
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