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Abstract of thesis presented to the Senate of Un iversiti Putra Malaysia in  
fu lfi lment of the requ i rement for the degree of Doctor of Phi losophy. 

MOLECULAR CHARACTERIZATION OF LISTERIA SPP. ISOLATED 
FROM BEEF, CHICKEN AND FERMENTED FISH IN MALAYSIA 

By 

HAJJAH ENDANG PURWATI RAHAYUNINGSIH 

January 2003 

Chairman : Dr. Hajjah Zaiton Hassan 

Faculty : Food Science and Biotechnology 

Modified FDA method was found to g ive h igher recovery of Listeria 

spp. than USDA method for d ifferent sources. The results ind icated that the 

imported frozen beef samples from wet market examined were contaminated 

by seven d ifferent Listeria spp. namely, L. monocytogenes, L. iva no vii, L .  

seeligeri, L .  innocua, L .  we/shimeri, L.  gray; and L. murrayi. However, the use 

of FDA, USDA and the mod ified USDA methods may be more beneficial 

where a l imited range of Listeria spp. to be recovered (L. monocytogenes, L. 

ivanovii and L .  innocua). Listeria spp. was not isolated from any of the 23 

samples of imported frozen beef from supermarket and from the five samples 

of buffa lo meat examined. 
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A total of two hundred and seventy isolates of Listeria spp. from different 

sources were investigated for their susceptib i l ity to 1 8  antibiotics and were 

screened for plasmid profi les. Antibiotic susceptib i l ity analysis revealed that 

all Listeria spp. isolates were resistant to two or more antibiotic (MAR 0 . 1 1 to 

0 .66) .  Majority of the 52 isolates of L. monocytogenes d isplayed res istance to 

bacitracin ,  ceptazid ime, na l id ixic acid , su lfamethazole. However, none were 

resistant to norfloxacin .  Plasmid was detected in 9 (8 1 .8%) of 1 1  strains of L .  

murrayi, 1 2  (80%) of 1 5  stra ins of L .  grayi, 29 (55 .8%) of 52 strains of L. 

monocytogenes, 8(50%) of 1 6  stra ins of L. denitrificans, 25 (4 1 .7%) of 60 

stra ins of L. ivanovii, 25 (37 .9%) of 66 stra ins of L. innocua), 1 3  (31 %) of 42 

stra ins of L. we/shimeri and 1 ( 1 2 .5%)  of 8 strains of L. see/igeri. The plasmid 

sizes ranged from 2.7 to 54 Kb. 

In the conjugation study, the donor and the recipient were selected 

based on the antibiotic res istance pattern of selected Listeria spp. isolates 

from d ifferent sources . Seven L. monocytogenes strains and one L. innocua 

stra in isolated from d ifferent sources were selected as donors since they 

were expected to potential ly have an abi l ity to conjugate due to the presence 

of high molecular weight plasmid DNA (54 Kb). Plasmidless sensitive to 

antibiotics are selected as recipients. Streptomycin resistance was 

transferred to L .  monocytogenes LM65 and LM 1 00 stra ins at frequencies of 
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3 .3  x 1 0-8 and 1 .2 x 1 0-9 per input donor cel ls .  A selected kanamycin resistant 

L. innocua strains was found to transfer kanamycin resistant to L. 

monocytogenes ( inter-and intra-species transfer). 

The use of randomly ampl ified polymorphic DNA (RAPD) analysis for 

characterization and differentiation of the isolates of d ifferent Listeria spp. 

was examined .  The combination of the RAPD-PCR patterns obta ined with the 

three primers (Gen 1 500 1 ,  Gen 1 5002 and Gen 1 50 1  0 )  were able to d istinguish 

a l l  typeable isolates. Base on the dendrograms generated from the RAPD­

PCR patterns all Listeria spp. isolates could be discrim inated and clustered 

accord ing to their species and food sources. RAPD fingerprinting methods 

had h igher resolution than plasmid profi l i ng and antibiotic resistance patterns 

and therefore the RAPD fingerprinting methods can be used for 

epidemiological stud ies. 
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Pengerusi: Dr. Hjh .  Zaiton Hassan 

Fakulti : Sains Makanan dan Bioteknologi 

Kaedah pengubahsuaian FDA telah d idapati memberikan pulangan 

yang t inggi untuk spesis Listeria berbanding kaedah USDA dari pada sumber 

yang berbeza . Keputusan menunjukkan bahawa sampel daging lembu beku 

import yang d iuj i telah d icemarkan oleh tujuh spesis Listeria ia itu L. 

monocytogenes, L. ivanovii, L see/igeri, L. innocua, L. we/shimeri, L. gray; 

dan L .  murrayi. Walau baga imanapun ,  kegunaan kaedah FDA, USDA dan 

USDA d iubahsuai mungkin lebih menguntungkan dimana spes is Listeria yang 

terhad boleh didapati (L. monocytogenes, L. ivanovii and L. innocua). Spesis 

Listeria tidak dapat d ipenci lkan daripada mana-mana 23 sampel daging 

lembu beku import dari supermarket dan 5 sampel daging kerbau yang d ikaj i .  
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Sejumlah dua ratus dan tujuh pu luh isolat spesis Listeria daripada 

sumber yang telah d iperiksa untuk kerektanan kepada 1 8  jenis antibiotik dan 

d iskrin u ntuk mendapatkan profai l  DNA (asid deosiribonukl ik) plasmid .  

Anal isis kerektanan antibiotik menunjukkan bahawa kesemua isolat spes is 

Listeria adalah rentang kepada 2 atau leb ih antib iot ik (MAR 0 . 1 1 h ingga 

0 .66) .  Kebanyakkan 52 isolat L. monocytogenes mempamerkan kerintangan 

kepada basitrasin ,  septazid im,  nal id ixik asid , sulfamethazole. Walau 

bagaimanapun ,  t iada kerintangan kepada norfloxas in .  Plasmid telah d ikesan 

d i  dalam 9 (8 1 .8%) dari 1 1  stra in L murrayi, 1 2  (80%) dari 1 5  stra in L. grayi, 

29 (55.8%) dari 52 stra in L. monocytogenes, 8 (50%) dari 1 6  stra in L. 

denitrificans, 25 (4 1 .7%) dari 60 stra in L. ivanovii, 25 (37 .9%) dari 66 stra in L. 

innocua, 1 3  (31 %) dari 42 stra in L .  we/shimeri, 1 ( 1 2 .5%) dari 8 stra in L. 

seeligeri, telah menunjukkan kehad iran DNA plasmid . Saiz plasmid 

berukuran dari 2 .7  h ingga 54 kb. 

Dalam kaj ian konjugasi , penderma dan penerima telah d ip i l ih  

berdasarkan corak kerentangan antibiotik spesis Listeria yang d ipenci lkan 

daripada sumber yang berbeza . Tujuh stra in L. monocytogenes dan satu L. 

innocua yang d ipenci lkan daripada sumber berbeza telah d ip i l ih sebagai 

penderma memandangkan mereka mempunya i potensi dan keupayaan 
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konjugasi d isebabkan kehadiran berat molekul DNA plasmid yang tinggi 

(54kb) dan penerima mesti lah t iada plasmid dan sensitif kepada antib iotik 

yang d ip i l i h .  

Penggunaan anal is is DNA pol imorfik penggandaan secara rawak 

(RAPD) untuk pencir ian dan pembezaan isolat daripada spesis Listeria yang 

d ikaj i .  Kombinasi corak fingerprinting RAPD yang d iperolehi daripada 3 

primer (Gen 1 5001 , Gen 1 5002 and Gen 1 50 1 0) telah digunakan untuk 

pembezaan semua isolate .  Daripada dendrogam yang d igenerasi semua 

spesis Listeria boleh d ibezakan dan d ikumpulan bergantung kepada spesis 

dan sumber makanan mereka . Kaedah  fingerprinting RAPD adalah lebih 

sensitif berbanding kepada corak kerintangan antibiotik .  Oleh kerana itu , ia 

d igunakan u ntuk kajian epidemiologi .  

VlII 



ACKNOWLEDGEMENTS 

My grateful thanks is due to Dr. Zaiton Hassan ,  the Chairman of the 

Supervisory Committee, for her patience, encouragement, persuasion a nd 

guidance i n  the preparation of this thesis and her helpfu l counsel ing du ring 

the course of th is study. 

A word of thanks to Associate Professor Dr. Son Radu and Associate 

Professor Dr. Raha Abdu l  Rah im ,  members of the Supervisory Committee, 

for their facil it ies, i nvaluable guidance and advice throughout the thesis 

preparation .  Thanks also goes to Professor Dr. Gulam Rusul Rahmat Ali for 

d iscussion and for research materials .  

I also wish to acknowledged SEAMEO-SEARCA for provid i ng the 

thesis grant award . 

I wish to express my appreciation to Andalas Un iversity. in particular  

the Rector and Dean of Facu lty of Animal Husbandry, for approving my study 

leave to complete my project. 

IX 



I am indebted to Dr. Lum Keng Yeang, Dr. Sahi lah Abdu l  Mutal ib and 

Kak Rosma from MARDI for help, facil ities and advice on Gel Compar for 

RAPD analysis . 

My sincere thanks is also due to Associate Professor Dr. Ahmad Ismai l  

and Encik Rusl in from Kolej 1 3  Universiti Putra Malaysia and 8apak Yazid 

from Embassy I ndonesia in Kuala Lumpur for their help and facil ities during 

my study. 

I wish to thank M r. Al i Alkatiri , I r. Raja Ruslan Raja Sharif, Dr. H. Jamal 

Ali Johari MD, Dr. I mam Rahayu and their fami l ies for support and prayers. 

Thanks are also due to my fellow graduate students , especially 

Maimunah ,  Zainuri ,  Samuel ,  Ooi Wai Ling, Kqueen , Haryanti , Noorl is ,  Rozila 

and many others ,  for help and involvement in d iscussion during my study. 

Above all , my praise to Almighty God , Allah SWT. for al l  H is blessing 

on me and my family. 

x 



This thesis submitted to the Senate of Un iversiti Putra Malaysia has been 
accepted as fu lfi lment of the requ i rements for the degree of Doctor of 
Phi losophy. The members of the Supervisory Committee are as fol lows: 

Zaiton Hassan ,  Ph.D 
Faculty of Food Science & Biotechnology 
Universiti Putra Malaysia 
(Chairperson )  

Son Radu, Ph.D 
Associate Professor 
Facu lty of Food Science & B iotechnology 
Un iversiti Putra Malaysia 
(Member) 

Raha Abdul  Rahim, Ph.D 
Associate Professor 
Faculty of Food Science & Biotechnology 
Universiti Putra Malaysia 
(Member) 

AIN I  IDERIS, Ph.D 
Professor/Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
Date : 

xu 



DECLARATION 

I hereby declare that the thesis is based on my orig inal work except for 
quotations and citations which have been du ly acknowledged . I also declare 
that it has not been previously or concurrently submitted for any other degree 
at UPM or other institutions .  

Hajjah Endang Purwati Rahayun ingsih 

Date: 

XIll 



TABLE OF CONTENTS 

Page 

DEDICATION . . . . . . .  . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . .  . . . . .  i i  
ABSTRACT . . . . . . . . . . . . . . . . . . . .  " . . . . . . . . . . . . . . . . .  , . . .  . . .  . . .  . . .  . . . . . . . . . .  i i i  
ABSTRAK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vi 
ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . .  . . . . . . . . . . . . . . . .  ix 
APPROVAL SHEETS . . .. . . . . . . . . .  . . . . . . .  . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  xi 
DECLARATION FORM . . . . . . . . . .  . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  x i i i  
L IST OF TABLES . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  xix 
L IST OF F IGURES . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xx 

CHAPTER 

1 
2 

GENERAL INTRODUCTION 
LITERATURE REVIEW 
2 . 1  Characteristics and Classification of Listeria spp. " . . . . . . . . 

2 . 1 . 1  Taxonomy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2 . 1 .2  Morphology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
2 . 1 .3  Motil ity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 . 1 .4 Growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 . 1 .4 . 1 Temperatures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2 . 1 .4 .2 Acidity (pH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 . 1 .4 .3 Salt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

2 . 1 .4.4 Water Activity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2 .2  Listeriosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 .2 . 1  H istorical Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2 .2 .2 Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2 .2 .2 . 1  Modes of Transmission . . . . . . . . . . . . . . . . . .  . .  

2 .2 .2 .2 Pred isposing Factors . . . . . . . . . . . . . . . . .  . .  

2 .2 .2 .3  Pathogenicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 .2 .3  Viru lence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 .2 .4 Symptoms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 .2 .5  Foodborne Outbreak Caused by L. monocytogenes 
2 .2 .6  Strategies to Reduce the Problem with L .  monocyto-

genes I nfection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

1 
8 
8 
8 
9 
1 0  
1 0  
1 0  
1 1  
1 1  
1 2  
1 3  
1 3  
1 4  
1 4  
1 5  
1 7  
1 9  
20 
22 

24 

xiv 



2 .3  Detection of L. monocytogenes and Listeria spp. from Food 
Sources . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . . . . . .  25 
2 .3 . 1 Enrichment Procedures of Listeria spp . . . . . . . . . . . . . . . . . . . . 26 
2 .3 .2  Isolation of Listeria spp .  . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '" . 29 
2 .3 .3  Identification of Listeria spp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
2 . 3 .4 Serotype . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  35 

2.4 Sensitivity to Antimicrobial Agent . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  36 
2.5 Molecular Characterization . . . . . . . . . . .  . .. . . . . . . . . . . . . . . . . . . . . . . . .  . . .  37 

2 . 5. 1 Application of Molecu lar Techn iques in  Subtyping of 
Listeria spp. . . . . . . . .  .. . .. . . . . . . . . . . . . . . .  ... .  . . . . . . . . . . .  . . . . . . . .  37 

2 .5 .2  Plasmid DNA Analysis of Listeria spp. . . . . . . . . . . . . . . . .  38 
2 .5 . 3  Bacteria l Conjugation . . . .  . . .. . . ... . . . . . . . . . . . . . . . . . . . . . . ... . . .  42 
2 . 5 .4 Polymerase Chain Reaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .. . 47 
2 .5 .5  Randomly Amplified Polymorphic DNA of Listeria spp. . .  48 

3 METHODOLOGY 53 
3 . 1 Isolation ,  Identification of Listeria spp. and the Ocular Test 

for the Pathogen icity .. '" . . ... . . . . . . .  . . . . .  . . .  . . . . . .. . . . . . . . . .  .. . . . . . . .  53 
3 . 1 . 1 Sample Col lection . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 
3 . 1 .2 Isolation of Listeria spp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 
3 . 1 . 3  Identification of Listeria spp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  55 
3 . 1 .4 Maintenance of Bacterial Strains . . . . . . . . . . . . . . . . . . . . .. . . . . .  6 1  
3 . 1 .5 The pathogen icity Tests of L .  monocytogenes isolated 

from Food Using the Ocular Test . . . .  . . . . . . . . . . . . . . . . . .  . . . .. . .  6 1  
3 .2  Antib iotic Susceptib i l ity Testing . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 
3.3 Plasmid Isolation . . . . . . . . . . . .. ..... . ... . . . . . . . . . . . . . . . . . . . . . . . . . . .. .  64 

3 .3 . 1 Agarose Gel Electrophoresis . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . 66 
3 .3 .2  Sta in ing using Eth id ium Bromide . . . . . . . . . . . . . . . . . ... . . . . . . . . . 67 
3 .3 .3  Visual ization of DNA Bands and Photography . . . . . . . . . . . . . 68 
3.3 .4 Determinant of Molecu lar Weight of Plasmid DNA . . . .. 68 

3 .4 Bacterial Conjugation Stud ies ... . . . . . . . . . . . . . . . . . . . . . . .  .. . . . . . . .. 69 
3.5 Randomly Ampl ified Polymorphic DNA Fingerprinting . . . . . . . . . . .  72 

3 .5 . 1 Genomic DNA Extraction for RAPD Fingerprinting . . . . . . .. 72 
3 .5 .2  Spectrophotometric Quantification of DNA . .  ... . . . . . . . . . . . .. 73 
3 .5 .3  Standard ization of Primer . .  . .  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 
3 .5 .4 RAPD-PCR Ampl ification . . . . .  .. . . . . . . .  . . . . . . . . . . . . . . . . . .  .. . ... . 75 
3 .5 .5 Analysis of RAPD F ingerprinting Pattern . . . . . . . . . . . . . . . . . . . .  77 

xv 



4. RESULTS 
4 . 1  Comparison of Existing Procedures for the I solation of 

L. monocytogenes and Other Listeria spp. from 

78 

Imported Frozen Beef . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 
4 . 1 . 1 Prevalence of L. monocytogenes and Other Listeria spp. 

in Imported Frozen and Local Beef, Chicken and 
Fermented Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  8 1  

4 . 1 .2 The Pathogenicity Test of L .  monocytogenes 
Using The Ocular Test . .  . .  . . . .  . .  . . . .  . .  . . . .  . .  . . . .  . .  . . . .  . . . . . .  . 83 

4.2 Antib iotic Susceptib i l ity Test and Plasmid profi l ing 
of L. monocytogenes and Other Listeria spp. from 
Different Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
4 .2 . 1 L.  monocytogenes strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
4 .2 .2 Antibiotic Susceptibi l ity Test and Plasmid profi l ing 

of Other Listeria spp . l solated from Different Sources . . . . . .  90 
4 .2 .2 . 1 L. ivanovii stra ins . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 
4 .2 .2 .2 L. see/igeri stra ins . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
4 .2 .2 .3 L. innocua strains . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 00 
4 .2.2 .4 L. we/shimeri strains . . . . . . . . . . . . . . . . . . . . . . . .  1 02 
4 .2 .2 .5 L. grayi stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 04 
4 .2 .2 .6 L. murrayi strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  1 06 
4 .2 .2 .7 L. denitrificans stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 08 

4 .3  Conjugal Transfer of Plasmid and Antimicrobial Resistance 
in L. monocytogenes and Listeria spp. . . . . . . . . . . . . . . . .  1 1 0 
4 .3 . 1 The Conjugal Transfer of Streptomycin Resistance of 

L. monocytogenes I solated from I mported Frozen Beef 1 1 0 
4 .3 .2 The Conjugal Transfer of Tetracycl ine, Vancomycin 

and Novobiocin Resistance of L. monocytogenes 
I solated from Ch icken . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 1  

4 .3 .3  The Conjugal Transfer of Kanamycin Resistant of L. 
innocua and L. monocytogenes I solated from 
Fermented Fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 4 

4 .4 Randomly Ampl ified Polymorphic DNA Fingerprinting . . . . . . . . .  1 1 6 
4 .4 . 1  Randomly Ampl ified Polymorphic DNA Analysis 

for Characterization of Listeria spp. . . . . . . . . . . . . . . . . . . . . . . . .  1 1 6 
4 .4 .2 Ampl ified Polymorphic DNA Analysis 

for I ntra-species D ifferentiation of Listeria spp. 
I solates from Different Sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 37 

4.4 .2 . 1 L. monocytogenes stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . 1 37 
4 .4 .2 .2 L .  ivanovii strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 49 
4 .4 .2 .3 L .  see/igeri strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  1 53 
4 .4 .2.4 L .  innocua stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 56 

xvi 



4.4 .2 .5  L we/shimeri strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 60 
4 .4 .2 .6 L .  grayi strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '" 1 64 
4 .4 .2 .7 L .  murrayi strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 1 64 
4 .4 .2 .8 L. denitrificans strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 70 

5. DISCUSSION . . . . . . . .  . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  1 74 
5 . 1  I solation of L .  monocytogenes and Other 

Listeria spp. I solated from Different Sources . . . . . . . . . . . . . . . . . .  1 74 
5.2 Antibiotic Susceptibi l ity Test and Plasmid Profi l ing . . . . . . . . . . . . . 1 84 
5 .3  Conjugal Transfer of Plasmid and Antim icrobial Resistance . . .  1 90 
5.4 Randomly Ampl ified Polymorphic DNA Fingerprinting . . . . . . . . . . .  1 96 

6. CONCLUSION 208 

REFERENCES 2 1 1 

APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232 
A 1 Photograph of beef samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  233 
A2 Photographs of plasmid profi les of L. monocytogenes 

isolated from d ifferent sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  234 
A3 Photographs of plasmid profi les of L .  ivanovii 

isolated from d ifferent sources . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 236 
A4 Photograph of plasmid profi les of L .  see/igeri 

L.  innocua and L. denitrificans isolated from 
Fermented fish . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  238 

A5 Photographs of plasmid profi les of L. innocua 
isolated from d ifferent sources . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 239 

A6 Photograph of plasmid profi les of L. we/shimer; 
isolated from d ifferent sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  240 

A7 Photograph of plasmid profi les of L. grayi 
isolated from d ifferent sources . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . 24 1 

A8 Photograph of plasmid profi les of L. murrayi 
isolated from d ifferent sources . . . . . . . . . . . . . . .. .  . . . . . . . . . . . . . . 242 

8 1  Table of antibiotic resistance among Listeria spp. 
Isolated from imported frozen beef . . . . . . . . . . . . . . . . . . . . . . . . . . .  243 

82 Table of antib iotic resistance among Listeria spp. 
I solated from local fresh beef . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244 

83 Table of antibiotic resistance among Listeria spp. 
I solated from fermen ted fish . . . . . . . . . . .  . . . . .. . . . . . . . . . . . . .. . . 245 

C1  Photographs of randomly ampl ified polymorphic DNA 

xvii 



(RAPD-PCR) fingerprinting of L. monocytogenes strains 
using three primers isolated from d ifferent sources . . . . .  246 

C2 Photographs of randomly ampl ified polymorphic DNA 
(RAPD-PCR) fingerprinting of L. ivanovii strains 
using three primers isolated from d ifferent sources . . . . 254 

C3 Photographs of randomly ampl ified polymorphic DNA 
(RAPD-PCR) fingerprinting of L. see/igeri strains 
using three primers isolated from different source . . . . 259 

C4 Photographs of randomly ampl ified polymorphic DNA 
(RAPD-PCR) fingerprinting of L. innocua strains 
using three primers isolated from d ifferent sources . . . . 26 1 

C5 Photographs of randomly ampl ified polymorphic DNA 
(RAPD-PCR) fingerprinting of L. we/shimeri strains 
using three primers isolated from d ifferent sources . . . .  266 

C6 Photographs of randomly ampl ified polymorphic DNA 
(RAPD-PCR) fingerprinting of L. grayi stra ins 
us ing three primers isolated from d ifferent sources . . . . 27 1 

C7 Photographs of randomly ampl ified polymorphic DNA 
(RAPD-PCR) fingerprinting of L. murray; stra ins 
using three primers isolated from d ifferent sources . . . .  274 

C8 Photographs of randomly ampl ified polymorphic DNA 
(RAPD-PCR) fingerprinting of L .  den;frificans strains 
using three primers isolated from d ifferent sources . . . .  276 

BIODATA OF THE AUTHOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  278 

xviii 



LIST OF TABLES 

Table Page 

1 Identification of Listeria spp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
2 Serotypes of Listeria spp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
3 FDA, USDA and their mod ified methods used in  this study . . . . . .  57 
4 Samples tested for isolation and identification of Listeria spp. . . . . 60 
5 List of antib iotics used in the study for antibiotic susceptib i l ity 

testing . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  63 
6 List of sizes in  ki lobase (Kb) or megadalton (Mda) of Escherichia 

coli V51 7 size reference plasmids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
7 List of the ol igonucleotide tested for RAPD analysis . . . . . . . . . . . . . .  . .  74 
8 The cocktai l  for the RAPD analysis of Listeria spp. . .  . . .  . . . . . . . . . . . .  75 
9 RAPD ampl ification of Listeria spp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 
1 0  Listeria spp. isolated from d ifferent enrichment procedures . . . . . .  80 
1 1  Incidence of L.  monocytogenes and other Listeria spp. in food 

samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
12 Antibiogram,  MAR index and plasm id profi l ing of L.  

monocytogenes strains isolated from imported frozen beef, 
local fresh beef , ch icken and fermented fish . . . . . . .  . . . . . . . . . . . . . . . .  87 

1 3  Antibiogram,  MAR index and plasmid profi le of Other Listeria 
spp. isolated from imported frozen beef, local fresh beef , 
ch icken and fermented fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 1  

14  Characterization of transconjugants among L .  monocytogenes 
isolated from ch icken . . . .  . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 3 

1 5  Genetic transfer of kanamycin resistance among Listeria spp. . . . . 1 1 5 
1 6  Random ampl ified polymorpgic DNA (RAPD) fingerprinting of the 

L. monocytogenes and other Listeria isolates using d ifferent 
primers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 45 

xix 



LIST OF FIGURES 

Figure Page 

1 Route for transmission of L. monocytogenes to human . . . . . . . . .  1 6  
2 Scheme for isolation and detection of Listeria spp. . . . . . . . . . . . . . . 27  
3 Plasm ids are autonomous circle of DNA . . . .  . . . . . . . . . . . . . . . . .  4 1  
4 Plasmid protects bacteria against antib iotic . . . . . . . . . . . . . . . . . . . . . . 4 1  
5 Formation of mating pairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
6 An F-plasmid with a rra system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
7 Protocols of USDA and mod ification USDA for isolation and 

identification of Listeria spp. from food samples . . . . . . . . . . . . . .  . 58 
8 Protocols of FDA and mod ification FDA for isolation and 

identification of Listeria spp. from food samples . . . . . . . . . . . . . . . . .  59 
9 Plasmid isolation of Listeria spp. . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
1 0  Genomic DNA isolation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 
1 1  Morphology of L. monocytogenes cel ls isolated from 

imported frozen beef using scanning electron m icroscopy . . . . .  79 
1 2  Percentage of L. monocytogenes strains resistant to antib iotic 

isolated from different sources . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  89 
1 3  Percentage of L. ivanovii strains resistant to antib iotics isolated 

from different sources . .  . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  97 
1 4  Percentage of L. see/igeri strains resistant to ant ib iotics isolated 

from d ifferent sou rces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 
1 5  Percentage of L. innocua strains resistant to ant ibiotic isolated 

from d ifferent sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 1 
1 6  Percentage of L .  we/shimeri stra ins resistant to ant ibiotics isolated 

from d ifferent sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 03 
1 7  Percentage of L. grayi stra ins resistant to antib iotics isolated 

from d ifferent sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 05 
1 8  Percentage of L.  murrayi strains resistant to ant ib iotics isolated 

from d ifferent sources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 07 
1 9  Percentage of L. denitrificans stra ins resistant to ant ib iotics 

isolated from fermented fish . .  . .  . . . .  . .  . . . .  . .  . . .  . . . . . . . . . . . . . . . . . . . . .  1 09 
20 Agarose gel (0 .8%) electrophoresis of plasmid DNA from 

L. monocytogenes stra ins isolated from imported frozen 
beef and their respective transconjugants . . . . . . . . . . . . . . . . . . . . . . . .  1 1 1  

2 1  Agarose gel (0 .8%) electrophoresis of plasmid DNA from 
L. monocytogenes stra ins isolated from chicken and their 
respective transconjugants . . . .  . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . .  . . . . .  1 1 2 

xx 



22 Agarose gel (0 .8%) electrophoresis of plasmid DNA from 
Listeria strains isolated from fermented fish and their 
respective transconjugants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 4 

23 Dendrogram generated from the RAPD patterns when examined 
with primer Gen 1 5001 of the hemolytic Listeria strains isolated 
from imported frozen beef . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 9 

24 Dendrogram generated from the RAPD patterns when 
examined with primer Gen 1 5001  of the non hemolytic strains 
isolated from imported frozen beef . . . . . . . . . . . . . . . . .  " . . . .  . .  . . .  . . . . . .  1 20 

25 Dendrogram generated from the RAPD patterns when examined 
with primer Gen 1 5002 of the hemolytic Listeria strains 
isolated from imported frozen beef . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 1 

26 Dendrogram generated from the RAPD patterns with primer 
Gen 1 5002 of the non hemolytic Listeria strains isolated from 
imported frozen beef . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 22 

27 Dendrogram generated from the RAPD patterns with primer 
Gen 1 50 1 0  of the hemolytic Listeria strains isolated from 
imported frozen beef . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 23 

28 Dendrogram generated from the RAPD patterns with primer 
Gen 1 50 1 0  of the non hemolytic Listeria strains isolated from 
imported frozen beef . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 24 

29 Dendrogram generated from the RAPD patterns with primer 
Gen 1 500 1 of the hemolytic Listeria stra ins isolated from 
local fresh beef . .  . .  . .  . .  . .  . . . .  . .  . . . .  . .  . . . .  . .  . . . .  . .  . . . .  . .  . . . .  . .  . . . .  . 1 25 

30 Dendrogram generated from the RAPD patterns with primer 
Gen 1 5001 of the non hemolytic Listeria stra ins isolated from 
local fresh beef . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 26 

3 1  Dendrogram generated from the RAPD patterns with primer 
Gen 1 5002 of the hemolytic Listeria strains isolated from 
local fresh beef . .  . .  . . . .  . .  . .  . .  . .  . . . .  . .  . . . .  . .  . . . .  . .  . . . .  . .  . .  . .  . .  . . . .  . .  1 27 

32 Dendrogram generated from the RAPD patterns with primer 
Gen 1 5002 of the non hemolytic Listeria stra ins isolated from 
local fresh beef . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . .  1 28 

33 Dendrogram generated from the RAPD patterns with primer 
Gen 1 50 1 0 of the hemolytic Listeria strains isolated from 
local fresh beef . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " . . . . . .  . . .  . . .  . . 1 29 

34 Dendrogram generated from the RAPD patterns with primer 
Gen 1 50 1 0 of the non hemolytic Listeria stra ins isolated from 
local fresh beef . . . . . . . . . . . . . . . . . . . .  " . . .  . . .  . . .  . . .  . . .  . . . . . .  . . .  . . .  . . .  . . .  1 30 

35 Dendrogram generated from the RAPD patterns with primer 
Gen 1 5001 of the hemolytic Listeria strains isolated from 
fermented fish . . . . . . . . . . . . . . . . . . . .  " . . .  . . .  . . . . . .  . . . . . .  . . .  . . .  . . .  . . .  . . 1 3 1 

xxi 



36 Dendrogram generated from the RAPD patterns with primer 
Gen 1 500 1 of the non hemolytic Listeria strains isolated from 
fermented fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 32 

37 Dendrogram generated from the RAPD patterns with primer 
Gen 1 5002 of the hemolytic Listeria stra ins isolated from 
fermented fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 33 

38 Dendrogram generated from the RAPD patterns with primer 
Gen 1 5002 of the non hemolytic Listeria strains isolated from 
fermented fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 34 

39 Dendrogram generated from the RAPD patterns with primer 
Gen 1 50 1  0 of the hemolytic Listeria strains isolated from 
fermented fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 35 

40 Dendrogram generated from the RAPD patterns with primer 
Gen 1 50 1 0  of the non hemolytic Listeria strains isolated from 
fermented fish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 36 

4 1  Dendrogram generated from the RAPD-PCR analysis using 
primer Gen 1 5001 (5'-GTGCAATGAG-3') of the L.  
monocytogenes stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 40 

42 Dendrogram generated from the RAPD-PCR analysis using 
primer Gen 1 5002 (5'-CAATGCGTCT-3') of the L. 
monocytogenes stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 1  

43 Dendrogram generated from the RAPD-PCR analysis using 
pr imer Gen 1 50 1 0  (5'-CCATTTACGC-3' )  of the L.  
monocytogenes strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 42 

44 Dendrogram generated from the RAPD-PCR analysis using 
pr imer Gen 1 500 1 (5'-GTGCAA TGAG-3' )  of the L. 
ivanovii strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 50 

45 Dendrogram generated from the RAPD-PCR analysis using 
primer Gen 1 5002 (5'-CAATGCGTCT-3') of the L.  
ivanovii strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  1 51 

46 Dendrogram generated from the RAPD-PCR analysis using 
pr imer Gen 1 50 1 0  (5'-CCATTTACGC-3') of the L. 
ivanovii strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  1 52 

47 Dendrogram generated from the RAPD-PCR analysis using 
primer Gen 1 500 1 (5'-GTGCAATGAG-3') of the L .  
seeligeri stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '" . . . . . .  1 53 

48 Dendrogram generated from the RAPD-PCR analysis using 
pr imer Gen 1 5002 (5'-CAATGCGTCT-3' )  of the L.  
seeligeri strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 54 

49 Dendrogram generated from the RAPD-PCR analysis using 
primer Gen 1 50 1 0  (5'-CCATTTACGC-3 ' )  of the L. 

seeligeri stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  1 55 

xxii 



50 Dendrogram generated from the RAPD-PCR analysis using 
primer Gen 1 5001 (5'-GTGCAATGAG-3 ' )  of the L. 
innocua stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  1 57 

5 1  Dendrogram generated from the RAPD-PCR analysis using 
primer Gen 1 5002 (5'-CAATGCGTCT-3 ' )  of the L. 
innocua stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 58 

52 Dendrogram generated from the RAPD-PCR analysis using 
primer Gen 1 50 1 0  (5'-CCATTTACGC-3') of the L. 
innocua strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  1 59 

53 Dendrogram generated from the RAPD-PCR analysis using 
primer Gen 1 5001 (5-'GTGCAATGAG-3') of the L. 
we/shimeri stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . .  1 6 1  

54 Dendrogram generated from the RAPD-PCR analysis using 
pr imer Gen 1 5002 (5'CAATGCGTCT -3') of the L. 
we/shimer; stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 62 

55 Dendrogram generated from the RAPD-PCR analysis using 
pr imer Gen 1 50 1 0 (5'CCATTTACGC-3' )  of the L. 
we/shimeri stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 63 

56 Dendrogram generated from the RAPD-PCR analysis using 
pr imer Gen 1 5001 (5'-GTGCAATGAG-3 ' )  of the L. 
gray' strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 65 

57 Dendrogram generated from the RAPD-PCR analysis using 
primer Gen 1 5002 (5'-CAATGCGTCT-3' )  of the L. 
gray' strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 66 

58 Dendrogram generated from the RAPD-PCR analysis using 
pr imer Gen 1 50 1 0 (5'-CCATTTACGC-3') of the L. 
gray' strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 66 

59 Dendrogram generated from the RAPD-PCR analysis using 
primer Gen 1 5001 (5'-GTGCAATGAG-3 ' )  of the L. 

murray" strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 67 
60 Dendrogram generated from the RAPD-PCR analysis using 

primer Gen1 5002 (5'-CAATGCGTCT-3') of the L. 
murray" strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 68 

6 1  Dendrogram generated from the RAPD-PCR analysis using 
pr imer Gen 1 50 1 0 (5'-CCATTTACGC-3' )  of the L. 
murrayii stra ins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 69 

62 Dendrogram generated from the RAPD-PCR analysis using 
primer Gen 1 5001 (5'-GTGCAATGAG-3' )  of the L.  
denifrificans strains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 1 

xxi i i  




