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Non typhoid Salmonella serovars rernain a potential threat to hurnan and animal 
health. Infection with Salmonella may not lead to fatal disease but rather it may 
remain localized in the gastro-intestinal tract resulting in gastroenteritis or rnay take a 
septicemic form that can affect several organ systems. lnfected food animals that do 
not develop salmonellosis and those that recover from the disease rnay become 
carriers of Salmonella and serve as sources of infection to humans and animals. Apart 
from being a source of foodborne il lness for humans, Salmonella-contaminated food 
animal carcasses are also of concern because they are a source of antibiotic-resistant 
Salmonella. This thesis describes studies on Salmonella carrier rate in the caeca of beef 
cattle and chickens from two meat processing plants on PEI, and comparative analysis 
of fasted and non-fasted cattle. ln addition, drug resistance patterns and virulence 
characteristics of beef, chicken and human isolates during 1996-1 997 were compared 
and the molecular aspects of virulence genes were investigated. The prevalence of 
Salmonella in beef cattle was 4.6% (1 1/240). The isolation of Salmonella was 
significantly higher from fasted animals than non-fasted ones. The prevalence of 
Salmonella in ch ickens was 32.5 % (3 9A2O). Severn1 Salmonella serovars from h uman 
cl inical cases were corn pared with the serovars obtained from beef cattle and ch ickens. 
All Salmonella isolates were characterized into serovars and phagovan and were also 
tested for drug resistance against 18 antimicrobial agents. Multidrug resistant S. 
typhimurium DT 104 strain was the most predominant Salmonella in beef cattle. This 
strain was resistant to ampicillin, chloramphenicol, streptomycin, sulfisoxazole, and 
tetracycl ine; that is DT 1 04 R-type ACSSuT. S. typhimurium DT 1 04 strain sirni lar to 
those from beef cattle was aiso identified among human isolates. S. agona and 
S.infantis were less frequently found in beef cattle. S. heidelberg was the most 
common serovar encountered in broiler chickens followed by S. schwarzengrund and 
Shfantis. The majority of chicken isolates were resistant tc gentamcin and 
streptomycin. Plasrnid DNA anal ysis revealed that al l S. typhimurium possessed the 
60 MDa virulence associated plasrnid. It is possible that rnost drug resistance was 
mediated by the chromosome given that most of the isolates had only the virulence 
plasmid which does not encode drug resistance. AI1 isolates were also exarnined by 
polymerase chain reaction (PCR) for the presence of virulence genes, invA and spvC 
sequence that enable salmonellae to grow and survive as an intracellular pathogen. 
All Salmonella strains tested were positive for invA gene that confers on Salmonella the 
ability to invade the intestinal epithelium. Only 31.6'/0 of the strains tested were 
positive for spvC gene. AH but 3 of the spvC- positive isolates possessed a 60 MDa 
plasmid suggesting that these 3 isolates had the spvC gene sequence on their 
chromosome. These findings were confirmed by plasmid DNA isolation using 3 
different protocols and by sequence analysis of the spvC positive isolates. It may be 
speculated that this couid have happened as a result of chromosomal integration of 
spvC sequence. To the best of our knowledge this is the first report demonstrating the 
occurrence of the spvC gene sequence on the chromosome. 
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1. GENERAL INTRODUCTION 

1.1 Food borne bacterial pathogens 

Food borne bacterial diseases are a continuing challenge to human health 

world-wide. Over the past two decades, the epidemiology of food borne diseases has 

changed rapidly as a consequence of changes in the social environment and the ability 

of pathogens to adapt to new niches (1 ). Several well recognized pathogens such as 

Salmonella, Escherichia coli 0 1 57: H7, Campylobacter, and Yeninia enterocolitica, 

have emerged as public health problems and have increased in prevalence or become 

associated with new food vehicles (1). Of these pathogens, Salmonella is the most 

commonly reported cause of foodbome disease in the UK and the USA (2). In 

Canada, Salmonella is the second leading cause of human disease after 

Campylobacter (Health Protection Branch, Health Canada, 1997) (Fig 1.1). 

Escherichia coli 0 1  57:H 7 has emerged in the past few years as a pathogen of public 

health importance. Although most E. coli are normal Rom, several strains are capable 

of causing disease in humans and other warm-blooded anirnals. Disease associated 

with E. coli 0157:H7 was first reported in the USA in 1982 and subsequently 

outbreaks and sporadic cases have been reported in Canada, the UK and Japan (2). C. 

jejuni is considered to be a very frequent cause of foodborne i l  lness in  the US and 

other industrialised nations. Yersinia is an emerging pathogen which i s  the major 

cause of diarrhea in many countries, with high incidence in Scandinavia and japan (3). 



Infection can occur most often via ingestion of contaminated foodstuffs such as red 

and white meat products, eggs, untreated mil k, dain/ products and any other foods or 

water that are contarninated with faecal material. In addition, foodborne infections 

with Salmonella and E. coli 0157 can also be transmitted through fruits and 

vegetables contaminated with faecal material from diseased or carrier animals. 

Contamination of these foods can occur du ring production, processing, distribution, 

retail marketing and handling (4). The primary source of contamination are usually 

food animals and possibly homan carriers. 



ENTERIC PATHOGENS IN CANADA 
1995 
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Fig. 1.1 Enteric human pathogens in Canada 1995. 

Data printed with permission from the National Laboratory for Enteric Pathogens (NLEP). 



1.2 Salmonellosis in humans 

Salmonellosis i s  an important zoonotic disease of world-wide significance. In 

particular, food animals with subclinical infection constitute a vast reservoir for disease 

in humans (5). Disease is  caused by various Salmonella serovars and it occurs in a 

wide variety of forrns presenting a broad clinical spectrum. In humans salmonellosis 

may occur as an acute, self-1 imiting gastroenteritis or as systemic infection 

characterized by septicaernia and ultimate local ization in extra-intestinal sites. The 

gastrointestinal form is often referred to as the "food poisoning syndrome." This is a 

misnomer as the disease is an infection rather than an intoxication. The systemic 

disease is referred to as enteric fever, with typhoid being the classic form. All 

Salmonella serovars are presumably pathogenic to humans (6-8). Salmonella infections 

can cause important morbidity, mortality and econornic burden and are particularly 

severe in infants, the elderly and imrnunocomprornised individuals (9). Although the 

outbreaks of human salmonellosis are frequently lirnited to single cases or confined to 

one family, the global data of Salmonella infection are impressive (1 0). In Canada 

about 8,000 cases of human salmonellosis are reported yearly by the National 

Laboratory for Enteric Pathogens (5). In the United States sa1 monel losis accounts for 

more than 40,000 reported cases, 500 deaths and financial costs are greater than $ 50 

million each year (1 1, 12). The magnitude of salrnonellosis has sparked a great interest 

in the identification and classification of these microorganisms, with emphasis on how 

they associate and establish themselves to cause disease in hurnans and animals, 



particularl y food animals. 

1.3 Isolation and characterization of Salmonella species 

isolation and identification of strains involved is an important step in controlling 

Salmonella outbreaks or sporadic clinical cases. Numerous typing schemes have been 

used to identify Salmonella species, incl uding biochemical and serological 

identification; the latter differentiate Salmonella into serovars. Further identification 

by phenotypic characteristics have also been used both independently and in 

combination for subdividing serovars. These include phage typing, antibiotic resistance 

patterns, colicin typing and plasmid characterization. These methods are usually 

supplemented by genotypic characterization such as plasmid finger print and 

chromosomal analysis (1 3, 14). Phenotypic and genotypic characterization can 

provide information on the strain impi icated, demonstrate an epiderniological l ink 

between cases and associate cases with a potential source. Furthermore, these typing 

schemes can also be used as diagnostic tools and for the assessrnent of the pathogenic 

properties of Salmonella (1 4, 1 5). 

1.3.1 Description of the genus Salmonella 

The genus Salmonella, a member of the family Enterobacteriaceae, is 

composed of phenotypically and genotypically related bacteria (1 6). They are straight 

rods 0.7 -1.5 x 2.0- 5.0 Pm facultative gram negative anaerobes, usually motile with 



peritrichous flagella (10). The base composition of their DNA is 50-52% (G + C). 

Based on DNAIDNA hybridization studies, Salmonella and Arizona strains are at least 

70% related to each other (1 6). 

1.3.2 Isolation of Salmonella 

Salmonellae are widely distributed in  natural environment however, the main 

reservoir of Salmonella is the intestinal tract of infected or carrier animals particularly 

rneat animals (6, 17). Carriers of Salmonella are often difficult to detect by routine 

culture protocols (1 8). Failure to detect Salmonella corn pl icates the estimation of this 

organisrn's impact on the productivity of food animals and makes the control of 

salmonellosis difficult Since Salrnonellae often colonize the intestinal tract, faecal or 

cecal samples seern to be better than extra-intestinal samples for detection of carriers 

(18). The detection of Salmonella in faecal sarnple can be complicated because the 

organism may be greatly outnumbered by other competing microflora (1 9). As a 

consequence, isolation and detection of Salmonella either by conventional or rapid 

methods involves a seledive enrichment step (20). A selective enrichment medium 

contains inhibitory reagents that allow Salmonella to grow while restricting the growth 

of other microflora. This selectivity is  based on the synergism between the inhibitory 

reagent and the incubation temperature which varies between 3 7°C and 43 OC (7, 10). 

Many inhibitors are in use, the most common being bile, tetrathionate, sodium 

selenite, and either brilliant green or malachite green dyes. Two or more of these 



inhibitors may be used in combination. The selectivity of tetrathionate broth depends 

on the ability to suppress the growth of coliform bacteria, while Salmonella species 

possess the enzyme tetrathionate reductase and consequently are able to grow in the 

medium (1 0). The superiority of tetrathionate broth to selenite broth has been 

documented (7). 

In the standard protocol for isolation, incubation in selective broth is usually 

followed by recovery of viable Salmonella on selective solid media. Several seledive 

solid media have recently been described for the recovery of non-typhoid Salmonella 

from stool specimens. These include Rambach agar (Ra), novobiocin-brilliant green- 

glycerol lactose agar (NBGL), xylose- lysine Tergitol 4 agar (XLT4), Hektoen agar (HE) 

and rnodified semisolid Rappaport-Vassil iadis medium (MSRV) (21). The sensitivity of 

these media before and after enrichment was studied and cornpared by Aitwegg et. al 

(21), who found that MSRV was the most sensitive medium tested for the isolation of 

Salmonella from stool specimens. The selectivity of this medium is based on the 

presence of malachite green and novobiocin that inhibit most coliforms. The efficiency 

of the MSRV medium lies in the ability of Salmonella to migrate through the semisolid 

agar ahead of competing flora at the high incubation temperature of 41 - 43 OC (22). 

Other rapid methods that have been developed for detection of Salmonella particularly 

in food samples incl ude immunological (23), conductance (24), im pedance (25), D NA- 

DNA hybridization (26) and DNA amplification (27). However, the sensitivities of 

these methods also rely on the initial number of Salmonella. 

7 



1.3.3 Biochemical identification 

The classification of the genus Salmonella has been controversial for many 

yean. In the Kauffmann scheme it has been subdivided into four subgenera (1-IV) (1 6). 

This subdivision is based on their biochemical characteristics. Le Minor (28) proposed 

that the genus Salmonella consists of only a single species, S. enterica which is 

divided into subspecies based on biochemical reactions of strains with dulcitol, lactose, 

O-nitrophenol-PD galactosidase (ONPG), salicin, d-tartrate, mucate, maltose, 

gelatinase, sorbitol and potassium cyanide (KCN). Seven subspecies have been 

identified, S. enterica subsp. enterica (l), S. enterica. subsp. salamae (1 l), S. enterica 

subsp. arizona (1 lia), 5-enterica subsp. diarizona (1 Il), S. enterica su bsp. houtenae (IV), 

S. enterica subsp. bongori (VI and S.enterica subsp indica.(VI) (1 3). More recently 

Popoff et al. (29) divided the genus Salmonella into two species S. enterica and S. 

bongori. Thus, the former species S. enterica is subdivided into six subsp. enterica I 

subsp. salamae (1 I), subsp. arizona (Il  la), subsp. diarizona (1 II), subsp. houtenae (IV) 

and subsp indica (V). Each subspecies is divided into serovars based on their antigenic 

determinants, somatic and flagel lar antigens (28). 

1.3.4 Serological identification 

Salmonella strains have been classified into serovars on the basis of extensive 

diversity of the somatic (0) antigens, capsular antigens (Vi) and the flagellar (H) 

antigens. The O antigens are heat stable polysaccharides located in the cell wall and 

are shared with other members of the Enterobacteriaceae. In contrast, the H antigens 

8 



are heat labile proteins contained in the flagella and the surface polysaccharide 

antigens, and often occur in two forms phase I and phase II. The flagellar antigens are 

highly specific to Salmonella. Thus, a positive reaction, with polyvalent H antiserum 

is sufficient to presurne that the organism is Salmonella. The Vi antigen, the surface 

antigen of the typhoid organism, is the most important example of heat sensitive 

surface polysaccharide antigens. 

The serological scheme of classification was established by White in 1926 and 

extended elaborated by Kauffmann du ring 1 972-1 978 (1 O}. Over 2,200 antigenical ly 

distinct serovars have now been recognized. Approximately 1289 serovars of 

subspecies I have been identified and about 99 */O of Salmonella strains isolated from 

humans belong to this subspecies. The species narnes given to the serovan were 

fomerly derived from the disease condition either in human [e-g., Salmonella typhi or 

Salmonella para typhi ] or in animals [e.g., Salmonella choleraesuis 1. Since the host 

specificity suggested by these names was not always true, serovars names were later 

based on the geographic origin of the first strains to be found [e-g., Salmonella dublin] 

(1 3,28). However, serovan belonging to subspecies 11, III, IV, V and VI are frequently 

isolated from reptiles but are rarely from warrn blooded anirnals (1 3). 

The O antigens have been used to separate Salmonellae into groups. Fifty 

serological ly distinct groups have been assigned ( A, B, C,, C,, D, E,, E,, E,, F, G, H, 

1 and others ) al1 of which have O antigen and some of which have common antigens. 
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For example, group A contains somatic antigen 2, group B contains somatic antigen 

4, group C l  contains somatic antigen 7, group C2 contains somatic antigen 8. In 

addition, al1 strains in group B contain somatic antigen 12 as do strains in group D, 

and group Cl and C2 al1 contain somatic antigen 6, as well as others mentioned 

above. The O antigens are designated by Arabic numerals and H antigens by lower 

case letter in phase one and Arabic numerals in phase two. For instance, Salmonella 

typhimurium has been grouped as (€3 1, 4, 5, 12 i 1 , 2) (30). The identification of 

Salmonella to the serovar level enables the observation of overall changes in the 

prevalence of particular serovars in a certain geographical area (1 3). For example, 

serological typing has demonstrated that Salmonella typhimurium displaced 

Salmonella enteritidis as the most common serovar causing disease in human and 

animais in Canada (31). 

1.3.5 Phage typing 

Phage typing has proven to be a valuable adjunct to serological identification. 

Early studies in the 1920s demonstrated that phages could not only be used for serovars 

identification, but by varying the host strains on which the phage was propagated, 

adapted phages could be isolated which could form the basis of a typing scheme (32). 

The phage typing scheme based on principal of phage adaptation was first applied in 

1938 to differentiate strains of Salmonella typhi (1 3). This scheme uses progressive 

adaptation of Vi-phage II which is specific for the capsular antigen of S. typhi. These 

adaptations are used as the routine test dilution (RTD), the highest dilution that 

10 



produces confluent lysis on homologous bacterial phage type. Eleven phage types 

were initially identified. In 1947 the method of S. typhi Vi phage typing was 

characterized and by 1986, with further adaption of Vi-phage II, a further 95 types 

were defined and intemationally recognized, bringing the number to 106 phage types 

of Salmonella typhi (1 3). In contrast, phage typing schemes for other Salmonella 

serovars are based on the patterns of the lysis produced by serologically distinct phages 

isolated from a variety of sources. Published phage typing schemes, other than that of 

S. typhi which are in routine use in England include those for S. typhimurium (32), 

S. hadar (33) and S. enteritidis (34). Over 200 phage types of L typhimurium have 

been specified (35). 

Phage typing has been the method of choice in the reference laboratory for 

differentiation within serovan. It is a highly discriminatory method for the subdivision 

of serovars into distinct phage types (PT) which facilitates the identification of the 

strains involved in human outbreaks. For example, phage typing has demonstrated 

that an upsurge in the incidence of S. enteritidis infection in humans in rnany 

European countries was caused exclusively by strains belonging to PT4 and this phage 

type was found in poultry. In the United States and Canada, PT 8 and PT 13 are 

predorninant (1 5). Recently, phage typing demonstrated that S. typhimurium PT 1 04 

also known DT 104 i s  the cornmonest cause of sahonellosis in England and Wales 

and this phage type has emerged in Canada and the United States as well (36, 37). 



1.3.6 Antibiotic resistance typing 

Antibiotic resistance in Salmonella strains is commonly encoded by resistance- 

plasmids ( R-plasmids) that have been acquired as a result of antibiotic selective 

pressure in human or veterinary medicine (1 3). In turn, the majority of R-plasmids 

have acquired their resistance genes by a mechanism called transposition in which 

mobile elements of DNA are inserted into nonhomologous regions of chromosome or 

plasmid DNA. These elements or transposons can either be acquired from other 

plasmids in the same strains, from the chromosome or from plasrnids carried by other 

bacteria in the host organism. Resistance genes can also be acquired from other 

bacteria in the host organism either by conjugation in which the resistance gene is 

transferred from donor to recipient cell via specialized structure of the donor called 

pilus or by transduction via a carrier such as bacteriophage. Another mechanism by 

which resistance genes can arise is via spontaneous mutation of the chromosomal 

genes, again as a result of selective pressure (38). 

Although there is a growing need to update information on drug resistance 

trends in Salmonella, antibiotic resistance typing as such is not a satisfactory method 

for discrimination within the serovars as resistance plasmids and transposons are 

unstable traits. Nonetheless, antibiotic resistance typing can be performed in 

conjunction with serotyping, phage typing and plasmid profile analysis for 

epidemiological purposes. This method has been used in identifying clones of 

chloramphenicol resistant S. typhi belonging to different phage types which caused 
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major outbreaks in Mexico, India and South-east Asia since the 1970s (1 3, 39). lt has 

also been the method of choice along with plasmid profile for differentiation of clones 

of multiple drug resistant S. typhimurium (37). 

1.3.7 Plasmid characteriration 

Plasmids are covalently-closed, circular, doublestranded extrachrornosomal 

elements of DNA that replicate independently of the bacterial chromosome. They 

encode a variety of functions such as antibiotic resistance, virulence and heavy metal 

resistance which confer the host strains an advantage in a sefedive environment. 

Plasmids isolated from Salmonella strains range in size from less than 1 megadalton 

(MDa) to 180 MDa (1 3). Plasmid profile involves screening of the strain for presence 

of plasrnid(s) and characterizing the plasmids in terms of number per strain and their 

molecular weight (39). Plasmid DNA extracts are analysed by electrophoresis on 

agarose gels where they are separated into clearly defined bands according to their 

molecular weights. Plasmid profile typing has been used for strain differentiation 

within serovan and within a phage type (1 3). In Britain the method was first applied 

to investigate the epidem iology of multi drug resistant Salmonella typhimurium phage 

type 204c which was resistant to apramycin and gentamicin. Seven plasmid profiles 

have subsequently been identified in the strains which have been isolated from cattle 

in Britain (1 3). Similarly plasmid profile typing has been successful ly used for dividing 

S. typhimurium DT 104 into plasmid profiles. Twenty profiles were identified in both 

DT 104 R-type ACSSuT and ACSSuTCp, and four profiles were identified in R-type 

13 



ACSSuTTm. Each profile was traced to a specific source (3 7). 

1.3.8 Plasmid DNA fingerprinting 

Plasmid profile can only provide information on the size and the number of the 

plasmids carried on the strains under investigation. For example, the presence of a 

single 60 MDa plasmid in each of two strains under test does not necessarily establish 

epidemiological relatedness because these plasmids could have completely different 

DNA sequences (39). A further degree of identification can be attained by using 

restriction enzyme analysis. The restriction enzyme analysis is  used to differentiate 

between strains that have the same plasmid profile. The enzyme recognizes a specific 

base sequence of DNA and cleaves DNA whenever it finds its recognition sequence, 

thus generating DNA fragments. The number and the size of the fragments refled the 

DNA sequence of the plasmid under question. The specificity of this analysis is 

increased if two or more restriction enzymes are studied. Plasrnid fingerprinting is a 

valuable tool in tracing the evolutionary origin of plasmids and their host strains (1 0). 

1.4 Virulence determinants of Salmonella 

1.4.1 Chromosomal virulence determinants 

The ability of Salmonella to colonize relevant parts of the alimentary tract is the 

first stage of infection. Close association and penetration of the intestinal mucosa is a 

prerequisite for the pathogenesis (40). Recent research on adhesion and invasion has 



focussed on tissue culture systems as models for invasion and the identification by 

mutational analysis of the gens involved in this process (6, 1 1, 41). The facultative 

intracellular growth and survival of Salmonella demand a large number of genes 

distributed around the chromosome, and at least 60 virulence genes including those 

responsible for nutrient biosynthesis have been identified (42). Galan and Curtiss (43) 

identified a genetic locus ( inv) which affects the entry of S. typhimurium into 

epithel ial ce1 1s. Furthermore, inv mutants were found to produce elevated LD,, 

values in orally challenged mice and were found to colonize Peyer's patches less 

efficiently than the wild type strains (43,44). However, this genetic locus does not 

affect the bacterial ad herence. 

1.4.2 Virulence plasmids 

Salmonella species with the notable exception of S. typhi often have a large 

plasmid (30-60MDa) which is serovar specific. This plasmid has been shown to be 

essential for virulence in many Salmonella species (8, 44). The plasmid is not required 

for initial interaction with the intestinal mucosa nor it is  required for invasion and entry 

into deeper tissue as strains missing the plasmid reach the spleen, liver and lymph 

nodes (1 1, 41/44]. However, the large plasmid enables the organism to penist within 

the reticuloendothelial cells, while cured strains or strains that have no plasmid are 

quickly eliminated by the host immune system (1 1, 41). Cald-well and Gulig (45) 

identified a 8-kbp region of a 9Bkbp (60-MDa) S. typhimurium virulence plasmid 

capable of conferring the organism's complete virulence plasmid phenotype. This 
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8kbp virulence region encompasses five genes collectively designated Salmonella 

plasmid virulence gens spv RABCD (41,4S). Only spvC gene has been concl usively 

shown to be a virulence gene (45). The exact function of spvC, formerly known as virA 

is not known, although it seems to increase the survival and the growth of Salmonella 

within the reticuloendothelial cells (41). 

1.5 Antibiotic resistance patterns 

The use of antibiotics i n  human and veterinary medicine has resulted in a 

spectacu lar decrease in the mortal ity rate of infectious d iseases. However, this 

contribution to therapeutics has not been without disadvantages, one of the most 

outstanding is the evolution of antibiotic resistance. This has resulted in the 

dissemination of resistance genes to sensitive species and the emergence of new 

resistance determinants. One of the reasons for emergence of drug resistant pathogens 

in humans may be the intensive use of antibiotics in food animais both for therapeutic 

purposes and to improve growth rates (46). The widespread use of antibiotics as feed 

additive in  poultry, cattle, and pigs facilitates intestinal colonization by resistant 

Salmonella. Such practices often lead to emergence and persistence of resistant strains 

of Salmonella and increases the potential for cross-contamination of animals through 

prolonged faecal shedding (1 0,47). Antibiotic resistance also poses a concern to both 

human health in the possible transmission of drug resistant Salmonella to humans via 

food derived frorn animal sources. Three possible routes by which the use of 



antibiotics in  animals could pose a risk to human health include : (i) pathogenic 

antibiotic-resistant bacteria transmitted to humans via contaminated food of animal 

origin can compromise the therapeutic value of antibiotia (ii) non pathogenic resistant 

bacteria can be contracted from animal sources, and these could serve as pools of 

resistance genes for bacteria in the human gut, and (iii) antibiotics could remain as 

residue in animal products which allow the selection of antibiotic tesistant bacteria in 

humans (48). Though the use of antibiotics is extensively regulated in Canada, the 

question of whether feed antibiotic use in animals contributes to emergence of 

anti biotic resistant human pathogens has become an issue (Canadian Animal Health 

i nstitute 1 99 7. Antibiotics resistance in Canada gain ing a better understanding 

.Inforum Vol. 7 ,  No.4). 

Antibiotic resistance in Salmonella, Escherichia coli, Shigella and other 

genera of Enterobacteriaceae is ofien encoded by resistance plasrnids, some of which 

are self-transmissible whereas others may be CO-transferred by conjugative plasrnids 

(47,49). However, it has been reported that serovar-specific plasmids such as the 60- 

MDa of S. typhimurium and the 36-MDa of S. enteritidis do not usually encode drug 

resistance (36, 47). Antibiotic resistance in Salmonella has also been found to be 

encoded by chromosomal gens (1 0, 13). There has been great concern regarding the 

emergence of multiple drug resistance and resistance to new dtugs in Salmonella 

species. It is also of interest to know whether the resistance is  plasmid or 

chromosornally mediated. Previous studies have shown that multiple resistance of S. 
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typhimurium DT 104 to am pici l l in, chloramphenicol, streptomycin, sulfonamides, 

and tetracycl i ne are encoded by chrornosomal DNA (36). Development of resistance 

to new anti biotia is not uncornmon. F 1 uoroquinolone-resistant salmonel lae have 

already emerged in the UK and have been isolated from animals, foodstuffs and 

humans. Although ciprofloxacin has never been used in food animals, the use of the 

related drug enrofloxacin can cause cross-resistance (48). Threl fai l and col leagues (3 7) 

have identified a strain of S. typhimurium DT 104( R-type ACSSuTCp) with resistance 

to ciprofloxacin at MIC: 0.25 mg/L, and this resistance has been shown to be mediated 

by the chromosomal genes. Although antibiotic resistance is not considered a virulence 

factor, it may be related to the bacteriai existence and persistence in a host (50). It has 

also been proven that the dissemination of virulence gens could occur under selective 

pressure of antibiotic use (51). The antibiotic resistance patterns may Vary from one 

geographical area to another, therefore, data need to be gathered on locally isolated 

strains. 

i .6 Communicability and transmissibility of salmonellosis in humans 

Although salmonellae are ubiquitous, the primary res&voir of Salmonella i s  the 

intestinal tract of infected or colonized domestic and wild animals and humans (4). The 

primary source of Salmonella infection in humans worldwide is  contaminated food 

and water (7, 52). Food of animal origin such as poultry, egg, milk, beef and pork are 

the main sources. Salmonella is in the faeces of both infected animals with clinical 



signs and healthy carriers. When livestock are slaughtered and dressed, faecal 

contamination of the carcasses may occur. The importance of red meat and poultry 

meat as vehicles of salrnonellosis lies in their physical contamination with the 

organism and in failure of the consumer to handle the raw food so as to prevent 

infection. Other significant sources of human salmonellosis are shellfish harvested 

from water contaminated with faecal materials and also contaminated fresh fruits and 

vegetables (52). Water contarninated with sewage is always a hazard as it was 

responsible for a massive outbreak of S. typhimurium in 1971 in the US (9). Person to 

person spread of salmonellosis is possible particularly in hospitais (4). 

1.6.1 Epidemiological aspects of human salmonellosis 

Of  the 2200 serovan of Salmonella identified, most human and animal disease 

is  caused by a handful of serovars that belong to subspecies 1. The distribution of the 

serovars involved change over time for usually quite unknown reasons (6). 

Salmonellosis is more common and severe in young children, elderly and individuals 

with u nderlying chronic diseases. The data from many countries have provided 

evidence of a steady and significant increase in salmonel losis during the past two to 

three decades. In Canada, during the period 1983 and 1992 a total of 89,760 

Salmonella strains from humans were reported to the National Laboratory for Enteric 

Pathogens (5). Furthermore, there were 2,180 reported outbreaks associated with 

10,065 cases during the IO-year period. Likewise, in the United states, approximately 



25,000 cases of Salmonella infection were reported annually in the 1970s to the 

Centre for Disease Control (CDC) with continuai increase to more than 50,000 

reported infections in 1985. In 1995,41,222 infections were reported to the CDC (4). 

The major recent change in the epidemiology of Salmonella has been the 

emergence and increase of Salmonella enteritidis in ind ustrial ized nations and 

Salmonella typhimurium definitive phage type DT 1 O4 in the United Kingdom, the 

United States and Canada (37, 53, 54). An important feature of this increase has been 

the spread of a strain of Salmonella typhimurium DT 104 with multi-resistance 

patterns characterized by resistance to ampicillin, chloramphenicol, streptomycin, 

sulfonamides and tetracycline (R-type ACSSuT) (3 7, 55). Recent studies have shown 

that infection with R-type ACSSuT was associated with higher hospitalization and 

fatality rates than other Salmonella serovars. Studies have identified farm animals as 

the source of human infection and consumption of improperly handled red meat as a 

risk factor for salmoneIlosis (4, 55). 

1.7 Prevalence of Salmonella serovars 

1.7.1 Salmonella typhimurium 

Salmonella typhimurium has been recognized worldwide as the most common 

human pathogen and etiological agent associated with the environment and the food 

chain (1 0). The largest outbreak of waterborne salmonellosis reported in the United 



States was associated with this serovar (9). However, between 1985 and 1991, S. 

typhimurium was the most prevalent pathogen implicated in food borne salmonellosis 

in the United States, accounting for more than 21 O/. of the total Salmonella isolates. 

However, as discussed, the importance of this serovar is in the emergence of multi 

drug resistant S. typhimurium R-type ACSSuT. The rate of isolation has dramatically 

increased from 4 O f 0  in 1989 to 43% in 1994. Furthermore, S. typhimurium isolated 

from cattle before 1986 did not have this R-type compared to 13% of the isolates 

obtained between 1986 and 1 991, and 64% of the isolates obtained in 1992 and 1995 

(4). In addition, a high number of isolates from either human or cattle sources with 

the R-type ACSSuT that were phage typed were found to be phage type 1 04 (4). 

In Canada, S. typhimurium has been the most common serovar isolated 

between 1983 and 1992. S. typhimurium was associated with 1,622 hurnan cases 

reported from 222 outbreaks (5). This serovar accounted for the highest number of 

Salmonella isolates impl icated in recent food borne diseases from 1 992 and 1 993, 

representing 20.396 of the total Salmonella (5). Thirty-seven percent of S. typhimurium 

isolates from humans were found to be S. typhimurium DT 104 (Ontario Animais 

Health Surveillance Network 1997). 

In Europe, the increase in prevalence of S. typhimurium in food borne disease 

continued to be significant (56). In Spain the frequency of the isolation of S. 

typhimurium has increased over the last few yean from 13 O/O in 1988 to 25.1 O/O in  



1994 (57). There has been continual increases in the isolation of S. typhimurium DT 

104 in the United Kingdom from 259 in 1990 to 2,873 in 1994 and 3,837 in 1995 

(6,55). Moreover, S. typhimurium DT 104 is the second most prevalent Salmonella in 

humans after S .enteritidis, although a few years ago S. typhimurium Phage type 204 

was predominant in the United Kingdom (37). 

1.7.2 S. heidelberg, S. hadar and S. infanfis 

In Canada during 1 983-1 992, S. heidelberg and S. hadar ranked the second 

and third most commonly isolated serovars from humans after S. typhimurium (32 ). 

The reported isolation rate of S. heidelberg and 5. hadar in humans were 12.0 % and 

10.9% respedively (5). There were 35 reported outbreaks of S. heidelberg infection 

that affected 205 people. Forty-six outbreaks of S. hadar infection occurred that 

affected 421 people. The frequency of S. hadar isolations from human and non-human 

sources reached a peak during the years 1987-1990 and declined thereafter. 

Seventeen outbreaks of S. infantis were reported during 1983-1 993 which affected 124 

persons (5). 

1 .7.3 Salmonella en teritidis 

H uman infection with Salmonella enteritidis has significantl y increased du ring 

the last few years in many parts of the world (58, 59). The increases in foodborne 

illness during the last two decades have largely been attributed to S. enteritidis in a 



number of countries such as Argentina, Austria, B ulgaria, Finland, France, Hungary, 

Italy, Spain, Switzerland, and the United Kingdom (4, 30). In Europe the prevalence 

of S. enteritidis infection surpassed S. typhimurium and became the most cornrnon ly 

isolated serovar (1 5, 31, 58, 60). In England and Wales Salmonella isolation reported 

from human infection doubled frorn 10,251 in 1981 to 22,627 in 1991 (4). This 

increase was because of the increase in S. enteritidis, particularly phage type 4. It 

accounted for 53% of ail Salmonella isolated in 1989 (1 5). In the United States, the 

proportion of total Salmonella isolates that were S. enteritidis increased from 5% in 

1976 to 26% in 1994 and decreased to 25% in 1995 (4). 

In Canada the frequency of S. enteritidis isolations varied between 4.2 to 9.2% 

of ail the serovars isolated between 1 979-1 989. However, this percentage increased 

in 1 991 to 1 2.5% and S. enteritidis was the second most common serovar after S. 

typhimurium (31). While large outbreaks associated with this serovar have rarely 

occurred in Canada, a notable exception occurred among patients and staff of a 

regional hospital in Ontario, where the outbreak was associated with S. enteritidis 

phage type (PT)13. In a period of 1983-1 991, there were 73 outbreaks of S. enteritidis 

infection associated with 568 cases (5). The infections caused by PT 4 were less 

common in Canada and were almost exclusively found in people who had travelled 

abroad. 

In many countries outbreaks of S .enteritidis infection in humans have often 

23 



been associated with consumption of eggs, food prepared frorn eggs, poultry meats 

and other poultiy products contaminated with S .enteritidis (1 5, 31). In Canada, most 

of S. enteritidis isolates from humans belong to PT 8 (56A0h), followed by PT 4 

(18.3961, PT 13 (8.3% and PT 13a (5.1 %) and these phage types have been frequently 

isolated from poultry and their environment. On the other hand, most recent European 

isolates of S. enteritids, from both humans and animals have been phage type 4. Like 

the phage types that are common in the United States and Canada, PT 4 has been 

associated with significant egg-transrnitted disease in humans. PT 4 infection of broiler 

chickens has also been linked to the contamination of finished carcases (1 5, 31, 59) 

1.7.4 Other Salmonella serovars 

Certain Salmonella serovars are adapted to specific animal hosts for example, 

S. pullorum in poultry, S. abortusequi in horses, S. cholerasuis in pigs and S. dublin 

in cattle. Although these serovan are animal host adapted, human infection and 

illness have been reported. In Denmark, the annual incidence of S. dublin infection 

in humans was estimated to be 46 cases during 1980-1986, however the level has 

dropped to 20 cases annually. Most isolates are from unpasteurised milk and 

contaminated dairy products (40). Salmonella typhi, the causative agent of typhoid 

fever in human was identified as the cause of 43 small outbreaks affecting 1 16 persons 

in Canada during the period of 1983-1 991 (5) 



1.8 Salmonellosis in food animals 

Members of the genus Salmonella remain a potential threat to human and 

animal health. Human outbreaks have been associated with consumption of 

contaminated animal products (61 ). Animal-adapted Salmonella serovars can 

advenely affect the health and produdivity of a herd or a flock and contrat sharply 

with healthy carrier animals infected with non-host adapted serovar that may cause 

salmonel losis in human population. 

Salmonel losis in food animals incl uding cattle, poultry, swine, and sheep arises 

from intensive rearing pradice, the use of contaminated and medicated feeds and 

infected or carrier animals (1 0). At the abattoir, the initial source of contamination is 

the carrier animal. Transmission at the abattoir occurs by direct contact between 

carrier and non-carrier animals and also by exposure to contarninated environment. 

It has been suggested that stress associated with transportation, overcrowding and feed 

withdrawal experienced by animals before slaughter increases shedding of Salmonella 

(1 0, 12). This effect was demonstrated in a study in which 30% of Salmonella-free 

pigs became Salmonella carriers after a mock transportation to an abattoir (62). 

Nonetheless, there appean to be no published data that associate feed withdrawal with 

an increase in Salmonella shedding in cattle. During slaughtering operations these 

carrier animals are able to contaminate the area, the equipment and personnel, and 

eventually the final products (61, 63). Other environmental factors such as insects, 

rodents and wild birds have also been implicated in the infection of herds and 
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contamination of processing areas. 

1.8.1 Bovine saIrnonelIosis 

Salmonellosis is a serious infectious disease of cattle causing enteritis, 

septicaemia, pneumonia and abortion (61, 64). The disease has primarily been 

associated with S. dubiin and S. typhimurium with the former being more comrnon 

in adult cattle and the latter more common in calves (6). As an indication of the 

importance of bovine salmonellosis, it has been cited by VelIa and Cuschieri (61) that 

between 10,000 and 20,000 incidents of salmonellosis are recorded annually in cattle 

in the UK. In Denmark, during the period of 1980-1 992, more than 70% of Salmonella 

outbreaks in cattle were caused by S. dublin (65). Salmonella infection in cattle 

originates from various sources, such as importation of infected anirnals or introducing 

infected or carrier animals to a healthy herd, contamination of feed and water, and 

cross-infection from other domestic or wild animals (61). Carrier animals shed 

salrnonellae in their faeces, rnilk and cross-contaminate carcasses at slaughter, thus 

creating a significant source of Salmonella entering the human food chah (63,64). In 

the United States, 14 of 38 (37%0) outbreaks of hurnan salrnonellosis with a known 

reservoir were traced to beef or diary products (66). In France, S. typhimurium was the 

most common serovar in slaughter cattle, and 8O0/0 of the samples taken from the 

ground beef were contaminated with S. typhimurium (67). A study during 1 984-1 985 

indicated that the incidence of Salmonella in Canadian beef carcass was 3.3% (1 0). 



1.8.2 Avian salmonellosis 

Poultry are the rnost important reservoir of asymptomatic Salmonella excreten 

in the human food chain (1 0). S-puliorum and S. gallinaurum, the causative agents of 

fowl typhoid, are restricted to avian hosts and mrely cause food disease in humans. In 

recent yean these serovars have been brought under control in several countries 

including Canada (6, 10, 68). 

5. enteritidis causes clinical and subclinical disease in both layer and broiler 

flocks- The establishment of S. enteritidis infection in chicken breeder flocks could 

lead to widespread infection in layer and broiler flocks and subsequently in the hurnan 

population (3 1). lnfected parent breeder flocks exhibit no clinical signs and remain 

chronic carriers and excrete Salmonella in their faeces and contaminate the 

environment and hatching eggs. Transovarian or vertical transmission has also been 

recorded. Cross contamination between infected flocks and uninfected flocks occurs 

in the breeding house, during transportation and during poultry slaughtering 

processing. The incidence of Salmonella in Canadian chicken carcasses has increased 

during the last two decades from 2O0L to 61 O/O (10). In Canada, the prevalence of 

Salmonella in layer, broiler and turkey flocks was 53, 77, and 87% respectively during 

1990-1 994. Furthemore, the most prevalent serovan in layer and broiler fiocks were 

S. hadar and S. heidelberg, respectively. S. infantis, S. schwarzengrund and S. 



enteritidis have been isolated from poultry samples and the environment, however the 

prevalence of S. typhimurium has dramatically decreased (47). In the European 

countries and the United States, S. enteritidis is the most prevalent serovar in poultry 

and humans (1 5,31). 

1.8.3 Salmonellosis in other food animais 

Salmonellosis in swine has been one of the major public heath concerns. 

Clinical disease is primarily caused by S. cholerasuis and S. typhimurium (6). It has 

been shown that S. typhimurium rernains in swine in low numbers for at least four 

weeks after experimental infection (69). The disease syndrome manifests itself in 

post-weaning pigs of al1 ages most often as a septicaemia and enterocolitis. In addition 

to clinical disease, Salmonella from carrier pigs can contaminate carcasses and retail 

pork products. In one study in Canada, 10 56 of carcass samples were contaminated 

with Salmonella (1 7). Previous studies of food borne disease during 1 977-1 984 in the 

United States (69) indicated that pork was responsible for 11 '10 of the Salmonella 

outbreaks attributed to meat. 

1.9 Thesis objectives 

From reviewing the recent literature it i s  clear that foodborne diseases caused 

by non-typhoid Salmonella represent a very important pub1 ic health problern in many 

parts of the world including Canada. Human outbreaks are usually associated with 



contarninated food of animal origin (4, 12). There is also considerable amount of 

documentation that Salmonella-carrier animals are the main reservoir of human 

salmonellosis. However, there is little information about carriage rates and serovars of 

Salmonella present in food animals in Prince Edward Island (PEI). In addition, as 

indicated in section 1.8 published information on the effect of feed withdrawal in 

cattle before slaughter is lacking on a global basis. Since poultry and beef cattle 

constitute major sources of rneat in PEI, this research was conducted to: 

1 .  Estimate the prevalence and carrier status of Salmonella in beef cattle and broiler 

chickens at the time of slaughter during the study period; 

2. Determine if feed withdrawal and longer detention at an abattoir can lead to 

i ncreased Salmonella s hedding by carrier an i mals; 

3. Characterize and compare Salmonella isolates frorn beef cattle, broiler chicken and 

human sources with respect to their genotypic and phenotypic traits. This will allow 

the determination of:  

a . the predominant Salmonella serovars in beef cattle and broiler chickens and if they 

are associated with human disease, 

b. drug resistance patterns and whether it is plasmid or chromosomal mediated, 

c. plasm id profi les to identify virulence and d rug resistance associated plasmids; and 

4. Determine the virulence phenotype of the Salmonella serovars obtained from human 

and animal sources by investigating the presence of virulence genes, invA and spvC 

in the chromosome and plasmid DNA, respectively. 
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2. ISOLATION, SEROLOGICAL IDENTIFICATION AND PHAGE 

TYPINC OF SALMONELLA 

2.1 Introduction 

Human infection with Salmonella is often associated with consumption of foods 

of animals origin (4). Salmonella rnay be present as a part of the indigenous flora of 

the intestinal tract of carrier animals. Coincident isolation of the same Salmonella 

serovars from human and animal sources underlines the importance of this relationship 

(5). Monitoring the occurrence and the freqvency of distribution of the Salmonella 

serovars from human and animal sources is important to detect possible outbreaks, to 

identify possible sources and to target prevention and control measures. The control 

of salmonellosis is highly facilitated by rapid isolation and identification of the strain 

involved (13). The knowledge that the exposure to a low number of the organisms 

can establish infection necessitates the need for sensitive methods of detection and 

isolation. 

The isolation of Salmonella usualiy involves a seledive enrichment process that 

enhances the growth of Salmonella species while inhibiting the growth of competitive 

microflora (10). Tetrathionate broth is an enrichment medium which is routinely used 

to increase the number of salmonellae cells in faecal samples. The selectivity of 

tetrathionate broth lies in its ability to suppress the growth of competitive bacteria, 



while Salmonella can readily grow because it possesses an enzyme tetrathionate 

reducîase, which provides some measure of resistance to the toxic effea of 

tetrathionate (10). The superiority of tetrathionate broth to selenite broth has been 

documenteci (7). After primary culture in selective broth, samples are inoculated ont0 

seledive agar media that permit the growth of Salmonella. Modified semisolid 

Rappaport-Vassiliadis medium (MSRV) is a relatively new rapid selective medium. It 

has been widely used for detection and isolation of Salmonella from faeces, 

environmental samples and a variety of food samples (22). The selectivity of this 

medium is based on the swanning phenornenon of motile Salmonella at reduced agar 

concentration (0.27%). Cornpetitive coliforms are inhibited by a combination of 

increased osmotic pressure, malachite green, novobiocin and an incubation 

temperature of 41- 43" C (21). MSRV has been shown to be more sensitive than a 

standard isolation method with selective enrichment and subsequent plating 

procedures (7, 2 1 ). 

The identification of Salmonella strains is accompl ished by determ in ing their 

antigenic structures utilizing bacterial antigens and antisera containing antibodies 

against particular antigenic determinants of the bacterium. The technique employed 

is the bacterial agglutination test. This test is suitable for both living and killed bacteria, 

and gives a clear and adequately rapid reaction without the need to extract antigens 

from bacterial cells (16). 60th somatic (0) and flagellar (H) antigens are comrnonly 

used in  the classification o f  Salmonella into serovan. The majority of Salmonella 
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serovars are diphasic , they express two specificities for their flagellar antigens (phase 

I and phase II). Salmonella serovan c m  be further subdivided into phage types on the 

basis of their susceptibility to bacteriophages. 

The purposes of the experiments described in this section were: (a) to estimate 

the prevalence of Salmonella in apparently healthy beef cattle and broiler chickens at 

the time of slaughter and to determine the predominant Salmonella serovars present 

in beef cattle and chickens, (b) to deterrnine if feed withdrawal prior to slaughter has 

an effect on increased of Salmonella shedding and (c) to study Salmonella serovars 

isolated during 19961 997 from human clinical cases and compare them with the data 

obtained from beef cattle and broiler chickens. 

2.2 Materials and Methods 

2.2.1 Sample collection from beef cattle 

Samples were collected during June and August 1 996. Two hundred and forty 

cecal samples were collected from the federally inspected slaughter plant in PEI. The 

samples were collected every Monday and Wednesday, the beef slaughter days of the 

plant. During sampling, 20 animals (35% of the slaughter volume) were randomly 

selected prior to slaughter by computer generated random numbers (Epi Info, Version 

6 database and statistical program). Only one sample was collected from each of the 

randomly selected animals. Animais for sampling were randomly selected under two 



categories. Animais detained in the lairage for 18-24 hours were categorized as fasted 

and those slaughtered imrnediatel y after arriva1 were categorized as non-fasted. 

Samples were placed in sterile plastic bags and transported to the laboratory within two 

houn for processing. Cecal sampling method was chosen over rectal sampling 

because the amount of faeces in the cecum was more consistent and the organisms 

tend to colonize the cecum more than any other parts of the gastrointestinal tract (1 2). 

2.2.2 Sample collection from broiler chickens 

Col ledion of the samples was done du ring April and May 1 997. A total of 1 20 

cecal samples were collected from the provincially inspected poultry processing plant 

in PEI. Sampling was done in random systematic rnanner which means ceca were 

taken from every fourth or fifth bird in the processing line. The birds originated from 

different farrns in PEI, however, individual farms were not identified. Ceca were 

aseptically cut, tied and placed in sterile plastic bags which were kept on ice in an 

insulated cooler box and then transported to the laboratory where they were processed 

the same day. 

2.2.3 Culture of the samples 

Detedion and isolation of Salmonella from faecal samples was performed as 

described by Dusch et. al (21) and Desmedt et. al (70). It involved a two step isolation 



procedure, selective en richment and selective plating. 

2.2.3.1 Selective enrichment 

Each sample was inoculated into tetrathionate broth at a ratio of 1 :9. Twenty- 

five grams of the cecai sample from each animal were inoculated into 225 ml 

tetrathionate broth (Oxoid) and one gram of cecal content from each broiler chicken 

was inoculated into 9 ml tetrathionate broth. All samples were incubated at 37 OC for 

24 hours. 

2.2.3.2 Seledive plating 

Five individual drops (approximately 250 microlitres) of the enriched cultures 

were inoculated close to the periphery of the MSRV agar plate and incubated 

ovemight at 42°C including positive and negative controls. The plates that had shown 

migratory growth at least 20 mm away from the site of inoculation were considered 

positive and processed further. The plates that had shown swarming growth after 24 

hours were regarded as false positives. For purification, growth was removed from the 

outer edge of migration zone and streaked ont0 Blood agar and Mackoncey agar plates. 

The preliminary identification was performed by testing the putative Salmonella isolate 

against polyvalent Salmonella antiserum (Difco). One drop of the polyvalent antiserum 

was placed on a clean slide. Two to three isolated colonies from pure culture were 

suspended with the drop of polyvalent antiserum. The s 

seconds and the agglutination result was recorded. 
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2.2.4 Human isolates 

Twenty-six Salmonella strains from human sources were supplied in pure 

culture by the Queeo Elizabeth Hospital, PEI. These strains were isolated from 

sporadic unrelated clinical cases of salmonef losis during 1 996-1 997 on PEI. 

2.2.5 Serological identification (serotyping) 

AI1 isolates were identified as Salmonella on the basis of their antigenic structure 

including somatic (0) antigens and flagellar (H) antigens. The identification process 

was performed at Health of Animals Laboratory (HAL), Guelph, Ontario, Canada. The 

O antigens were determined with slide agglutination test as described by Ewing (71) 

whereas H antigens were identified by a microtechnique (72). The details are given 

below. 

2.2.5.1 Culture purification 

Culture purification was done on LB agar plate and incubated at 37°C 

overnight. A single colony was picked up and streaked ont0 another LB agar to ensure 

the purity of the culture and to obtain single colonies. 

2.2.5.2 Identification of somatic antigens (O) 

AI1 strains were tested against polyvalent A and B antisera. A drop of 

polyvalent A and a drop of polyvalent B antisera were placed approximately 2 cm apart 

on a glass agglutination plate for each isolate. Two to three colonies were suspended 
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into each drop of the antisera. The plate was gently rocked for 30 to 60 seconds and 

the results were recorded. A few colonies from the cultures that reacted with either A 

or B polyvalent antisera were suspended in a drop of 1:1000 acriflavin neutral. If 

agglutination occurred the culture would be considered rough and no further O 

antigens determination were attempted. The identification was accomplished as 

explained above with C, D, E, F and G antisera in the cultures which did not 

agglutinate with either the polyvalent A or 6 antisera. For full O antigenic structure 

determination, the cultures were examined against drops of single factor antisera that 

represent the poly group (A, B, C, ... etc) where the agglutination occurred. For 

example, the culture that reacted with poly B antiserum was tested against drops of 

single factor 0:8,0:11,0:22 and 0 : 2 3  and in case al1 tumed out negative, the culture 

was tested against single factors 0:7, 0: 14 and 0:25 (71). 

2.2.5.3 identification of flagellar (H ) antigens 

For identification of H antigens, al1 strains were tested against antisera and a 

saline control. The antisera were polyvalent Salmonella H containing antibodies for 

H {a through z,, } to cover phaje 1 and antibodies for the phase 2 complex H {I, 2, 

5,  6, 71, four antisera for the flagellar complexes H { E ; G ; L ; 1, 2, 5, 6, 7) and six 

absorbed antisera for H { b, d, i, r, z, z,,). The cultures were inoculated into tubes 

containing TSB-YE broth and incubated at 37OC for 4 to 24 hours in a water bath. The 

cultures were then treated with equal volume of 3.O0/0 formal-saline in a BÎO-~ad'tube. 

The formalin treated broth cultures were allowed to stand at roorn temperature for 15- 
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20 minutes. Twenty microlitres of antisera were dispensed into a 96-well U-bottom 

microtitre plate including a negative control, 0.6 '/O formal-saline. Twenty microlitres 

of the formalized culture suspension were added to each well. The plate was rocked 

in a micreplate shaker for 3-5 seconds and then incubated at 50°C in a water bath for 

50.60 minutes. The microtitre plate was read using the Titre Tek reading mirror with 

a high intensity of light in a darkened room and the agglutination patterns were 

recorded. 

2.2.6 Phage typing 

Salmonella isolates that were identified to the serovar level were further 

su bdivided by their susceptibi lity to bacte riop hages. The phage typing of Salmonella 

serovars isolated in this study was also performed at Health of Animais Laboratory 

(HAL), Guelph, Ontario, Canada. 

Only phages and reference strains obtained from the WHO Reference 

Laboratory for phage typing of Salmonella species at the Department of Enteric 

Pathogens (DEP) at the Central Public Health Laboratory (CPH L) in Coli ndale, London, 

England, and phages and strains derived from the same source via the Laboratory 

Centre of Disease Control (LCDC) in Ottawa, Canada, were used for the phage typing 

of Salmonella species at HAL. 

A few colonies of 24 hours old Salmonella culture were inoculated into 
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nutrient broth (Difco) and incubated at 37 OC with shaking, for approximately one 

hour until a slight turbidity was visible in the broth. The broth cultures were flooded 

over the surface of dried nutrient agar plates. Two extra phage agar plates were 

included for beforen and "after" sterility check of the phage. The plates were then 

inoculated with the phages at their routine test dilution (RTD). After adsorption the 

plates were incubated at 37 + 2 OC overnight. The plates were examined for plaque 

formation the following morning and the results were recorded. 

2.3 Results 

Of the 240 cecal samples collected from freshly slaughtered beef cattle, 

salmonellae were isolated from 4.6% (n = 11). Ten isolates were obtained from 134 

(7.46 %) samples collected from fasted animals. Only one isolate was recovered frorn 

1 O 6  (0.9496) samples from non-fasted animals (Table 2.1 ). The frequency of Salmonella 

isolation was significantly higher from fasted animais than non-fasted ones (x2 = 5.752, 

P< 0.025 ). The data analysis was done by using Epi Info, Version 6. 

As shown in Table 2.2, Salmonella isolates belonged to three serovars, 8 

(72.7%) S. typhimurium, 2 (18.2OI0) S. agona and one (9.1 96) S. infantis. The phage 

typing of the serovars showed that, 7 (87.5%) of the S. typhimurium were identified 

as definitive phage type DT 104 and one was found to be type DT 108. The phage 

typing scheme was not applicable for S. agona and S. infantis (Table 2.3) 



Salmonella was isolated from 39 (32.5%) of 120 cecal samples of broiler 

chicken (Table 2.4). These isolates were sero[ogically divided into three serovars: 1 7 

(43.6%) S. heidelberg, 1 1 (28.2%) S. sch warzengrund, 10 (25.6'10) S. infantis, and one 

isolate (2.6'10) was untypable (1:4,5: i :- ). All S. heidelberg showed atypical phage type 

with exception of one which was found to be phage type 6. 

Twentysix humans isolates that had been isolated during 19961 997 in PEI from 

sporadic clinical cases were serologically identified into serovars. As illustrated in 

Table 2.5, several Salmonella serovars were encountered in human but the most 

common were S. typhimurium (24O/0), S. hadar (1 5.30f0), S. enteritidis (1 5.3Ofo), S. 

heidelberg (1 1.5 "10) and S. infantis (1 1.5°/0). These serovars were subdivided into 

phagovars on the basis of their susceptibility to bacteriophages (Table 2.6). S. 

typhimurium isolates were identified into definitive phage types DT 104,108 and 195. 

S. enteritidis isolates were identified into phage types 4, 8 and 29. S. hadar isolates 

were identified as phage type 2, whereas S. heidelberg isolates were identified into two 

phage types 8 and 10. Phage typing was not applicable to the other serovars isolated, 

namely S. infantis, S. agona, S. kiambu, S. bareilly and S. brandenburg. 



Table 2. 1 The frequency of Salmonella isolation from caecal content of beef cattle 

p. .- -. . - - - - - - - - - - - - 

Time to  slaughter Sample size' Number of Positive YO 

more than 18 hrs (Fasted) 134 10 7.46%C 

less than 6 hrs (Non-fasted) 106 1 0.94% 

Total 240 11 4.6% 

a. One sample from each of the randomly selected animal 

b. Confirmed by seroiogical identification 

c. LeveI of significance ( 2 = 5.752, P< 0.025) 



Table 2. 2 Salmonella serovars identified in beef cattle 

Serovar No. isolated (n = 11) Percentage 

S. agona 

Sin fan fis 1 9.1Y0 



Table 2. 3 Phage types of Salmonella identified in Beef cattle 

Serovars Definitive Phage type (DT) No. lsolated (n = 1 1) Percentage 

S. agona NA* 

Sin fantis NA 1 9.1 % 

* Not applicable 



Table 2.4 Salmonella serovars identified in broiler chickens 

Serovar No. isolated (n = 39) Percentage 

S. heidelberg 

S. sch warrengrund 

Sinfan fis 

l:4,5:i :-* 1 2.6% 

* untypable, (subspecies I serogroup B) 



Table 2.5 Salmonella serovars recorded from sporadic clinical cases of human 

salmonellosis on PEI during 1996-1997 

Serovar No. of salmonella isolates (n = 26) Percentage 

S. typhimurium 

S. heidelberg 

S .enteritidis 

S. hadar 

S. in fan tis 

S. agona 

S. bareilly 

S. kiambu 

S. brandenburg 



Table 2. 6 Phage type of Salmonella serovars from sporadic cases of human 

salmonel losis 

Serovar Definitive phage type (DT) No. isolated Percentage 

S.îyphimuruim 

S. typhimuruim 

S. typhimuruim 195 3 1 1.5% 

S. hadar 2 4 15.4% 

S. enteritidis 29 2 6.9% 

S. enteritidis 4 1 3.8470 

S. enteritidis 8 1 3.84% 

S. heidelberg 

S. heidelberg 

S. infantis 

S. bareilly NA 1 3.84% 

S. kiambu NA 3 11 -5% 

S. brandenburg NA 1 3.84"/0 

S. typhimuruim NA 1 3.84% 

* Not applicable 



2.4 Discussion 

During the study period in June and August 1996 the prevalence of Salmonella 

in slaughtered beef cattle was found to be 4.6"/0. This finding falls within the range 

reported earlier by D'Aoust (IO) where the rate of Salmonella isolation from Canadian 

beef carcasses varied from 0.2 to 21 -5% with a rnedian of 3.3 O/O. Wary and Soj ka (73) 

reported that the incidence of Salmonella at the abattoir ranged from 0.3% to 11.6'10. 

An isolation rate as high as 76O/0 from apparentiy healthy cattle at an abattoir has been 

reported by Samuel et. al (74). 

In this study, samples were randomly col lected from both fasted and non fasted 

beef cattle. When compared, the isolation of Salmonella was sign ificantl y h igher 

among the fasted group than the non-fasted one. It i s  a cornmon practice to withhold 

feed for at least 6 hours or more from animals that are ready to be processed for food, 

and to transport them from ranches or farms to slaughter houses. Both the stress of 

transportation and feed deprivation can increase Salmonella shedding from carriers 

which increases the possibility of infection of other animals being held before 

slaughter and contamination of the surrounding environment (67). It may be speculated 

that these fasted animals from which Salmonella was recovered became excreters due 

to the stress associated with feed withdrawal and longer detention period at the 

abattoir, al1 of which might have altered the intestinal immune response and the normal 

gut bacterial flora that play a protedive role against Salmonella colonization. There is 

currently no reliable information that associates feed withdrawal and decreased 
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resistance to Salmonella colonization in cattle. However, it has been reported that feed 

withdrawal radical ly aiters indigenous bacteria and depresses ce1 1 ular immunity in 

molting hens (75). These changes rnay contribute to decreased resistance of a molt hen 

to Salmonella colonization and infection. Although, the prevalence of Salmonella in 

slaughtered beef cattle was not high (4.6'/0), the presence of a single carrier animal can 

be a potential source of Salmonella that could contaminate the environment, 

personnel, and other animals being siaughtered. 

Serological identification demonstrated that al l Salmonella isolates either from 

beef or chickens belonged to S. enterica subsp. enterica which is the common cause of  

salmonellosis in humans and animals (1 3). Although the method of isolation applied 

here was highly sensitive and seledive, incubation of MSRV medium at 43°C could 

have resulted in failure to isolate strains of S. dublin as the high temperature and low 

agar concentration (0.271) might inhibit the growth of non motile strains (61). In the 

present study the specificity of MSRV was 91.7 '10. Of the 12 presumptive positive 

cultures examined by serology, only one was found to be a non-Salmonella isolate. 

Salmonella typhimurium was the predominant serovar isolated, followed by S. 

agona and then S. infantis (Table 2.2). S. typhimurium represents 72.71 of the three 

serovars identified. This finding is consistent with the recent study done by Puyalto et. 

al (67) where S. typhimurium was isolated from 67% of the positive samples from beef 

cattle. Moreover, 8090 of the samples taken from ground beef were heavily 
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contarninated with S. typhimurium. 

S. typhimurium continues to be an important cause of human foodbome disease 

throughout the world. This se rmr  accounted for the highest nurnber of Salmonella 

isolates irnplicated in recent foodborne diseases in humans in Canada (5, 76). In 1995 

S. typhimurium was the second most common serovar affecting hurnans in PEI, 

accounting for 1246 of the total isolates of Salmonella (Health Protection Branch, 

Health Canada 1 997 ). In Ontario, Canada, isolates of S. typhimurium represented 

16O/0 to 31 '/O of ail Salmonella encountered in humans during 1993 and 1996 (54). High 

prevalence of S. typhimurium in cattle support the notion that beef could be a major 

reservoir of human infection by S. typhimurium. Furthermore, phage typing of S. 

typhimurium revealed that DT104 was predominant in beef cattle and was also 

identified among human strains. In Canada, 3790 of S. typhimurium strains from 

humans were DT 104 (54). In Ontario 43% of veterinary isolates of S. typhimurium 

investigated in 1996 and 1997 were DT 1 O4 and were mostly isolated from cattle 

(Ontario Animal Health Surveillance Network 1997)*. In the US, DT 104 has emerged 

as an important cause of salrnonellosis in cattle and has been associated with human 

infection (53). Since 1990, S. typhimurium DT 104 has become endemic in beef cattle 

and has also been recognized as the second most common cause of human 

salmonel losis in the U K (37). The data obtained in this investigation suggest that beef 

cattle might be a source of Salmonella typhimurium DT 104 infection in humans in PEI. 



The prevalence of Salmonella in broiler chickens at the slaughter during Aprii 

and May 1 997 was 32.5%. This prevalence was lower than what had been reported in 

Canada by Poppe et. al (47) in which the prevalence of Salmonella from broilers was 

77%. Salmonella is frequently isolated from chicken ceca, and less ofien from 

extraintestinal sites (47). Contamination of chicken carcass can occur at any level of 

processing. Consurnption of contaminated chicken and its products frequently leads to 

salmonel losis in hurnans. - 

In the present study, S. heidelberg, S. schwarzengrund and S. infantis were the 

only serovars encountered in broiler chickens. Isolation of these serovars from chickens 

was previously reported in Canada by Poppe (47). S. heidelberg was the predominant 

serovar representing 43.6'10 of the total Salmonella isolated in PEI . AI1 isolates of S. 

heidelberg showed atypical phage type with the exception of one which was phage type 

6. Moreover, the result of phage typing of S. heidelbergfrom hurnan cases showed 

that phage types 8 and 10 were predominant in PEI suggesting that chickens slaughtered 

in PEI were not the source of the human infection with S. heidelberg. During the study 

period, S. enteritidis was not recovered from broiler chickens. This is not surprising as 

S. enteritidis has always been associated with eggs and less frequently with pou ltry meat 

and other animal sources (31). Human isolates of S. enteritidis studied on PEI belonged 

into phage types 4, 8 and 29. Since phage types 29 and 4 are uncornmon in Canada 

(5), it is possib 

abroad. The find 

le that human cases from these phage types on PEI were acquired 

ings of the present study suggest that Salmonella serovars other than 
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S. infantis isoiated from broiler chickens orïginating from the local processing plant do 

not constitute an important cause of human salmonellosis on PEI. However, future 

studies, incl uding sarnpling of retail chicken and sampl ing du ring different seasons of 

the year should be conducted to shed more light on the role of broiler chickens in 

human salmonellosis. Data on human clinical cases also need to be gathered on a larger 

period of tirne. 

*(Published information by Ontario Animal Heaith Surveillance Network "OAHSN" 

during NovemberlDecember 1997). 



3. DRUG RESISTANCE AND PLASMID CHARACTERlSTlCS OF 

SALMONELLA 

3.1 Introduction 

Salmonellosis poses a health problem worldwide. The significance of 

antimicrobial resistance is most obvious on its impact on limiting therapeutic options 

which rnay lead to therapeutic failure which can result in increased morbidity and even 

mortality. As previously stated in the introductory chapter, the use of antimicrobial 

agents in humans and animals often leads to emergence of drug resistant 

microorganisms. The emergence and spread of antibiotic resistant Salmonella may be 

attributed to the use of medicated feeds in livestock for growth promotion and 

prophylaxis, routine treatment of hatching eggs and newly hatched chicks with 

antibiotics and also treatrnent of various animal species and humans with antibiotics 

(46, 47, 49). Muiti drug resistant S. typhimurium DT 104 strain is an example of the 

increasing emergence of antibiotic resistant strains which are of great concern in many 

countries including Canada and the USA. 

Drug resistance in Salmonella can arise either by acquisition of plasmids and 

transposons or by chromosome mutation (77). Chromosomal resistance can only be 

transferred to the progeny ce1 l whereas, resistance plasmids can be transferred to other 

species of bacteria sharing the same niche by a process called conjugation. It has been 



documented in  a case of salmonellosis in humans that ampicillin resistance gene 

present in commensal gut E. col i  was transferred to Salmonella during the course of 

antibiotic therapy (46, 51). Also, enteric flora of food animals can also be a source of 

antibiotic resistant bacteria (48). There is clear evidence to show that with an increased 

use of antibiotics in animals there has been a rise in the number of antibiotics resistant 

strains isolated (48). 

There have been no recent data to address the problem of antibiotic resistance 

in Salmonella on PEI. Therefore, this study was conducted to determine the drug 

resistance pattern of Salmonella isolates from animal and human sources and also to 

investigate the relatedness of these isolates by cornparing their resistance patterns. The 

isolates were also examined for possession of plasmid DNA. 

3.2 Materials and Methods 

3.2.1 Bacterial strains 

Salmonella isolates tested for drug resistance are listed in Tables 2.2,2.4 and 2.5. 

The identification of these isolates to the serovar and phage type levels was performed 

at Health of Animais Laboratory (HAL), Guelph, Ontario, Canada. 

3.2.2 Determination of antibiotic resistance patterns 

Antibiotic resistance pattern of Salmonella isolates were determined by both 



disk diffusion and agar dilution methods. The agar dilution method was performed to 

determine the minimal inhibitory concentration (MIG) of 17 antimicrobial agents. The 

MIC was carried out at HAL. 

3.2.2.1 Disk diffusion method 

Antibiotic resistance pattern was determineci by disk diffusion method according 

to the procedure described by the National Comrnittee for Clinical Laboratory 

Standards (78). Bacteria were grown on blood agar plates at 3i0C for 18 hours. Three 

to four isolated and rnorphologically similar colonies were suspended in 0.5 ml saline 

in polystyrene tubes. The turbidity of the suspension was adjusted to match 0.5 

McFarland standard turbidity (Oxoid). The bacterial suspension was uniformly 

inoculated ont0 the surface of dry isosensitest agar plates (Oxoid) using an impregnated 

swab. The surface of the inoculum was allowed to dry before a set of antimicrobial disks 

were dispensed ont0 the agar surface using a semi-automated dispenser (Difco). The 

following antibiotio were tested: amikacin (Amk) 30pg; ampicillin (A)lOpg; aprarnycin 

(Ap) 1 5pg; carbencil lin (Car) 100pg; ceftiofur (Xnl)30pg; chloramphenicol (Q3Opg; 

ciprofloxacin (Cp)Spg; entrofloxacin (E)Spg; florfenicol (FI) 30pg; gentamicin (G) 1 Opg; 

na1 id ixaic acid (Na)30pg; neomycin (N)30pg; n itrofurantoin (F)300pg; polymyxin B 

(Poly)300 units; streptornycin (S) 1 Opg; sulfa-trimethoprim (Sxt125~g; tetracycline 

0 3 0 p g  and tobramycin (Tob) l0pg (Oxoid). The isosensites agar plates were then 

incubated for 1 6 1  8 hours at 3TC.  The zone of growth inhibition was recorded as the 

diameter of the zone surrounding individual antimicrobial disks in which bacterial 



growth was absent. The results were scored as resistant or sensitive based on the zone- 

size interpretation charts. Escherichia coli ATCC strain 25922 was used as a standard 

control to monitor the accuracy of the test. 

3.2.2.2 Agar dilution rnethod 

Using agar dilution method, the Minimal inhibitory concentrations (MIG) of the 

following antimicrobial agents were determined: amikacin (Au, ampicillin (A), 

ceftriaxone (Ctr), cephalothin (Clt), streptomycin ( S )  and chloramphenicol (Cl at 

concentrations of 8,15 and 32pg/ml; ciprofloxacin (Cp) at 1 and 2 and 4pg/ml; 

cotrimoxazole (Cot) at 10, 40 and 80pg/ml; gentamicin(G1, neomycin (N), tetracycline 

(T) and tobramycin (Tob) al1 concentrations at 4, 8 and 16pdml; kanamycin (K) at 16, 

32 and 64pg/ml; naladixic acid (Nal) at 32pglml; nitrofurantoin (FI at 64pdml; 

polymyxin £3 (Pol) at 2, 8 and 16pdrnl and sulfisoxazole (Su) at 256pg/ml. As stated 

earlier the MlCs of these antibiotics were performed at HAL according to the procedure 

described by the National Cornmittee for Clinical Laboratory Standards (79). 

3.2.2.3 E-test 

The minimal inhibitory concentrations of ciprofloxacin for 13 S. typhimurium 

strains were determined using E-test strips (AB B iodisk, Solna, Sweden) that prod uced 

continuous antibiotic gradient ranging from 0.002 to 32pg/ml. The test was performed 

according to the manufacturer's instructions and as described by Baker et. al (80). 

Briefly, bacteria were streaked ont0 trypticase soy agar plate and incubated for 1 8 houn 
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at 37'C. Three to four isolated colonies were suspended in 0.5 ml saline in polystyrene 

tubes. The turbidity of the cultural suspension was adjusted to that of 0.5 McFarland 

standard by adding saline. To verify the correct density of the culture suspension, 

optical density of the suspension was detenined using a spectrophotorneter ( Milton 

Roy Company, Rochester, N. Y.) at 625 nm. A reading in the range of 0.075 to 0.085 

was acceptable. A Cotton swab was dipped into the standardized culture suspension. 

Excess culture was removed by pressing the swab against the inside wall of the 

polystyrene tube, and a dry isosensitest agar plate was swabbed with the suspension 

to cover the entire surface of the plate. After the surface of the inoculated plate had 

dried (1 û-15 min), the E strip was placed on the surface of the sensitivity agar plates and 

incubated at 37°C for 18 hours. Escherichia coli ATCC 25922 was used as a standard 

control to monitor the quality of the test as per NCCLS. The MIC was read at the point 

where the zone of inhibition intersected the MIC scale on the strip (Fig 3 . la  and Fig 

3.2b) 

3.2.3 Plasmid characterization 

3.2.3.1 Plasrnid D NA extraction protocol 

The procedure used was a modification of the protocol of Kado and Liu (81). 

Briefly, bacteria were grown overnight on blood agar plate at 37OC. A few colonies 

were scraped off the surface of the agar with a disposable loop and suspended in 500 

pl of sodium dodecyl sulphate(SDS) lysing solution containing 3% SDS and 50mM Tris 

(pH 12.6) in an Eppendorf microcentrifuge tube. Sarnples were rnixed by brief agitation 
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for 10 sec The lysate was subsequently incubated for 30 min at 6570°C in water bath, 

followed by extraction with 2 volume of 1:l phenol: chloroform. The solution was 

emulsified by shaking briefly and then the emulsion was separated by centrifugation 

16,000 g (14,000 rpm) for 5 min at 4°C. The upper aqueous phase was transferred to 

a clean Eppendorf microcentrifuge tube and 25 pl were drawn for electrophoresis. 

3.2.3.2 Agarose gel electrophoresis 

Gel electrophoresis was carried out on horizontal gel apparatus (Bethesda 

Research Laboratories ). A 0.7% agarose was prepared by adding 0.42 g of agarose to 

60 ml Tris-acetate EDTA (TAE) (40mM Tris-acetate 2mM sodium EDTA pH 7.9). The 

agarose was melted for 3 4  min and allowed to cool to 4&50°C. Approximately 50-55 

ml molten agarose was poured ont0 the ultraviolet transrnitting tray (UVT) which was 

enough to produce a 4 mm thick gel. After the agarose had solidified (20-30 min), the 

gel was covered with 800 ml of TAE buffer. To avoid over heating and to resolve the 

large size plasmid DNA, electrophoresis was carried out at 4°C. Usually, 25-30 pl of 

plasmid preparations were mixed with 3 pl tracking dye solution and loaded in the gel. 

The electrophoresis was performed at 68 V for 5 hours at 4OC. Subsequently, the gel 

was stained with ethidiurn bromide (0.5 pg/ml) for 30 min and destained in distilied 

water for 30 min. Gels were viewed under short wave ultraviolet transillumination and 

photographed with a Polaroid MP4 camera. 



3.2.3.3 Estimation of the rnolecular size of the plasmids 

The approximate molecular sizes of the plasmid were determined by using 

several reference plasmids of the following strains: E. coli 51 7 carrying 7 plasmids ( 36, 

4.8, 3.7,3.4, 2.6, 2.0, 1.8 and 1.4 MDa) and S. typhimurium 433 containing a single 

plasmid of 60 MDa (both strains were kindly provided by C. Poppe, HAL, Guelph, 

Ontario). Supercoiled DNA ladder ranging from 16.0 to 2.0 kbp (1 0.8 to 1.38 MDa) 

(Bethesda Research Laboratories) was used to estirnate the molecular size of small 

plasmids (< 16 kbp). In order to achieve this, a standard curve was generated with 

Mintitab by plotting the molecular size (MDa) against the distance of migration (mm) 

for the supercolied DNA. Since the measurements were taken from the photographs, 

the calculated size of the small plasmids might be a few bases bigger or smaller than the 

actual size. 

3.3 Results 

3.3.1 Drug resistance patterns 

Drug resistance patterns 'of the 76 Salmo nella is  olat es bel onging to several 

serovars were determined by both disk diffusion and agar dilution methods. The results 

are shown in Tables 3.1 and 3.2. Of a total of 76 isolates, 11 (14.4O/0) isolates were 

from beef cattle, 39 (5 1 -3 O h )  isolates were from chickens, and 26 (34.2%) isolates were 

from human sources. F ifty of the 76 (65.7%) Salmonella isolates were resistant to one 

or more antimicrobial drugs tested in this study, and resistance to 4 or more antibiotics 



was regarded as multidrug resistance (82). The proportion of the drug resistant 

Salmonella was as follows: 10 (91 %) from beef, 29 (71 -7%) from chicken and 11 

(38.4%) from human infection. Multidrug resistance was encountered in al1 S. 

typhimurium DT 1 04 drains both from beef cattle and human sources. S. typhimurium 

DT 104 from beef cattle showed resistance to ampicillin, chlorarnphenicol, 

streptomycin, sulfisoxazole, and tetracycl ine R-type ACSSuT. The R- type ACSSuT was 

also observed in S. typhimurium phage type 108 from beef cattle (Table 3.2). Among 

the different phage types originating from humans, resistance was only seen in one 

strain of DT 104 and it showed a multiple resistance pattern. The human strain of DT 

104 had the characteristic R-type ACSSuT seen in beef cattle isolates, and additional 

resistance to kanamycin and neomycin (R-ASSuTKN) (Table 3.2). Two isolates of S. 

agona from beef cattle and human sources had similar resistance patterns and were 

resistant to streptomycin, sulfisoxazole and tetracycline (R-type SSuT). AH S. heidelberg 

isolates from chickens were resistant to streptomycin, sulfisoxazole and gentamicin (R- 

type SSuG). Other Salmonella serovan from human sources that showed multiple drug 

resistance were S. enteritidis, S. heidelberg and S. hadar (Tables 3.1 and 3.2). The MIG 

value of ciprofloxacin against al1 S. typhimurium isolates both from beef cattle or 

human sources were determined to be 0.01 2 pg/ml. 

3.3.2 Plasrnid characterization 

Of the total 76 strains studied for presence of plasmid(s) DNA 38 (50°/0) strains 

possessed plasmid(s) DNA (Table 3.3). Al 1 multi-resistant S. typhimurium DT 104 and 
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108 from beef cattie possessed a single 60 MDa plasmid DNA (Fig 3.2). In contrast, S. 

typhimurium DT 104 from humans had the 60 MDa plasmid DNA and an additional 

plasmid of 2.4 MDa (Fig 3.3). The 60 MDa plasmid is also known as a serovar-specific 

rnouse virulence plasmid (SSP) or virulence-associated plasmid (37, 47). All S. 

heidelberg of chicken origin possessed a 60 and 30 MDa plasmids and two small 

plasmids of molecular sizes 4.8 and 1.4 MDa (Fig 3.4). One human strain of S. 

heidelberg possessed a single plasmid DNA of 60 MDa molecular size (Fig 3.4). S. 

enteritidis PT 4 possessed only the 35 MDa serovar-specific plasmid, whereas S. 

enteritidis PT 29 isolates possessed 35 MDa and 48 MDa plasmids (Fig 3.5). S. hadar 

isolates contained three plasmids of molecular sizes 3.4, 2 and 1.4 MDa (Fig 3.6). 



Table 3.1 Drug resistance patterns and plasmid profiles of Salmonella isolates from 

human and animal sources in PEI. 

Serovar Source No. of Resistance patterns a Plasmid DNA (MDa) 

isolat es 

S. typhimurium 104 

S. typhimurium 104 

S. typhimurium 108 

S. heidelberg 8 

S. enteritidis 29 

S. enterifidis 4 

S .agona 

S. agona 

S. hadar 

S. heidelberg 

S. infantis 

S. sch warzengrund 

S. kiambu 

Human 

Beef 

Beef 

Human 

Human 

Human 

Human 

Beef 

Human 

Chicken 

Chicken 

Chicken 

Human 

ACSCarNTFlF 

ACSCarTFIF 

ACSCarTFlF 

ACarST 

ACarNST 

F 

AmkAp NST 

ST 

S i  

CS 

S 

F 

S 

60, 2-4 

60 

60 

none 

35 and 48 

35 

none 

none 

3.4, 2 and 1.4 

60,30,4,8 and 1.4 

none 

none 

none 

a. Drug resistance patterns were determined by disk diffusion method. A, ampicillin Amk, amikacin; Ap, 

apramycin; C, chlorarnphenicol; S, streptomycin; Car, carbencillin; T, tetracycline; FI, florfenicol F, 

nitrofurantoin; N, neomycin; gentamicin, G. 



Table 3.2 Minimum inhibitory concentration of Seventeen antibiotics against 

Salmonella isolates from human and animal sources in PE i a 

Serovar Source No. Of 

isolates 

S. typhimurium 104 

S. typhimurium 104 

S. typhimurium 104 

S. typhimurium 108 

S. agona 

S. agona 

S. agona 

S. enteritidis 29 

S. heidelberg 8 

S. hadar 

S. heidelberg 

S. heidelberg 

S. sch warzengrund 

Human 

Beef 

Beef 

Beef 

Beef 

Beef 

Human 

Human 

Human 

Human 

Chicken 

Chicken 

Chicken 

A32, C32, S32, Su256 T16, K64 and N I 6  

A32, C32, S32, Su256 and T l 6  

S16, Su256 and T l6  

A32, C32,S32, Su256 and T l 6  

A32, C32, S32, Su256 and T l 6  

S16, Su256 andTl6 

S16, Su256 and T l6  

A32, S32, T16, K64 and N I 6  

A32,S32 and T l6  

S32 and T l 6  

532, Su256 and G16 

532, Su256, T l6  and G16 

F64 

ACSSuTKN 

ACSSuT 

SSuT 

ACSSuT 

ACSSuT 

SSuT 

SSuT 

ASTKN 

AST 

ST 

SSuG 

SSuTG 

F 
- -- - - .- . . . - -  - - - -  - 

a. Minimum inhibitory concentrations (MICs) of 17 antibiotics were deterrnined by agar dilution method 

against 75 SalrnonelIa isolates- The drugs bat had MIC vatue lower than the breakpoint for resistance in 

the US guide line is not shown in the table. 

6. Indicates the resistance patterns. 



Table 3.3 Plasmid characterization and its association with drug resistance in 

Salmonella serovars 

Serovar Source No. of Plasrnid DNA R-type 

isolates 

S. typhimurium 104 

S. typhimurium 104 

S. typhimurium 108 

S. typhimurium 195 

S. typhimurium 195 

S. typhimurium * 

S. heidelberg 

S. heidelberg 

S. enterifidis 29 

S. enterifidis 4 

S. hadar 

Others 

Human 

Beef 

Beef 

Human 

Human 

Human 

Human 

Chicken 

Human 

Human 

Human 

Ali 

60, 2.4 

60 

60 

60,4.8 

60,4.8 and 2.4 

60 

60 

60,30, 4.8 and 1.4 

48 and 35 

35 

3.4,2 and 1.4 

None 

ACSSuTKN 

ACSSuT 

AOSuT 

Susceptible ' 

Susceptible 

Susceptible 

Susceptible 

GS 

ASTK 

Susceptible 

ST 

One or more 

a. Sensitive to al1 the 1 7 antibiotics used as determined by both agar dilution and disk diffusion methods 

b. Serovars from chickenç, beef cattle and humans . 



Fig 3.1 a: Photograph of E-Test showing the point at which the zone of inhibition of E. coli 

ATCC intersects Ciprofloxacin antimicrobial strip. 



Fig 3.1 b: Photograph of E-Test showing the point at which the zone of inhibition of S. 

typhimurium intenects Ciprofloxacin antimicrobial strip. 



Fig 3.2 Agarose gel electrophoresis of plasmid DNA of S. typhimurium strains from beef cattle. 

Lane 1 : E. coli strain 51 7 demonstrating the 36 MDa and smaller molecular size plasmids. Lanes 

2-9: S. typhimuriurn strains isolated in this study harbouring the 60 MDa plasmid, in lane 7: the 

lower band represent. the chromosomal DNA. Lane 10: S. typhimurium strain 433 showing the 

60 MDa plasmid. Both E. coli 51 7 and S. typhimurium 433 strains served as molecular weight 

standards. 



Fig 3.3 Agarose gel electrophoresis of plasmid DNA of S. typhimurium from human sources 

M: supercoiled DNA ladder 3 MDa up to 24 MDa; lane 3: S. typhimurium strain 433 showing 

the 60 MDa plasmid; lane 8: E. coli strain 51 7 showing the 36 MDa and several smaller 

molecular size plasrnids; lanes 1,4,5,6 and 7: S. typhimurium showing the 60 MDa and several 

smaller molecular size plasmids, and lane 2: S. typhimurium strain did not have plasmid DNA. 



Fig 3.4 Agarose gel electrophoresis of plasmid DNA of S. heidelberg strains from chicken and 

hurnan sources. Lanes 1, 2, 3,4,  5, 6, 8, 9, 10 and i 1 : S. heidelberg from chickens showing 

both the 30 and the 60 MDa plasrnids as well as small molecular size plasmids; lanes 7 and 12: 

S. typhimurium strain 433 and E. coli strain 51 7 respectively; lane 13: S. heidelberg human 

strain showing the 55 and 60 MDa plasmids 



Fig 3.5 Agarose gel electrophoresis of plasmid DNA of salmonella stains from humans. Lane 

1: S. typhimurium strain 433 showing the 60 MDa plasmid; lane 9: L coli strain 51 7 with 

several small plasmid; lanes 5 and 6: 5. enteritidis showing 48 and 36 MDa plasmids; lane 7: 

S. enteritidis showing only the 36 MDa plasrnid; lanes 2, 3 and 4: 5. kiambu strains did not 

show presence of any plasmid DNA; lane 8: S. enteritidis strain did not have plasmid DNA. 



Fig 3.6 Agarose gel electrophoresis of plasmid DNA of Salmonella strains human. Lane 1 : E. 

coli 51 7; lane 8: S. typhimurium 433 strains; lanes 2 and 7: S. bareiily and S. brandenburg 

both strains did not have plasmid DNA. Lanes 3,4,5 and 6: S. hadar showing 3.4, 2 and 1.4 

plasmids DNA. 



3.4 Discussion 

The susceptibility of Salmonella to 18 different antibiotics most of which are 

commonly used in veterinary and human medicines was determined by both disk 

diffusion and agar dilution methods. The latter method was used to detemine the 

minimum inhibitory concentrations (MG) of a panel of 17 drugs tested in this study. 

Consistent results were obtained regardless of the method ernployed. Drug resistance 

pattern of the Salmonella strains varied depending on their source and the serovar. Of 

76 Salmonella isolates studied, 50 (65.7'10) were found to be resistant to one or more 

anti rn icrobial agents. The proportion of drug resistant Salmonella strains was 

significantly higher among beef cattle isolates (91 %) than among chicken isolates (74%). 

The percentage of resistant strains originating from hurnan infection was relatively low 

(42%) compared to the animal strains. Most drug resistance was associated with S. 

typhimurium, S. heidelberg , S. enteritidis and S. agona. 

3.4.1 Drug resistance in S. typhimurium 

Multi drug resistant S. typhimurium strains were encountered in al l beef cattle 

strains. In contrast, human strains were susceptible to al1 the drugs tested except for one 

strain w hich showed resistance to 8 anti biotics. Sixty-five percent of S. typhimurium 

strains were resistant to A (ampicillin), C (chloramphenicol), S (streptomycin), Su 

(sulfisoxazole) and T (tetracycl ine) R-type ACSSuT. Mu lti drug resistant S. typhimurium 

strains belonged to definitive phage type 104 ( DT 104). This R-type ACSSuT has 



recently emerged in the United States (53) and Canada (54). Since 1990, S. typhimurium 

DT 1 04 R-type ACSSuT strain has become an endemic strain in the United Kingdom 

and other European countries (37). More than 80°/0 of S .typhimurium isolates from beef 

cattle in the present study were DT 104 R-type ACSSuT. Only one strain from humans 

belonged to DT 104 with additional resistance to neomycin and kanarnycin R-type 

ACSSuTKN. It has been recently reported (54) that 80°/. of S. typhimurium strains from 

humans in Ontario, Canada, were DT 104 R-type ACSSuT. Threlfall et.al (36) reported 

that 45 to 5O0/0 of S. typhimurium isolated from cattle in the UK were DT104 R-type 

ACSSuT. Multidrug resistant S. typhhuriurn in  PEI was previously reported by 

Hariharan et al (83) in which the strains were resistant to 8 antibiotics. 

Plasmid analysis of S. typhimurium R-type ACSSuT strains investigated here 

revealed that al1 ACSSuT strains possessed a 60 MDa plasmid DNA (Fig 3.2) which 

usually does not encode drug resistance (37, 47). However, no attempt was made to 

investigate the role of this plasmid in drug resistance. Previous studies have shown that 

the genes encoding resistance to ACSSuT were of plasmid origin and became integrated 

into the chromosome (36). 

Chlorarnphenicol resistance in S. typhimurium revealed by this study i s  

noteworthy, given that the drug is neither approved for use in food animals nor is it 

frequentiy used in humans in Canada. Chloramphenicol has been banned in food 

producing animals because of concern that the drug residue in meat might cause 
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aplastic anaemia in humans (46). The continuity of resistance to chlorarnphenicol in S. 

typhimurium reflects that the resistance gene, chloramphen icol acetyl tramferase (CAT) 

is chromosomally encoded thus, the withdrawal of the drug would have no significant 

effect. Resistance to Blactam antibiotics, arnpicil lin and carbencil lin can be either 

encoded on chromosome or on R-plasrnids. In the present study resistance to ampicillin 

and carbencillin seemed to be chromosornally encoded as indicated earlier no phsrnids 

were detected except the virulence-associated plasmid (60 MDa) in the resistant strains. 

Development of resistance to one drug can confer resistance to another related drug, 

cross-resistance (48). This may explain why chloramphenicol resistant S. typhimurium 

strains encountered in PEI also showed resistance to florfenicol, although the drug has 

only recently been introduced for veterinary use. It is possible that the resistance to 

aminoglycosides, kanarnycin and neomycin could be attributed to the additional 2.4 

MDa plasmid possessed by the human strain (Fig 3.3). 

None of the isolates exarnined in this study were resistant to fluroquinolones, 

ciprofloxacin and enrofloxacin. The MIC value of ciprofloxacin obtained in present 

study was 0.01 2 &ml which was lower than the breakpoint for resistance according 

to European and the United States guideline. Ciprofloxacin is a recornmended 

antimicrobial agent for the treatment of invasive salmonella infection in humans. 

Resistance to fluroquinolones occurs through chromosomal mutation and decreased cell 

wall permeability, and confers resistance to the entire class of fluroquinolones. In the 

United Kingdom, S. typhimurium DT 104 strain showing reduced sensitivity to 
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ciprofloxacin (MIC 0.25pg/ml) emerged after the approval of enrofloxacin for use in 

food animals in 1993 (84). Resistance to streptomycin is usually encoded on either 

plasmid or transposon (771 however, in the present study the resihnce was likely to be 

chromosomally mediated. Resistance to nitrofurantoin was encountered in al1 S. 

typhimurium ACSSuT strains (ACSSuTF). The resistance to nitrofurantoin is almost 

exclusively chromosomally mediated (85). The use of antimicrobial agents such as 

tetracycl ine, streptomycin and sulfisoxazole for growth promotion and disease 

prophylaxis may have encouraged the emergence of resistant strains. However, the 

emergence of S. typhimurium DT 104 R-type ACSSuT imposes limitation in drugs 

available for therapy both in humans and animals. 

3.4.2 Drug resistance in other Salmonella serovars 

Multiple resistance pattern was ais0 seen in two S. enteritidis strains originating 

from human sources. They showed resistance to ampicil lin, carbencil lin , neomycin, 

streptomycin and tetracycline (Tables 3.1 and 3.2). Analysis of plasmid profile of S. 

enteritidis revealed that al 1 strains possessed 35 MDa virulence associated plasmids 

which usually do not code for drug resistance (47) however, an additional 48 MDa 

plasrnid was detected in the resistant strains which may be encoding resistance to al1 

or some of these drugs (Fig 3.5). Minimum inhibitory concentration values for 

am picil l in, chloramphenicol, streptomycin, sulfisoxazole and tetracycl ine against one 

S. agona strain from beef cattle indicated that the strain was resistant, however, the 

same strain showed resistance only to streptomycin and tetracycline when tested by 
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disk diffusion method, and that was the only discrepancy between the rnethods applied 

in here. Furthemiore, S. agona either from beef or human did not demonstrate plasmid 

of any size suggesting the resistance was chromosomally encoded. In addition to the 

above strain there were two other strains of S. agona from humans and beef cattle that 

showed similar resistance patterns and both were resistant to streptomycin, sulfisoxazole 

and tetracycline. Since both sulfisoxazole and tetracycline are frequently used in beef 

cattle for growth promotion, this suggests the possibility that the resistant strains in 

humans were of animal origin. On the other hand, S. heidelberg strains particularly 

from chickens showed resistance to only one or two antibiotics. A high frequency of 

resistance to streptomycin and gentam icin was encountered in S. heidelberg chickens 

isolates. Resistance to tetracycline was also found among some S. heidelberg strains. 

Resistance to streptomycin, gentamicin, tetracycl ine and sulfisoxazole was l i kely due 

to the use of these drugs in the poultry industry. For example, the pradice of using 

gentarnicin sulfate and tetracycline to dip eggs or to treat day-old poults may havé 

contributed to the emergence of resistant strains (47). 

Plasmid analysis of resistant S. heidelberg showed that al1 strains that originated 

from chickens had 60, 4.8 and 1.4 MDa plasmids which may encode drug resistance 

(Fig 3.4). This finding was in agreement with the previous work of Poppe (47) in which 

most of S. heidelberg strains possessed large and srnall plasmids, and many of which 

encoded for d rug resistance. S. schwarzengrund showed resistance on ly to 

nitrofurantion and again this could be as a result of the use of the drug in poultry. Only 
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one S. infantis drain was resistant to streptomycin, however no plasmid DNA was 

detected in 5- infantis strains. S. hadar strains from humans were resistant to 

streptomycin and tetracycline; this could be attributed to 3.4, 2 or 1.4 MDa plasmid 

DNA possessed by these strains (Fig 3.6). The data obtained in the present study 

highlight the concern about the high frequency of S. typhimurium DT 104 with multiple 

antibiotic resistance (at least 4 drugs) and the threat they pose to human health and-to 

the beef cattle industry. 



4. VIRULENCE DETERMI NANTS OF SALMONELLA 

4.1 Introduction 

Sal monel lae cause numerous diseases incl uding gastroenteritis, typhoid fever and 

septicernia in both animais and humans. The ability of salmonellae to invade the 

epithelial cells of the gut with a tropism for the specialized M cells overlying the Peyefs 

patches is an important step in the development of these disease conditions (6). This 

step makes the organisms inaccessible to the humoral immune response and represents 

a survival strategy (86). The process of invasion requires the intimate interaction of both 

bacteria and host cells which triggers the synthesis of thin appendages on the surface 

of the bacterial cell. This then initiates a cascade of signals from the host cell leading 

to cytoskeletal rearrangement, membrane ruffling, macropinocytosis and eventually 

bacterial uptake. 

Several bacterial genetic determinants which confer upon Salmonella the ability 

to enter non-phagocytic cells have been identified, most of which are encoded in the 

pathogenicity island located at the centisorne 63 of the Salmonella chromosome (42). 

Moiecular genetic analyses have proven that perhaps as much as 40 kbp of a 

contiguous region of the Salmonella typhimurium chromosome, which is absent from 

Escherichia coli K-12, encodes invasion determinants (87). The best characterized 

genetic locus responsible for the entry process is called inv located at centisorne 63. 



The inv locus harbors a ciuster of some 15 genes (88). The invA, C, E, and G gene loci 

encode secretory proteins which are necessary for the transient formation of bacterial 

cel 1-surface appendages whose appearance are induced upon bacterial host ce1 1 

interaction. Mutants defedive in these loci fail to induce membrane ruffling and are 

therefore not invasive (86, 87, 89). It has been documented that non-polar mutations 

in invA, the first gene in  the inv locus significantly reduced (approximately 500 fold) 

the abil ity of Salmonella to enter cultured epithel ial ce1 ls without significantl y affecting 

the level of adhesion to the same cells. In addition, the presence of invA has been 

reported in most, if not al[, virulent Salmonella species (88). 

Non-typhoid Salmonella serovan associated with extra-intestinal d isease harbor 

large molecular weight plasmids (50-90 kbp) encoding genes important for their growth 

and survival within host ce1 1s (90). These virulence-associated plasmids with 

considerable differences in size and genetic composition have been identified in many 

Salmonella serovan incl uding S. typhimurim, S. enteritidis, S. dublin and S.choleraesuis 

(86). Although these plasmids differ in size, they contain a highly conserved regulon, 

spv R, which is approximateiy 8kbp consisting of the positive regulator and four 

structural genes, spv ABCD (86, 90). The spv locus is primarily responsible for the 

virulence phenotype of the plasmid, although other genes may encode additional 

factors that contribute to the pathogenesis of disease. It has been reported that the 

expression of spv i s  dramatical ly induced after phagocytosis of Salmonella by 

macrophages (90). Previous studies have suggested that the spvC gene increases the 

77 



intracellular growth of Salmonella in  reticuloendothelial cells (41, 45). Both 

determinants, chromosomal inv and plasrnid spv, are required for full expression of the 

virulence phenotype in Salmonella strains. 

In this study, the occurrence of both NlvA and spvC genes in Salmonella serovars 

isolated from animal and hurnan sources was investigated by the polymerase chah 

reaction (PCR). The purpose of this experiment was to establish the genetic 

determinants of the virulence phenotype of the Salmonella serovan. 

4.2 Material and methods 

4.2.1 Bacterial strains 

A total of 76 Salmonella isolates originating from beef cattle, chicken and 

human sources in PEI were used in this study. The isolates are listed in Tables 2.2, 2.4 

and 2.5. As indicated in Chapter 2, al1 the 76 Salmonella isolates were identified to 

serovars and phage types at HAL, Guelph Ontario. S. typhimurium SR 1 1 ( ~ 3  1 8) (41 ) 

and E. coli HB 101 were used as positive and negative controls, respectively. 

4.2.2 DNA Extraction 

Whole ceIl DNA from each isolate was prepared as previously described (91) 

with minor modifications. Briefly, bacteria were grown overnight in blood agar at 3 7°C. 

A few isolated colonies were removed from the plate using a disposable loop and 



suspended in 1 000 pl distil led deionized water in a 1.5 ml m icrocentrifuge tube. The 

bacterial suspension was boiled for 10 minutes and placed on ice and then centrifuged 

for 1 min at 16,000 g to pellet the particulate matter and 10 pl of the supernatant was 

used in the PCR. As described previously in Chapter 3, plasmid DNA of al1 Salmonella 

isolates were prepared by the method of Kado and Liu (81). For confirmation, two 

additional methods by Birnboirn and Doly (92) and Olsen (93) were also used. 

4.2.3 Polymerase chah readion (PCR) 

4.2.3.1 PCR reagents 

Two pairs of oligonucleotide primers specific for Salmonella spvC and invA 

genes previously designed by Swamy et. al (41) according to the published DNA 

sequences of invA and spvC genes (Gen Bank accession number M64295 and M90846, 

respectively), were used for PCR amplification. The spvC sense primer sequence was 

5'- CGC AAA TAC CAT CTA CAA ATA- 3', and the spvC antisense primer sequence 

was 5 '- CCC AAA CCC ATA CTT ACT CTG -3'; this primer pair was predicted to yield 

a 669-bp product. The invA sense primer sequence was 5'-TTC l T A  CGG CTA llT 

TGA CCA-3', and the invA antisense primer sequence was 5'-CTC ACT GCT ACC TTC 

CTG ATG - 3'; this primer pair was predicted to yieid a 521-bp product. The primers 

were commercially synthesized (BIO/CAN Scientific, Mississauga, Ontario). They were 

then re-suspended in sterile distil led deionized water and stored in aliquots at -20°C. 

AH other PCR reagents were purchased from Sigma ,U.S.A. The PCR reagents were: 

10X PCR buffer (500mM KCI and lOOmM Tri-HCI, pH 8.3), 25 mM MgCl, dNTPs 



mixture, dATP, dCTP, dGTP and TTP (1OrnM each), Taq DNA polyrnerase 5U/pI and 

mineral oil. 

4.2.3.2 PCR Amplification 

PCR was performed in a final reaction volume of 5 0 ~ 1  containing 5p1 10X PCR 

buffer, 2 mM MgCI,, dNTPs (200pM each), 0.2pM of each primer, 2.5 units of Taq DNA 

polymerase, 10p1 DNA template (Section 4.2.2) and distilled de-ionized water to bring 

the reaction volume to 50pI. The reaction mixture was overlaid with 100pl mineral oil 

to prevent evaporation. PCR amplifications were carried out in DNA Thermal Cycler 

Model 480 (Perkin Elmer Cetus, Dartmouth, Nova Scotia). The PCR mixtures were 

subjecîed to the following temperature parameters: an initial denaturation step for 1 

min at 93OC followed by 30 cycles of denaturation at 93OC for 1 min, primer 

annealing at 48OC for 1 min and extension at 72°C for 2 min. Following the 

amplification, the PCR products were analyzed immediately by electrophoresis on 

1.5% agarose gels or were stored at -20°C prior to analysis. 

4.2.3.3 Analysis of PCR products 

Ten microliters of the amplified PCR products were mixed with 2p1 tracking 

buffer and loaded ont0 1 . 5 O f 0  agarose gel in a Tri-borate EDTA buffer (TEE), pH 8.3, and 

electrophoresed for 2 h at 100 V. The gel was stained with ethidium bromide for 30 

minutes and de-stained in TBE buffer for 2 hours. The DNA was visualized and 

photographed under ultra-violet illumination. A 100 kbp DNA ladder (CIBCO BRL, 



Canada) was used as molecular marker to estimate the size of the PCR products. 

4.2.3.4 Molecular cloning and nucleotide sequence analysis of the PCR products of 

The PCR products of spvC from two DNA ternplates of different Salmonella 

serovars were purified by extraction from low melting temperature agarose gels (94). 

The PCR produa DNA was then cloned using TOPO TA cloning kitTM, version D 

(Invitrogen, San Diego, USA). Briefly, 2ul of PCR produa was ligated to pCR" II 

TOPO vector and the mixture was used to transform competent E.coli TOP 10 strain. 

Transformants were digested with EcoRl to identify recombinant plasmids. Selecied 

recombinant plasmids containing the insert DNA were sequenced by a modification of 

the Sanger dideoxynucleotide chain termination procedure (95) using Sequenase " 
Version 2.0 DNA Sequencing kit (Amersham Life Science, Inc. Cleveland, Ohio). 

Briefly, the double stranded plasmid DNA was first denatured. Seven micro1 iters of the 

denatured DNA ( approximately 3-5ug) was then added to the reaction tube which 

contained 1 ul primer and 2ul reaction buffer bringing the total volume to 10ul. The 

primer used here was either the forward Universal M13/pUC primer or the Reverse 

primer M l  3pUC (Boehringer Mannheim). Primer annealing was accomplished by 

heating at 65OC for 2 min and then cooling slowly to 35°C over 15-30 min. The 

annealed DNA mixture was incubated for 2-5 min at room temperature with modified 

T7 DNA polyrnerase, DlT and al1 the four dNTPs of which the dATP was radiolabeled; 

[a3'S] dATP ( sp. a b  > 600 Ci/mmol; Amersham). The primer extension was 
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tenninated in four separate reaction tubes each containing a single dideoxynucleotide 

triphosphate (ddNTP) and the four dNTPs. The temination reactions were incubated 

at 37°C for 5 min and stopped by adding 4ul stop solution to each tube and stored at 

-70°C until ready to load ont0 a sequencing gel. The samples were heated to 75-80°C 

for 2 min and 2-3 ul was loaded in each lane of a 6"/0 polyacrylamide8 M-urea eledric 

gradient gel in 1 00mM-Tris, pH8.3, 83mM-boric acid and 1 mM-EDTA. The 

electrophoresis was carried out for 4-7 hours at 55 W. The gel was vacuum dried and 

subjected to direct autoradiography by using a Kodak X-Omat film at room temperature 

for 36 h. The nucleotide sequences on the autoradiography were read manually and the 

data were analyzed by using the FASTA program (96). 

4.3 Results 

4.3.1 Specificity of the primers 

The oligonucleotide primers generated PCR products of the predicted sizes. 

The invA and spvC products were approximately 521 bp and 669 bp, respectively, as 

determined by agarose gel electrophoresis. The specificity of the spvC primer was 

further confirmed by sequencing the PCR produd of the spvC gene which indicated a 

sequence homology of at least 9g0/0 with the published spvC gene sequence (W), and 

thus establishing the identities of the products( Appendix A). 



4.3.2 Occurrence of invA gene 

As shown in Table 4.1, al1 Salmonella isolates tested by PCR were positive for 

invA sequences as determined by the size of the PCR produa in agarose gels (52 1 bp) 

(Fig 8, 9 and i 0). The positive control was S. typhimurium SR 1 1 and the negative 

control was El coli 101. 

4.3.3 Occurrence of the spvC gene 

All 76 Salmonella isolates were su bjected to PCR amplification regardless of their 

plasmid profiles. Twenty-four (31.6%) of the 76 Salmonella isolates tested by PCR were 

positive for spvC gene sequences as determined by agarose gels electrophoresis which 

revealed 669 bp predided size (Figs 4.4 and 4.5 ). Sequence analysis of the PCR 

products confirmed the identity of the spvC sequences (Appendix A). Plasmid DNA 

analysis of al1 the 76 Salmonella isolates revealed that al1 but 3 of the 24 spvc-positive 

isolates showed the presence of large size molecular weight plasm id (54-90kbp). This 

indicated that the spvC sequence amplified in these 3 isolates must be of chromosomal 

origin (Table 4.1 ). 



Table 4.1 PCR results for invA and spvC virulence genes in different Salmonella 

serovars 

Salmonella sero var No. tested Source Plasmid profile PCR result 

(kpb) ' in VA SPVC 

S. typhimurium 

S. typhimurium 

S. en teritidis 

S. hadar 

S. infantis 

S. infantis 

S. heidelberg 

S. heidelberg 

S. heidelberg 

S. agona 

S. kiambu 

S. bareilly 

S. brandenburg 

S. typhimurium 

S. in fan tis 

S. agona 

S. heidelberg 

S. infantis 

S. sch warzengrund 

Human 

Human 

Human 

Human 

Human 

Human 

Human 

Human 

Human 

Human 

Human 

Human 

hurnan 

Beef 

Beef 

Beef 

Chicken 

Chicken 

Chicken 

90 

none * 

54 

5.1, 3 and 2.1 

none 

none * 

90 

none * 

none 

none 

none 

none 

none 

90 

none 

none 

90 and 30 

none 

none 

a. The plasrnid molecular size expressed in kbp rather than MDa. 

* spvC -positive isolates possessed no plasmid. 



Fig. 4.1 Analysis of PCR amplification products of the invA gene from Salmonella isolates from 

beef cattle on 1 .5% agarose gel electrophoresis. Lane M: 100 bp ladder. Lanes 1-4 and 7-9: S. 

typhimurium. Lane 5: S. typhimurium SR 11 and lane 6: E. coli 101. Lane 10: S. infantis and 

lane 1 1 : S. agona. 



Fig. 4.2 Anaiysis of PCR amplification products of the invA gene from Salmonella isolates from 

humans on 1.5% agarose gel electrophoresis. Lane M: 100 bp ladder. Lanes 1-4 S. typhimurium. 

Lane 5:  S. enteritidis, lane 6: S. heidelberg, lane 7: S. agona, lane 8: S. infantis and lane 9: S. 

hadar. Lane 10 S. typhimurium S R  11. 



Fig. 4.3 Analysis of PCR amplification products of the invA gene from Salmonella 

isolates from chicken on 1.5"/0 agarose gel elebrophoresis. Lane M: 100 bp ladder. 

Lanes 1-5: S. heidelberg, lanes: 6-7 S. infantis, lanes 8-9 S. schwarzengrund and lane 10: 

S. typh im urium SR 1 1 . 



Fig. 4.4 Anaiysis of PCR amplification products of the spvC gene of Salmonella isolates 

from beef cattle on 1 .SO/O agarose gel eledrophoresis. Lane M: 100 bp ladder. Lanes 1-8 

S. typhimurium and lane 9: S. typhimurium SR 1 1 .  



669 bp- 

Fig. 4.5 Analysis of PCR amplification products of the spvC gene of Salmonella isolates 

from hurnans on 1.5% agarose gel electrophoresis. Lanes 1-3: S. typhimurium, lane: 4 

S.infantis. Lanes: 5, 7 and 8 S. heidelberg. Lane 6: S. typhimurium SR 11, lanes: 9-10 

S. enteritidis. Lane M: 100 bp ladder. 



4.4 Discussion 

4.4.1 Chromosomal virulence determinant (invA gene) 

A key pathogenic mechanism of salmonellae is their ability to invade the cells 

of intestinal epithelium (98). It has been documented that the invA gene is involved in 

the establishment of infection of Peyer's patches when the organism is administered 

orally to BALB/c mice (99). Previous molecular studies have identified that mutations 

in invA could completely abolish the expression of other inv genes (99). Since invasion 

of the intestinal mucosa is  thought to be a common feature of al1 pathogenic 

Salmonella, it is  considered worthwhile to study the distribution of invA gene among 

Salmonella serovars. 

In the present study, multiple Salmonella serovars originating from animal and 

human sources (Table 4.1) were qualitatively studied for the presence of invA gene 

using PCR. All Salmonella isolates studied had the invA gene sequences (Fig 4.1, 4.2 

and 4.3). This finding is in agreement with earlier reports that established the presence 

of h v  genes in al1 Salmonella species (88,91,99). In a study done by Galan et. al (99) 

the occurrence and the function of invABC and invD genes among different 

Salmonella serovars originating from human and animal clinical cases was investigated 

by Southern and colony blot hybridizations and tissue culture analysis; it was found 

that invABC genes were not only present in all serovars studied but were also 

functional. In a study by Swamy et. al (41) the invA gene sequence was found in al1 



Salmonella serovan studied by colony blot hybridization however, the serovars 

exhibited l ittle differences in the degree of invasiveness when examined on Madin 

Darby canine Kidney cell line (MDCK). As already indicated above, there is a 

correlation between the presence of invA gene and the ability to invade and produce 

disease. Accordingly, al l Salmonella serovars studied here are potential ly pathogen ic 

and can cause disease in their hosts. The sequence of the invA gene is conserved 

among Salmonella species, it has been widely used as valuable diagnostic probe to 

deted Salmonella (41,100). The PCR technique has proven to be a more sensitive and 

reliable diagnostic tool than conventional methods in detection of Salmonella (9 1 ). 

4.4.2 Virulence plasmid (spvC gene) 

The role of the virulence plasmid in pathogenicity of Salmonella has been 

reported by several researchers. Jones et. al (101) and, Gulig and Curtiss (102) 

demonstrated an association between the presence of a 90 kbp virulence plasmid in 

Salmonella typhimurium and disease in mice. As previously stated, certain Salmonella 

serovars associated with extra-intestinal diseases in both humans and animais contain 

large molecular size piasmid (50 kb to 90kbp). The virulence phenotype of the plasmid 

is primarily attributed to spvABCD genes (41, 86). The role of spvC in systemic 

salmonellosis has been reported (45, 90). 

In the present study, severai Salmonella serovars were investigated for the 

presence of the spvC gene sequence by using PCR. Twenty-four (3 1.6%) of Salmonella 
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isolates tested by PCR were positive for spvC gene sequence (Fig 4.4 and 4.5). Al1 

spvc-positive isolates originated from beef cattle and human sources, however none 

of the chicken isolates had spvC sequence. The majority of the spvC positiveisolates 

were S. typhimurium, accounting for 81 % of the total positive. Plasrnid DNA analysis 

of the isolates indicated that all but 3 of the 24 spvC-positive isolates had the large- 

molecular size plasmid. Although S. heidelberg isolates from chicken had a 90kbp 

plasmid, none of them had the spvC sequence. Except for the 90kbp plasmid harbored 

by S. heidelberg strains from chickens, there was a strong correlation between the 

possession of the large molecular size plasmid and the presence of the spvC gene. The 

3 spvC-positive isolates that did not demonstrate the presence of plasmid DNA were 

identified as S. typhimurium, Shfantis and S. heidelberg, and ail originated from 

human sources (Table 4.1). Furthermore, DNA sequence analysis of the PCR products 

from 2 of these strains revealed a 990h homology with the published spvC gene 

sequence (97). 

Anaiysis of the DNA sequence and examination of the plasrnid profiles of the 

spvl-positive isolates displayed clear evidence confirming that spvC gene sequence in 

these 3 isolates was of chromosomal origin. Since the exact location of the spvC gene 

sequence of the positive strains with large molecular size plasmid was not determined, 

it is possible that sorne or al1 of these strains have the spvC sequence on the 

chromosome instead of the plasmid. The occurrence of the spvC sequence in plasmid- 

free strains indicates that the plasmid sequences had becorne integrated into the 
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chromosome. It has been hypothesized by Jones et. al (101) that the virulence plasmid 

(90kbp) could exist in both autonomous and integrated States. Although the integration 

of the virulence plasmid or plasmid genes into the bacterial chromosomes is  well 

established, the finding of the present study for the first time provides direct evidence 

for the existence of spvC gene sequence integration into the chromosome. The idea 

that only Salmonella serovars which harbor large molecular size plasmid can be 

associated with extra-intestinal disease may not be always true, since the spv genes 

responsible for the growth and survival of Salmonella in extra-intestinal organs can be 

integrated into the chromosome. The chromosomal integration allows for continuous 

expression of integrated genes as a stable trait that could possibly have been lost if the 

plasmid had not been integrated. This finding has important consequences for 

comparative studies of the virulence within different Salmonella serovars. To Our 

knowledge this is the first report that demonstrates the presence of the virulence gene 

(spvC) sequence in the chromosome. Previous reports (41, 101) indicated that the 

virulence phenotype of the plasmid cannot be expressed when the plasmid DNA 

existed in the integrated state. The expression of the spvC gene is essential for growth 

and survival of Salmonella species in macrophages and reticuloendothelial cells (45, 

86), and its expression is  induced afier Salmonella is being phagocytosed (90). 

However, more detailed study, including cell culture analysis, construction of mutants 

and expression of spv genes are required to determine whether these genetic elements 

are completely integrated and funaional or not. 



5. CENERAL DlSCUSSlON 

Problems due to the emergence of drug resistant bacteria have developed 

considerably in human and animal medicine in the recent years. This situation has 

resulted in a need for more information on the occurrence and characteristics of 

pathogenic bacteria, particularly food borne pathogens of animal origin in general and 

with special reference to specific geographic regions. 

Although salmonellae have been long recognized as one of the most important 

human pathogens associated with consumption of red meats and poultry, l ittle 

information is available with regard to the situation in PEI. Recently S. typhimurium 

belonging to DT 104 with multiple drug resistance has been incriminated as an 

ernerging pathogen causing serious human illness in many European countries, the US 

and Canada (37, 53, 54). Since human salmonellosis does occur from time to time in 

PEI, and because of the changing pattern in the occurrence of specific Salmonella 

serovars in various geographical regions, it was necessary to study the current status in 

this area. It is noteworthy that no study in beef cattle has been done in Canada in the 

recent years. It was also timely to investigate and compare some genetic aspects of 

virulence and drug resistance of human and food animal strains. The specific objectives 

of this study listed in Chapter one have been fulfilled. 



Several Salmonella serovan were isolated in this study both from beef cattle and 

broiler chicken sources. Samples from beef cattle were collected from fasted and non- 

fasted animals with the isolation of Salmonella being significantly higher among fasted 

animals. This suggests that stress due to the withholding of feed prior to slaughter 

might have altered both the immune response and the gut microflora which could have 

provoked the multiplication of Salmonella in these animals. In addition to feed 

deprivation some other factors like transportation and overcrowding may have 

contributed to increased shedding of Salmonella by these animals. 

S. typhimorium was the most common serovar encountered in beef cattle during 

the study period. Most S. typhimurium strains isolated from cattle belonged to 

definitive phage type DT 104 with multi drug resistance patterns. One human strain of 

S. typhimurium was also characterized as multi drug resistant DT 104. All strains of 

DT 104 were resistant to ampicillin, chloramphenicof, streptomycin, carbenicillin, 

tetracycline, florfenicol and nitrofurantoin. This does suggest that beef strains could 

have been involved in human salmonellosis. Furthermore, the strains of S. agona 

isolated from beef cattle during the study period showed a similar drug resistance 

patterns to the strains originating from humans suggesting that beef cattle could be the 

reservoir of these human cases. Plasmid analysis of S. typhimurium DT 1 O4 strains 

revealed that al1 strains had the 60 MDa (90kbp) virulence associated plasmid which 

usual l y does not encode for drug resistance, thus establ ishing that the resistance was 

chromosomally encoded. The stability of chloramphenicol resistance is remarkable and 
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it was evident that the resistance genes were on the chromosome. Chromosomal 

integration of the genes encoding resistance to ACSSuT in DT 104 strains has been 

reported (36). Therefore it is unlikely that drug withdrawal alone would cause 

disappearance of resistant strains. No resistance to fluroquinolones, nalidixic acid and 

ciprofloxacin was detected among DT 104 drains. The MIC value of ciprofloxacin 

according to the US and European guidelines was within accepted susceptibility range. 

DT 1 O4 strains exhibiting low susceptibility to ciprofloxacin (0.025 &ml) were 

recovered in the UK and European countries. The emergence of DT 104 showing 

decreased susceptibility to ciprofloxacin is thought to be due to the use of the drug in 

food animals (84). Fluroquinolones are commonly used in humans for a number of 

indications including treatment of Salmonella infection, and resistance to one 

compound rnay lead to cross resistance to another (47, 48, 82). In faa this can 

profoundl y 1 imit the therapeutic value of these antibiotics. 

Salmonella serovars originating from poultry did not demonstrate multiple drug 

resistance patterns encountered in beef cattle, rather the resistance was general ly 1 imited 

to arninoglycosides, streptornycin and gentarnicin. This finding was in accordance with 

a previous study of Poppe (47) in Canada in which rnost Salmonella strains from 

poultry were resistant to streptomycin and gentamicin. The phage types isolated from 

chickens in PEI were not encountered in human cases during the study period. This 

does not however, rule out the possibility of chicken strains causing human disease. S. 

enteritidis was not isolated from chicken ceca in PEI during the study period because 



it is an egg-associated serovar and rarely associated with intestinal content (103). S. 

enteritidis phage types 29 and 4 were encountered in human isolates studied here, 

however, these phage types are uncornmon in Canada (5). This may Iimit the 

possibility that chickens are an important source of S. enteritidis infection in humans. 

Nonetheless the possibility of chicken carrying this serovar in oviducts is  worth 

investigating. 

Salmonella serovan were qualitatively studied by PCR for the presence of invA 

and spvC genes in the chromosome and plasmid DNA respedively. The roie of invA 

gene in the invasion of host cells has been studied by many researchers. It was found 

to be crucial for the invasion process of intestinal epithelium, and it was found in al1 

Salmonella strains examined (41, 99). Al1 Salmonella strains exarnined in this study had 

invA gene as determin4 by agarose gels electrophoresis. Our results were consistent 

with these previous findings in which the invA gene was found in al1 the serovan 

examined (41 ). This indicates that al1 Salmonella serovars studied here are capable of 

producing gastroenteritis in immunocompetent individuals and, serious illness in 

those with immunosuppressive diseases. The spvC plasmid gene is required for the 

growth and survival of Salmonella in macrophages. The isolates in the present study 

were examined for the presence of spvC gene sequences and 31 .Solo were found to have 

the spvC gene. Most of the positive strains were DT 104 that had a 60 MDa (90Kbp) 

plasmid. Examination of plasrnid DNA of the isolates indicated that al1 the spvC- 

positive isolates but 3 possessed the large rnolecular size plasmid (virulence associated 



plasrnid), thus establishing the correlation between the presence of this plasmid and the 

positive spvC gene. It was clearly evident that the 3 spvC-positive isolates which did not 

have plasmid had the spvC gene sequence on the chromosome. This was further 

confirmed by the analysis of DNA sequence of spvC gene which revealed a 99% 

sequence homology with the published sequence. It is possible that the sequence had 

integrated into the chromosome. The incorporation of the spv regulon into the 

chromosome allows its expression continuously under any condition which is of a great 

advantage for Salmonella. Further molecular investigations of this finding may be 

worthwhile. 

In concl usion, the results of this thesis have yielded hitherto unpubl ished 

information on the characteristics and drug resistance patterns of Salmonella serovars 

in beef cattle, broiler chickens and humans in PEI, which will serve as a baseline for 

future surveillance. It also highlights the adverse effects of fasting prior to slaughter on 

Salmonella shedding by apparently healthy carriers beef cattle. Finally, the 

experiments at the molecular level revealed the occurrence of spvC virulence plasmid 

gene sequence in the chromosome of Salmonella strains, a finding not previously 

docurnented in the literature. 
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Appendix A 

Sequence analysis of PCR products of two Salmonella serovars. X I  is S. infantis and Y1 is S. 
typhimuriurn . 

A:X1 SEQ, 328 nt vs A:SPVC.SEQ library 
using DNA rnatrix 

1240 residues in 1 sequences 
1 scores better than 59 saved, ktup: 4 
The best scores are: 
SPVC gene sequence (Accession No. M64295) 

SPVC gene sequence (Accession No. M64295) 
97.0% identity in 329 nt overlap 

initn initl opt 
1185 642 1219 

X1 rev 

SPVC 

10 20 30 
CCGATATGGAGAAGGTCGTTCAACAAGCCC 

40 50 60 70 80 
X1 rev GTGTTAGCCTGGGCGC -AAGTTCACGCTTGTATATAA?iCCAAGACCAGGAAAATTCGCAG 

....................................................... ....................................................... 
SPVC GTGTTAGCCTGGGCGCTCAGTTCACG-TTGTATATAAAACCAGACCAGGAAAATTCGCAG 

840 850 860 870 880 890 

90 100 110 120 130 14 O 
X1 rev TACAGTGCGTCGTTTCTCCACAAGACACGGCAATTTATAGAGTGTCTGGMTC-GACTA 

............................................................ ............................................................ 
SPVC TACAGTGCGTCGTTTCTCCACAAGACACGGCAATTTATAGAGTGTCTGG~TC~GACTA 

900 910 920 930 940 950 

15 O 160 170 180 190 200 
X1 rev T C C G A A A A T G G C G C A T A T T T C A G G A C A G T G T C C T G A G T C A T G  

............ ............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPVC TCCGAAAATGG-GGTTATTTCAGGACAGTGTCCTGAGTCAGACGTTCATCCTGAAAATTG 

960 370 980 990 1000 1010 

210 220 230 240 250 260 
XI rev GAAATATCTCAGTTATCGTAATGAACTACGAAGTGGGCGTGATGGTGGCGAAATGCAGAG 

............................................................ ............................................................ 
SPVC GAAATATCTCAGTTATCGTAATGAACTACGAAGTGGGCGTGATaTGGCGMTGaGAG 

1020 1030 1040 1050 1060 1070 

270 280 290 300 310 320 
X I  rev ACAGGCTTTACGTGAGGAACCGTTTTATCGmTGATGAaGAGTmGTATGGGTTTaG 

::::::::::: :::::::::::::::::::::::::::::::::::::::::::::x 
SPVC ACAGGCTTTACTGGAGGAACCGTTTTATCGTTTGATGACAGAGTAAGTATGGGTTTGGGG 

1080 1090 1100 1110 1120 1130 



SPVC A G C A A C G G A A C A G T A A A C G C C G T T A A A C A G C T A A C  
1140 1150 1160 1170 1180 1190 

Library scan: 0:00:00 total CPU time: 0:00:22 

A:X1 F-SEQ, 288 nt vs A:SPVC,SEQ Iibrary 
using DNA matrix 

1240 residues in 1 sequences 
1 scores better than 58 saved, ktup: 4 
The best scores are: 
SPVC gene sequence (Accession No. M6429S) 

SPVC gene sequence (Accession No. M64295) 
97.6OA identity in 287 nt overlap 

initn initl opt 
1082 1010 1089 

X I  for 

SPVC 

10 20 30 

CGGAAATACCATCTACAAATAAGCACCTGA 
X::::::::::::::::::::::::::::: 

CTTTGAA'IATTGTAGCTGCTTATGATGATGGGGCGGAAATACCATCTACA.9ATAAGCACCTGA 
440 450 460 470 480 490 

40 50 60 70 80 90 
XI fo r  AAAATAATTTCAACTCCTTGCACAACCAAATGCGGAAGATGCCGGTATCCCACTTTAAAG 

............................................................ ............................................................ 
SPVC AAA-9TAATTTCAACTCCTTGCACAACCAAATGCGGAAGATGCCGGTATCCCACTTTAAAG 

500 510 520 530 540 550 

100 110 120 13 0 14 O 150 
X1 for AGGCGCTGGATGTGCCTGACTATTCAGGGATGCGCCAGAGTGGTTTCTTTGCTATGAGCC 

............................................................ ............................................................ 
SPVC AGGCGCTGGATGTGCCTGACTA~CAGGGATGCGCCAGAGTGGTTTCTTTGCTATGAGCC 

560 570 580 590 600 610 

160 170 180 190 200 210 
X1 fo r  AAGGTT~CAGCTGAATAACCATGGTTACGATGTTTTCATCCATGCTCGTCGAGAATCAC 

............................................................ ............................................................ 
sevc AAGGTTTTCAGCTGAATAACCATGGTTACGATGTTTTCATCCATGCTCGTCGAGAATCAC 

620 63 O 640 650 660 670 

220 230 240 250 260 270 
X1 fo r  CTCAGTCTCaGGGCAAATTTGCCGGTGACCAGCTCCACATCAGTGTTGCCTCAGGGATAT 

......................................... ......................................... ::X ::::::::::: 

SPVC CTCAGTCTCAGGGCAAAT?"fGCCGGTGACAAGTTCCACATCAGTGT--GCTCAGGGATAT 
680 690 700 710 720 730 

280 
X1 fo r  GGTGCCACAAGCGTGTCC 

............... ............... 
SPVC GGTGCCACAAGCATTTCAAGCGCTGTCCGGA~GCTGTTTTCAGAGGACAGTCCGGTAGA 

740 750 760 770 780 790 



Library scan: 0:00:00 total CPU time: 0:00:19 

A:Y 1 .SEQ, 309 nt vs A:SPVC.SEQ library 
using DNA matrix 

1240 residues in 1 sequences 
1 scores better than 58 saved, ktup: 4 
The best scores are: initn initl opt 
SPVC gene sequence (Accession No. M64295) 1215 1215 1215 

SPVC gene sequence (Accession No. M64295) 121 5 1215 1215 
99.0% identity in 309 nt overlap 

10 20 3 0 
Y1 rev TTCAACAAGCCCGTGTTAGCCTGGGCGCAC 

X::::::::::::::::::::::::::: : 

SPVC AGTGGAAAGTGACCGATATGGAGAAGGTCGTTCAACAAGCCCGTGTTAGCCTGGGCGCTC 
800 810 820 830 840 850 

40 50 60 70 80 90 
Y1 rev AGTTCACGTTGTATATAAAACCAGACCAGGAAAATTCGCAGTACAGTA-GTGCGTCGTTTCTCC 

............................................................ ............................................................ 
SPVC AGTTCACGTTGTATATATAAAACCAGACCAGGAAAATTCGCAGTACAGTGCGTCGTTTCTCC 

860 870 880 890 900 910 

100 110 120 130 140 150 
Y1 rev A C A A G A C A C G G C A A T T T A T A G A  

............................................................ ............................................................ 
SPVC ACAAGACACGGCAATTTATAGAGTGTCTGGAATCCAGACTATCCGAAAATGGGGTTATTT 

920 930 940 950 960 970 

160 170 180 190 200 210 
Y1 rev CAGGACAGTGTCCTGAGTCAGACGTTCATCCTGWTTGG~TATCT~G~ATCGTA 

............................................................ ............................................................ 
SPVC CAGGACAGTGTCCTGAGTCAGACGTTCATCCTGAAAATTGGAAATATCTCAGTTATCGTA 

980 990 1000 1010 1020 1030 

220 230 240 250 260 270 
Y1 rev ATGAACTACGAAGTGGGCGTGATGGTGGCG-TGCAGAGAAGGCTTTACGTGAGGAAC 

.......................................................... .......................................................... 
SPVC ATGAACTACGAAGTGGGCGTGATGGTGGCG~TGCAGAGACAGGCTTTACTGGAGGAAC 

1040 1050 1060 1070 1080 1090 

280 290 300 
YI rev CGTTTTATCGTTTGATGACAGAGTAAGTATGGGTTTGGG 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : X  
SPVC CGTTTTATCGTTTGATGACAGAGTAAGTATGGGTTTGGGGAGCMICGGAACAGT~CGC 

1100 1110 1120 1130 1140 1150 



Library scan: 0:00:00 total CPU time: 0:OO: 1 8 

A:Y 1 F-SEQ, 671 nt vs A:SPVC.SEQ library 
using DNA matrix 

1240 residues in 1 sequences 
1 scores better than 63 saved, ktup: 4 
The best scores are: initn initl opt 

SPVC gene sequence (Accession No. M64295) 1819 1411 2624 

S PVC gene sequence (Accession No. M64295) 1819 1411 2624 
99.1 Oh identity in 671 nt overlap 

10 20 3 0 
YI seq CGGAAATACCATCTACAAATAAGCACCTGA .............................. .............................. 
SPVC CTTTGAATATTGTAGCTGCTTATGATGATGGGGCGGAAATACCATCTACAAATAAGCACCTGA 

440 450 460 470 480 490 

40 50 60 70 80 90 
Y1 seq A A A A T A A T T T C A A C T C C T T G ~ C A A C W T G C G G A A G  

............................................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPVC AAAATAATTTCAACTCCTTGCACAACCAAATGCGGAAGATGCCGGTATCCCACTTTAAAG 

500 510 520 530 540 550 

100 110 12 0 130 140 150 
YI seq AGGCGCTGGATGTGCCTTGACTATTCAGGGATGCGCCAGAGTWTmCTmGCTATGAGC 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........................................................... 
SPVC AGGCGCTGGATGTGCC-TGACTA~CAGGGATGCGCCAGAGTGGTTTCTTTGCTATGAGC 

560 570 580 590 600 610 

160 170 180 190 200 210 
Y1 seq C A A G G T T T T C A G C T G A A T A A C C A T G G T T A C G A T G T T C  

............................................................ ............................................................ 
SPVC CAAGG~TCAGCTGAATAACCATGGTTACGATGTTTTCATCCATGCTCGTCGAGAATCA 

620 63 0 640 650 660 670 

220 230 240 250 260 270 
Y1 seq CCTCAGTCTCAGGGCAAATTTGCCGGTGACAAGTTCCACATCAGTGTGCTCAGGGATATA 

........................................................... ........................................................... 
SPVC CCTCAGTCTCAGGGCAAATTTGCCGGTGACAAGTTCCACATCAGTGTGCTCAGGGATATG 

680 690 700 710 720 730 

280 290 300 310 320 330 
Y1 seq G T G C C A C A A G C A T T T C A A G C G C T G T C C G G A T T G C T G C  

.......................................... X:::::::::::::::: .......................................... 
Spvc GTGCCACAAGCATTTCAAGCGCTGTCCGGATTGCTGTTTTCA-GAGGACAGTCCGGTAGA 



340 350 3 60 370 380 390 
Y1 seq TAAGTGGAAAGTGACCGATATGGAGAAGGTCGTTCAACAAGCCCGTGTTAGCCTGGGCGC 

............................................................ 

. I . . . . . I . - . . . - . . . . . - . . . . . - - . C - * - - . - . . . - . - . . . . . . . . .  

SPVC TAAGTGGAAAGTGACCGATATGGAGAAGGTCGTTCAACAAGCCCGTGTTAGCCTGGGCGC 
800 810 820 830 840 850 

400 410 420 430 440 450 
YI seq ACAGTTCACGTTGTATATAAAACCAGACCAGGAAAATTCGCAGTACAGTGCGTCGTTTCT 

........................................................... ........................................................... 
SPVC TCAGTTCACGTTGTATATWCCAGACCAGGAAAA~CGCAGTACAGTGCGTCGTTTCT 

860 870 880 890 900 910 

460 470 480 490 500 510 

Y1 seq CCACAAGACACGGCAATTTATAGAGTGTGTCTGGAATCCAGACTATCCGAAAATGGGGTTAT 
............................................................ ............................................................ 

SPVC CCACAAGACACGGCAATTTATAGAGTGTCTGGAATCCIAGACTATCCGAAAATGGGGTTAT 
920 930 940 950 960 970 

520 530 540 550 560 570 

Y1 seq T T C A G G A C A G T G T C C T G A G T C A G A C G T T C A T C C T G A A A A T C G  
............................................................ ............................................................ 

SPVC T T C A G G A C A G T G T C C T G A G T C A G A C G T T C A T C C T G A A A A T C G  
980 990 1000 1010 1020 103 0 

580 590 600 610 620 63 O 
YI seq TAATGAACTACGAAGTGGGCGTGATGGTGGCGAAATGCAGAGACAGGCTTTACGTGAGGA .......................................................... .......................................................... 
SPVC TAATGAACTACGAAGTGGGCGTGATGGTGGCGAAATGaGAGAmGGCTmACTaAGGA 

1040 1050 1060 1070 1080 1090 

640 650 660 670 
Y1 seq ACCGTTTTATCGTTTGATGACAGAGTAAGTATGGGTTTGW 

::::::::::::::::::::::::::::::::::::::::x 
SPVC ACCGTTTTATCGTTTGATGACAGAGTATGGGTATGGGmTGGGGAGWCGGMaGTWC 

1100 1110 1120 1130 1140 1150 

SPVC G C C G T T A A A C A G C T A T T T T A A A T G C T C A T T A A T T T A T T A A T T T C  
1160 1170 1180 1190 1200 1210 

Library scan: O:00:00 total CPU tirne: 0:OO:I 7 
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