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AB TRA T 

Antimicrobial agents are commonly used in the food animal industry for the treatment of 

bacterial and protozoal infections prophylactic use in intensi e animal rearing or for growth 

promotion purpose . Increasing le els in antimicrobial resistance have renewed interest in 

obtaining rele ant antibiotic con umption data from humans and food animal industry. These 

data are e entia) for risk analysis and planning and can be timely in interpreting antimicrobial 

surveillance data. In ari effort to generate baseline data on the magnitude of antimicrobial 

resistance (AMR) for risk assessment analysis in Kenya, this study was carried out, with the 

following broad objectives: 

a) To monitor antimicrobial consumption patterns for food animals in Kenya during 

the 2-year period 2000-2001· b) to determine the prevalence of ar~timicrobial 

resistance in Escherichia coli (as an indicator bacteria) isolates from some food 

animals in Kenya during the same period· c) to characterize genotypic resistance of 

multi-drug resistant E. coli using polymerase chain reaction; and d) to study 

association between AMR and antimicrobial consumption in food animals using 

regression and correlation analysis. 

Data on antimicrobial usage in animals was determined based on importation figures 

recorded b the pharmaceutical industry. These data, representing the volume of drugs 

imported from o erseas as well as those locally manufactured was collected from the 

official records of the Pharmacy and Poison s Board (PPB) registry of the Ministry of 

Health. Data including the name quantities (in vials or packs) potency of pharmaceutical 

preparation imported for sale or manufactured for local use were recorded for each 



xi 

antibiotic. antimicrobial class or combination. In addition. data on dosage form and route of 

drug administration. amount or quantities (kilogrammes) of active ingredient of each 

antimicrobial class, intended u e of antimicrobial agent and target species were recorded 

for each antimicrobial agent. 

Antimicrobial agents were classiried in accordance with the international classification 

system for drug consumption studies Anatomical Therapeutic Class (ATC) code 

maintained by the WHO Collaborating Centre for Drug tatistics and Methodology. For 

each antimicrobial group, total amounts (in kilograms of active ingredients) were 

calculated for specific variables like intended use. route of administration and target 

species. 

During the study period the annual increase of total antibacterials for systemic use was 

approximately 5400 kg. In 200 I. the quantity of antimicrobials used in food animals 

increased by 54.7 % to an estimated 15234 kg active compound. The usage of 

fluoroquinolones increased by 2500 %, from 200 kg in 2000 to 5204 kg in 2001 while 

usage of tetracyclines increased by 6.4 %, from 8481 kg in 2000 to 9020 kg in 2001. The 

usage of sulfonamides decreased by 21 %, from 148 kg to 117 kg in 2001. while 

arninoglycosides consumption declined by 60 %. from 318 kg to 127 kg in 2001. The 

consumption of penicillins (including Extended Spectrum ~-Jactams) marginally increased 

by 4 %, from 520 kg in 2000 to 540 kg in 200 1. 

Tetracycline was the most prescribed antibiotic class during the study period. A mean total 

of 8751 kg (69.8 %) was consumed per year. The mean consumption per year for the 

fluoroquinolones (2702 kg) represented 21.6 % of total antimicrobial consumption while 

the mean annual consumption for the ~-lactams was 530 kg (4.2 %) of antimicrobial 
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con umption during the stud p riod. The mean consumption per year for the 

aminoglycosides was 222 kg (1.8 % . With regard to sulfonarnides the percentage mean 

total con umption per year during the study period was approximately 1 %. 

Approximately 9232 kg (74 %) of antimicrobials was intended for con umption by large 

animals (cattle shoats and goats) while 2886 kg (23 %) and 422 kg (3%) was m ant for 

large animals and poultry and poultry only categories respecti ely. About 98% (12300 kg) 

of total antimicrobial use was meant for specific therapy while approximately 2 % (208 kg) 

was used for prophylactic purposes. Of the total antimicrobial consumption meant for 

stemic use 76% (10371 kg) was for parenteral use while 24% (3355 kg) was for oral 

admini tration. 

In the second part of this study a random sampling of cattle, swine and chicken was carried 

out dwing slaughter between 2000 and 2001. Fecal samples and carcass swabs were 

collected from 55 cattle and 116 pigs while cloacal swabs were collected from 69 chicken 

at various slaughterhouses in Kiambu and Nairobi. These samples were inoculated into 

Stuart s transport medium and transported to our laboratories for isolation. In the 

laboratory the amples were cultured in enrichment media (peptone water) for 24 hours at 

37°C and thereafter cultured in selective media (Eosin methylene blue agar) for a further 24 

hours at 37°C. E. coli isolates were identified biochemically using Indole Methyl red 

Vogues-Proskauer and Citrate (IMViC) reactions and morphologically using microscopy 

and gram stain. 

Escherichia coli isolated from cattle chickens and pigs during slaughter were characterized 

according to their antimicrobial resistance profiles to eight antimicrobial agents. 

Antimicrobial su ceptibility was carried out using disc diffusion technique. The 
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antimicrobial agents tested were ampicillin tetracyclin sulfamethoxazole. str ptomycin 

co-trimoxazole chloramphenicol. kanamycin and gentam cin. 

Antimjcrobial resi tant E. coli isolates identified phenotypically were further characterized 

using genotypic methods. The distribution of five resistance genes co ering three 

antimicrobial classes (beta-lactams tetracycline and sulfonamides) and Clas 1 integrons 

were assessed using Polymerase Chain Reaction (PCR). In vitro conjugation tests on 

antimicrobial resistance were performed on multi-drug re istant E. coli isolates using 

recipient E. coli Kl2F-( nalidixic acid resistant). The antimicrobial susceptibility testing 

and genotypic characterization of the transconjugants were also determined. 

E. coli was isolated from 70.8 % of the animals that ere sampled. However the 

proportion of E. coli recovered differed among species i.e. 57.3 % 76.8 % and 80.2 % in 

cattle poultry and swine respectively. 

Approximately 3 8 % of all E. coli isolates from food animals were antibiotic-resistant with 

26 % of them being multi-drug resistant (resistant to two or more antimicrobials). 

Resistance to ampicillin tetracycline and sulfonarnides was found to be the most frequent, 

but resistance to gentamycin wa absent. Overall 58.6% of all isolates resistant to a single 

antimicrobial agent were resistant to ampicillin while 20.7 %and 17.2 %were resistant to 

tetracycline and sulfonamides respectively. A higher prevalence of AMR was observed for 

E. coli from swine and poultry compared to cattle. Some 27.1 %of theE. coli i olates from 

pigs and 29.2 % from poultry were multi-drug resistant. In contrast, only 2.4 % of the 

bovine isolates were multi-drug resistant. 

Among cattle and swine isolates a higher proportion of E. coli isolates from carcasses (68.4 

%) were multi-drug resistant compared to 31.6 % of fecal isolates (P > 0.05). A 
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ignificantJy higher proportion of isolates from carcass were resistant to ampicillin (65 % 

s 44%, P = 0.04) compared to fecal isoates, but not signjficantly higher for tetracycline 

(56 % ersus 44 % P = 0.25) streptomycin (63 % vs 35% P = 0.24) and sulfonamides (55 

% 45% P = 0.41). Similarly, higher resistance rates of fecal isolates compared to 

carcas isolates to chloramphenicol (75 % vs 25 %) and kanamycin (67 % vs 35 % were 

not significant (P > 0.05). 

Examination of the linkages among different resistance phenotype determined statistically 

showed a significant degree of positive associations between oxytetracycline and 

chloramphenicol resistance as well as oxytetracycline and kanamycin resistance. 

The prevalence of AMR and the Multiple Antibiotic Resistance (MAR) index in E. coli 

from food animals from the Rift Valley Central and Eastern province were used to 

compare and contrast antibiotic resistance levels in these regions. The prevalence of AMR 

and MAR index were highest in Eastern Province and lowest for Rift Valley Province. 

These findings indicate that 17 % 28 % and 44 % of E. coli isolates from Rift Valley 

Central and Eastern Province respectively came from high risk sources (MAR index > 

0.20). However these differences could not be substantiated since data on antimicrobial 

conswnption from the different regions was una ailable. 

Approximately 93 % (n = 27) of the 29 ampicillin resistant E. coli isolates tested expressed 

the TEM- ~-lactamase genes. Significant differences in the distributions of tetracycline 

[tet(A) and tet(B)] and sulfonamide (sull sulll) resistance genes were observed during the 

study period. Tetracycline resistance was encoded by the presence of a single gene, either 

Tet(A) or Tet(B) in 52 % of tetracycline- resistant isolates. Similarly ulfonamide 

resistance was encoded by the presence of either, Sulf and /or Sulll genes in 95 % of 
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sulfonamide-resistant isolates. Three out of 20 (15 %) multi-drug resistant isolates 

po essed large (2.0 - 2.5 kb) Class 1 integrons. All three isolates posses ing class 

integrons were also phenotypically resi tant to ulfamethoxazole. 

ln ilro conjugation (mating) tu<lies demonstrated a plasmid-mediated transfer of genes 

encoding resistance to ampicillin tetracycline and sulfonamides. 

Ten (58.8 %) out of 17 isolates transferred at least one resistance marker to recipient E. coli 

Kl2. Of these 64.3 % of the tetrac cline resistant isolates transferred resistance to 

tetracycline 45.5% of the sulfonamide resistant E. coli isolates transferred resistance to 

sulfamethoxazole and co-trimoxazole while 42.9 % of ampicillin-resistant isolates 

transferred resistance to ampicillin. In addition se en (53 .8 %) of the 13 multi-drug 

resistant isolates transferred resistance to two or more resistance markers to recipient E. 

coli Kl2. 

In the final study associations between AMR in E. coli isolates from food animals and 

on-typhoidal Salmonellae [NTS] from humans and antimicrobial conswnption in food 

animals were examined. An ecologic study design was used which allows measurement of 

the total and individual antimicrobial agents exposure on antimicrobial resistance. AMR 

surveillance data in Kenya for the period from 1996 to 200 1 obtained from published data 

was included in this study. National antimicrobial consumption data for food animals from 

1996 to 2001 were obtained from both published information and also from the results 

generated from the present study. Least-square linear regression analysis was used to 

determine the relationship between antimicrobial use (expressed in tonnes) and the 

prevalence of resistance (R). Spearman Rank correlation coefficient was used to determine 

the degree of correlation between antimicrobial use and the prevalence of AMR. 
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Total antimicrobial consumption m food animals wa po itively correlated with the 

pre alence of multi-drug resistance (r = 0.203) but negati ely correlated with ulfonamide 

resistance (r = -0.239). Howe er both associations were not statisticaJly significant (p > 

0.05). Total antimjcrobial consumption was significantly associated with the prevalence of 

tetrac cline resistance r = 0.878 · p < 0.05). Moreover the pre alence of tetracycline 

resistance was significantly associated with tetrac cline consumption (r = 0.953· p < 0.05) 

while ~-lactam usage was correlated with ampicillin resistance (r = 0.717· p = 0.062) 

although the as ociation was not significant. 

Among NTS isolates from humans total antimicrobial consumption was positively 

correlated with tetracycline resi tance (r = 0.801· p > 0.05). ~-lactam consumption was 

positively correlated with ampicillin resistance (r = 0.489; p > 0.05) while amjnoglycoside 

consumption was positively correlated with streptomycin resistance (r = 0.265· p > 0.05). 

However nalidixic acid resistance was negatively correlated with total antimicrobial 

consumption (r = -0.512· p > 0.05) and fluoroquinolone consumption in food animals (r = -

0.136; p > 0.05). 

In conclusion the study found increasing levels of fluoroquinolone consumption in food 

animals in Kenya and therefore proposes the use of the precautionary principle' as a risk 

reduction measure in the mitigation of AMR in food animals. In addition the study 

concludes that healthy food animals carry transmissible multi-drug resistant E. coli and 

may pose a public health risk to humans. The data presented in the ecologic analysis 

ugge t an important association between antibiotics (tetracyclines and ~-lactam) usage in 

food animals and occurrence of resistance among E. coli isolates from food animals. 

Therefore the study recommends the restriction of tetracycline usage and prescription of 
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extended sp ctrum ~-lactams (E BL s) in food animals in line with international guidelines 

on the prudent use of antibiotics in food animal in order to reduce AMR in Kenya. The 

tud a1 o proposes the planning and implementation of a national action plan for the 

appropriate use of antimicrobial agents in Kenya, whose effectiveness should be monitored 

and e aluated through prospe tive and continuous surveillance of antimicrobial resistance 

and antimicrobial consumption data. 



CHAPTERO E 

1.0 GENERAL INTRODUCTIO 

The use of antimicrobials for treatment and prophylaxis in both human and veterinary 

medicine has resulted in marked improvements in the control of bacterial infections 

(E pinasse 1993). Howe er the indi criminate and widespread use of antimicrobial 

agents has accelerated the emergence and spread of antimicrobial resistance 

(Mazodier and Davies, 1991). According to the infectious-disease report relea ed by 

the World Health Organisation in 2000 antimicrobial resistant organisms have 

become prevalent worldwide (WHO 2000). 

Increasing antimicrobial resistance (AMR) presents a major threat to public health 

because it reduces the efficacy of antimicrobial treatment leading to increased 

morbidity, mortality and health care expenditure (Coast et. al. 1996). Antibiotic usage 

is onsidered the most important factor promoting the emergence selection and 

dissemination of AMR in microorganisms (Witte. 1998). Antibiotic usage selects for 

resistance not only in pathogenic bacteria but also in the endogenous flora of exposed 

indi iduals (animals and humans) or populat~ons (van den Bogaard 1997· Piddock 

1996). 

Antibiotics are used in animals as in humans for therapy and control of bacterial 

infections. In intensively reared food animals antibiotics may be administered to 

whole flocks rather than individual animals. In addition, antimicrobial agents may be 

continuously fed to food animals as antimicrobial growth promoters (AMGP). 

Therefore the antibiotic selection pressure for resistance in bacteria in food animals is 

high and consequently their faecal flora contains a relatively high proportion of 
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resistant bacteria ( an den Bogaard and tobberingh, 1999). However most AMGP 

commonly used in developed countries until recently are effective mainly against 

Gram-positive bacteria. Therefore most resistance in faecal enterobacteria of food 

animals is attributed to antibiotics used on veterinary prescription (van den Bogaard 

1997). 

Escherichia coli is one of the most predominant bacterial species that form part of the 

normal flora in the gut of humans and other animals (Atlas, 1984). Although most 

strains are non-pathogenic some have acquired a diarrhogenic ability and cause 

infections in humans (Honda, 1992). Pathogenic strains of these bacteria are 

important cause of bacterial infections. In humans these strains are the foremost 

cause of urinary tract infections (Falagas & Gorbach, 1995), as well as a major cause 

of neonatal meningitis (Klein et. al. 1986), nosocomial septicemia and surgical site 

infections (Thielman and Guerrant 1999) and travellers diarrhoea (Ericsson, 2003). 

In food animals E. coli strains are the main aetiological agents for mastitis in cattle 

air sacculitis and perihepatitis in chicken as well as newborn and post weaning 

diarrhoea in swine (Cheville and Arp 1978· Kariuki 1996· Sarff et al. 1975· 

Bischoff et al. 2002). E. coli due to their ub~quitous nature are considered to be a 

good indicator of the selective pressure of antibiotic usage. 

The transfer of resistant bacteria has been shown to occur among different animal 

species between humans and from animals to humans and vice versa (Rollard et al. 

1985· Marshall et al. 1990). These resistant bacteria may colonize the human 

intestinal tract and may also contribute resistance genes to human endogenous flora. 

The mechanism of spread of antibiotic resistance from food animals to humans 
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remains controversial. Colonization of the intestinal tract with resistant E. coli from 

chicken has been demonstrated in human olunteers (Linton et al. 1977a). Spread of 

an antibiotic resistance plasmid pSL222-6, in E. coli from chickens to human 

handlers was described b Levy et al. (1976a,b). Linton et al. (1977a,b) found the 

same 0 serotype in chickens from a commercial rearing centre in oven-ready birds 

and in humans. Ojeniyi ( 1985 · 1989) described direct transmission of E. coli resistant 

to streptomycin, sulphonamides and tetracycline from poultry to poultry attendants in 

igeria. Bass eta/. (1999) described a high incidence of integrons encoding multi drug 

resistance among chicken isolates as part of transposon Tn21. In addition, they 

described the dissemination of Tn21 among pathogenic poultry isolates and suggest 

that Tn21 may transfer between pathogenic microorganisms in humans as well as in 

poultry. 

In contrast others have concluded that human and poultry isolates belong to two 

distinct pools of resistant E. coli. Smith (1969) concluded that the antibiotic resistance 

transfer between animals and humans was limited and that animal strains colonized 

the alimentary tract less readily than human ones. He stated that in view of the high 

prevalence of antibiotic resistance in humans, animals are not an important source of 

resistant E. coli in man. Shooter et al. (1974) serotyped animal and human E. coli 

isolates using 150 0 antisera. Of the animal strains 289 (36%) of 798 could be 

serotyped whereas only two of 1580 human isolates could not be typed (Shooter el 

al. 1974). They concluded that 0 serotypes of animal origin may differ from those of 

humans. Similarly differences in chloramphenicol and streptomycin resistance 

between E. coli isolates from poultry and those from their attendants in North India 
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has been described (Kapoor et ai. 1974). In femal p ultr xp d t 

re istant rnicroorgani ms of animal origin but who had n t anti i ti , 

urinary tract infections were infrequently caused by p uJtry strains. m r det iled 

analysis using re triction enzyme analysis of plasmid D A bowed that none th 

plasmids from human isolates appeared to be related to any of the poultry i olates 

(Parsonet and Kass 1987). Caya et al. (1999) compared the ph notype and 

genotypes of E. coli isolates from sick broilers in abattoirs in the province of uebec 

with human isolates from hospitalized patients living in the same locality as th 

abattoir. A higher prevalence of resistance was found among the poultry isolates 

especially to gentamicin, spectinomycin, tetracycline and sulphamethoxazole. nly 

two poultry isolates demonstrated a possible relationship with human strains. imilar 

observations were reported between poultry and poultry farmers in Netherlands (van 

den Bogaard et al. 2001). Comparing E. coli from a poultry processing plant in 

Kenya and isolates from children with diarrhoea living in close contact with poultry 

Kariuki et al. (1997) observed differences in antibiotic resistance patterns and in the 

levels of multidrug resistance. The authors concluded that human and poultry isolates 

carry two distinct pools of resistance plasmids. Similar conclusions were made by 

Niljsten et al. (1996) while comparing resistance patterns of faecal E. coli isolat of 

pig farmers and their pigs. 

Other reports have suggested the use of antimicrobials to be a major factor in the 

emergence and dissemination of antimicrobial-resistant E. coli (Meng et al., 1998· 

Stephan and Schumacher 2001 · Teshager et a!. 2000). However, few studies have 

been carried out to determine the prevalence of antimicrobial resistance in Kenya. 
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Earlier, multi-drug resistant E. coli had been reported in childhood diarrhea in Kenya 

(Chunge et al. 1992· Kariuki et al. 1997) as well in poultry and food products 

(Bebora et al. 1994· Ombui er al 1994). However a relative paucity of information 

exists regarding antimicrobial resistant E. coli from non-clinical sources especially 

from healthy food animals. Healthy food animals are a con tant source of resistant 

bacteria and resistance genes and can be considered to be a suitable population to 

study with regard to the possibility of resistance transfer from animals to humans. 

Resistant bacteria from the intestinal flora of food animals contaminate carcasses of 

slaughtered animals and reach the intestinal tract of humans via the food chain. 

Moreover in Kenya few studies have been directed toward the characterization of the 

genotypic resistance profiles of E. coli strains isolated from food animals. Therefore 

in this study the prevalence of resistance in fae·cal and carcass E. coli was analysed in 

the following populations: beef animals chickens and pigs. 

1.1 OVERALL OBJECTIVE 

The main objective of the study was to examme the phenotypic and genotypic 

characteristics of AMR of E.coli from healthy food animals and to evaluate the 

relationship between AMR and antimicrobial use in food animals in Kenya. 

1.2 SPECIFIC OBJECTIVES 

l. To determine antimicrobial consumption patterns for food animals m 

Kenya during the 2-year peiiod between 2000-2001. 

2. To determine and compare the prevalence of antimicrobial resistance 

phenotypes among E. coli isolates from healthy food animals in Kenya. 
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3. To determine the prevalence of tetracycline [Tet(A) and Tet(B)] 

sulfonamide Sull and Sulll) and ampicillin resistance (BlarEM) genes 

among multi-drug resistant E. coli using a polymerase chain reaction 

(PCR) assay. 

4. To in estigate the occurrence of Class 1 integrons among multi-drug 

resistant E. coli isolates from food animals u ing PCR. 

5. To study associations between AMR and antimicrobial consumption in 

food animals using correlation analysis. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Escherichia coli 

2.1.1 History 

Escherichia coli was first isolated in Germany by a German paeditrician Theodor 

Escherich as a cause of infantile diarrhoea (Sussman, 1985). The earliest indication 

of a specific virulence factor associated with E. coli was reported by De et a/. (1956). 

They showed that certain strains of E. coli were associated with diarrhoeal diseases 

which caused secretions of fluids and electrolytes into ileal loops of rabbits. Although 

E. coli forms part of the normal microflora of the gut of humans and animals it has 

been found to be potentially pathogenic for both animal and humans (Dupont et al 

1982 Mundell et al., 1976 Field, 1979). 

2.1.2 Morphology and biochemical characteristics 

E cherichia coli belongs to the family enterobacteriaceae and is the only member of 

the genus Escherichia. Members of this family ferment glucose (Atlas 1984) and they 

are also oxidase negative and most reduce nitrates to nitrites. Morphologically E. coli 

is a short gram-negative non-spore forming and usually motile by peritrichous and 

fimb riate bacillus (HoJts et al., 1994). E. coli is a facultative anaerobe and most 

strains frequently ferment lactose although this fermentation may be delayed or even 

absent in some strains (Holts et a!. 1994). The main biochemical characteristics 

as ociated with E. coli are shown in Table 1.1 . 
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Table 1. 1: Main biochemical characteristics of Escherichia coli 

Optimum growth temperature 
Catalase 
Oxidase 
0-galactosidase 
Gas from gJucose at 37°C 
KCN (growth on) 

itrate 
Carbohydrates (acid from) 
Lactose 
Maltose 
Mannitol 
Sorbitol 
Sucrose 
Inositol 
Dulcitol 
Arabinose 
Xylose 
Other carbon sources 
Citrate 
Malonate 
d-Tartrate 
Methyl red reaction 
Voges-Proskauer reaction 
Protein utilization 
Arginine 
Gelatin hydrolysis 
Hzs from Triple sugar iron medium 
Indole production 
Lysine decaeboxylation 
Ornithine 
Urea 
Glutamic acid 
Phenyl alanine 

+ 

+ 

+or X* 
+ 
+ 
+ 
d* 

d* 
+ 

d* 

+ 
+ 

d* 

+I­
+ 
d* 

Key:+ means positive - means negative; d* refers to different reactions by different 
serotypes· X* refers to late and irregular positive (mutative). 

Source: Holts et al., 1994 In: Bergey's Manual of determinative bacteriology (9tb 
edition) 
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2.1.3 erology 

E. coli ha e been classified serologically based on antigenic properties of various 

structures of the bacterium (Kauffman 1966). Antigens used in the serological 

classification of E. coli include the 0 or the somatic antigen which denote the 

polysaccharide moiety of the cell wall, the K or capsular antigen generally an acidic 

polysaccharide and the H or flagellar antigen which are proteinaceous in nature. 

Currently 171 different 0 antigens (designated 01 to 0171) 55 H antigens (HI to 

HSS) and 133 K antigens have been identified with the recognition and establishment 

of new antigens being co-ordinated by the WHO Centre for Reference and Research 

on E. coli in Copenhagen (Guinee et al. 1980). 

2.1.4 Ecology and Pathogenicity 

The primary habitat of E. coli is the gastro-intestinal tract of mammals and birds. This 

habitat has enabled the extensive use of E. coli as an indicator micro-organism of 

fecal contamination of water and foods (Atlas, 1984). E. coli may show opportunistic 

pathogenicity by causing enteritis urinary tract infections and neonatal meningitis 

and mastitis in cows (MacDonald eta!. 1970 Sarff et al. 1975). The most important 

of these diseases is enteric diseases in children and young animals. 

2.1.5 Pathogenicity mechanisms 

The different pathogenic groups of Escherichia coli involved in enteric infections 

have been classified in humans (Honda, 1992) as follows· 

1. Enteropathogenic E. coli (EPEC) 
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2. Ent rotoxigenic E. coli (ETEC) 

3. Enterohemorrbagic E. coli (EHEC) 

4. Enteroinvasive E. coli (EIEC) 

5. Enteroaggregative E. coli (EAEC) 

2.1.5.1 Enteropathogenic E. coli (EPEC) 

The varieties of Escherichia coli that cause cliarrhea are classified into pathogenic 

groups (pathotypes) according to their virulence determinants (N ataro and Kaper 

1998). The specific nature of these virulence determinants imbues each pathotype 

with the capacity to cause clinical syndromes with distinctive epidemiologic and 

pathologic characteristics (Robins-Browne and Hartland 2002). For example 

enterotoxigenic E. coli causes watery diarrhea in children in developing countries and 

in travelers to those countries whereas enterohemorrhagic E. coli (EHEC) may cause 

hemorrhagic colitis and the hemolytic uremic syndrome because of the production of 

Shiga toxins. Enteropathogenic E. coli (EPEC) shares several key virulence 

determinants with the most common varieties ofEHEC but does not produce Shiga 

toxins nor cause hemorrhagic colitis or hemolytic uremic syndrome. Instead it causes 

nonspecific gastroenteritis especially in children in developing countries (Robins­

Browne 1987· Trabulsi et al. 2002). EPEC also differs from other pathotypes of E. 

coli in that it typically carries an EPEC adherence factor plasmid (pEAF). This 

plasmid encodes a bundle-forming pili (Bfp) which promote bacterial adherence to 

epithelial cells and are an essential virulence determinant (Bieber et al., 1998), and a 

transcriptional activator Per, that upregulates genes within a chromosomal 
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pathogeni ity island termed the locus for enterocyte effacement (Frankel et a/. 1998· 

Gomez-Duarle and Kaper 1995 . This pathogenicity island encodes a number of 

essen6al virulence proteins including the surface protein intimin (the product of the 

eae gene) which is required to produce the attaching-effacing lesions that are a key 

feature ofEPEC-induced pathology. However a sub et ofEPEC known as atypical 

EPEC do not carry pEAF and hence do not produce Bfp or Per (Trabulsi et al. 

2002). 

Despite evidence from reports of outbreaks of diarrhea attributed to atypical EPEC 

iljanen eta/. 1990· Yatsunagi eta/. 2003) the role of atypical EPEC in disease is 

contro ersial. In several reports atypical EPEC strains have been identified in 

children with acute diarrheal disease in Iran, orway Peru Poland South Africa the 

United States United Kingdom and Australia (Afset et al. 2003· Okete et al. 1997· 

Bouazi et al. 2000; Galane and LeRoux 2001; Knutton et al., 2001· Nataro et al. 

1985· Pacicorek 2000· Kukurocovic el al. 2002). Atypical EPEC has also 

previously been reported in association with prolonged diarrhea (Afset et al. 2004). 

Atypical EPEC may have an innate propensity to persist longer in the intestine than 

arieties of E. coli which cause diarrhea that is more transient in nature. EPEC 

adheres tightly to epithelial cells and disrupts normal cellular processes (Chen and 

Frankel 2005) and evidence suggests that atypical EPEC may retard apoptosis of 

intestinal epithelial cells (Heczko et al. 2001) possibly because of the lack of Bfp 

(Melo et al., 2005). These features may favor prolonged intestinal colonization by 

atypical EPEC compared with other intestinal pathogens. 
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2.1.5.2 EnterotoxigenicE. coli (ETEC) 

Enterotoxigeruc Escherichia coli (ETEC) is a leading cause of pediatric diarrhea in 

the de eloping world and is also an important cause of diarrhea in adult travelers to 

these regions (Bernet al. 1992· Black, 1990· Peruski eta!. 199). On an annual basis 

ETEC strains have been estimated to cause 400 million episodes of diarrhea in 

children under age 5 resulting in 700 000 deaths Todd 1997 . As a cause of 

traveler's diarrhea, it has substantial impacts in terms of both morbidity and economic 

consequences (Savarino and Bourgeois, 1993). 

Two virulence attributes that characterize ETEC are the capacity to adhere to the 

small intestinal surface and to secrete enterotoxins. Over 20 distinct human-specific 

ETEC adhesins or colonization factors (CFs) have been described most of which 

constitute surface-exposed :fimbriae or :fibrillae (Cassels and Wolf 1995· Gaastra and 

vemnerholm 1996). In many geographic areas the most common CFs individually 

expressed by ETEC strains are CF antigen I (CF All) CF AITI which is composed of 

coli surface antigen CS3 alone or in combination with CS1 or CS2 (Cravioto et al., 

1982· ymth, 1984) and CFAIIV which is composed ofCS6 alone or in combination 

ith C 4 or CS5 (Thomas et al. 1982). Besides CFs ETEC strains elaborate one or 

both of two well-defined enterotoxins: a heat-labile toxin (LT) which is structurally 

and functionally similar to cholera toxin (Clements 1978) and a heat-stable toxin 

( T) which is a low molecular-weight poorly immunogenic peptide (Cohen and 



13 

Giannella, 1993 · Frantz and Robert on, 1981). ETEC strains also express somatic 0) 

and flagellar (H) antigens on the c II surface differentiation of which forms the basis 

for serot pe classification of E. coli (Orskov and Orskov 1992). 

2.1.5.3 Enterohemorrbagic E. coli (EHEq 

EHEC bacteria were first discovered in 1977 by the production of cytotoxin 

verotoxin (VT) lethal to Vero (African green monkey) cells which led to these 

pathogens being called verocytotoxigenic E. coli (VTEC) (Konowalchuk et al. 

1977). Later 0 Brien et al. (1987) observed a striking similarity with the structure 

and biological activity of the verotoxin and Stx toxin produced by Shigella 

dysenteriae type 1. Subsequently it was called Shiga-like toxin (SLT). It was also 

ob erved that there were two major classes of SLT toxins: SLT-I and SLT-11 known 

also as VTl and VT2. Currently these toxins also designated as txl and Stx2, have 

been found to include numerous variants (Nataro and Kaper 1998; Paton and Paton 

1998· Kaper et al. 2004). 

For the first time EHEC emerged as human pathogens in USA in the early 1980s 

during large-scale outbreaks of hemorrhagic colitis and hemolytic uremic syndrome 

(HU ) caused by shigatoxigenic non-sorbitol fermenting (NSF) strains of E. coli 

0 157:H7 (Karmali et al. 1983a,b· Riley et al. 1983). Ever since, strains of NSF E. 

coli 0157:H7 ha e been epidemiologically microbiologically and clinically 

important worldwide. In addition, a new lineage, a sorbitol-fermenting ( F) 

nonmotile (H) 0157 was identified as the cause of outbreaks of Hemolytic Uremic 

yndrome (HUS) in Gennany in 1988 (Ammon eta/. 1999). 
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Recent] trains of this phenotype have emerged in se eral other European countrie 

(Kar h and Bielaszewska 200 I) and in Australia (Bettelheim et al .. 2002). Cun·ently 

among all known Stx producing E. coli o er 450 O:H serotype of human and non­

human origin ha e been detected (Blanco eta/., 2004). Of these non-0157 serotyp s 

strains of 026:H11/H- 0103:H21ti 0111:H2/ti and 0145:H28/fi have been 

in olved in outbreaks of severe illnesses. Currently about 450 O:H serotyp s of 

higatoxigenic E. coli ha e occurred (Duffy et al. 2001 Blanco et al. 2004). 

EHEC bacteria have acquired several chromosomal and plasmidal virulence factors. 

However production of Stx 1 and/or Stx2 or their variants encoded by phage­

m diated chromosomally located tx genes is considered a main irulence factor 

(0 Brien et al. 1 983a,b; Duffy et a!. 2001 ). Adhesion mechanisms or production of 

other toxins such as enterohemolysin (Ehly) or CDT have been identified as 

augmenting virulence factors (Kaper et al. 2004). However the nomenclature of 

EHEC and the Stx family is a complex issue (Acheson et ai. 1999). 

The principal reservoir ofEHEC 0157 and non-0157 bacteria is considered to be 

the gastroint stinal tract of healthy cattle and other ruminants like sheep and goats. 

In addition domestic animals such as cats, dogs and rabbits (Garcia and Fox 2003) 

have been sources of EHEC. Human infections or outbreaks have also been 

a ociated with a wide ariety of food items· undercooked ground beef hamburgers 

di fermented sausage unpa teurized milk or surface contaminated fruit and 

vegetable . In addition untreated or contaminated drinking water or swimming water 

have been causative agents for the EHEC infection and also person-to-person 

transmission has been observed ataro and Kaper 1998; Jaeger and Acheson, 2000· 
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Kap r et al. 2004 . osocorniaJ and laboratory-acquired infections have also b en 

reported (Coia 1998a, b . In addition human EHEC 0157 (Lahti et al. , 2002) and 

non-0 15 7 infections (Heinikainen et a!. 2004) ha e been traced to cattle. 

2.1.5.4 Enteroinvasive E. coli (EIEC) 

Enteroinvasive Escherichia coli (ElEC) is a pathogenic form of E. coli that can cause 

dysentery (Nataro and Kaper 1998). Making a distinction between EIEC and Shigella 

spp. has been known for a long time to be difficult and depends on a very limited 

number of characteristics. Shigella spp. have been shown to be clones of E. coli by 

sequencing of housekeeping genes (Pupo et al. 1997· Pupo et al., 2000). 

Historically, EIEC was first described in 1944 when it was called paracolon bacillus, 

but it was later identified as E. coli 0124. In the 1950s another group of E. coli 

strains was found to cause experimental keratoconjunctivitis in guinea pigs b y the 

Sereny test- a trait common with Shigella. These strains were initially classified 

under Shigella as Shigella manolovi S. sofia Shigella strain 13 and S. 

metadysenteriae and were later placed in the E. coli subgroup EIEC as E. coli 0 164 

(Bando et al., 1988; Maurelli et al. 1998· Rowe et al. 1977). EIEC and Shigella spp. 

bear remarkable phenotypic likeness, with a reduction in the number of substrates 

utilized relative to commensal E. coli strains. These similar phenotypes may be 

attributed to the fact that these orgauisms spend much of their lifetime within 

eukaryotic cells and have a different nutrient supply from most E. coli strains (Lan 
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and Ree es 2002). Most EIEC strains are Lac- non-motile and 1 sine decarboxylase 

negative (Farmer eta!. 1985· ilva et al. 1980). 

A limited set of 0 antigens are found in EIEC strains including 028ac 029 0 112ac 

0121 0124 0135 0136 0143 0144 0152 0159, 0164, 0167 and 0173 

(Cheasty and Rowe 1983 · Ewing 1986· Gross et al. 1983 · Guth et al. 1989· Orskov 

et al. 1991 . Three of these ElliC-associated 0 antigens are identical to 0 antigens 

present in Shigella spp. (Cheasty and Rowe, 1983) namely 0112ac 0124 and 

0152 with Shigella 0 antigens of S. boydii serotype 15/S. dysenteriae serotype 2 S. 

boydii serotype 3 and S. dysenteriae serotype 12 respectively. 

EIEC strains can be distinguished from other E. coli strains by testing their invasion 

capacity by the Sereny test or by identification of bacterial invasion-associated 

proteins or genes via specific tests. EIEC and Shigella strains harbor a common 220-

kb plasmid collectively termed piNV although specific names were given for some 

piNV plasmids for example p WR1 00 of S. jlexneri 5 pMYSH6000 of S. flexneri 2a 

and pSS120 of S. sonnei. However differences in piNV may play a role in virulence. 

There are also piNV genes that are variably present in Shigella and EIEC (Lan et al. 

2003) strains including sepA encoding serine protease, the major secreted protein of 

. flexneri 2a, and ospD3 (senA) encoding an enterotoxin which is found in only 75% 

of EIEC strains and 83% of Shigella strains (Nataro eta/. 1995). 
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2.1.5.5 Enteroaggregative E. coli (EAEC) 

nteroaggregative Escherichia coli (EAEC) is emerging as a significant diarrheal 

pathogen in multiple population groups. Although most commonly associated with 

pediatric diarrhea in de eloping countries EAEC is also linked to diarrhea in adults 

including HIV -positive patients and travelers and has been a cause of food-borne 

outbreaks in the industrialized world (Vila et al. 2000· Piva et al., 2003). The 

pathogenic mechanisms of EAEC infection are only partially understood and are most 

consistent with mucosal colonization followed by secretion of enterotoxins and 

cytotoxins. However there appears to be significant heterogeneity of virulence among 

EAEC isolates, in part due to lack of specificity in the HEp-2 adherence assay. The 

HEp-2 cell adherent assay allows identification of EAEC's characteristic aggregative 

or "stacked brick" adherence pattern. A few studies have evaluated the prevalence of 

EAEC virulence genes in clinical isolates (Elias et al. 2002· Okeke et al. 2000; Piva 

eta/. 2003· Vila eta!. 2000). 

The plasmid-borne genes encoding aggregative adherence (AA) fimbriae (aggR 

aggA aafA agg-3a) plasmid encoded toxin (pet) dispersin protein (aap) AA probe 

associated protein (aatA) and Cap locus protein (capU) and the chromosomal 

hige!la enterotoxin l(set) gene are responsible for the expression of adherence and 

cytotoxin production (Nataro et al., 1992· 1994; Elias et al., 1999· isbi eta/. 2003). 

Recently the aap gene was reported to encode a secreted 1 0-kDa protein that appears 

to coat the bacterial surface and thereby promote the dispersal of EAEC on the 
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intestinal mucosa. It has been shown that this protein is immunogenic in a human 

EAEC challenge model ( heikh eta/. 2002). 

2.2 Antimicrobial resistance 

The increasing prevalence of bacterial resistance to commonly prescribed 

antimicrobials especially in developing countries poses a major concern in the 

management of infections ( hanahan et al. 1993 · Niljisten et a/. 1996). This has 

mainly resulted from extensi e use and often misuse of antimicrobials in both human 

and animal medicine (Ka er 1993· Mitsuhashi 1993). The widespread use of 

antimicrobial agents has accelerated the spread of genetic elements coding for 

resistance giving selecti e advantage to resistant bacteria (Mazodier and Davies 

1991). 

Resistance genes originated as a protective mechanism for antibiotic producing 

micro-organisms (Bensevite and Davies, 1973) this is exemplified by the presence of 

aminoglycoside-modifying enzymes m aminoglycoside-producing strains of 

treptomyces spp that are closely homologous to modifying enzymes found m 

aminoglycoside resistant bacteria (Thompson and Gray 1983). The role of R­

plasmids as mediators of re istance was recognized as early as 1960 (Akiba et al., 

1960). It had been postulated however that R-plamid mediated antibiotic resistance 

may have evolved long before the antibiotic era (Forster 1983). The origin of R­

plasmids and the development of resistance was frrst reviewed by Watanabe (1971) 

and subsequently expanded to include the role of transposons and integrons as 

mediators of resistance (Kopecko et al. 1976· Maltinez, 1990). 
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2.2.1 Plasmid 

Pia mids are double-stranded circular pieces of extrachromosal D A usually from 2 

to 200 ki lobase that can replicate and are independently inherited ( ambrook et al. 

1989). Plasmids carry genes conferring virulence or pathogenicity as well a 

antimicrobial resistance. The presence of plasmids in bacteria is non-essential for 

their survival except in the face of a hostile external environment such as antibiotics. 

This factor contributes to the stability of plasmid - mediated resistance in bacteria. 

The presence of different types of antimicrobial resistance genes on plasmids and 

their potential for transmission suggest that plasmids are major vectors in the 

dis emination of resistance genes through bacterial populations (O'Brien et al. 

1993). The R-pla mids carry genes that code for antibiotic resistance in many micro­

organisms (Akiba et al. 1960 Boyd; 1984; Atlas 1984). The R-plasmids can be 

passed from one bacterial species to another such as from E. coli to pathogenic 

trains of Shigella or Salmonella (0 Brien et al. 1982) and as demonstrated by the in 

vitro transfer ofTn9 16 from E. faecali to E. coli (Poyart eta!. 1995). 

2.2.2 Tran po on 

Transposons are individual or small clusters of resistance genes that are bound by 

in ert or or direct repeat DNA sequences. These terminal repeats act as specific 

recogni tion sites for transposase enzymes that catalyse the movement of the 

transposon from one replicon (plasmid or chromosome) to another (Murray 1982). 

Transposons cannot replicate independently but they carry genes that are necessary 
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for the transpo ition into a functional replicon (Chopra 1990). Transposons are more 

diver e in their interaction than plasrrud . The have been known to transpo e one or 

more resistance genes within one genus and even across different genera of bacteria 

Da ies 1994). 

2.2.3 Iotegrons 

The integron is a type of mobile genetic element found either as part of a transposon 

within the Tn21 or independently on several groups of broad-host plasmids coding 

for a site specific integration ystem (Davies 1994). They range in size from 0.75 to 

2. 7kb and consist of two conserved D A segments and a variable segment (White et 

a!. 2001 ). Class 1 integrons possess two conserved segments separated by a variable 

region (VR) which includes integrated antibiotic resistance genes or cassettes of 

unknown function (Recchia and Hall 1997). The 3' conserved segment contains the 

qacE and sull genes and an open reading frame (ORF) called orf5. The qacE gene 

determines resistance to ethidium bromide and quaternary ammonium compounds 

while sul! gene confers resistance to sulfonarnides (Recchia and Hall 1997). 

lndi idual genes or gene cassettes can be inserted or removed from or even shuffled 

within the e conserved segments. Integrons make it possible for resistance genes from 

different locations on bacterial genomes to come together on mobile elements that 

could be incorporated into genetic replicons such as plasmids. Thus resistance genes 

of diverse localities in bacteria (i.e. plasmids and/ or transposon may spread across 

bacteria on integrons (Davies, 1994). Several studies have shown that integrons are 
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widespread among isolates of the family Enterobacteriaceae ( tokes and Hall 1989· 

Hall, 1994· Bi onette and Ra . 1991). 

basic role in the spread of antimicrobial resistance in Enterobactereciae has been 

attributed to class 1 (Sandvarg et al. 1998) and class 2 integrons (Goldstein et al., 

2001). Sull gene encoding resistance to sulfonamides is normally found in Class 1 

integrons linked to other resistance genes like aminoglycoside adenyltransferase A2 

(aad A2), which confers resistance to streptomycin and spectinomycin and 

dih drofolate reductase XII (dfr XII) which confers resistance to trimethoprim 

(White et al. 2001). 

2.2.4 Types of antimicrobial resistance 

The mechanism of antimicrobial resistance can be classified as innate (natural) or 

acquired (Courvali~ 1996). 

2.2.4.1 Natural antimicrobial resistance 

Some bacteria are naturally resistant to certain antimicrobial agents. Well known 

examples include the resistance of Mycobacteria and Pseudomonas spp to most 

antibiotics gram-positive bacteria to nalidixic acid (Chopra 1990) and enterobacteria 

to macrolides (Courvalin, 1996). This form of resistance can be explained by cell wall 

impermeability to the antimicrobial agents or metabolic pathways that antimicrobial 

agents cannot influence. Normally, natural resistance is chromosomal-mediated and is 

thus predictable (Fling and Richards 1983). 
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2.2.4.2 Acquired antimicrobial re i tance 

Acqui red resi tance refers to the emergence of re i tant trains within a bacterial 

population (Kallings 1982). This fonn of resistance is the most important. Acquired 

resistance can either be indigenous (i.e. occurs through mutations) or exogenous 

where the bacteria acquires exogenous D A from related or unrelated bacteria via 

transformation transduction or conjugation (Courvalin, 1996). 

2.2.5 Genetic basis of acquired antimicrobial re i tance 

Genes that code for resistance to antimicrobial agents may emerge from spontaneous 

mutation or may be acquired from other bacteria (Courvalin 1996). These genes are 

located on the chromosome or plasmid or on both (Forster 1983). Acquired 

resistance in bacteria results from R-plasmid transfer by conjugation transduction or 

transformation. The distinction between plasmid mediated and chromosomally 

encoded resistance can be blurred due to the dynamic movements of transposons 

between plasmids and the chromosome (Forster 1983). 

2.2.5.1 Mutations 

Changes in only a few base pairs causing substitution of one or a few amino acids in a 

crucial target (enzyme or cell wall) can affect chromosomal structure or control genes 

leading to new resistant strains. Spontaeous mutations occur in a bacterial population 

at a frequency of 1 o-s to 1 o-9 per generation (Kallings 1982). Statistically the 

probabil ity of this type of resistance emerging in bacteria is minor but becomes 
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ignificant when bacteria are e posed to selecti e antibiotic pre sure (Do s 1994) 

and the presence of other bacteria that facilitate the dissemination of re i tance 

(Courvalin 1996). Mutations are stably inherited confer resistance to all members of 

the family and can be deleterious to the host bacterium (Courvalin 1996). 

Mutation in chromosomal D A without affecting the ability of bacteria to survive 

in the natural environment, would be expected to occur over a long period of time 

(Doss 1994). The accumulation of chromosomal mutations would seem to be an 

unsatisfactory explanation to the rapid emergence of multi-resistant bacteria (Forster 

1983). 

2.2.5.2 Transferable resi tance 

Plasmid-mediated resistance may spread by three mam routes transformation, 

transduction and conjugation 

2.2.5.2.1 Transformation 

Transformation is the transfer of naked DNA from one lysed bacterium to another. 

Certain recipient bacteria can acquire high molecular weight DNA from the 

surrounding medium thus transforming their genetic constitution (Stewart 1989). The 

resistant strain can spread from person to person carrying its plasmid with it. This 

route was exemplified by an outbreak in which a multi-resistant Pseudomonas 

aerogino a strain spread to infect several patients in a leukerniac ward (Green et al. 

1973). The isolates from the patients and some from the environment were shown to 

be similar by several epidemiological methods and all carried a similar plasmid that 
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encoded resistance to carbenicillin and aminoglycosides. The plasmid itself was non­

transmis ible and thus could only spread in the bacterial host population. 

Transformation has been reported among Pneumococci Haemophilus spp and 

eis eria spp. These bacteria are capable of excreting short transforming DNA 

located on resistance plasmids or transposons in the slime capsules of certain 

recipient bacteria. If the bacteria are closely related they may transfer DNA by 

homologous recombination into chromosomal locations of the recipient bacteria 

(Courvalin 1996). Among staphylococci enterobacteria and pseudomonads 

transformation is a less important mode of transfer of resistance. 

2.2.5.2.2 Tran duction 

Transduction involves transfer of antibiotic resistance by a bacterial v1rus. The 

genetic material is carried from the donor cell by bacteriophages that infect the 

recipient cells (Kokjohn, 1989). For transduction to occur, transducing phage 

particles need to be produced from donor strains through infection with a lytic 

bacterial phage or by induction of a prophage. Calcium ions are required for the 

attachment of phage particles to cell surfaces and so transduction can be inhibited by 

the presence of chelating agents such as citrate ions (Levin 1985). The best examples 

include the transfer of plasmid-mediated penicillinase production in staphylococci 

and resistance to tetracycline and chloramphenicol in some enterobacteria (Murray, 

1991). 
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2.2.5.2.3 Conjugation 

Conjugation refers to the mating between a donor cell and a recipient cell. 

Conjugation is a phenomenon that occurs mainly among gram-negative bacteria but 

certain gram-positive bacteria such as streptococci may also acquire resistance via 

conjugation (Murray 1991). Among the three genetic mechanisms of acquiring 

antimicrobial resistance, conjugation is by far the most important in bacteria. 

Conj ugation occurs in vivo and can cause epidemic spread of plasmid-mediated 

resistance on a worldwide scale, crossing borders between species and genera of 

bacteria (Davies 1994). 

Resistance genes can be spread by means of conjugal transfer to another bacterial 

host of the same or different species (O'Brien et al. (1982). The transferred genes, 

located together with resistance genes on the plasmid create a highly efficient 

mechanism for dissemination of antimicrobial resistance. early 60-90 % of 

resi tance determinants reside on plasmids. The transfer of R-plasntids is therefore 

the most important phenomenon in the spread of antirncrobial resistance (Kayser, 

1983). 

For conjugation to occur pilli or fimbriae projecting from the donor cell must be 

fonned and this occurs on F+ (fertility factor) cells. The F-factor is principally carried 

on plasmid D A which may be transferable or non-transferable. During mating the 

ex pilu on the donor cell extends to form contact with a receptor ite on the surface 

of the recipient cell. Duplicated genetic material from the donor cell usually 

extrachromosomal D A then passes along the pilus into the recipient (Courvalio 
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1994 . This method is used particularl by Gram-negati e bacteria transferring not 

only antibiotic resistance genes but also pathogenicity determinants and metabolic 

functions . 

2.2.6 Pharmacodyamic of acquired antimicrobial re istance 

Bacteria become resistant to antimicrobial agents by one or more biomechanisms. 

2.2.6.1 Alteration of the target site 

Resistance due to alteration of target sites has been encountered for beta-lactams 

streptomycin and erythromycin. Alteration of penicillin binding proteins (PBP's) may 

lead to resistance to beta-lactams while resistance to streptomycin occurs due to 

mutation leading to altered ribosomes. The methylation of ribosomal RNA inhibits 

binding of erythromycin (Murray 1989· pratt, 1 994). 

2.2.6.2 Modification of antibiotics 

Drug modification causing inactivation of the drug is probably the most common 

mechanism of resistance to antimicrobial agents (Murray 1991 ). These include 

re istances caused by beta-lactamase, chloramphenicol acetyl transferases and 

aminoglycoside ad.enyl transferases (Amyes and Gemme} 1992). It has also been 

reported in resistance associated with macrolides, lincosamides, streptogramins and 

tetracyclines (Salyers et al. 1990). Resistance determinants involved in drug 

inacti ation are usually plasmid or transposon mediated (Faragasan et al. 1997). 
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2.2.6.3 Pre ention of antibiotic entry 

This mechanism is mostly expressed in gram-negative bacteria resistant to 

ancomycin and nafcillin and that of enterococci to low levels of aminoglycosides 

(Murray 1991). Decreased permeability of the ceU waJJ may be explained by 

mutation of the porin gene (e.g. Omp C and Omp Fin E. coli) that leads to altered 

non-specific aqueous diffusion channels normally used for entry of antimicrobial 

agents into the bacterial cell eu 1992). This mechanism of resistance has al o been 

reported to be the basis of cross-resistance to chemica!Jy unrelated drugs such as 

resistance to tetracycline and chloramphenicol by E. coli (Chopra, 1990). 

2.2.6.4 Production of novel enzyme substitutes 

In this mechanism of resistance the bacteria produce a novel enzyme substitute that is 

not susceptible to conventional antimicrobial agents (Amyes and Gernmel 1992). An 

example is the transferable resistance of gram-negative bacteria to sulfonamides and 

trimethoprim. Resistance to trirnethoprim is caused by overproduction of the target 

nzyme dihydrofolate reductase thus requiring a high inhibitor concentration (Spratt 

1994). 

2.2. 7 Tetracycline resi taoce 

Tetracyclines are antimicrobial agents that interact with bacterial ribosomes and block 

protein synthesis. Prior to the mid- 1950s the majority of commensal and pathogenic 

bacteria were susceptible to tetracyclines (Levy 1984). The first multiresistant 
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higella dy enteriae was isolated in 1955 and was resistant to tetrac cline. 

treptomycin and chloramphenicol Watanabe 1963). Tetracycline resistance has also 

been reported in increasing frequencie in gram positive and cell-wall-free species 

(Roberts 1994· Roberts and Kenny 1986)· and are often found in multi-drug resistant 

bacteria (Levy et al. 1999). Resistance is often due to acquisition of new genes 

associated with either conjugative plasmids or transposons (Roberts 1994). 

Resistance to tetracycline occurs by three mechanisms: the use of an energy­

dependent efflux of tetracycline, alteration of the ribosome to prevent effective 

binding of the tetracycline and producing tetrac cline-inactivating enzymes (Roberts 

1994). There have been 30 different tetracycline resistance (tet) genes characterized 

to date (Levy et al. 1999· Ng et al. 2001). Seventeen ofthe tel genes code for efflux 

pumps. Seven of the tel genes code for ribosomal protection proteins. Both the efflux 

and ribosomal-protection encoding genes are found in members of gram positive 

gram negative and anaerobic species. The let(B) gene confers resistance to 

tetracycline doxycycline and minocycline although all the other efflux genes confer 

re istance to tetracycline and doxyc cline (Roberts 1994· Mendez et al. 1980). The 

tet(B) gene has the widest host range of the gram-negative tet genes and has been 

reported in 20 gram-negative genera. The ribosomal protection proteins confer 

resistance to tetracycline, doxycycline and minocycline. The tel (M) bas the broadest 

host range and has been found naturally in 26 genera including both gram-positive 

and gram-negative species (Roberts 1994; Chopra and Roberts 2001). In contrast 

other tel genes appear to ha e a more limited host range. In other cases, the tel genes 

in orne bacteria such as tel (M) in E. coli, confer only low levels of tetracycline 
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resistance. The let (X) gene codes for an enzyme that aJt rs tb tetracycline molecule 

in the pre ence of oxygen (Roberts 1994) while the tel (U) gene sequence is distantly 

to other mechanism of resistance (Ridenhour et al. 1996). Recently point mutations 

in tetracycl ine resistant bacteria were identified in gram-positive bacteria (Ross et al. 

1998). Mutations that alter the permeability of pmins and /or polysaccharides in the 

outer membrane can also affect tetracycline susceptibility (Chopra and Roberts 

200 l ). Whether these changes account for increased levels of tetracyclines is not clear 

at the moment. 

2.2.8 Sulfonamide resistance 

Sulfonamides are synthetic drugs that interact with dihydropteroate synthase (DHPS). 

Thi enzyme is part of the folic acid biosynthetic pathway that is required for thymine 

production and bacterial cell growth (Huovinen et al. 1995). Sulfonamides were used 

early for prophylaxis and treatment of meningococcal disease. Unfortunately 

resistance developed quickly in Neisseria meningitidis and was replaced by penicillin 

therapy. Different types of mechanisms have been found to confer sulfonamide 

resistance with most common resulting in changes in DHPS genes. Maskell et a!. 

( 1997) examined six sulfonamide-resistant clinical S. pneumoniae and found three to 

six base pair duplication which was sufficient to confer high levels of resistance. 

More recently Haasum et al. (200 l) examined 11 sulfonamide-resistant clinical S. 

pneumoniae and found a number of different amino acid duplications within the 

DHPS gene. In contrast resistant DHP genes in Neisseria meningitide are more 
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likely due to de elopment of mosaic genes by D 

2001). 

2.2.9 Beta-lactam re istance 

transformation (Haasum et al. 

Beta-lactarn antimicrobial agents comprise of natural and semi- nthetic penicillins 

and cephalosporins which possess a fused thiazolidine (beta-lactam) ring in their 

chemical structure. This group of antimicrobial agents owes its antimicrobial activity 

to its ability to bind to and inhibit the action of certain bacterial cell wall synthetic 

enzymes namely the penicillin-binding- proteins (PBP) (Hsieh et al. 2006· akata et 

al. 2006). Bacterial resistance to the beta-lactam antibiotics is usually based on any 

of three mechanisms acting either independently or in concert: Low affinity between 

the target PBP(s) and the antibiotic (Franciolli et al. 1991; Hsieh et a!. 2006) 

destruction of the antibiotic by extracellular or periplasmic hydrolytic enzymes (beta­

lactamases) produced by the bacteria (Bush 1989) and inaccessibility of the PBPs to 

the antibiotic (permeability barrier) (Lugtenberg and Van Alpen 1983, Bradford et 

a/. 1997). Access of most beta-lactam antibiotics to their target enzymes is usually 

moderated by the presence and character of the bacterial outer membrane. Thi outer 

membrane contains porin proteins which form water filled channels through the 

membrane and serve as conduits for passive diffusion of hydrophilic molecules such 

as beta-lactam antibiotics (Lugtenberg and Van Alpen 1983). The porin structure of 

the outer membranes of certain gram-negative bacteria, such as Pseudomonas 

aeruginosa provides only limited permeability to beta-lactam antibiotics and can 

contribute to the efficiency of peri plasmic beta-lactamases by regulating the influx of 
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the antibiotic (Bradford et al. 1997). However this mechanism of resistance through 

diminution of outer-membrane permeability by mutation or los of porin proteins is 

relatively rare and not tran ferable by plasmids. 

The affinity of a beta-lactarn antibiotic for one or more of the PBPs in a particular 

bacterial species is a major determinant of the potency of the antibiotic. Although 

there are clinical examples of acquired resistance due to alteration of the target PBP 

(Parr and Bryan 1984 Franciolli et al., 1991 , Dowson et al., 1994) this form of 

resistance is less frequently encountered and is not acquired via conjugation and 

plasmid transfer (Sahm et a!. 1985). Bacterial proteins collectively known as beta­

lactamases encompass a large number of enzymes which have widely arying 

kinetics for their potential substrates. Bacterial expression of beta-lactamase-mediated 

resistance to a beta-lactam antibiotic depends on several factors. These include: the 

specific activity of the enzyme against the compound, the amount and rate of 

production of the enzyme by the organism, the locus of the enzyme (excreted or cell­

bound) and whether it is produced constitutively or inducibly (Medeiros and Jacoby 

1986). 

orne gram-negative bacteria produce beta-lactamases under ctirection of a gene or 

genes located on extrachromosomal DNA (plasmid) acquired from other bacteria via 

conjugation. The most commonly encountered plasmid mediated enzymes in 

clinically isolated gram-negative bacteria are those of the Richmond- ykes Type Ilia 

referred to as TEM 1. The production of this type of beta-lactamase is mediated by 

the blaTEM genes and is always associated with resistance to aminopenicillins but not 

the cephalosporins (Bush, 1989). Resistance to extended-spectrum betalactams 
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(ESBL s) in the family Enterobacteriaceae has commonly been associated with the 

expression of extended-spectrum TEM and HV beta-lactamases (Duboi et al. 

1995 Heritage et al. 1999) and plasmid mediated AmpC betalactamases (Bradford et 

a!. 1997 Pitout et al. 1998). Howe er since 1992 newer plasmid mediated E BLs­

the cefotaximases have been described (Barthelemy et a!. 1992; Bernard et al. 

1992). To date more than 10 variants of the CTX-M- type beta-lactamases have been 

reported in various enterobacterial species including E. coli, salmonella entericar 

serovar Typh.irnurium, Klebsiella pneumonia and Proteus mirabillis isolated from 

different parts of the world including south Africa and Kenya (Bonnet et al. 2000 

Kariuki et al. 2001 Pitout et al. , 1998· Rodriguez et al. 2005· Soge et al. 2006). 

2.3 Epidemiolgy of antimicrobial resistance 

There is convincing evidence that both subtherapeutic and therapeutic doses of 

antibiotics cause increased antibiotic resistance in the intestinal flora of animals 

(Linton, 1977a b). Resistance may be engendered not only to the antibiotic used but 

al o to other antibiotics (Julia and Chan 1987) because resistance genes are often 

linked. 

Antimicrobial resistant E. coli isolated from clinical sources continues to pos 

therapeutic problems worldwide. Consequently commonly available and inexpensive 

orally administered antimicrobials have become ineffective in the treatment of serious 

infections caused by E. coli and other micro-organisms (London et al. 1994). In the 

United States se eral outbreaks of E. coli 0157:H7 infections have been associated 

with a high prevalence of resistance to common! used oral antibiotics such as co-
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trimoxazole streptomycin and tetracycline (Kim el a/. 1994). In many developing 

countrie strains of E. coli isolated from children with diarrhoea and dome tic 

animals were found to show multiple resi tance to almo t all the commonly available 

antibiotics ( hears et al. 1988· Faruque et al. 1993; Bebora et a/. 1994; Kariuki et 

a/., 1997· Al-Ghamdi eta/. 1999). In Kenya , enerwa et al. (1991) reported high 

pre alence of hospital EPEC strains from children with diarrhoea which were 

resistant to ampicillin co-trimoxazole tetracycline and chloramphenicol. Studies in 

Hong Kong (Ling eta!. 1994) have reported 100% resistance to ampicillin and 41 % 

resistance to co-arnoxyclav (amoxycillin + clavulanic acid) among clinical E. coli 

isolates. In Greece a high prevalence of E. coli resistance to trimethoprim was found 

among patients with urinary tract infections (Tsakris et al. 1993). Johnson el al. 

(1994) observed a high prevalence gentamycin resistance among E. coli clinical 

isolates in a London hospital, while tluoroquinolone-resistant E. coli strains have 

been reported in Germany (Lehn et al., 1996). 

2.4 Antimicrobial use, urveillance and Risk analysis 

2.4.1 Introduction 

Antibiotics-naturally-occurring, semi-synthetic and synthetic compounds with 

antimicrobial activity that can be administered orally parenterally or topically-are 

used in human and veterinary medicine to treat and prevent disease, and for other 

purposes including growth promotjon in food animals. Antibiotic resistance is as 

ancient as antibiotics, protecting antibiotic-producing organisms from their own 

products and other originally susceptible organisms from their competitive attack in 
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nature. All antibiotics can select spontaneous resi tant mutants and bacteria that have 

acquired resistance by transfer from other bacteria (0 Brien et al. 1982 . The e 

resistant ariants as well as species that are inherently resistant can become dominant 

and spread in host-animal populations (Kalling 1982). The more an antibiotic is 

used, the more likely are resistant populations to develop among pathogens and 

among commensal bacteria of an increasing number of animals in an exposed 

population (Davies 1994). However there is great di ersity: whereas some bacteria 

very rapidly develop resistance in the individual treated others remain susceptible 

(Wray 1997). 

Antibiotic resistance defmed in this way is a microbiological phenomenon, which 

rna or may not ha e clinical implications depending on pharmacokinetic and 

pharmacodynamic parameters as they apply to specific antibiotics. Nevertheless even 

intermediate resistance (diminished antibiotic potency within the clinically usceptible 

range) is noteworthy since it may be a first step towards clinical resistance. These 

considerations have always been important in definitions of rational antimicrobial 

therapy and have been re-emphasized by recent calls for prudent therapy in human 

and eterinary medicine (WHO, 1998 2001). 

The campaign against what has been considered excessive clinical use has been 

generally e enly directed at human and animal medicine but there has been a 

concerted attack on the agricultural use of antibiotics based on the assumption that all 

such usage is imprudent since it might act as an important source of resistance in 

bacteria affecting humans (Levy 1984; Levy 200 I· WHO 2001 ). In Europe this has 

led to the banning of several antibiotic growth promoters as a precaution despite the 
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advice of the European Union's own cientific Committee on Animal Nutrition 

( CAN) that there were insufficient data to support a ban CA 1996 1998) and it 

proposed to withdraw the rest in 2006. There are calls for a wider application of the 

ban. Pieterman & Hanekamp ha e drawn attention to the logical legal and moral 

flaws inherent in the precautionary principle , taking as an example the banning of 

growth-promoting antibiotics in Europe (Pieterman & Hanekamp 2001 ). 

2.4.2 Use of antibiotics in food animal 

2.4.2.1 Definition of use 

The Clinical laboratory standard Institute (CLSI) has defined terms to describe herd 

or flock antibiotic use. 

Therapy is the administration of an antimicrobial agent to an animal, or group of 

animals which exhibit frank clinical disease. Control is the administration of an 

antimicrobial agent to animals usually as a herd or flock, in which morbidity and/or 

mortality has exceeded baseline norms. Prevention/prophylaxis is the administration 

of an antimicrobial to exposed healthy animals considered to be at risk but before 

expected onset of disease and for which no aetiological agent has yet been cultured. 

Metaphylaxis is a term sometimes used when there is clinical disease in some 

animals but aU are treated.) Growth promotion is the administration of an 

antimicrobial usually as a feed additive, over a period of time to growing animals 

that results in improved physiological and production performance. 
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2.4.3 Therapy, control and prevention 

When antibiotic treatment is necessary it often has to be administered to food animals 

either parenterally or orally in feed or water. Individual animal treatment is almost 

ne er practical for poultry but may be practical for cattle and swine. 

In li estock production the objective is to limit progression of disease in the 

population, since illness decreases animal performance. Herd or flock treatment is 

often indicated when illness is first recognized in a small proportion of the animals. 

For example one of the indications for the use of antibiotics in animals is physical 

tress involved for example in the mo ement of animals in large numbers. Whereas 

mass regimens can improve animal performance and the general welfare of the treated 

animals such regimens do result in increased antimicrobial usage (van den Bogaard 

and tobb ringh, 1999). Mass treatment programmes generally leads to 

administration of treatment to individuals that do not need it whereas limitation of 

therapy to recognized clinical cases errs on the side of withholding treatment from 

some individuals that would benefit. Attempts to limit mass metaphylaxi to those 

indi idual animals most likely to benefit, using rectal temperature as a clinical 

indicator for treatment have usually been unsuccessful (Guthrie et al. 1997). More 

ophisticated measures of disease status are being investigated as one means to 

impro e treatment selection criteria. 
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2.4.4 Growth promotion 

The growth promoting effects of antibiotics were first di covered in the 1940s when 

chickens fed by-products of tetracycJine fermentation were found to grow faster than 

those that were not fed those by-products (Stokestad 1949). Since then many 

antimicrobials have been found to improve average daily weight gain and feed 

efficiency in li estock in a variety of applications (Preston, 1987· Nagaraja and 

Chengappa 1998; Gaskins et al. 2002) and this is known as 'growth promotion . 

Whereas the precise mechanisms of growth-promoting effects were, and are still 

often unknown, knowledge is improving (Andersons et al. 1999). The net benefit of 

antibiotic feeding to food-producing li estock was and till is measurable Pieterman 

and Hanekamp 2001). Such measurable benefit coupled with demonstrable target 

animal safety, edible tissue clearance and residue avoidance and environmental 

safety remains the basis for regulatory approval of growth promoting applications of 

antibiotics in livestock production (Preston 1987). Whereas some growth-promoting 

effects are mediated through alterations of the normal intestinal rnicrobiota resulting 

in more efficient digestion of feed and metabolism of nutrients (Denni et al. 1981; 

agaraja et al., 1987) others are mediated through pathogen and disease suppression 

and immune system modulation. For example rates of post-weaning scours increased 

following antimicrobial growth promoter restrictions in Sweden (Wierup et a!. 2001; 

Inborr 1996). Similar problems have been experienced in many parts of Europe 

following the growth-promoter ban requiring the increased use of therapeutic 
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antibiotics (DANMAP, 2003 · Casewell et al. 2003) making it clear that infectious 

disease suppression is an important effect of growth promoters. 

2.4.5 Antibiotic use 

In 2001 23 products with antibacterial activity excluding coccidiostats had United 

tates Food and Drug Administration (FDA) regulatory approval and were marketed 

for feed additive applications (Anon, 2001). Fifteen of those 23 antibacterial 

compotmds had growth promotion label claims. Of those 15 only two (bambermycins 

and laidlomycin) did not ha e additional claims for therapeutic feed additi e uses. 

Thus, distinctions between growth promotion and prophylactic applications are 

sometimes misleading. For example whereas control and treatment dosages of 

lincomycin and tylosin are higher than those for growth promotion it is clear from the 

Danish experience after the banning of growth promoters that the compounds at the 

lower growth promotion doses appear to help swine ward off the pathogenic effects of 

Lawsonia intracellularis and decrease the incidence and severity of ileitis and 

diarrhoea (Bager and Emborg, 2000). A recent publication reviews the current usage 

of antibiotics in livestock in the US, explaining the complex interaction of 

antimicrobials with dietary factors (A VCARE 2003). Whereas many products used 

for growth promotion and prophylaxis such as bacitracin, bamberrnycins and 

carbadox have little or no application in human medicine products used for 

prophylaxis and therapy are often closely related to antibiotics used in human 

medicine. The classes used include: 13-lactams (penicillins and cephalosporins)' 

ulphonamides with and without trimethoprim· tetracyclines· macrolides 
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lincosamides and streptogramins· and quinolones (including fluoroquinolones) (Bager 

and Em borg 2000). These have a variety of therapeutic and pre enti e applications in 

food animals (Pr scott et al. 2000 . 

2.4.6 Antibiotic use in humans and the problem of resistance 

Antibiotics are widely used to treat and to prevent infection in humans. There are 

many guidelines for their rational use and these have alwa s considered the 

likelihood of the emergence of resistance as a parameter (Phillips 1979). Such 

guidelines have been further developed as policies for antibiotic use within given 

communities ranging from individual hospitals to whole nations. Most antibiotic 

prescription in developed nations is in the hands of community medical practitioners, 

of whom there is less control than is possible in hospitals. In some countries it is still 

possible for a patient to buy potent antibiotics directly from the pharmacist without a 

medical prescription (Kariuki 1996· Tollefson 2001· WHO 2001). 

The antibiotics used in human medicine belong to the same general classes as those 

used in animals. In most parts of the world B-lactam agents (ranging from penicillin 

G to fourth-generation cephalosporins and carbapenems) play a major role, but 

sulphonamides (with or without trimethoprirn), macrolides lincosarnides and 

streptogramins fluoroquinolones tetracyclines arninoglycosides and glycopeptides 

are widely used some mainly in the community and some mainly in hospitals. 

With the range of antibiotics available it is possible to treat infection with a high 

e pectation of success. The benefits of use are clear both in the community and in 

hospitals and failures of therapy are likely to be because of such factors as 
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mi diagnosis (for example of viral respiratory infections or exacerbation of chronic 

bronchitis not caused by bacteria) or serious underlying disea e (as in the treatment of 

sepsis) or u e when clinical experience shows it to be inappropriate (a in most 

gastrointestinal infections caused by salmonellae and campylobacters). There has 

been considerable emphasis on the avoidance of such pitfalls in the pursuit of rational 

and prudent antibiotic therapy (WHO 2000). 

2.4. 7 ntimicrobial resistance surveillance 

There have been until recently few adequate international antibiotic resistance 

surveillance systems and those which exist have been driven by the interests of the 

pharmaceutical industry and are limited in scope (Bax et al. 2001). Nonetheless such 

sy terns as SENTRY MART, The Alexander Project and several others listed by 

Bax et a!. (200 1) have yielded valuable information on antibiotic resistance patterns in 

clinical isolates of resistant pathogens in different parts of the world. 

The Danish ational System DANMAP has now been reporting for seven years and 

has been uruque in trying (with varying success) to bring together in coordinated 

reports (DANMAP 97· DANMAP 98· DANMAP 99; DANMAP 2000· DANMAP 

2001· DANMAP 2002 and DANMAP 2003) reliable data on the usage of antibiotics 

and on antibiotic resistance from human and veterinary medicine and food hygiene 

(Bager 1997· 1999· 2000· Bager et a!. 2001· Emborg and Heuer 2003). Denmark 

leads the way as the country with the most valuable data on antimicrobial resistance 

in bacteria isolated from animals. The Danish Veterinary Laboratory has bad, for a 

number of years a consistent program of surveillance of antimicrobial resistance in 
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normal intestinal bacteria obtained from animals as well as in selected animal 

pathogens some significant for human health (Bager eta/. 2001· Emborg and Heuer 

2003). This work is of exceptional quality and includes detailed molecular analysis 

of genes in olved in resistance in animal pathogens (Aestrup 2000a; Aestrup 2000b· 

Jensen et a!., 2000). Their assessments of the contribution of antimicrobial growth 

promoters to resistance in important human pathogens are of particular value. 

The Danish studies found that feeding the antimicrobial growth promoter avoparcin, 

to chickens pigs and calves led to widespread resistance to vancomycin by species 

of fecal Enterococcus isolated from these animals. The finding led to the withdrawal 

of avoparcin as a growth promoter from use in Danish animals and subsequently in 

the entire E.U. The same laboratory also documented the relationship between use of 

irginiam cin as a growth promoter and resistance of enterococci to streptogramin 

antimicrobials including quinupristin-dalfopristin. The latter drug was recently 

introduced into human medicine specifically for the treatment of Vancomycin 

Resistant Enterococci (VRE). These data have been used also in the E.U. to support 

the removal in late 1999 of virginiamycin as a growth promoter (together with other 

antimicrobials: bacitracin, spirarnycin and tylosin). Also they have been used to 

document the decline in vancomycin resistance in faecal enterococci in chickens and 

pigs following withdrawal of avoparcin as a growth promoter (Bager et a!. 1999). In 

ummary the availability of very high quality Danish data, based on resistance 

surveillance with subsequent detailed investigation of specific areas once apparent 

problems are identified illustrates the value of well-designed resistance surveillance 

in support of important policy decisions on antimicrobial drug use in food animals. 
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In the USA the ational Antimicrobial Resistance Monitoring ystem (NARM ) is 

an attempt to do much the same kind of study as D NMAP and is already ielding 

aluable data (NARMS 2000· Marano et al. 2000· Terrence 2001). The Centre for 

Disease Control (CDC)- FoodNet is another source of information on the prevalence 

and resistance of food-borne pathogens (CDC 2001) as are a variety of national 

s stems that concentrate on surveillance. ARMS was established in 1 996 as a 

collaborative effort among the Food and Drug Administrations' Center for Veterinary 

Medicine (FDA CVM) the U.S. Department of Agriculture (USDA) and the Centers 

for Disease Control and Prevention (CDC). The NARMS program monitors change 

in susceptibilities of human and animal enteric bacteria to 17 antimicrobial drugs. 

Bacterial isolates are collected from human and animal clinical specimens, healthy 

farm animals and food animal carcasses. The objectives of the system include 

provision of descriptive data on the extent and temporal trends of antimicrobial 

susceptibility in almonella and other enteric organisms from human and animal 

populations· facilitation of the identification of resistance in humans and animals as it 

arises· and provision of timely information to eterinarians and physicians. The 

ultimate goal of these activities is to prolong the lifespan of approved drugs by 

promoting prudent and judicious use of antimicrobial drugs and to identify areas for 

more detailed investigation (FDA 1999). The ARMS program is designed as two 

nearly identical parts: an animal arm and a human arm. Human-origin isolates are 

submitted by 17 state and local Departments of Health for testing that is conducted at 

the ational Center for Infectious Disease CID) CDC, in Atlanta Georgia. 

Animal-origin enteric isolate susceptibility testing is conducted at the USDA 
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AgriculturaJ Research ervice's (ARS) Russell Re earch Center in Athen Georgia. 

Animal and human isolates currently monitored in ARMS are non-typhoid 

almonella Campylobacter, E. coli, and Enterococci. The CDC/NCID and 

DA/AR pro ide the ARMS results annually in comprehensive summary 

reports. Data acquired through this well-established surveillance system with other 

data were used to document the marked rise in fluoroquinolone resistance of 

Campylobacter jejuni an important cause of human diarrhoeal and other illness 

isolated from broiler chickens. This re istance has been attributed to the use of 

enrofloxac.in and sarafloxacin in the control of septicemic Escherichia coli infections 

in chickens for at least the last five years. These data were used in the "Risk 

as ssment on the human health impact of fluoroquinolone resistant Campylobacter 

a ociated ith the consumption of chicken," conducted for the U.S. FDA CVM in 

October 2000 (FDA 2001) which led to the proposal to withdraw approval for the 

u e of fl uoroquinolones in poultry in the U.S. These surveillance studies demonstrate 

the value of antimicrobial resistance surveillance in supporting policy changes based 

on scientific data. 

Much of the evidence relating to the potential for transfer of antimicrobial resistance 

from animals to man comes from a consideration of the epidemiology of zoonoses 

mainly salmonella and campylobacter infection and of what have become known as 

'indicator organisms -enterococci and Escherichia coli which cause no disease in 

animals but can cause disease in man and which might be zoonotic. The epidemiology 

of these diseases is far from simple since there are many possible sources other than 
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food animals and many routes of transmission other than food of animal origin 

(Kariuki et al. 2002). 

The important antibiotic-re istant strains in tbis context are the multiply antibiotic­

re istant salmonellae macrolide- or fluoroquinolone-resistant campylobacters 

gl copeptide- or streptogramin-resistant enterococci and multiple antibiotic-resistant 

E. coli. In all cases the hypothesis is that the food chain is the main means of 

transmission. The hypothesis is intuitively attractive and there can be no doubt of the 

existence of a hazard, but neither of these considerations means that the hypothesis is 

correct or of universal significance (Pieterman and Hanekamp 2001). 

2.4.8 Emergence of resistance in bacteria from food animals 

When antibiotics are used in animals resistance is likely to be selected in the normal 

and pathogenic intestinal flora (and in other colonized or infected body sites) and to 

increase in prevalence (Emberg and Heuer, 2003). For example in the USA where 

virginiarnycin is widely u ed as a growth promoter resistance to streptogramins is 

common in animal Enterococcus faecium (Welton e/ al., 1998) whereas avoparcin 

has not been used and appropriately mediated acquired resistance to glycopeptides is 

virtually non-existent in animal enterococci (Coque el al. 1996· McDonald et a/. 

1997; Harwood eta/. 2001). Resistance is equally likely to diminish in prevalence 

when antibiotic use is decreased or discontinued since although individual strains 

may retain resistance genes (Sbrag and Perrot, 1996· Morrell 1997) they are often 

r placed by susceptible strains when the selective pressure is removed. There is now 

evidence that both of these phenomena have occurred in enterococci in Europe in 
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r lation to the u e and discontinuation of use of growth-promoting antibiotics Bager 

et al. 2002· Van den Bogaard et al. 2000; Aarestrup et al. 2002). Recent studie 

indicate that 75% of E. faecium isolates from broiler chickens in Denmark were 

r i tant to a oparcin and thus al o to vancomycin) and some 65% resistant to 

virginiamycin (and thus to quinupristin-dalfopristin). In addition some 75% were 

resistant to avilamycin which has no current counterpart used in human medicine. 

In 2000 after the growth-promoter ban the resistance rates were less than 5% for 

avoparcin and avilamycin but remained at around 30% for virginiarnycin (Bager et 

a!. 2002). There is evidence from the USA and from orway that some resistance 

may persist long after the use of an antibiotic has been discontinued (Langlois et al. 

1986· Kruse and Simonsen 2000). The persistence of virginiamycin resistance after 

its ban has been attributed to the use of penicillin selecting for associated resistance to 

virginiamycin (Bager et al. 2002), but it has recently been suggested that the use of 

copper as a feed supplement might also co-select antibiotic resistance in E. faecium 

(Hasman and Aarestrup 2002). Such associated resistance is of general importance 

since the use of one antibacterial a gent can select for resistance to another that is 

unrelated because the two resistance determinants are genetically linked on the same 

plasmid or transposon (co-resistance) (Enne et al. 2001 ). 

2.4.9 Transfer of re i tance from animals to man 

It is well known that antibiotic-resistant bacteria that have been selected in animals 

rnay contaminate meat deri ed from those animals and that such contamination also 

declines hen the selecting antibiotics are not used. However, most of the studies of 
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the food chain ignore the fact already noted that there are potential sources of 

re i tant enterococci and Enterobacteriaceae other than farm animals given 

antibiotics. Humans themselves as well as other animals may be a source of resi tant 

bacteria ubsequentl isolated from food animals since commensals and pathogens 

(including resistant strains) can reach the general en ironment via sewage (Harwood 

et al. 2001). 

Wild animals especially rodents and birds especially gulls can acquire these 

en irorunental contaminants and pass them on ia their excreta to grazing land or to 

the foodstuffs of food animal . Multi-drug resistant enterobacteriaceae ha e been 

found in wild rodents (Mallon et al. 2002; Devriese et al. 1996, Gakuya eta/. 2001) 

and in pet animals (Devriese et al. 1996). Fish farming involves the use of antibiotics 

(although this is diminishing in Europe) and fish as food may be contaminated with 

resi tant bacteria (Bager et al. 2001). 

egetables may also be contaminated from sewage especially in countries in which 

human faeces is used as a fertilizer. Multiple antibiotic-resistant E. coli strains were 

found to be widespread contaminants of market egetables in London during the 

investigation of a community outbreak of E. coli 0157 infections (Phillips et al. 

1998· Riley et al. 1993). Furthermore antibiotics are widely used to prevent bacterial 

di eases in plants: tetracyclines and arninoglycosides are used to protect fruit trees 

from fire blight (Vidaver 2002). Streptogramin-resistant E. faecium have been 

isolated from bean sprouts from sources yet to be identified (Bager 1997; 1999). 

Genetic engineering in plants involves the use of a variety of antibiotics including 

ancomycin (Teixeira da Silva 2002). Currently there are no rigorous 
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epidemiological studies on such potential reservoirs and the assumption that they 

make negligible contributions to human enteric pathogen resistance has yet to be 

determined. 

Animals that carry or m certain cases are infected by resistant organisms are a 

hazard to those who work with them since the organisms can be transferred by direct 

contact. This is the probable explanation of the rare but well publicized finding of 

indistinguishable glycopeptide-resistant enterococci-for example in the faeces of a 

Dutch turkey fanner and his flock (van den Bogaard et a/. 1997) and of 

treptogramin-resistant E. faecium in the faeces of a Dutch chicken farmer and his 

chickens (Jensen et al. 1998a). Even in these cases, there is a possibility that both 

animals and humans acquired the strains from a common source or even that the 

organisms were transferred from man to his animals. The recent description of an 

outbreak in China of virulent but not antibiotic-resistant E. faecium infection in pigs 

and those in close contact with them seems too unusual for us to learn much about the 

epidemiology of normal enterococci (Lu et al., 2002). Isolates of enterococ i from 

human and animal faeces that have no evidence of close conventional epidemiological 

links are often different on molecular testing depending on the sensitivity of the 

method used although in these studies indistinguishable strains ha e sometimes been 

found among human and animal faecal enterococci (Descheemaeker et al. 1999; 

Harnmerum eta/. 2000· Simonsen et al. 1998; Robredo et al. 2000· Manson et al. 

2003). Recent work from Bruinsma et al. (2002) suggests that whereas human and pig 

faecal isolates of E. faecium have genetic similarities those from poultry faeces are 

different. 
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There is experimental evidence for host-species specificity among enterococci: 

ingestion of heavy inocula of strains from humans b animals (Qaiyumi et a/. 2000) 

or of animal strains by humans (Soren en et a!., 2001) does not result in their 

p rmanent establishment. In the experiment of m-ensen et a/. (200 1) ingestion of pig 

or chicken strains resulted in their excretion for a very limited period of time: in only 

one experimental subject out of 12 was the same organism detected at 15 days after 

ingestion but in none thereafter. As already noted enterococci from chickens do not 

closely resemble those in human faeces although tho e from pigs may ha e similar 

molecular characteristics to those from humans (Bruinsma et at. 2002) but this does 

not mean that humans acquire their faecal enterococci .from pigs. However on the 

basis of analyses of vanX variants on Tnl546 in E. faecium from chickens and pigs 

and humans Jensen et at. (1998b) argue that spread is indeed from animals to man 

and not ice versa. The frequency of inter-host-species spread of faecal enterococci 

remains unknown. 

The arne host-animal specificity appears to appl to E. coli. van den Bogaard et al. 

(200 1) give a good account of the history of the disagreement as to whether or not 

re istant E. coli from animals colonize and infect humans. In a study carried out by 

Parsonnet and Kass (1987) women working in a chicken abattoir when they 

de eloped urinary tract infections (UTI), rarely yielded isolates that resembled (in 

terms of antibiotic resistance patterns) those from the chicken carcasses unless the 

oman developing UTI bad been treated with antibiotics. A recent study from the 

etherlands reported that among three poultry and five farrner/slaughterer 

populations the Pulsed-Field Gel Electrophoretic (PFGE) patterns of ciprofloxacin-
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resistant E. coli in the faecal flora were quite heterogeneous but three farmers each 

had a faecal isolate of E. coli with PFGE patterns that were indistinguishable from 

those of some of the poultry isolates ( an den Bogaard et a/. 2001). As with 

enterococci in farmers and their animals it seems likely that transmission wa not via 

animal-derived food. 

Zoonoses such as Salmonella and Campylobacter infections undoubtedly can reach 

humans via the food chain but their immediate source may not be the animal fecal 

flora. In each case reports of infection traced from a farm to a human non-epidemic 

infection are uncommon. Furthermore Salmonella strains from food animals, their 

commonly assumed source for humans are often genetically different from strains 

i olated from humans (Kariuki et al. 2002; Winokur et al. 2000). 

The evidence that indicator' bacteria reach and p rsist in the human faecal flora via 

the food chain is increasingly contradictory. Although it may seem highly plausible 

that the VRE or streptogramin-resistant E. faecium found in animal faeces or meat 

derived from them and in human faeces in non-hospitalized patients are the same (van 

ben Bogaard et a/., 1997a) the fact is that isolates from human faeces are usually 

genotypically different from those in animals (except occasionally in the case of the 

fanners mentioned above) and on food (van den Bogaard eta/. 1997b· Jensen, 1998). 

In deed, a recent study shows that chicken enterococci do indeed belong to a different 

pool from those of humans and pigs (Bruinsma et al. 2002). Thus in the absence of 

adequate conventional and molecular epidemiological studies, there is no sufficient 

evidence of the extent to which resistant enterococci or E. coli from food animals are 

able to colonize the human intestinal tract. 
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2A.10 Antimic robial resi tance gene trao fer 

The ultimate defence of those who support the farm-to-clinic hypothesis is that 

provided animal organisms reach the human faeces the need to survive only for 

brief periods to pass on their antibiotic-resistance genes to resident organisms. There 

is ab olutely no doubt that transfer of resistance genes can occur and countless in 

vitro experiments have characterized the event in endless variety including among 

selected but by no means all strains of enterococci (Hammerum et al. 1998) a 

phenomenon that may also be demonstrated experimentally in the germ-free animal 

gul (Jacobsen et al. 1999 . However there have been no observatjons to detennine its 

frequenc under natural conditions--ore en if it occurs at all in the normal human 

gut with the indicator organisms from animal sources. The clearest cases of in vivo 

natural transfer have involved gut pathogens such as salmonella shigella, E. coli and 

other enterobacteriaceae. The transfer of vancomycin resistance from VRE to 

taphy/ococcus aureu under experimental conditions a decade ago (Noble et al. 

1992) has to date been reported to occur onl y twice in nature. The first case was 

recently reported in the USA related to intensive vancomycin use in humans-the 

single case of . aureus with VanA that was presumably acquired from a vancomycin­

resistant E. Jaecalis strain from the same patient (CDC, 2002a) and a second case of a 

similar nature (CDC 2002b). However it is without doubt true that although some 

genetic elements such as the transposon Tnl546 are heterogeneous both in animal 

and human faecal enterococci indistinguishable variants may be found. For example 

Jensen (1 998 found two variants of the vanX gene T and G, in human faecal 
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vancomycin-resistant E. faecium, but only Tin pig and G in poultry. On this basis 

the concluded that spread from animals to humans was the likely explanation. Jensen 

el a/. ( 1999) laterreport ed that six human isolates (one of them from an infected 

patient) carried Tn1546 variants that were indistinguishable from those common in 

pig isolates. In the UK Woodford eta/. (1998) found 10 variants ofTnl546 in human 

isolates eight only in animals but six in both and concluded that non-human sources 

cannot be excluded as a reservoir . However animal strains are not the only potential 

ource of resistance since other species with the genes responsible for the VanA 

phenotype have been found, including some in the normal intestinal flora ( undsfjord 

et a/. 2001) but it cannot be assumed that the genes have passed from these 

organisms to enterococci rather than vice versa. 

The truth about gene transfer from animal isolates of indicator organisms to human 

isolates in the human intestine (or even in other relevant sites) still remains beyond 

our grasp. The results of the Danish ingestion experiment in which no human faecal 

isolates were used other than the animal strains swallowed by the experimental 

subjects and in which no permanent carriage was demonstrated suggest that it is not 

a common event in vivo (Sorensen eta/. 2001). 

2.5 Monitoring of antimicrobial u e 

Because of the complexity of the drug distribution system (Figure 2.1) for 

antimicrobial drugs, an integrated approach combining data from several sources will 

probabl be necessary. For example the monitoring baseline could be provided by 

annual antimicrobial sales (including export) data from pharmaceutical manufacturers 
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and importation data including "own-use importation" and the importation of bulk 

chemical . A model could be de loped using information from end-users and the 

basel ine manufacturer/import data to de elop annual use estimates reported by drug 

cl and species/livestock class. End-user data could be verified by perioctic 

monitoring of antimicrobial use by producers and eterinarians. This could be done 

through a rotating sentinel site system possibly making use of quality assurance 

program records. Adctitional information from other points in the distribution system 

(e.g. Agrovets pharmacies OTC outlets and ' bolesalers) could be used to validate 

the model and/or adjust the model estimates. 

The following information is essential for a functional meaningful and 

comprehensive monitoring system on antimicrobial use: 

• volwne produced (kilograms of active ingredient); 

• volume imported. 

• olume exported· 

• quantitative data at end-use and use patterns (by species use drug region)· 

and 

• quantitative data collected at various points in the antimicrobial distribution 

system (e.g. agrovets drug wholesalers pharmacies and NGO s). 
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Fignre 2.1: Monitoring of the pattern of use of antimicrobial drug 

Pharmaceutical 
Manllactu'ers 

lf11l()rters 
ManLJttctur~. v.tdMaler&, 
vet&, prodUC&M, rflarmt£&t~ 

Distribltors 
ll\Jg ~Qie&11&r&, 

bUying ~oupa, Medmiltl, 
OTC Odlfltfi, 
~rmac&tfi, 
WJtef1naliana 

Em-Users 
Prcdueera 

WJtflf1 riutana 



54 

2.5.1 onitoring of antimicrobial drugs u ed in food animal 

2.5.1.1 Ken a 

Publicly available data on antimicrobial use in food animals are scarce in Kenya. The 

exact quantities of various antimicrobials used in animals are often unknown and 

consumption data is not collected in a manner that helps to further our understanding 

of re istance and its impact on human health. Tills gap makes it difficult to state 

which drugs are used, in what quantities, and for what purposes in various animal 

species. This gap also impedes progress in understanding the relationship between 

antimicrobial use and the emergence and spread of antimicrobial resistance among 

animal and between animals and humans. Recently attempts have been made to 

determine the consumption patterns of antimicrobial agents in food animals based on 

importation data from the pharmaceutical industry (Mitema et al 2001; Mitema and 

Kikuvi 2005). These studies provided some preliminary data on antimicrobial use in 

Kenya. To date there is no official antimicrobial use monitoring program and Kenya 

has not clearly defined the rules, roles and responsibilities of stakeholders for 

implementing such a program. 

urrently the Pharmacy and Poisons Board of the Ministry of Health is solely 

responsible for collection of data on antimicrobial use and statutory regulation of 

antimicrobial drug use. 

2.5.1.2 Monitoring practices in other countries 

ln some countries however a number of organizations including the World Health 

Organization Health Canada and the United States Department of Health and Human 
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ervices have stated that monitoring the use of antimicrobials in animals is an 

e sential component in controlling the development of antimicrobial re istance in 

bacteria affecting the health of humans and animals (WHO 200 1· Health Canada 

1997). Some of the following information is derived from the WHO Consultation on 

the Monitoring of Antimicrobial Usage in Food Animals for the Protection of Human 

Health, in Oslo Norway. 

2.5.1.2.1 Canada 

In Canada, there is, for the most part no existing mechanism by which data on the 

consumption of antimicrobial drugs by food-producing animals is collected analyzed 

and repmted (an exception is the monitoring of antimicrobial use in aquaculture feed 

by the B.C. Ministry of Agriculture Food and Fisheries (Stephen and lwama, 1997· 

Sheppard 2000). Canada differs very little from most countries in this regard. As a 

result there are no comprehensive estimates of antimicrobial consumption in 

livestock production for Canada although some data are available from targeted 

research studies (Dunlop et al. 1998; McEwen et al. 1992). 

A number of projects investigating methodologies for collecting quantitative data on 

antimicrobial use as well as the behaviour patterns of veterinarians and food-animal 

producers relative to antimicrobial use, have been undertaken by Health Canada 

(Laboratory for Foodbome Zoonoses) and various research partners including the 

University of Guelph, the Centre for Coastal Health several provincial ministries of 

agriculture, and food and livestock commodity group (Rajic et a!. 2002; Bair et al. 

2002· Reid- mith et al., 2002· Leger eta!. 2002 and Reid-Smith et al. 2001). These 
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studies provided some preliminary .information on antimicrobial use in Canadian 

li estock production and will contribute to the de elopment of a system for 

monitoring antimicrobial use in food animals. 

2.-.1.2.2 wed en 

Sweden was the first country to develop a system for monitoring antimicrobial 

consumption in animals. All veterinary use of antimicrobials in Sweden requires a 

prescription. The 1986 Feedstuffs Act restricted the use of antimicrobials to 

veterinary use only. Prescriptions can be filled only by pharmacies or feed mills, 

which are supplied by two drug wholesalers. Sales data have been available from the 

drug wholesalers and compiled by the Swedish National Veterinary Institute ( VA) 

since 1980 although the data do not report consumption by species. Species-specific 

information has been accessible since 1996 in a centralized database maintained by 

the ational Corporation of Swedish Pharmacies (Apoteket AB) which contains 

information on all veterinary prescriptions. These two sources are used to determine 

the use of antimicrobials in animals. Currently only antimicrobial use in birds is 

reported by species/class. In 1999 an additional system that records data on all visits 

by veterinarians to food animals was developed. Although this system does not 

provide information on antimicrobial use it has the potential to do so. Despite its 

early progress in recording antimicrobial use data Sweden has not clearly defmed the 

roles and responsibilities of stakeholders for implementing an antimicrobial use 

monitoring program (Greko and Odenvik 2001· ational Veterinary Institute 2001). 

weden has developed the Anatomical Therapeutic Chemical veterinary classification 
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(A TCvet) system which includes classification and codes for antimicrobial drugs. 

Thi s stem has greatly facilitated standardization in recording drug use which is key 

to providing credible accurate data and to facilitating comparisons of data from 

different jurisdictions and/or countries. The A TC et ystem has been adopted by the 

European Union and is being considered by the WHO as a possible international 

standard. It is currently administered by the WHO Collaborating Centre for Drug 

tatistics Methodology in Oslo (Greko and Odenvik 2001· Harr 2001). 

2.5.1.2.3 Denmark 

In Denmark veterinarians can only prescribe antimicrobials for use in practice or for 

re-sale to food-animal producers through a pharmacy. Denmark has developed a 

monitoring system of antimicrobial use similar to Sweden's but with more resources 

dedicated to the task. The system has two components: 1) collection since 1995, of 

antimicrobial sales data from pharmaceutical companies and importers, reflecting 

sales to eterinary drug wholesalers, and 2) collection of antimicrobial prescription 

data from veterinarians through the newly developed VETST AT system. Also 

Denmark is recording on-farm antimicrobial use beginning with dairy producers. 

Antimicrobial use data are reported annually along with human consumption data 

and animal food and human antimicrobial resistance data in the DANMAP report. 

The data are broken down by A TC code and route of administration by species 

(Bager et al. 200 1· DANMAP 2001 2002 2003). 
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2.5.1.2.4 orway 

In orway use of antimicrobials in animals require a prescription. These are filled 

b pharmacies which are supplied by drug wholesalers or feed mills authorized by 

the orwegian Medicines Agency. Sales data collected from orwegian drug 

wholesalers and registered feed mills represent all antimicrobial use in agriculture. In 

JuJ 2001 reporting of sales data from these two sources was made mandatory. 

Additionally since 1989 a program monitoring antimicrobial use in aquaculture has 

collated data from prescribing veterinarians and the dispensing pharmacy or feed mill. 

In order to augment and validate the data collected from the wholesalers and feed 

mills a program requiring veterinarians to register all prescriptions begun in 2002. 

Furthermore, orway has plans to institute on-farm recording of antimicrobial use. In 

2000, the Norwegian Zoonoses Centre in collaboration with the Norwegian School 

of eterinary cience, launched NORM-VET. This official monitoring program 

reports antimicrobial use data and antimicrobial resistance surveillance data from 

animals and humans on an annual basis (NORM/NORN-VET 2001· Grave and 

Ronning 2001). 

2.5.1.2.5 The Rest of the European Union 

In 1997 Fedesa (European Federation for Animal Health) provide information on 

antimicrobial use in Europe. Reported total sales volume was 10 494 MT of active 

ingredients. Of this, 5,400 MT(52%) was for human use 3 494 MT(33%) for animal 

health and 1 599 MT(15%) for growth promotion). They estimated that 90% of 

antimicrobials for animal use were administered in feed· 60% were used in pigs 20% 
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in poultry and rabbits 18% in ruminant and 1% each in fish and pet . Within the 

animal health category (therapy pre ention and control 66% were tetracycline, 12% 

macrolide, 9% penicillin and 12% other drugs (Schwarz and Chaslus-Dancla 2001). 

An attempt was made to compare use figures between European countries based on 

the size of animal populations (antimicrobials used by tonne of live weight of 

slaughter animals). Based on animal census and production data countries could be 

classified into three groups: in the highest use group were U.K., Greece pain and 

the etherlands· the lowest group comprised Sweden, Denmark and Finland · with 

remaining countries in the middle group. Thes,e differences were attributed to varying 

husbandry conditions but antimicrobial regulatory and distribution policie within 

countries were probably also contributing factors. Much bas happened in Europe to 

change the situation since these data were assembled including the removal of 

e eral growth promoters from the market. 

The European Union has proposed that all member states and the broader European 

ommunity should monitor consumption of antimicrobials within veterinary 

medicine. everal member states, including the U.K. France and the Netherlands 

ha e initiated programs and pilot projects to this end (Veterinary Medicines 

Directorate, 2002· Orand and Sanders, 2001· Pelican 2001). A community system to 

collect data on the supply and consumption of antimicrobial feed additives was 

initiated in January 2000 (Makela 2001 ). 
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2.5.1.6 ustralia 

All antimicrobial are imported either in end-product or bulk form. ince 1992 

importers have been required to identify the intended end use (human stock feed 

eterinary therapeutic). Data have been compiled since 1992 by the Therapeutic 

Goods Administration (TGA) (JETACAR, 1999). There are se eral data quality 

issues related to completeness and accuracy of the importation record especially 

situations in which the importer is unaware of the intended end use of imported 

antimicrobials. However the data are considered reasonably representative of overall 

con umption. At present there is neither mechanism for separating the stock-feed 

category into growth promoter and prophylactic uses nor for reporting use by 

pecies. o formal collection of enduse data has been undertaken or planned 

(JETACAR 1999; Dyke 2001). 

2.5.1.7 nited States of America 

As i the case for Canada there is no existing mechanism for the routine collection of 

quantitative data on the use of antimicrobials in agriculture. Some estimates have 

been made by various organizations. The most widely quoted estimate of total use is 

found in the 1989 Institute of Medicine (IOM) report (Comm. Health Risk Analysis 

(I OM) 1989) which estimated that approximately 50 million lb. of antimicrobials are 

produced annually in the U.S. and that approximately 50% is used in animals. Tills 

e timate was made over 10 years ago and was based on extrapolations from uncertain 

source . Recently, the Union of Concerned Scientists (UCS) a non-profit 

organization representing consumer issues, estimated that approximately 35 million 
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lb. of antimicrobials are used annually in the . . · 4.5 million lb. 9%) in hwnans and 

30.6 million lb. (87%) in animals (Mellon et al. 2001 . The vast majority (24.5 

million lb.) of this estimate was classified as non-therapeutic (e.g. growth promotion 

propb laxis) in three types of food animals: cattle swine and poultry. To estimate 

human use, UC cited outpatient prescription data from the National Center for 

Health tatistics and inpatient data from the U . . Hospital Anti-Infective Market 

Guide. For animal estimates UCS used an indirect method based on animal 

population estimates from agricultural census data coupled with expert opinion and 

the results of USDA surveys of on-farm treatment practices and lists of FDA­

approved antimicrobials. 

The FDA requires pharmaceutical manufacturers to report quantities of drugs 

marketed as part of the annual Drug Experience Report. However thi reporting 

program was not designed to be the basis of a monitoring system of antimicrobial use. 

The reports are issued for each drug based on the drug's approval date not the 

calendar year so compilation of use data is irtually impossible. Furthermore 

d mestic sales are not distinguished from export sales, and there is no information on 

animal species actual use conditions commodity distribution or geographic region 

(Tollefson 2001). 

ince 1999 the FDA and the Centers for Disease, Control and Prevention (CDC) 

ha e reque ted antimicrobial sales data from the Animal Health Institute (AHI) an 

organization that represents manufacturers of animal health products in the United 

tates. A third-party research company collects the data provided by AHI. The data 
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are categorized in three ways: kilogram (kg) of active ingredient; use -

therapeutic/preventive (14.7 million lb. or 83% of the total in the 1999 survey) or 

growth promotion (3.1 million lb. or 17% of the total)" and antimicrobial drug clas 

(aminoglycosides fluoroquinolones ionophores/arsenicals, penicillins sulfonamides 

tetracyclines). AHI has been collecting this type of data for its own use since 1 980 

(Came aile 2001). There are several issues that complicate the usefulness and 

interpretability of the AHI data. Not all manufacturer of antimicrobials for 

agricultural use belong to the AID. Also, members of the AHI are not required to give 

actual sales figures and in some cases estimates are provided. The way in which the 

estimates are derived has not been presented. In cases where a given product is 

labelled for both growth promotion and therapeutic/preventive use it is classed as 

therapeutic/preventive (Carnevalle 2001· AHI 2001). 

Antimicrobial use data are available also from the USDA's ational Animal Health 

Monitoring System AHMS). NAHMS administers surveys to food-animal 

producers covering various aspects of animal health including the use of 

antimicrobials (USDA, 2002). These surveys are conducted annually on a rotational 

basis. The data are primarily qualitative/descriptive but the mechanism could be used 

to collect quantitative data. These data cannot be used to develop total-use data but 

could be used to interpret antimicrobial sales data. 

The FDA plans to develop an official monitoring program on antimicrobial use. The 

nature of this has not been finalized. In the initial proposal the program will require 

manufacturers of antimicrobials in the U.S. to provide sales data on an annual basis. 
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The sale data will be record d on report form and returned to the FDA for analysis. 

The report forms will include the following elements: market pack container sizes and 

number of marketable units sold within the calendar year (by month) estimates of 

drug use within each labelJed species or target animal e timates for the actual dose 

regimen use and acti e drug units sold within the calendar year (b month). The 

po sibility of breaking this information down by geographic region is being 

considered. The resulting data will be reported annually while maintaining 

manufacturer product confidentiality as stated under U.S. law (Tollefson 2001). 

2.5.2 Managing antimicrobial resistance risks 

2.5.2.1 General principle 

2.5.2.1.1 Risk 

Ri k is the probability that an adverse event will occur along with its impact or 

consequences (Vose, 2000). An important role of govenunent is to decide which risks 

should be publicly managed and how best to accomplish this using legislation and 

resources. These decisions are often difficult to make and sometimes very 

contro ersial. This is especially true in situations involving new potentially serious 

ri k and where a simple widely accepted remedy is una ailable. Under these 

conditions there are ad antages to a regulatory decision-making process that is open, 

clearly communicated based on scientific evidence, and consistent with societal 

values. The Society of Risk Analysis (SRA) describes risk analysis as "a 
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fundamentally science based process that strives to reflect the realities of nature in 

order to pro ide useful information for decisions about managing ri ks" ( RA 2001 ). 

SRA guiding principles include the iew that risk analysis "seeks to integrate 

kno\ ledge about the fundamental physical biological social cultural and economic 

processes that determine human environmental and technological responses to a 

diverse set of circumstances (SRA 2001). Because decisions about risks are usually 

needed when knowledge is incomplete risk analysts rely on informed judgment and 

on models reflecting plausible interpretations of the realities ofNature." 

2.5.2.1.2 Risk management 

In the context of human health risk management is the process of choosing 

implementing and evaluating the optimal set of actions for the alleviation or 

mitigation of health risk from among the range of options available. Consideration 

should be given to societal benefits and costs of the available management options 

rele ant laws public values and results of consultation with interested parties in 

industry government, academia, and the general public. Thus in the case of 

regulatory matters risk management necessarily and properly involves "political" 

considerations. 

Ri k management and analysis are thoroughly discussed in literature (NRC 1994· 

Vo e 2000). The risk analysis structure that is accepted internationally as the model 

for setting food safety standards consist of three components; risk assessment risk 

management and risk communication (F AO 1997). 
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2.5.2.1.3 Risk a se ment 

Ri k assessment is the process of e timating the probability and impact of adverse 

health effects attributable to resistance arising from using antimicrobials for example, 

on farms. These estimates may be expressed in qualitati e terms (e.g. Jow medium 

or high)· however quantitative expression of risk is preferred whenever possible 

[e.g. expected number of human infections illnesses or fatalities per year] (May 

2000). 

2.5.2.1.4 Risk communication 

Ri k communication is the process of consultation discussion and review that seeks 

to enhance the alidity effectiveness and general acceptance of risk assessment and 

risk management. Good risk management decisions emerge when the views of those 

affected by the decision are elicited and when incentives for research, innovation and 

ri k pre ention are included. Risk communication with its participatory approach can 

potentially play a role in the proce of making complex value-added food safety 

decisions by all stakeholders (Smith and Halliwell 1999). 

2.5.2.2 Human health ri ks from residues and resistance 

Assessment of human health risk from antimicrobial residues in food is the current 

focus of safety evaluations of veterinary antimicrobials in Kenya and most other 

countries. Assessments of risk from residues in food and from resistance in bacteria 

of animal origin differ in at least two important ways: 
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(a). Drug residues are chemicals and their post-harvest concentrations in edible 

animal products do not change very much with processing and temperature 

changes. Bacteria, however are very dynamic· they can die grow, and interact 

with other organisms between harvest and eventual consumption. This has 

important implications for exposure assessment' and 

(b). Drugs are approved for intentional administration to animals and treatments 

can be scheduJed to minimize exposure to residues. Conversely, microbial 

contaminants are naturally occurring and exposure cannot be so readily 

manipulated. 

2.5.2.3 Socioeconomic impact 

Fe\i formal analy es of the econo1n1c impacts of antimicrobial use and their 

ilhdrawal from animal production have been conducted. The ban on growth 

promoters in Europe and some early data on the effects on animal production provide 

some insight into the impacts. The potential economic effects of restrictions on 

subtherapeutic antimicrobial use in the United States (U.S.) were recently assessed 

(Committee on Drug Use in Food Animals 1999). One report by the National 

Academy of Sciences (NAS) stated that producers using good management practices 

would be affected less than producers using poor management practices. The report 

suggested this was because antimicrobial drugs are most effecti e in animals living in 

poor conditions e.g. stress due to crowding and sub-optimal sanitation. Based on 

assumed 4-5 % feed efficiency/growth promotion estimated average annual per 

capita costs of a hypothetical ban on subtherapeutic antimicrobial use were U.S.$ 
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4. 4 to $9.72 (U .. $ 1.2 to 2.5 billion over the U . . population . Estimated increases 

in cot per pound\ ere lowest for chicken (U . . $ 0.013 to 0.026) and highest for beef 

and pork (U. .$ 0.03 to 0.06). 

2.5.2.4 Consumer per pectives 

On the one hand, antimicrobials have been important for the control of animal 

infections that could be spread to humans. They have allowed the consumer a safer 

more abundant and more affordable food supply than in pre ious decade , which 

ought to contribute to a healthier population. However it is argued that the 

misu e/overuse of antimicrobials in food animals is compromising our ability to fight 

certain human diseases because of the development of antimicrobial re istant 

pathogens in animals that are transferred to humans. From the consumer's 

perspective which of the current options poses the greatest risk to one's health: eating 

food that may carry drug-resistant pathogens; eating food that is "drug free" but may 

be diseased· or eating no food animals? What level of risk are consumers willing to 

tol rate? Can regulatory policy-makers give the consumer improved options by, for 

example banning the use of antimicrobials as growth promoters? 

Antimicrobial growth promoters are not used in certified "organic" animal 

production. The National Standard of Canada for Organic Agriculture specifies that 

under no circumstances should feed medications including aJ I hormones and 

antibiotics used to promote growth, be added to livestock diets (Canadian General 

Bureau of Standards 1999). Organic foods currently represent a small, but growing, 

egment of Eurpean and Canadian food production. In Sweden for example 
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con wners are making "increasing demands for more openne s tran parency and 

accountability in foodstuff production. The consumer co-operati es believe that the 

use of antibiotics as growth promoters together with intensive and industrialized 

production systems does not address consumer expectations on food safety." 

(Council ofEuropean Parliamentary Association 1999). 

2.5.2.5 Ri k analy is practices 

To the best of our Knowledge, risk assessment on antimicrobial resistance in Kenya 

has not been done. In some developed countries scientists and health authorities have 

conducted assessments of a variety of human health risks related to food and water 

safety (Lammerding and Ffazil 2000· Todd and Harwig 1996). Canada first 

published a framework for risk assessment and 1isk management in 1993 and revised 

it in 2000 (Health Canada 2000). The ''Health Canada Decision-Making Framework 

for identifying Assessing and Managing Health Risks" articulates several major 

underlying principles, (Health Canada, 2000). The framework lays out the necessary 

st ps in the decision-making process including issue or hazard identification 

ri klbenefit assessment identification and analysis of management options strategy 

adoptions implementation and follow-up. The approach outlined is similar 

conceptually, with approaches used in other countries, including that described in the 

"United States Presidential Commission/Congressional Commission on Risk 

A essment and Risk Management " (PC/CCRARM 1997). The recent "Report of 

the Committee on the Drug Review Process of the Science Advisory Board to Health 

anada" also contains information and recommendations relevant to effective risk 



69 

analysis of veterinary drugs (Committee on Drug Re iew, Health Canada 2001). 

Although focused on human drugs the reports emphasize the need for transparency 

throughout the approval proce s and the desirability of harmonization vrith other 

countries. Figure 2.2 illustrates the essential components of the decision-making 

frame ork and emphasizes the interconnectedness of all stages of the risk analysis 

process. 
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Figure 2.2: Decision-making framework 

ource: F AO, 1997. 
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Risk analysis practice in other countries 

United State 

Many of the principles and practices of risk analysis were developed in the U.S. A 

number of documents ha e been published describing applications to the 

en ironmental chemical and food safety fields (NRC 1994). The FDA "Framework 

Document" was published in 1998 and includes the essential components of a 

qualitati e risk assessment process (FDA, 1998). It pro ides for categorization of 

drugs based on their importance to human health and potential for human exposure to 

any resistant bacteria that may develop from the use of antimicrobials in animals. 

[n 1999 the FDA prepared and publicly presented a "Draft Risk Assessment on the 

Human Health Impact of Fluoroquinolone Resistant Campylobacter Associated with 

the Consumption of Chicken" (FDA, 1999a). It is an attempt to estimate, in 

quantitative terms the public health risk in one year from resistant foodborne 

pathogens due the use of antimicrobials in food-producing animals. Within the 

asses ment a mathematical model was developed that related the prevalence of 

fluoroquinolone-resistant Campylobacter jej uni infections in humans to the 

prevalence of fluoroquinolone-resistant C. jejuni in chicken which is a major source 

of C. jejuni infection in the U.S. Using data from epidemiological studies and the 

FOODNET surveillance system in the U.S. the model estimated the most likely 

number of people sick with resistant Campylobacter infections and estimated the 

possible range of fluoroquinolone-resistant C. jejuni infections that occur in one year 

in the U .. as well as which are treated with fluoroquinolones by physicians. 
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FD outl ined in a 1999 discussion document, Proposed Framework f or E aluating 

and Assuring the Human Safety of the Microbial Effects of Antimicrobial ew Animal 

Drugs Intended For Use in Food-Producing Animals, possible strategies for 

managing the potential risks associated with the use of antimicrobial drugs in food­

producing animals (FDA l999b). The Framework Document describes both pre­

appro al and post-approval approaches. The strategies include (1) categorization of 

antimicrobial drugs based on the importance of the drug for human medicine· (2) 

revision of the pre-appro al safety as e ment for antimicrobial resistance for new 

animal drug applications to include an evaluation of all uses for microbial safety· (3) 

post-appro al monitoring for the development of antimicrobial drug resistance; (4) 

collection of food animal antimicrobial drug use data· and (5) the establishment of 

r gulatory tl1resholds. The Framework Document as well as the individual strategies 

outlined, has been the subject of a number of public meetings. 

A key component of the Framework Document is the concept of categorizing 

antimicrobial drugs according to their importance for treating disease in humans. The 

Framework Document discusses 3 categories with the most important drugs being 

considered Category I. The categorization process is an integral part of assessing 

safety in that it provides a mechanism for characterizing the potential human health 

impact resulting from treatment failure due to resistance. The categorization process 

also erves to focus the greatest level of attention on those antimicrobial drugs of 

greatest importance to human medical therapy. 
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Consistent with the risk-based approach outlined in the Framework Document 

applications for antimicrobial drugs for food-producing animals will initially undergo 

an antimicrobial resistance risk assessment. This assessment will characterize the 

proposed drug product as to the potential for resistance to emerge in animals the 

potential that such resistance would be transmitted from animals to hwnans and the 

potential consequence of that resistance to human health. These factors taken together 

ill be used to characterize the overall risk that the proposed drug use in animals 

would cause antimicrobial resistance to emerge and to impact human health. 

In addition to the risk assessment, applications for antimicrobial drugs for food­

producing animals will undergo a risk management assessment. The recognition that 

the u e of antimicrobial drugs exerts microbial selection pressure focuses attention on 

the need for appropriate or judicious use of antimicrobial drugs. A principle 

con i tent with the judicious use concept is the idea that certain drugs or certain 

drug-use conditions, are more (or less) likely than others to exert pressures favorable 

to the emergence of resistance. 

Thi risk-based approach to characterizing antimicrobial drugs is consistent with the 

ba ic concepts outlined in the Framework Document (FDA 1999b). That is risk 

management steps would be scaled to account for differing levels of risk associated 

with certain drugs and certain drug use conditions. Based on the conclusions of the 

antimicrobial resistance risk assessment completed prior to drug approval, the defined 

ri k may be most appropriately managed for example by approving only limited use 

conditions for a particular drug entity. Use restrictions may include limitation 
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regarding product marketing status extra-label use pro 1s1 ns or do age and 

administration instruction . 

In 2000 the FDA extended its risk assessment to risk management with publication 

of "An Approach for Establishing Thre holds in Association with the se of 

Antimicrobial Drugs in Food-Producing Animals" (FDA 2000). It identifies the 

concept of a resistance threshold in humans beyond which the risk of illness in people 

is no longer acceptable, and describes in detail a proposed methology for determining 

such thresholds. In 1989 the National Research Council (NRC) Institute of Medicine 

published a risk assessment entitled "Human Health Risks with the Subtherapeutic 

Use of Penicillin and Tetrac clines in Animal Feed" (NRC, 1989). This assessment 

used methods simi lar conceptually to the more recent FDA assessment. The former 

as essment focused on the annual number of human fatalities attributable to 

resistance in Salmonella infections from in-feed medications. 

2.5.2.6.2 Europe 

In July 1999 the European Medicines E aluation Agency (EMEA) Committee for 

eterinary Medicinal Products published a qualitative risk assessment of Salmonella 

Typhimurium and the quinolone I fluoroquinolone class of antimicrobials in the E.U. 

(EMEA 1999). pecifically the ass ssment addressed the following question: "What 

is the risk of adverse human health effects consequent upon the development of 

antibiotic resistance to fluoroquinolones inS. Typhimurium which is due specifically 

to the use of fluoroquinolones as veterinary medicines in farm livestock?" A number 

of potential risk pathways were exrunined, with the result that the probability of 
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ad erse health effects was considered low but with a high degree of uncertainty 

o erall. 

2.5.2.6.3 United Kingdom 

The U.K. has had more than its share of food safety crises. It has recently re iewed its 

risk procedures and use of expert ad isory groups (May 2000 . In essence these 

reviews highlight the varied approaches that exist in risk practices associated with 

food safety and the need to closely link the essential stages of risk analysis 

( communicatio~ management, and assessment). The reviews noted improvements in 

the openness and accessibility of U.K. risk procedures but stated that 

communications could be better. It was emphasized that distinctions between 

voluntar and involuntary risks and the needs of vulnerable groups required greater 

recognition. A number of best practices for committees ad ising the government on 

risk were also laid out. 

2.5.2.6.4 Office International des Epizooties 

The Office International des Epizooties (OlE) ad hoc group on antimicrobial 

r sistance published a draft set of guidelines entitled "Risk Analysis Methodology For 

The Potential Impact On Public Health Of Antimicrobial Resistant Bacteria Of 

Animal Origin" (OlE 2000). It contains detailed descriptions of the principles of risk 

analysis and a general description of good risk analysis practices related to 

antimicrobial resistance. 
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2.-.1.6.5 The "precautionary principle" 

The precautionary principle stipulates that risk reduction actions should not await 

cientific certainty. The E.U. interpretation of the precationary principle presupposes 

there could be negative effects from a process or practice. If after scientific 

as e sment there remains sufficient uncertainty of the risk it warrants precautionary 

action (EC 2002). The decision to act or not i.e. take risk management action often 

weighs the political consequence of each option. In theory, the precautionary 

principle is consistent with qualitative risk analysis howe er other countries outside 

of the E.U. are suspicious that the precautionary principle could be used in ways that 

are inconsistent with existing trade agreements. 

2.5.2.7 Risk assessment- classification of human health risk of antimicrobials 

used in food animals 

A ariety of methods may be used to assess resistance risk, including description and 

enwneration of documented cases of human illness, analysis of disease data from 

resistance surveillance programs extrapolation from animal experiments, or use of 

models of human exposure and disease (Baillers and Travers 2002). Careful tudy of 

naturally occurring illness in humans is the traditional and perhaps most reliable 

method· however it is se erely constrained in many situations by the limits of our 

technical ability to correctly correlate illness with exposure to hazards e.g. resi tant 

bacteria arising from antimicrobial treatment of food animals. Scientific data for risk 

assessments may be assembled from a variety of sources including published 
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scientifi c literature government reports or from industry. Unfortunately unlike the 

clear! defined mechanism for ascertaining the toxicological safety of drug residues 

in food, no such predicti e models currently exist to precisely estimate the rate and 

extent of bacterial resistance that may emerge from the use of antimicrobial drugs in 

food animals. Despite the current lack of such models certain information can be 

generated to support a pre-approval antimicrobial resistance safety assessment. 
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CHAPTER THRE 

3.0 DETERMINATION OF A TIMI ROBI L ON MPTION IN 

FOOD ANIMAL 

3.1 INTRODUCTION 

Antimicrobial agents are commonly used in the food animal indu try for the treatment 

of bacterial and protozoal infections proph lactic use in intensive animal rearing or 

for growth promotion purposes. Increasing le els in bacterial antibiotic resistance 

have renewed interest in obtaining relevant antibiotic consumption data from human 

and food animal industry. Standard methodology for calculating drug consumption 

has been de eloped during the pa t 20 year by the WHO through its collaborating 

center for Drug tatistics Methodology (Oslo Norway). These data are essential for 

risk analysis and planning and can be timely in interpreting AMR surveillance data. 

Resistance to the effects of antimicrobial drugs is a serious problem in the world 

toda . The problem often referred to as antimicrobial re istance or AMR threatens 

the ability to treat infections in humans and animals. The World Health Organization 

(200 1) reports indicate that there are serious problems with microbial resistance to 

frontline drugs used to combat di ease causing pathogens. The resistance problem is 

most acute in the case of bacterial infections. 

Although our traditional response to the de elopment of antimicrobial resistance is to 

use different often new drugs to treat the disease this approach is no longer tenable 

because the supply of new effective, safe and affordable antimicrobial agents is 

expected to diminish in the future. Thus the protection of the antimicrobial drugs 
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now a ailable is ine itable in order to minimize resistance impacts on our health and 

econom ies. Although emergence of AMR occurs whenever antibiotics are u ed 

evidence indicates it can be slowed by prudent u e of antimicrobials and better 

infection control (Bager et al. 2002). 

Prudent antimicrobial use maximizes therapeutic effect while minimizing resistance. 

With respect to clinically important infections in food animals and humans most 

resistance problems probably arise from direct use of antimicrobials. enous 

questions have been raised about the inappropriate use of antimicrobials for treatment 

of viral infections, non-prescription use in some countries and incomplete treatment 

courses (WHO 2001; Dept. of Health UK, 1998· Harrison and Lederberg 1998). 

Clearly improvements can be made in how antimicrobials are used in human and 

veterinary medicine (Bager, 1997). 

Inevitably however, when considering the use of antimicrobials in Kenya and the rest 

of the world attention turns to the use of antimicrobials in agriculture. In countries 

where reliable data are available upto 50% or greater of the total volume of 

antimicrobials produced or imported in these countries are administered to animals 

(D NMAP 2003). Previously, a significant proportion of antimicrobials were used 

in food animals for growth promotion and disease prophylaxis (Bager 1997). 

A lR is an international problem; resistant bacteria are carried easily between 

countries by travellers animals food, and other carriers. Most solutions to the 

problem. howe er, are necessarily national or local in scope because they involve 

government regulation or changes in prevailing fanning practices. The European 

nion (EU) for example banned four drugs (avorpacin virginiamycin tylosin and 
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olaquindox) for use as growth promoters because they are also used for therapy in 

humans and animals and recently announced plans to eliminate remaining growth 

promoters by 2006. However antimicrobials of critical importance to human 

medicine (e.g. fluoroquinolone cephalosporins) are still u ed in the E.U. for the 

treatment of food animals (DANMAP 1999· McEwen, 2001). The United Stat s is 

taking a somewhat different approach by focusing its regulatory efforts on reshaping 

the approval process for new drug applications. Recently the U.S. used quantitati e 

risk assessment to guide its decision to seek revocation of approval of a 

fluoroquinolone for therapy in poultry (FDA 1999). Australia also recently examined 

its antimicrobial programs and policies and made recommendations aimed at 

impro ing regulatory controls, surveillance infection prevention education and 

research (JET ACAR 1999) while Canada established a national surveillance system 

to monitor antimicrobial resistance and use in the agri-food and aquaculture sectors 

(Health Canada 1997). In the year 2000 British Columbia and Ontario introduced 

antimicrobial resistance monitoring programs (Provincial Healthcare Office, BC 

2000· Healthcare Ontario, 2001). 

Denmark is seen as the leading country in the world in reducing antimicrobial u e in 

animal production (Bager 1997· Bager et al. 2001). It banned the use of avoparcin in 

May 1995 and issued the regulations restricting eterinarians sale of antimicrobials 

to farmers and the use of antimicrobials for production enhancing purposes. ln 1998 

Danish farming organizations determined to voluntarily withdraw animal growth 

promoters ( GPs). By 1999 AGPs were also phased out in weaner pigs. Today, all 

the GPs ha e been banned from use in food animals except four of them 



81 

avilam cin flavom ci~ salinomycin and monensin m Denmark and other E 

countries. The Danish Integrated Antimicrobial Resi tance Monitoring and Research 

Program (DANMAP) has been publishing an annual report on consumption of 

antimicrobial agents and occurrence of antimicrobial resistance in bacteria from food 

animals food and humans in Denmark since 1997. The purpose of the D MAP is 

to monitor the changes in antimicrobial use and antimicrobial r sistance before and 

after the ban of AMGPs. 

In Kenya, data on antimicrobial usage in food animals is scanty. To date, there are 

only two reports on antimicrobial consumption in humans and food animals (Mitema 

et al. 2001 · Mitema and Kikuvi 2004). These studies document antimicrobial 

consumption among food animals in Kenya for the period 1995 to 1999. Also a 

number of studies have reported antimicrobial resistance in humans (Chunge et al. 

199-; Kariuki eta/., 1997· Graham et al. 2000; Kariuki et al. 2002) as well in food 

animals (Bebora eta/. 1994; Ombui et al 1995). In spite ofthese reports the impact 

of antimicrobial use in food animals on the emergence of AMR has not been studied. 

Since antimicrobial resistance eventually develops in bacteria hosted by animals 

when antimicrobials are administered to animals bacteria including those resistant to 

antimicrobial drugs, spread from animals to humans. However the overall magnitude 

of the impacts of antimicrobial resistance on human health has yet to be determined. 

Moreover the contribution of antimicrobial usage in food animals to the development 

of AMR remains unknown. 

Therefore the aim of this study was to generate data on antimicrobial consumption in 

food animals in Kenya for the period January, 2000 to December 2001 as a follow-up 
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of previous studies. These data was correlated with antimicrobial resistance data from 

indicator bacteria isolated during the same period. This information is necessary· 

a) for the interpretation of antimicrobial resistance surveillance data from 

human animal food and environmental sources· 

b) for the development and evaluation of programs designed to contain 

antimicrobial resistance and to maintain and promote a whole orne and 

nutritious food supply for human consumption. 

c) for use in risk analyses relating to the use of antimicrobials in food-animal 

production and the protection of human health· and 

d) for use in identification of agricultural antimicrobial use practices that are 

likely to result in the development of antimicrobial resistance of veterinary or 

human medical significance. 
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3.2 MATERIAL AND METHOD 

3.2.1 Sources of data 

Mo t of the data on antimicrobial u age in animals was based on drug imports by the 

pharmaceutical industry. These data representing the volume of drugs imported from 

o erseas as well as those locally manufactured was collected from the official 

records of the Pharmacy and Poison s Board (PPB) registry of the Ministry of Health. 

The PPB has the legal responsibility for monitoring the importation and consumption 

of all human and veterinary medicinal products in Kenya. 

3.2.2 Data collection 

Data was collected as previously described by Mitema et al. (2001). The name (brand 

and generic), quantities (number of ials or packs) including potency of 

pharmaceutical preparation imported for sale or manufactured for local use were 

recorded for each antibiotic antimicrobial class or combination. 

Data collected for each antimicrobial product included the following information: 

name of importing or manufacturing company date of importation or manufacture 

brand name of the product generic name (non-proprietary name) do age form 

(solution/ suspension/ powder/ bolus) and route of drug administration (oral/ 

parenteraV intramammary/ topical) amount or quantities (kilogrammes) of active 

ingr dients of each antimicrobial class intended use of antimicrobial agent (specific 

th rapy/ prophylactic therapy or growth promotion) and target species for instance 

large animals (cattle, sheep goats pigs) or poultry. Antimicrobials were classified in 

accordance with the international classification system for drug consumption studies 



84 

(A TC) code maintained by the WHO Collaborating Centre for Drug tatistics and 

Methodology. Antimicrobial classess were categorised as either: Beta-Jactams 

(penicillins and cephalosporins) tetracyclines sulfonarnides and trimethoprim 

(including combinations) aminoglycosides macrolides and Jincosamides quinolones 

and others (e.g. tiamulin and nitrofurans). 

4.9 Data analysis 

The results from data collected for each antimicrobial product were stored in a 

resistance database (Microsoft Excel). Amounts of antimicrobial agents were 

calculated in kilograms of active ingredient for each of the specific variables like 

antimicrobial class intended use of antimicrobial agent route of administration and 

target species. All manipulation of data and evaluation of results were carried out 

using Microsoft Excel. 
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3.3 RESULTS 

3.3.1 Trend in consumption of animal antimicrobial agent 

3.3.1.1 Overall consumption 

In Ken a, all antimicrobials used in food production from January 2000 - December 

2001 were imported from o erseas countries. Table 3.1 shows the trend from 2000 

and 200 I in the consumption of antimicrobial used in production animals. During the 

tudy period the annual increase of total antibacterials for systemic use (ATC group 

JO I. 2004 definition) a eraged 5 400 kg. The quantity of antimicrobial used in food 

animals increased by 54.7 % to an estimated 15,234 kg acti e compound. The 

increase was mainly in quinolones and to a lesser extent in tetracyclines. The 

veterinary consumption of fluoroquinolones increased by 2500 % from 200 kg in 

2000 to 5204 kg in 2001. The consumption of tetracyclines increased by 6.4 % from 

8,48 1 kg in 2 000 to 9 020 kg in 200 l . The consumption of sulfonamides decreased 

by 21 % from 148 kg to 117 kg in 2001 while aminoglycosides consumption 

declined by 60 %, from 318 kg to 127 kg in 2001. The consumption of penicillins 

including Extended Spectrum Beta-lactams) marginally increased by 4% from 520 

kg in 2000 to 540 kg in 2001. 

The mean antimicrobial consumption and percentage mean antimicrobial usage for 

the two-year period (2000 - 2001) is shown in Fig.3.1 and Fig. 3.2 respectively. 

Tetrac cline was the most prescribed antibiotic class during the study period. A mean 

total of 8 751 kg (69.8 %) was consumed per year. In this class, oxytetracycline was 

the only tetracycline administered during the study period. Fig. 3.3 shows the 
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per entage mean oxytetracycline consumption per ear of various food animals. The 

mean total oxytetracycline consumption per year was 8 499 kg (97.1 % for Large 

animals 193 kg (2.2 %) for poultry and 59 kg (0.7 %)for both poultry and large 

animals. Approximately 98 % (8 505 kg) of mean oxytetracycline consumption per 

year in food animals was used for specific therapeutic purposes while 2.4 % (211 kg) 

was used for prophylactic purposes. Similarly 97 % (8 499 kg) was admini tered 

parenterally and only 3% (252 kg) was given orally. 

The mean consumption per year for the fluoroquinolones (2 702 kg) represented 21.6 

% of total antimicrobial consumption. Quinolones consumption comprised of 2 575 

kg 95.3 %) of enor:floxacin, 70 kg (2.6 %) of flumequin and 57.2 kg (2.1 %) of 

norfloxacin. 

The mean annual consumption for the Beta-lactams was 530 kg representing 4.2 % 

of antimicrobial consumption during the study period. The mean penicillin 

consumption was 487.5 kg (92 %) while mean consumption for ampicillin and 

cloxacillin was 25 kg (4.7%) and 17.5 kg (3.3 %) respectively. 

The mean consumption per year for the arninoglycosides was 222 kg this amount 

represents 1.8 % of mean total antibiotic consumption per year during the study 

period. ln this class streptomycin consumption was 103 kg (88.7 %) while neomycin 

consumption amounted to 13 kg (11.3 %). With regard to sulfonamides the 

percentage mean total consumption per year during the study period was 

approximately 1 %. The mean annual consumption (117 kg) consisted of 94 kg (80.3 

% of sulfadiazine and 23 kg (19.7 %) oftrimethoprim. 
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Th percentage mean antimicrobial consumption per year among various food 

animals is shown in Table 3.2. Approximately 9 232 kg was intended for 

consumption by large animals (cattle, shoats and goats , 2 886 kg and 422 kg was 

meant for large animals and poultry (LAP) and poultry alone respectively. These 

quantities represented 74 %in large animals, 3 %in poultry alone and 23 %in both 

large animal and poultry. 

The percentage mean antimicrobial consumption per year in food animals according 

to intended use was about 98 % (12 300 kg) for specific therapy while approximately 

2 % (208 kg) was used for prophylactic purposes. With respect to administration 

route 76% (I 0 371 kg) of the total antimicrobial consumption for systemic use was 

intended for parenteral use while 24 % (3 355 kg) was intended for oral 

administration. 

3.4.2 Antimicrobial consumption by oral administration 

The arious data for oral antimicrobial use in food animals is shown in Table 3.3 and 

Figure. 3.4. Approximately 82% (2 754 kg) of mean oral antimicrobial prescription 

was administered in both large animals and poultry while 18 % (601 kg) was 

administered to poultry alone. Moreover about 75 % {2,337 kg) of mean total oral 

consumption was administered for specific treatment while 25 % (762 kg) was 

administered for prophylactic purposes. 

\l ith respect to various antimicrobial classes fi e antimicrobials were administered 

u ing the oral route to the various food animals during the 2-year period. The 

percentage mean consumption per year was as follows: 2 702 kg (80.5 %) of 
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fluoroquinolones 459 kg (10.6 %) of oxytetracycline 180 kg (5.4 %) of nitrofuran 

and 117 kg (3.5 %) of sulfonamide+ trirnethoprim (Fig. 3.4). Tiamulin consumption 

was le than 1 %while the beta-lactams aminoglyco ides and macrolide antibiotics 

\Vere not administered orally. 
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Fig 3.1. Mean antimicrobial consumption (Kg) per year in food 

animals in Kenya during 2000-2001. 
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Fig. 3 .2. Percentage mean antimicrobial consumption per 

class per year in food animals in Kenya. 
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-------
Fig. 3.3. Percentage mean oxytetracyclin con umption 

per year among the various food animals in Kenya. 
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Fig. 3.4. Percentage mean oral antimicrobial 

consumption per year admini tered in food 

animals in Kenya, 2000-200 l . 
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itrofurans. 
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Table 3.1: Total consumption of antimicrobial agents (kg) for treatment of fo d 

animal during 2000-2001 Kenya 

ATC group compound 2000 2001 Mean 

QJOlAA Tetracycline 8481 9020 8751 

QJO 1 CE Penicillins, B-lactamase sensiti e 504 521 513 

QJOIC Other penicillins 18 18 18 

QJO l Sulfonamides + trimethoprim 148 86 117 

QJOIMA Fluoroquinolones 200 5204 2702 

QJOIG Aminoglycosides 318 127 222 

QJOIXX Tiamulin 2 1 2 

Others (nitrofurans) 174 185 180 

Total 9845 15234 12540 
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Table 3.2: Amount (kg) and percentage of antimicrobial agent consumption in 
food animals in Kenya, 2000-2001 

Category Mean (Kg Percentage %) 

pecies 

Large animals 9232 74 

Large animals & Poultry 2886 23 

Poultr 422 3 

Intended use 

Prophylaxis 208 2 

pecific treatment 12300 98 

Route of administration 

Parenteral 10371 76 

Oral 3355 24 
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Table 3.3: Total con wnption of antimicrobial agents (kg admini tered orally for 

treatment of food animals in Kenya 2 000-2 001. 

A TC group compound Period (Year) 

2000 2001 Mean 

QJOlAA Tetracycline 459 251 355 

QJOlCE Penicillins B-lactamase sensiti e 0 0 0 

QJOlC Other penicillins 0 0 10 

QJO l Sulfonarnides + trimethoprim 148 86 117 

QJOlMA Fluoroquinolones 200 5204 2702 

QJOlG Aminoglycosides 0 0 0 

QJOIX:X Tiamulin 2 2 

Others (nitrofurans) 174 185 180 

Total 983 1528 3355 
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Table 3.3: Total consumption of antimicrobial agents (kg) administered orall for 

treatment of food animals in Kenya 2000-2001 . 

A TC group compound Period (Year) 

2000 2001 Mean 

QJOlAA Tetracycline 459 251 355 

QJOlCE Penicillins B-lactamase sensitive 0 0 0 

QJOlC Other penicillins 0 0 10 

QJOl Sulfonamides + trimethoprim 148 86 117 

QJO IMA Fluoroquinolones 200 5204 2702 

QJ01G Aminoglycosides 0 0 0 

QJOlXX Tiamulin 2 2 

Others (nitrofurans) 174 185 180 

Total 983 1528 3355 
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3.4. DISC S ION 

Total antimicrobial conswnption m food animal increa ed b 55 % in 2001 

compared to 2000. However mean consumption during thi period declined by 

almo t 16 % when compared to mean consumption between 1995-1999 (Mitema et 

al .. 2001). Tetracyclines constituted 70 % of total antimicrobial consumption 

fluoroquinolones 22 %, penicillins 4% aminoglycosides 2% and sulfonamides 1 %. 

When compared to the report (Mitema et al. 2001) of a previous study on 

antimicrobial consumption in food animals this study indicates increasing trends in 

oxytetracycline (55 % to 70 %) and fluoroquinolone (0.6 % to 22 %) usage and 

declining trends in sulfonamides (21 % to 1 %) penicillin. (6 % to 4 %), 

aminoglycosides (7 % to 2 %) and macrolides (0.24 % to 0 %) consumption in food 

animals. 

In Ken a veterinary consumption of fluoroquinolone appears to be on the increase 

despite reduction levels of consumption in Europe and USA due to legal restrictions. 

Excessive administration of antimicrobial agents through the oral route can lead to 

selection of resistant bacteria of the gut resulting in development of AMR strains. In 

thi study 24 % of total antimicrobial consumption was administered orally· 

quinolones and tetracycline accounted for nearly 81 %and 11 % respectively of total 

oral antimicrobial consumption. The increase in fluoroquinolone consumption 

occurred mainly in large animal and poultry and was associated with specific 

treatment. On the other hand the increase in oxytetracycline usage occurred only m 

large animals parenteral administration and for specific treatment purposes. 
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The dramatic increase in fluoroquinolone consumption in 2001 was unlikely to be due 

to either change in treatment regimens (i.e. increased doses or longer duration of 

treatment or increased incidence of infections) or an increase in animal production. It 

is more likely explained by a markedly reduced price per defined animal daily dose 

(ADD) due to the influx of generic fluoroquinolones and the increasing levels of 

sulfonamide resistance. The significant increase in fluoroquinolone consumption in 

food animals in Kenya in 200 l calls for a closer surveillance of consumption and its 

effect on possible emergence of fluoroquinolone resistance. The Center for 

Veterinary Medicine of the Food and Drug Administration (FDA) bas banned the use 

of fluoroquinolones m poultry following evidence of development of 

fluoroquinolone-resistant Campylobacter bacteria in poultry· and that these 

fluoroquino lone-resistant Carnpylobacter bacteria are transferred to humans and 

causes the development of fluoroquinolone-resistant Campylobacter in humans 

(FDA 1999). 

Data on antimicrobial consumption from various countries is rather scarce. However 

surveillance data from Nordic countries has been available since 1994 and indicate 

that total antimicrobial usage (including those used for both growth promotion and 

treatment purposes) has declined markedly. DANMAP reports indicate that in 1994, a 

total of 206 000 kg of active compound of Animal Growth Promoters (AGPs) and 

therapeutic antimicrobials were used in Denmark (DANMAP 1997). By the year 

2000 the total antimicrobial usage fell to 80 600 kg of active compound which 

repre ents a 61% reduction. In 1999 the therapeutic antimicrobial use in Denmark 

' as 61 900 kg of active compound but this amount went up to 80 600 kg in 2000 
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hich represents a 30% increase. This increase in therapeutic antimicrobial use was 

associated with the increase of oral compounds mainly tetracycline and 

macrolides!lincosamides (DANMAP 2000· DANMAP 2001). 

The use of fluoroquinolones in food animals in the Danish animal production slightly 

increased from 1999 to 2000 and remains at a much lower level than in 1998 

(DANMAP 1988). The total use of active compound of fluoroquinolones was 

slightly over 400 kg in 1998 150 kg in 1999 about 165 kg in 2000 decreasing to 14 

kg in 2002 (DANMAP 2002; 2003). It was reported that the reduction of 

fluoroquinolones use was accompanied by a decline in quinolone resistance among E. 

coli 0149 isolated from young pigs with diarrhoea. 

In 1997 Fedesa (European Federation for Animal Health) provided information on 

antimicrobial use in Europe. Reported total sales volume for the European Union was 

10.5 million kg of active ingredients. Of this 5.4 million kg (52%) was for human 

use 3.5 million kg (33%) for animal health and 1.6 million kg (15%) for growth 

promotion). They estimated that 90% of antimicrobials for animal use were 

administered in feed; 60% were used in pigs 20% in poultry and rabbits 18% in 

ruminants and 1% each in fish and pets. Within the animal health category (therapy 

prevention and control) 66% were tetracycline 12% macrolide 9% penicillin and 

12% other drugs (Schwarz and Chaslus-Dancla 2001). In the etherlands Veterinary 

consumption of antimicrobial agents was estimated at 300 000 kg (van den Bogaard 

1997) 

ln the United states the most widely quoted estimate oftotal use is found in the 1989 

Institute of Medicine (I OM) report (Committee on Human Health Risk Assessment 
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IOM. 1989) which estimated that approximate! 11.4 million kg of antimicrobial are 

produced annual! in the U. . and that approximately 50% is used in animals. 

Recent! , the Union of Concerned cientists (UC ) a non-profit organization 

representing consumer issues estimated that approximately 16 miWon kg. of 

antimicrobials are used annually in the U.S.; 1.5 million kg (9%) in humans and 14 

million kg (87%) in animals (Mellon el al 2001). Approximate! , 11 million kg (70 

%) of this estimate was classified as non-therapeutic (e.g., growth promotion and /or 

proph laxis) in three types of food animals: cattle, swine and poultry. 

Th se consumption patterns are distinctly different from Kenya where according to 

the present study 98 %of antimicrobial agents were used for specific therapy. 

This study indicates that conventional AGP s were hardly used in food animals 

during the study period. These results are in agreement with previous observations 

Mitema et al. 2001). Hence, the use of antimicrobial agents for growth promotion 

purposes in food animals if it hardly occurs perhaps utilizes water-soluble oral 

antibiotics for exam pie oxytetracyclines and sulfona.rnides. 

Currently, actual levels of antimicrobial consumption in food animals in Kenya 

relati e to production figures remain relati ely unknown because available 

antimicrobial consumption data is currently ba ed on importation figures alone. Yet, 

these data are needed to interpret trends in resistance over time to assess the impact 

of resistance on human health, and for development and evaluation of programs 

de igned to contain antimicrobial resistance. Given the way that antimicrobial agents 

are distributed and used in the Kenyan food production industry, an integrated 

approach combining antimicrobial consumption data from several sources (end-users) 
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will be necessary. These should include annual antimicrobial sales data from 

pharmaceutical manufacturers importation data periodic monitoring of antimicrobial 

use by farmers and veterinarians, and information from other points in the distribution 

s tern (e.g. agrovets pharmacies wholesalers and GO s). 

In conclusion this study indicates increasing le els m tetracycline and 

fluoroquinolone usage and declining trends in sulfonamides in food animals in 

Kenya. 
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CHAPTERFO R 

4.0 PHE OTYPIC AND GE OTYPIC CHARACT RIZATION OF 

TIMJCROBIAL RE ISTANCE IN E. COLI I OLATE FROM FOOD 

ANIMALS 

4.1 INTRODUCTION 

The emergence and dissemination of antimicrobial resistance in bacteria has been 

well documented as a serious problem worldwide (WHO 2000). Problems associated 

with the presence of antibiotic-resistant bacteria have reached epidemic proportions in 

recent years with cost estimates exceeding $4 billion in the United States alone 

(Boyce et al. 2001· Jones et al. 2003). As a consequence antimicrobial-resistant 

bacteria are selected for thereby posing a critical public health threat in that 

antimicrobial treatment efficacy may be reduced. The spread of antibiotic-resistant 

ba teria in the environment is dependent on the presence and transfer of resistance 

genes among microorganisms mutations and selection pressure to keep these genes 

in a population. The causes and effects of antibiotic overuse are aried. One of the 

most controversial applications of antibiotics however is for growth promotion in 

livestock, and this application has raised concerns about its contribution to the 

pre ence of resistant bacteria in humans (Aarestrup et al. 2001· Wegener et al. 

1999). 

T date there has never been a program of systematic monitoring of antimicrobial 

re istance of bacteria originating from food animals in Kenya and there are no 

preliminary attempts to develop a systematic monitoring program. Data on resistance 
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in bacteria derived from food animals when available tends to b highly fragmented 

and opportunistic. Moreo er in most studies the bacteria are from diagnostic and 

re earch ubrnissions· therefore they are not systematically collected and the findings 

rna be biased due to lack of geographical representation. 

The reports of Kenya Medical Research Institute (Kariuki et al. 1997 1999) provide 

a possible exception to the above. The center conducts ongoing monitoring of 

serovars of Salmonella isolated from animals including the highly virulent 

almonella Typhimurium definitive phage type DT 104 (Kariuki et a/. 2002; 

Kariuki et al. 2005). Typically data on antimicrobial resistance in Kenya for animal 

pathogens has addressed resistance only in the context of efficacy (or lack of it) on 

treatment of infections in animals. Therefore these data may not be representative of 

exposure to antimicrobial resistance in the food chain. 

With the worldwide progressive increase in AMR, treatment of bacterial infections 

has become increasingly difficult. In Kenya aminopenicillins oxytetracycline, 

trimethoprim-sulfonamides and, to a lesser extent the arn.inoglycosides streptomycin 

and dihydrostreptomycin are the usual antimicrobials used in food animals (Mitema et 

al., 2001)· however with the appearance of increased multi-drug resistance 

flouroquinolone usage is on the increase. 

The dissemination of antibiotic resistance genes among bacterial strains is an 

increasing problem in infectious diseases. Many antibiotic resistance genes are 

located on plasmids and/or transposons enabling their transfer among a variety of 

bacterial species (Roberts 1996). In recent years, another mechanism of resistance 
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gene dissemination has been discovered. That mechanism invol es a D A element 

that mediates the integration of resistance genes by a site-specific re combinational 

mechani m. This newly recognized D A element. called an integron either is found 

as part of a transposon within the Tn21 family or is found independently on several 

groups of broad-host-range plasmids. Class 1 integrons possess two conserved 

egrnents separated by a variable region (VR) which includes integrated antibiotic 

resistance genes or cassettes of unknown function (Recchia and Hall 1997). The 3' 

conserved segment contains the qacE and su/1 genes and an open reading frame 

(ORF) called orf5. The qacE and sul! genes determine resistance to ethidium bromide 

and quaternary ammonium compounds and resistance to sulfonamide respectively 

(Recchia and Hall 1997). 

In Kenya a relative paucity of information exists regarding antimicrobial resistance 

in E. coli from food animal sources. The distribution of antimicrobial resistance genes 

and presence of integrons remains unknown. Therefore in this study, antimicrobial 

susceptibility profiles were determined for E. coli isolates of food animal origin. The 

primar objective was to characterize the extent of antimicrobial resistance in these E. 

coli isolates from cattle, swine and poultry. Moreover E. coli strains from these food 

animals were also characterized for their genotypic resistance gene profiles. 
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MATERIAL AND METHODS 

4.2.1 Animal ampling 

A total of 55 (12 %) out of 472 cattle slaughtered at Dagoreti slaughter houses 

airobi) during the study period and 58 swine slaughtered at dumbuini 

slaughterhouse (Kiambu district) were sampled. Fecal and carcass s abs were 

obtained from cattle and swine after evisceration from the slaughter line. In addition 

ixty-n.ine (69) live chickens were sampled at various markets around Nairobi and 59 

cloacal swabs and 10 pharyngeal swabs were obtained. All collected samples were 

inoculated into Stuart s transport medium and transported to the laboratory in cool 

boxes. 

4.2.2 Isolation of E. coli 

Upon arrival at the laboratory approximately two milliliters of Stuart s transport 

medium containing the specimen were inoculated into peptone water (Oxoid 

Hampshire England) and incubated at 3 7°C for 24 hours for enrichment A loopful of 

each specimen was then subcultured onto Eosin methylene blue (EMB) agar (Oxoid 

Hampshire England) a selective medium for E. coli and then incubated at 37°C for 

24 hours. Typical E. coli colonies appear dark centred with or without a characteristic 

green metallic sheen. 
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4.2.3 Identification of E. coli 

ldentification of E. coli was done using both cultural and micro copic charact ri tics 

and confirmed using the following biochemical tests in accordance to Food and Drug 

Administration -Bacteriological Manual ( 1998). 

4.2.3.1 Indole production 

E. coli test organisms were inoculated into 5 ml of sterile 1.0 % w/v tryptone (Oxoid 

Hampshire England) and incubated at 37°C for 24 hours. After incubation 2 ml of 

Ehrlich s reagent (containing lg p-dimethylaminobenzaldehyde dis olved in 95 rnl 

absolute ethanol and 20 ml concentrated HCI) was added and mixed. Indole 

production (positive result) was indicated by a pink/ red colouration in the upper layer 

of the solution. 

4.2.3.2 Methyl red reaction 

E. coli test organisms were inoculated into 5 ml of sterile 1.0 % w/ tryptone water 

(Oxoid Hampshire England) and incubated at37°C for 24 hours. After incubation 2 

drops of test solution (contairung 0.04 g Methyl red in 40 ml ethanol and 100 ml 

distilled water) was added and mixed vigorously. A positive result was indicated by a 

red colour while yellow colour indicated a negative reaction. 

4.2.3.3 Vogues-Proskauer reaction 

Tubes containing 5 ml of Voges-Proskauer broth were inoculated with test bacteria 

and inoculated at 37°C for 24 hours. One m1 of 40% (w/v) potassium hydroxide was 
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mixed with the broth culture and one gram of creatine was added. The tube were 

shaken and kept in a slanting position for one hour. Production of acetyl methyl 

carbinol was indicated by development of a red (eo in pink) colour. 

4.2.3.4 Citrate utilization 

E. coli test organisms were inoculated into slants of citrate medium and incubated for 

24 hour at 37°C. Utilization of citrate was indicated by growth and a blue colour due 

to the production of an alkaline reaction. 

4.2.3.5 Interpretation of results 

All bacterial cultures that appeared as gram-negative rod or cocci and gave IMVic 

pattern of+ + - - (Biotype 1) or - + - - (Biotype 2) were considered to be E. coli. 

4.2.4 torage of tock culture 

Each E coli isolate was purified and maintained as stock culture in duplicate. One 

batch was stored in 5 % glycerol and the second batch was maintained in cooked 

meat media and stored at -20°C until analysed. 

4.2.5 Antimicrobial usceptibility test 

E. coli isolates were tested for their usceptibility to eight different antimicrobial 

agent by use of disc diffusion technique as recommended by The CLSI (2004). The 

bacteria stored in cooked meat media at -20 °C were allowed to thaw for 15 rrunutes. 

They were inoculated on blood agar (BA) plates and incubated at 37°C for 24 hours 
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o as to get acti ely growing bacterial cells. Three to fi e discrete coloni s from each 

of the BA plates were suspended in 5 ml sterile di tilled ' ater. The concentration of 

the uspension was standardized by adjusting the turbidity of the bacterial su pension 

to match that of Barium sulphate (0.5 Marcfarland turbidity standard). MueiJ r 

Hinton agar plates Oxoid Hampshire England were then inoculated with this 

bacterial suspen ion by dipping a sterile swab into the inoculum and pressing and 

rotating the swab firmly against the side of the bottle above the le e1 of the liquid to 

rerno e excess inoculum. The swab was then streaked all over the surface of the 

media three times while rotating the plate through an angle of approximately 60° after 

each application in order to spread the bacteria as evenly as possible. The plates were 

left to dry for fi e minutes at room temperature with the lid closed. Multidiscs 

containing eight different antimicrobial agents including ampicillin (1 0 )lg) 

tetracycline (30 )lg) chloramphenicol (30 J..lg) sulfamethoxazole (25 llg) co­

trimoxazole (25 J..lg), streptomycin (10 J..lg), kanamycin (30 )lg) and gentamycin (10 

)lg were placed on each of the inoculated agar plates using a pair of sterile forceps. 

The multidiscs were gently pressed to ensure even contact with the medium. Plates 

were then incubated at 37°C for 24 hours. After incubation the diameter of the zone of 

inhibition for each antimicrobial agent was measured with a ruler to the nearest 

millimeter. E. coli ATCC 25922 was used as a control. The disc susceptibility tests 

were interpreted in accordance to CLSI criteria (Table 4. 1 ). 
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4.2.-.1 ultiple antibiotic resi tance (MAR) index 

The multiple antibiotic resistance index was defmed as a/ b where a repre ents the 

number of antibiotics to which the particular isolate was resistant and b (n = 8) the 

number of antibiotics to which the isolate was exposed (Krumperman 1983). The 

number and the proportion (%) of E. coli isolates with an MAR index =:: 0.20 was 

noted ( MAR index > 0.2 indicates high risk). 
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Table 4.1: Zone diameter (m.m interpreti e criteria for enterobacteriaceae 

Antimicrobial agent Disk Zone Diameter (mm 
content 

Resistant Intermediate Susceptible 

Ampicillin 10 j..Jg $13 14-16 ~ 17 

Tetracycline 30 j..Jg $14 15-18 ~ 19 

h1oramphenicol 30 IJg $ 12 13-17 ~ 18 

ulfamethoxazole 25 IJg $10 11-15 ~ 16 

Co-trimoxazole 25 IJg $ 10 11-15 ~ 16 

treptomycin 10 IJg $ 11 12-14 ~ 15 

Kanam cin 30 IJg $13 14-17 ~ 18 

Gentam cin 10 IJg $12 13-14 ~ 15 

ource: CLSI, 2004 
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4.2.6 Genotypic characterization of AMR gene u ing P R 

Ampicillin re istant E. coli isolates were screened for ~-lactama e encoding genes 

(blar£M). Tetrac cline resistant E. coli isolates were screened for the presence of 

Tet(A) and Tet(B) resistance gene that are associated with drug efflux mechanism in 

gram-negative bacteria. Similarly sulfonamide resistant E. coli isolates were 

examined for the presence of sulfonamide resistance genes Sull and Sulll. 

4.2.6.1 Oligonucleotide primer 

Five sets of oligonucleotide primers (amplimers) were used for PCR amplification of 

fi e antimicrobial resistance genes that confer resistance to ~-lactams tetracycline 

and sulfonamides. The oligonucleotide sequences used to amplify resistance genes 

were s nthesized using a DNA synthesizer (3900 ABiosystems CA USA.) at 

International Laboratory Research Institute (ILRI) laboratories Oligosynthesis Unit 

Kabete Kenya. The sequences of the primers and expected sizes for PCR-amplified 

product (amplicons) are shown in Table 4.2. To derive the working concentrations, 

the primers were dried under vacuum (speed vac) dissolved in 500!11 triple distilled 

water (TDW) and spun for two minutes. Their DNA concentrations were then 

determined by spectrophotometry using gene Quent and the primers diluted to 1 00 

ng/111 in TDW. 
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Table 4.2: Oligonucleotide sequences of primers used in P R for amplification of 

AMR genes 

arne Primer sequence 

Bl~TEM) 5 GCACGAGTGGGTTACATCGA3 -F 

5 'GGTCCTCCGATCGTTGTCAG3 -R 

Tet(A) 5 GCTACATCCTGCTIGCCTTC3 F 

5 CATAGATCGCCGTGAAGAGG3 -R 

Tet(B) 5 TTGGTTAGGGGCAAGTTTTG3 -F 

5'GTAATGGGCCAATAACACCG3 -R 

Su/l 5 TCACCGAGGACTCCTTCTTC3 'F 

5 CAGTCCGCCTCAGCAATATC3 -R 

Sull! 5 CCTGTITCGGACACAGA3 -F 

5GAAGCGCAGCCGCAATTCAT3R 

Class] 5 GGCATCCAAGCACAAGC3 -5'-CS 

Integron 5 AAGGCAGACTTGACTGAT3 -3 CS 

Key : 

R = Reverse primer 

F = Forward primer 

C = Conserved segment 

Amplicon (bp) Reference 

290 Carl on et al. 1999 

210 Levy et al. 1999 

659 Levy et al., I 999 

822 Sandvang et al. 1998 

722 Sandvang et a!., 1998 

Variable Sandvang et a/. 1998 
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4.2.6.1.1 Polymera e hain Reaction 

4.2.6.2.1 D A template preparation 

Two colonies of E. coli isolates grown on nutrient agar plates were picked and 

u peoded in 500 ~ of distilled water and used as a source of D template for PCR. 

4.2.6.2.2 PCR condition and amplification 

The PCR was performed using an MJ minicycler (MJ Research Inc.MA A). The 

reaction mixture consisted of 12.51-Jl of 10 x PCR buffer (containing 1 mM each of 

deoxvnucleoside triphosphate mixture 2.5 mM Mg Ch) 0.25 1-JM each of primers, 3 

IJ] of bacterial suspension 1 U of Taq D A pol merase and 8.5 j.Jl of sterile water. 

The reagents were then thoroughly mixed and 25 j.Jl of mineral oil overlaid to reduce 

evaporation of the mixture during the amplification process. Preincubation was at 

9~°C for 5 minutes. Thirty fi e PCR cycles were run under the following conditions: 

denaturation at 95°C for 1 minute primer annealing at 60°C for 30 seconds and D A 

extension at 75°C for 30 seconds in each cycle. After the last c cle the PCR tubes 

er incubated for 3 minutes at 72°C and then 4°C till product analysis. 

4.2.6.3 Identification of integrons 

ince resistance to su1fonamides is characteristic of class 1 integrons 

ulfamethoxazole-resistant E. coli isolates were screened for the presence of such 

integrons. The class 1 integron is characterized by the qacE1 and su/l gene at its 3' 

onserved segment (CS). Primer located at the 3' conserved segment were u ed as 

de cribed by and ang and Aarestrup (2000) to characterize the class 1 integrons. 
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Amplification were performed with 5 111 of upernatant from bact rial preparation 

that had been boiled for 5 minutes. The P R mixtur total olume SO J.ll) included 

29.6 J.ll of H20 5.0 J .. d of lOx PCR buffer 5.0 111 of 2 mM deoxynucle ide 

tripho phates 1 U of Taq polymera e and 25 pmol of each primer. D 

amplification was carried out using the following conditions: 5 min at 94°C followed 

by 30 cycles of 94°C for 30 s 50°C for 30 s and 72°C for 1.5 min. A sample of 3 J.l} 

of the PCR product was verified for size and purity by gel electrophoresis. 

4.2.6.4 Detection of amplified D A products 

Ten microlitres of the PCR reaction products were electrophoresed in 1 % agarose gel 

on horizontal tanks containing 0.5X TBE (0.1 M Tris, 0.1 M boric acid 0.2 M 

EDTA) buffer stained with 0.05 % ethldium bromide solution. In preparing the gel 1 

gm of agarose was dissolved in 100 ml of distilled water. The mixture was heated to 

di ol e the agarose gel completely and then cooled to 55°C before pouring into the 

horizontal gel tanks. Wells were made in the agarose gel using a teeth comb placed in 

molten agar and the gel was allowed to set for 30 minutes. The teeth comb was 

remo ed and the gel was placed on an electrophoresis tank containing TBE buffer. 

Ten rrucrolitres of the PCR products were mixed with 3 1-Jl of 6x loading dye and the 

mixture was loaded onto the wells and allowed to run for 45 minutes at 100 V. PCR 

products were then isualized on a UV transilluminator in a dark room. The sizes of 

the PCR products were determined by comparing them with migration of a 100 bp 

ladder (Gibco BRL). Photography was done using a digital camera. 
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4.2.7 Mating tudie and conjugation gene tran fer 

In 'itro conjugation tests on tran ferable antimicrobial r i tanc wa p rformed 

according to Walia et al. (1987) with modification. ingle di rete oloni of ach 

donor isolate and recipient E. coli K 12F- (nalidixic re i tant were separately 

ubcultured onto tryptic soy broth 5 ml) and incubated at 37° o emight. The donor 

and recipient broth cultures were diluted 1:10 in fresh tryptic soy broth and allowed to 

multiply to the logarithmic phase for 4 hours. The donor and recipient broth cultures 

were mi ed at the ratio of 2:1 respecti ely and incubated at 37°C for 24 hours. To 

lect tran conjugants (progen of donors and recipient) 3 J..ll samples were drawn 

from the overnight cultures and plated onto macConkey agar plate containing 16 

J..l.g/ml nalidixic acid + 8 J..lg/rnl tetracycline 16 J..lg/ml nalidixic acid + 16 J..lg/ml 

streptom cin and 16 J..lg/ml nalidixic acid+ 16 J..lg/ m1 amoxycillin. The plates were 

incubated at 37°C o ernight and thereafter growth on agar plates confirmed presence 

of transconjugants. The antimicrobial susceptibility testing and genotypic 

characterization of the transconjugant were carried out as pre iously described in 

ections 4.2.5 and 4.2.6 respectively. 

4.2.8 Data analy i 

The ob ervations from primary examination of animal samples for the i alation of E. 

coli were stored in a database (Microsoft Excel). The AMR were categorized as 

usceptible intermediate or resistant as defined by the relevant CL I breakpoints. 

Each i alate was identified by the date and place of sampling species of animal 

ource (carcass or fecal) and for poultry isolates breed (Exotic or indigenous). All 
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manipulation of data and evaluation of results were carried out using Micro oft xcel. 

Multi-drug resistance was defined as resistance to at least two or more antimicrobial 

agents. 

The chi square (r) test was used to assess ignificant differences in the overall 

pre alence of antibiotic resistance between the different species of food aoimaJs 

lo ations and management regimes. Group means were compared using t-tests. 

Comparisons of the associations between resistance phenotypes were made using 

Pearson's chi-square test. The statistical significance was set at a P value of~ 0.05. 
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4.3 RESULTS 

4.3.1 Bacterial isolates 

Overall 42 E.coli isolates from cattle 48 from poultry and 114 from pigs were 

studied. Of these bacterial isolates, 57 were obtained from animals that originated 

from the Rift Valley (Kajiado Kericho Bernet Uasin-Gishu akuru West Pokot 

and arok) 121 originated from Central province (Kiambu) 16 were obtained from 

animals brought from Eastern province (Makueni, Kitui and Mwingi) while 10 

isolates were from other areas including airobi province. Among the poultry isolates 

_g were derived from exotic birds while 20 were from indigenous birds. 

4.3.2 Susceptibility te ting 

Of the 204 E. coli isolates in this study about 38 % showed antibiotic resistance of 

which 26 % were multi-drug resistant. The overall prevalence of resistance is shown 

in Table 4.3. The highest prevalence of antibiotic-re istant phenotypes was observed 

fo r E. coli from swine and poultry. Among swine isolates resistance was observed in 

se en out of the eight antimicrobial agents tested, in six antimicrobial agents for 

poultry isolates while cattle isolates were resistant to four antimicrobial agents in the 

te t panel. 

pproximately 26 % of the isolates from swine were resistant to sulfonamides 22 % 

to ampicillin 22% to tetracycline 13% to streptomycin and 7% to chloramphenicol. 

Whilst 31 % of the isolates from poultry were resistant to sulfonamides 16 % were 

resistant to ampicillin 10 % were resistant to tetracycline 8 % were resistant to 
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streptomycin and 2 % were resistant to chloramphenicol. The pr alence of resistance 

\ as lowest for cattle isolates. However 17 % were resi tant to ampicillin 14 % to 

tetracycline and 2.4% to suJfonarnides. All the isolates regardless of species of origin 

were sensiti e to gentarnycin (Table 4.4). 

ixteen (3 8.1 %) of the 42 E. coli isolates from cattle fifty-four (50.9 %) of the I 06 

from pigs and twenty one (43.8 %) of the 48 from poultry were fully sensitive to all 

eight (8) antimicrobials tested. Only 9.4% of the isolates from pigs 9.5% from cattle 

and 14.6 % from poultry were resistant to a single antimicrobial agent· mainly 

ampicillin or tetracycline for swine ampicillin for bovine and sulphonamides for 

poultry. Figures 4.1 and 4.2 show the proportion (%) of antimicrobial resistance 

among E. coli isolates from food animals. 

0 erall, 58.6 % of all isolates resistant to a single antimicrobial agent were resistant 

to ampicillin while 20.7% and 17.2% were resistant to tetracycline and sulfonamides 

respecti ely. 

Some 27.1 %of the E. coli isolates from pigs and 29.2% from poultry were multi­

drug resistant (resistant to two or more antimicrobials). In contrast only 2.4% of the 

bovine isolates were multi-drug resistant. Of these multi-drug resistant isolates 16 

different resistance patterns were observed (Table 4.5). The commonest resistance 

phenotypes were ampicillin, sulphonamides tetracyclines in swine; sulphonan1ides 

and tetracycline in poultry. Moreover, five isolates from pigs and one isolate from 

poultry showed penta-drug resistance to ampicillin chloramphenicol streptomycin 

sulfonamides and tetracycline while three isolates were resistant to at least six 

antibiotics in the test panel. 
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4.3. 2.1 AMR profiles of carcas and faecal isolate 

Among cattle and swine isolates a higher proportion of E. coli isolates from carcass 

(68.4 %) were multi-drug resistant compared to 31.6 % of faecal isolates (P > 0.05). 

Ho\ e er a significantly higher proportion of isolates from carcass ere resistant to 

ampicillin (65.3 % vs 34.7 %· P = 0.04) but not significant for tetracycline (55.6 % 

vs 44.4 %· p = 0.25) streptomycin (62.5 % vs 37.5 %· P = 0.24) and sulfonamides 

(55.2 % vs 44.8 %· P = 0.41) compared to fecal isolates. Conversely a higher 

proportion of fecal isolates were resistant to chloramphenicol (75 % vs 25 %· P = 

0.19) and kanamycin (67% vs 33 %· P = 0.18) compared to carcass isolates although 

the e differences were not significant. 

4.3.2.2. Prevalence of AMR based on ampling locations 

The overall prevalence of AMR E. coli from food animals is shown in Figure 4.3 

while the individual prevalence of AMR in three different provinces of Kenya is 

shown in Figure 4.4. The prevalence of AMR was lowest in Rift Valley where 

resistance to tetracycline ampicillin and sulfonamides was noted; and highest in 

Eastern province where resistance to ampicillin streptomycin and sulfonarnides was 

reported. In Central province resistance to all antimicrobial agents except gentarnycin 

was observed. However the prevalence of chloramphenicol and kanamycin resistance 

noted as low(< 5 %) and was confined to multi-drug resistant isolates from swine 

and poultry species. 
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4.3.2.3 A ociation between AMR phenotype 

In order to determine whether po sible associations exist betwe n tb resistance 

phenotypes found among the E. coli isolates and whether the co-appearance of some 

resistance phenotypes could b confirmed statistically an analysis of association was 

done using Pearson's chi-square test. Significant associations (P < 0.05) with resp ct 

to the occurrence of individual resistance phenotypes among the E. coli isolates were 

detected between tetracycline and chloramphenicol (r = 0.991 · p < 0.05) and 

tetracycline and kanamycin (r = 0.806· p < 0.05). 

4.3.2.4 AMR in poultry: Intensive versus indigenous management systems 

The prevalence of antibiotic resistant E. coli isolates from two different groups of 

poultry representing two different management systems and antibiotic use profiles is 

presented in Table 4.6. In Intensively reared group (high antibiotic consumption) a 

higher degree of resistance was found for oxytetracycline (14.2 % ersus 5 %) and 

streptomycin (10.7% versus 5 %) and chloramphenicol (3 .6% ersus 0 %) compared 

to indigenous chickens (P > 0.05). Conversely higher prevalences of resistance were 

found in indigenous chickens (low antibiotic consumption group) compared to 

intensively reared poultry for sulfonarnides/ trimethoprim ( 44 % versus 21.4 %) 

ampi illin (20 % versus 14 %). Moreover no resistance was found for kanamycin and 

geotamycin. 
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4.3.3. Multiple antibiotic re i tance (MAR) index 

A total of 194 E. coli isolates obtained from food animals from the Rift Valle , 

Central and Eastern provinces were included in the study. All the isolates were found 

to ha e MAR index ranging between 0 and 0.88. The mean MAR index of isolates 

from Rift Valley Eastern and Central province were 0.10 0.18 and 0.16 

respectively. Moreover, 17.5 % 28 % and 43.8 % of the isolates from Rift Valley 

Central and Eastern province respectively had MAR index> 0.2. The mean MAR 

index for each region is shown in Table 4.7. 

The mean MAR index for the various food animals is shown in Table 4.8. The mean 

MAR index obtained from E. coli isolates from bovine was 0.1. Six (6) out of 42 (14 

%) isolates had MAR index > 0.2. The mean MAR index for poultry and swi11e 

isolates was 0.14 and 0.17 respectively. Morever 33% and 31 %of the E. coli 

isolates from poultry and swine respectively had MAR index > 0.2. Among swine 

fecal isolates had a higher MAR index (0.21 n = 40) compared to carcass isolates 

(0. 17. n = 57). Conversely bovine carcass isolates had a slightly higher MAR index 

0.1 n = 25) compared to fecal isolates (0.07 n = 17). 

4.3.4 Genotypic characterization of AMR E. coli using PCR 

Selected E. coli isolates previously identified phenotypically as resistant to ampicillin, 

tetracycline and sulfonarnides were confirmed by PCR amplification using specific 

primers. The specifics and proportions of antimicrobial resistance genotypes 

examined are shown in Tables 4.9 and 4.10. 
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4.3.4.1 ~-lactam resistance gene 

Of the 29 ampicillin resistant E. coli isolates te ted PCR assay results revealed that 

27 (93.1 %) expressed the TEM- P-lactamase genes. Eleven (100 %) out of 11 bovine 

isolates nine (100 %) out of nine poultry and seven (78 %) of the nine swine isolates 

that were resistant to ampicillin expressed the blarEM gene. 

Nine out 25 (36 %) ampicillin resistant E. coli isolates that possessed P-lactamase 

genes came from faecal sources whereas 16 (64 %) of these isolates originated from 

carcass samples. 

4.3.4.2 Tetracycline resistance genes 

Twenty-five tetracycline resistant (TcR) E. coli were investigated for the presence of 

tetracycline resistance genes using PCR. Tetracycline resistance was encoded by the 

presence of a single gene either Tet(A) or Tet(B). Eleven (44 %) isolates carried the 

Tet (A) gene while two (8 %) isolates carried the Tet(B) gene. Of the 17 swine 

isolates 7 (41.2 %) possessed the Tet(A) gene and two (11.8 %) possessed the Tet(B) 

gene. Among the eight poultry isolates tested, four (50 %) expressed the Tet(A) gene 

only. Seven out 13 (54%) E. coli isolates identified with tetracycline resistance genes 

came from faecal sources while five (46 %) were obtained from carcass samples 

(Table 4.1 0) . 
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4.3A.3 Sulfonamide re istance gene 

Nineteen sulfamethoxazole and co-trimoxazole resistant E. coli "ere examined for 

the presence of sulfonamide resistance genes. Overall the ulll gene was found in 67 

%of the isolates ullin 32 % while 22% possessed both u/1 and Su/!1 genes. Of the 

wine isolates 20 % possessed the Sull gene while 80 % possessed the ulll gene. 

Among the poultry isolates 33 % possessed the Su/I gene while 67% posses ed the 

ulll gene. 

Eight out of 12 (67 %) sulfamethoxazole-resistant E. coli isolates that possessed 

either Sull or sulll genes came from faecal sources whereas four (33 %) of these 

isolates originated from carcass samples (Table 4.1 0) . 

... 3.4.4 Identification of antibiotic resistance integrons 

Of the 20 E. coli isolates a fragment from the class 1 integron 3' conserved region 

'li as amplified from 3 (15 %) isolates by PCR (Table 4.9). All the positive isolates 

were phenotypically resistant to sulfonamide and trimethoprim and also positive for 

sull gene by colony PCR. These isolates produced amplicons larger than 2 kb. One 

fecal isolate from swine phenotypically resistant to ampicillin, chloramphenicol 

sulfarnethoxazole trimethoprim streptomycin and tetracycline (ACSST) possessed 

an integron of2.5 kb. 

4.3.5 111-vitro conjugation tests 

Overall 17 antibiotic-resi tant isolates of E. coli were examined. Ten (58.8 %) 

isolates transferred at least one resistance marker to recipient E. coli Kl2 (Table 
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4.11). me 64.3 %) of the tetrac cline resistant isolates transferred resistance to 

tetracycline. Five (45.5%) of the 11 sulfonamide resistant E. coli isolates transferred 

resi tance to sulfamethoxazole and co-trimoxazole. Six 42.9 %) of the 14 ampicillin­

re i tant isolates transferred resistance to ampicillin. Whilst se en (53.8 %) of the 13 

multi-drug resistant isolates transferred resistance to two or more resistance markers 

to recipient E. coli Kl2. 
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Fig. 4.1: Multiple antimicrobial re istance (%)among 204 

E. coli i olate from food animals in Kenya 
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Fig. 4.2: Multiple antimicrobial resistance %) among 204 E. 

coli isolates of food animal origin from Rift Valley Central 

and Eastern province Kenya l 
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Figure 4 .3: The Overall prevalence of AMR among 204 E. coli 

isolates from food animals in Kenya 

25 ~--------------------------------· 

20 

15 - -

10 

5 --

0 ~~&_~~~~--~~--~~ --~-

~ 
~ 

Antimicrobial agent 



4 

40 

35 

30 

25 
0 
0 20 ~ -en 

·;;; 
0 

15 
cr: 
~ 10 

5 

0 

127 

Figure 4.4: The pre alence of AMR among 204 E. coli isolat of fo d 

animals from Rift Valley entral and Eastern province K nya 
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Figure 4.5: Agarose gel electrophoresis of PCR amplification products from E. 
coli isolates using BlarrEMJ primers specific for beta-lactamase production gene 
(TEM). Lane 1 represents marker (1 00-bp ladder) lane 2 negative control; lanes 3-10 

u ed bacterial suspension from ampicillin resistant bacteria. 
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Figure 4.6: Agarose gel electrophoresis of PCR amplification products from E. 
coli isolates using Tet(A)[lanes 2-10] and Tet(B)[1anes 12-20] primers specific for 
tetracycline resistance genes. Lanes 1 and 11 represents marker (1 00-bp ladder); lane 
2 and 12 negative controls (drug sensitive); lanes 3-10 and lanes 13-20 used bacterial 
su pension from tetracycline resistant bacteria. 
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Table 4.3: The prevalence of antimicrobial resistance for 204 E. coli jsolates from 
healthy food animals in Kenya 

The prevalence of antimicrobial resistance ( %) 

Antibiotic Resistant Intermediate Sensitive 

Ampicillin 19.2 10.6 70.2 

Tetracycline 14.1 8.8 77.1 

Co-timoxazole 21.1 0 78.9 

treptomycin 9.1 16 74.1 

Sulfamethoxazole 21.8 1.5 76.7 

Chlorampenicol 4.4 1.0 94.6 

Kanam cin 2.5 1.0 96.5 

Gentamycin 0 0 100 
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Table 4.4: The prevalence of antimicrobial resistance among E. coli isolates from 
healthy cattle, poultry and swine in Kenya 

The prevalence of antimicrobial resistance ( %) 

Antimicrobial agent Cattle Poultry Swine 
(n= 42) (n= 48) (n= 112) 

Ampicillin 16.7 16.3 21.7 

Tetracycline 14.1 10.0 21.8 

Sulfamethoxazole 2.4 30.6 25.7 

Co-trimoxazole 2.4 30.6 24.1 

treptomycin 0 8.3 13.2 

Chloramphenicol 0 2.0 7.1 

Kanamycin 0 0 4.7 

Gentamycin 0 0 0 



132 

Table 4.5 : Resistance Patterns of multi-drug resistant E. coli isolates from healthy 
food animals in Kenya 

Resistance patterns o.of multi-drug resistant E. coli 

Cattle Poultry 

Am, Tet 0 1 

Am St 8 0 

Am Sm, Cot 0 1 

Tet Sm Cot 1 3 

Am Tet Kan 0 0 

m Tet St 0 0 

t m Cot 0 0 

Am, t Sm Cot 0 2 

Tet,St, Sm, Cot 0 1 

Am Tet Sm Cot 0 0 

Am Chl Tet Kan 0 0 

Am Chl Tet Sm Cot 0 1 

Am St, Sm Cot Tet 0 1 

Am Chl t Sm, Cot Tet 0 1 

Am t, Sm Cot, Tet Kan 0 0 

0 0 

Key: m =Ampicillin Tet = Tetracycline St = Streptomycin, Sm = 
uJfamethoxazole, Cot = Co-trimoxazole, Chl = Chloramphenicol Kan = 

Kanamycin. 
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Table 4.6: The prevalence (%) of resistant E. coli among poultry isolates from 

intensively reared and indigenous management systems. 

Antimicrobial agent 

Oxytetracycline 

Chloramphenicol 

ulfamethoxazole/ 

T rimethoprim 

Ampicillin 

treptomycin 

Kanamycin 

Gentarnycin 

Intensively reared birds Indigenous birds P-value 

(N = 28) 

14.2 

3.6 

21.4 

14.3 

10.7 

0 

0 

=20) 

4 

0 

44 

20 

5 

0 

0 

0.382 

0.355 

0.208 

0.500 

0.413 



134 

Table 4.7: The overall mean MAR index of E. coli isolates of food animal origin 
from selected regions in Kenya 

Pro ince Mean o.of isolates % (MAR Index >0.2) 
MAR Index (MAR index >0.2) 

Rift Valley 0.10 10 17.5 

Central 0.16 34 28.1 

Ea tern 0.18 7 43.8 

Table 4.8: The overall mean MAR index of E. coli isolates from various food 
animals in Kenya 

ProYince Mean No.of isolates %(MAR lndex>0.2) 
MAR Index (MAR index >0.2) 

Bovine 0.10 6 14.3 

Porcine 0.17 16 30.5 

Poultry 0.14 7 33.3 
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Table 4.9: Genotypic analysis of AMR E. coli isolates from food animals in 
Ken a, 2001-2002 

Antimicrobial agent No.of isolates Gen typic profiles 

Genotype Percentage ( %) 

T etrac cline 25 Tet{A) 44 

Tet(B) 8 

Ampicillin 29 BlarEM 93 

ulfamethoxazole 20 Sull 24 

Sull! 71 

Sull &Sulll 24 

ulfamethoxazole 20 Class 1 integrons 15 

Table4.10: The distribution of some AMR genes among E. coli isolated from 

carcass and fecal samples from food animals 

Genotype Number oflsolates Fecal carcass P -value 

No. (%) No.(%) 

BlarrEMJ 25 9 (36) 16 (64) 0.04 

Sull.Sull! 12 8 (67) 4 (33) 0.04 

Tet(A), Tet(B) 12 7 (58.3) 5 (41.7) 0.15 
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Table 4.11: Resistance transfer profiles for 17 resistant E. coli i olates from food 
animal 

Identification 

EC l 

EC2 

EC3 

EC4 

EC 5 

EC 6 

EC7 

EC 8 

EC9 

EC 10 

EC 11 

EC12 

EC13 

EC 14 

EC 15 

EC 16 

EC 17 

Origin 

Poultry 

Poultry 

Poultry 

Poultry 

Poultry 

Poultry 

Bo ine 

Bovine 

Bovine 

Bovine 

Swine 

Swine 

Swine 

Swine 

Swine 

Swine 

Swine 

Resistance pattern 

Tet Cot Sm 

Tet 

AmTet 

Am Chi Tet Cot Sm 

AmTet 

Am Chi Cot m Tet 

Am Tet m Cot 

Am 

Am 

Am 

AmTet Sm Cot 

Tet Sm Cot 

Am Chi Tet Sm Cot 

Am Tet Sm Cot 

Am Sm Tet 

Am Tet Sm Cot 

Amp Chi Tet Sm Cot 

Phenotyp transferred 

Tet 

m Cot 

Tet 

AmTet 

Tet Sm Cot 

Am Chi Tet Sm Cot 

Am Tet Sm Cot 

AmTet 

Am TetSm Cot 

Am Tet 

Key: Am = Ampicillin Tet =Tetracycline Chi =Chloramphenicol Sm = 

ulfamethoxazole Cot = Co-trimoxazole. 
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4.4 DISC SSIO 

4.4.1 Antimicrobial re istance in indicator bacteria 

4.4.1.1 Phenotypic resistance in Escherichia coli 

Escherichia coli are the most predominant enterobacteriaceae in the gut of domestic 

animals (Atlas 1984· Honda 1992). In this study E. coli was isolated in 70.8% ofthe 

animals that were sampled. Howe er, the proportion of E. coli recovery differed 

among species i.e. 57.3 % 76.8 % and 80.2 % in cattle pouJtry and swine 

re pectively. 

The intestinal tract of animals and humans forms a reservoir in which resistant 

bacteria and resistance genes can accumulate. Consequently the prevalence of 

resistance in the intestinal flora can therefore be used to estimate and predict 

re istance in pathogens (Lester 1990). 

In the present study the prevalence and degree of resistance of E. coli (considered an 

indicator bacteria) in fecal and carcass samples from food animals showed resistance 

to commonly prescribed antimicrobial agents. These findings demonstrated 

differences in animal populations animal production systems and antimicrobial usage 

b tween the different regions in Kenya. The observations of this study are in 

agreement with those of Guerra et al. (2001) who reported antimicrobial resistance in 

German E. coli isolates fom poultry swine and cattle. Other studies ha e reported 

higher levels of antimicrobial resistance for instance, Al-Ghamdi et a/. ( 1999) 

c mpared the prevalence of antibiotic-resistant Escherichia coli isolates from faecal 

samples from poultry industry workers human patients and healthy chicken in Saudi 
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Arabia. They reported resistance rates of E. coli isolates from chickens to ampicillin 

chJoramphenico~ gentamicin tetracycline and co-trimoxazole ranged from 57% to 99 

%· ignificantly higher than those isolated from patients (range 21.9% - 71.4%) and 

worker (range 35% - 71.8%). However for drugs not used in poultry, such as 

amoxicillin + cluvalanate ceftazidime and nitrofurantoin resistance rates (range 0%-

2.6%) of chicken isolates were significantly lower (P < 0.05) than those of patient 

isolates (range 8.7% - 30%). In Ireland, prevalence rates of 47.6 % to 68 % for 

sulfonamides 55 %to 62.5% for tetracycline and 23 %to 25 %for ampicillin were 

reported from E. coli isolates from poultry flocks (Cormican et al. 2001). 

Overall 26 % of E. coli in this study demonstrated resistance to at least two or more 

of the antibiotics tested. The same level of resistance was reported earlier in poultry 

i alate in Kenya (Kariuki et al. 1997). In the present study multi-drug resistance was 

much more common among isolates from poultry and swine (29.2 % and 27.1 % 

respectively) than from cattle (2.4 %). In agreement with this study Guerra et al. 

(200 1) reported a multi-drug resistance rate of 32 % in German isolates and that 

re istance was significantly higher in isolates from poultry and swine than from 

cattle. Moreover trends in the prevalence of antimicrobial resistance among isolates 

in this study were similar to those reported in Denmark (Emborg and Heuer 2003). 

However, the prevalence rates of resistance in this study are lower for swine isolates 

and higher for cattle and poultry when compared with those in Denmark. Higher 

pre alence rates of AMR have also been reported among poultry isolates in 

etherlands (van den Bogaard et al. 2001). These findings may be explained by 

differences in animal populations animal production systems and by extension 
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antimicrobial prescription patterns between Kenya. etherlands and Denmark. For 

instance totaJ antimicrobial consumption in food animals in Denmark during 2002 

was 102 000 kg and pig production accounted for 80 % of the total anti biotic 

consumption (Emborg and Heuer 2003). In the etherlands total antimicrobial 

consumption in food animals in 2000 was approximately 300 000 kg and poultry 

production amounted up to 20 % of total antimicrobial consumption (van den 

Bogaard 1997) while the mean annual antimicrobial consumption in food animals in 

Kenya is approximately 15 000 kg (Mitema et al. 2001). Relative to animal 

production figures the amount of meat produced in Denmark in 2000 amounted to 

1.840 million kg of bacon and 169 million kg of beef while in Kenya beef production 

amounted to 250 million kg (FAO 2001). 

ln Denmark resistance to ampicillin sulfonamides and streptomycin continue to 

increase in indicator E. coli from pigs. These observations coincide with increased 

con umption of penicillins sulfonamides and tiamulin in pigs (Emborg and Heuer 

-003). 

Despite a ban on the use of chloramphenicol in food animals in Kenya an increase in 

the rate of chloramphenicol resistance among poultry and swine isolates was 

ob erved. Other investigators have also observed the persistence or an increase in the 

rate of chloramphenicol resistance among E. coli isolates from swine (Bischoff eta/. 

2002· Lanz et al. 2003· Maynard eta/. 2003· Teshager et al., 2000) and other animal 

species (Werckenthin et al. 2002). In this study resistance to chloramphenicol was 

closely associated with resistance to tetracycline. The direct use of antimicrobials can 

drive the co-selection of resistance genes. For example, the use of injectable 
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oxytetracycline in cattle receiving chlortetracycline in their feed was associated with 

an increase in the incidence of resistance to chloramphenicol and sulfisoxazole 

0 Connor et al., 2002). This suggests that the increased use of tetracycline or 

sulfamethoxazole-trimethoprim in pig and poultry production in the past could have 

co-selected for resistance to chloramphenicol thus explaining the increase in 

chloramphenicol-resistant isolates even though this antimicrobial agent has never 

been used in food animal production. 

Interestingly 5 % of the swine isolates were resistant to kanamycin even though this 

antimicrobial agent was not used in the Kenyan food animal industry during the study 

period. It is likely the result of the cross-resistance caused by most of the 

aminoglycoside resistance genes (Werckenstein et al., 2002). 

4.4.1.2 Genotypic analysis of AMR in E. coli from food animals 

I though treatment of enteric E. coli infection in food animals commonly includes the 

use of antimicrobials (Bertchinger and Fairbrother 1999; Hampson 1994) relatively 

few studies have been directed toward the characterization of the genotypic resistance 

profiles of E. coli strains isolated from animals. One study characterized the 

tetracycline and sulfonamide resistance gene profiles of E. coli strains isolated from 

animals and humans (Lanz et al. 2003) while a second one (Sand ag and Aarestrup 

2000) characterized the aminoglycoside resistance gene profiles of porcine and 

bovine E. coli isolates. This is the first study in Kenya to characterize E. coli strains 

isolated from cattle pigs and poultry for detection of acquired resistance to three 

different antimicrobial agents· namely tetracyclines penicillins and sulfonarnides. 
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Tetrac clines are the most widely used antimicrobial agents in Kenya as well as 

Danish food animal production (Mitema et al. 2001 · Emborg and Heuer 2003) 

accounting for 56 % and 26 % respectively of total antibiotic u age. Resistance to 

tetracycline is conferred by one or more of the 30 currently described ret genes which 

encode one of three mechanisms of resistance: an efflux pump a method of ribosomal 

protection, or direct enzymatic inactivation of the drug (Chopra and Roberts 2001 ). 

Efflux mechanisms appear to be more abundant among gram-negative 

microorganisms while ribosomal protection mechanisms are more common among 

gram-positive organisms (Chopra and Roberts 2001). Generally speaking the rapid 

pread of tetracycline resistance among bacteria is due to the localization of tel genes 

on plasmids transposons and integrons (Chopra and Roberts 2001; Levy et al. 

1976b; Roberts 2003). 

While se era! studies have examined tetracycline resistance among bacteria most 

ha e employed clinically isolated bacteria (Arzese et al. 2000· Guillamume et al. 

2003 These studies have not documented the presence and types of tet genes that are 

present in natural (non-clinical) populations of bacteria especially from healthy food 

animals_ Recently, engelev et al. (2003) examined 100 E. coli isolates from both 

healthy and diseased animals for the presence of five tel resistance determinants while 

Blake et al. (2003) used PCR to examine 200 tetracycline-resistant commensal E. coli 

strain for seven tet genes. 

In the current study tet(A) was found to be the most predominant tetracycline-resistant 

gene. In contrast to the observations of this study tet(B) was reported to be the most 
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pre alent resistance gene among tetracycline-resistant E.coli from food animals in 

Gennan . Similarly Maynard et a/. (2003) reported that among the tetrac cline­

re i tant isolates from Canada, the tet(B) gene was largely predominant until 1994. 

when two other closely associated tetracycline resistance genes tet(A) and tet(C) 

became dominant during the period of 1995 to 2000. imilar results were observed in 

another study in pigs from three herds with different histories of antimicrobial 

exposure in which tet(B) was predominant in two of the herds exposed to 

antimicrobials and whenever present tet(A) and tet(C) were al o found together (Lee 

et a!. 1993). In agreement with our study, Lanz et al. (2003) showed that the tet(A) 

gene alone i the most prevalent tel gene among E. coli isolates from pigs with 

diarrhea or enterotoxemia. In the United States Bryan et al. (2004) reported that the 

mo t common tetracycline resistance determinants in E. coli from food animals are 

Tet(B) (63%) and Tet(A) (35%). In contrast, Sengel0v eta/. (2003) reported that 71 % 

and 25 % of 100 E. coli isolates from the diseased and healthy animals contained telA 

and tetB respectively. The modes of action as well as the specificities of certain 

antimicrobial enzymes could exert positive selection pressure and contribute to the 

emergence of new genes o er time. For example class A B and C tetracycline 

re i tance determinants are efflux pumps with different specificities. Most of the 

efflux proteins confer resistance to tetracycline but not to the minocycline or 

glyc lc cline antimicrobial group. Jn contrast the tet(B) gene encodes an efflux 

protein which confers resistance to tetracycline doxycycline and rninocycline but not 

glycylcycline (Petersen et al. 1999). These specificities correlate with the emergence 

of the di erse distribution of different tetracycline resistance genes over time. 
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In the present stud higher Levels of sulfonamide resi tance were reported in E. coli 

i olates from poultry (30.6 %) and swine (25.7 %). uJfonamide r si tance in gram­

negative bacilli generally arises from the acquisition of either of the two genes su/1 

and su/11 encoding forms of dihydropteroate s nthase that are not inhibited by the 

drug (Enne et al. 2001). The sull gene is normally found linked to other resistance 

genes in class 1 integrons while sulll is usually located on small nonconjugati e 

plasmids (Skold et al. 2000) or large transmissible multiresistance plasmids (Enne et 

a/. 200 1). Similarly sulll was found to be the most prevalent gene encoding 

sulfonamide resistance among food animals in Kenya. In contrast with the 

observations of this study, Lanz et a/. (2003) reported the predominance of sull 

among pig isolates. Similar observations were made in Canada by Maynard et al. 

(2003). In agreement with this study Guerra et al. (200 1) found sulll the most 

predominant gene among cattle swine and poultry E. coli isolates from Germany. 

The sul! and sulll genes encode dihydropteroate synthase enzymes with different 

sensiti ities (K; values) for p-aminobenzoic acid which i implicated in bacterial folic 

acid biosynthesis. The enzyme encoded by sulll discerns the normal p-aminobenzoic 

acid substrate from the inhibitor the sulfonamides (Skold 2001 ). Morever this study 

indicates that 24 % of sulfonamide resistant isolates possessed both sull and sulll 

genes. It is possible that strong selection pressures provided by environments 

containing elevated levels of sulfonamide lead to the acquisition of more than one 

re i tance gene in a gi en strain due to their pre a.lence in the environment rather 

than to a selective advantage. 
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The dis emination of multi-drug resistant bacteria through food has important public 

health implications. The ability of bacteria to acquire antibiotic resi tance genes and 

sub equently spread them to different bacterial species is well known (Hall 1997). 

lntegrons mobile D A elements have been associated with the tran fer of resistance 

and often contain one or more linked antimicrobial resistance genes (Hall et al. 

1993). The integrons identified in this study were similar to those reported in 

pathogenic Enterobacteriaceae (Ridley and Threlfall 1998 · Sand ang et a!. 1998 · 

White et al. 2001). These integrons were associated with sulfonamide and 

streptomycin resistance suggesting that integrons may play a crucial role in the 

diss mination of resistance among E. coli bacteria. However class 1 integrons and 

their associated gene cassettes did not entirely account for the observed resistance 

phenotypes indicating that other resistance mechanisms were also in olved. 

Re istance genes are associated with mobile D A such as plasmids transposons and 

integrons which facilitate resistance gene distribution (Jacoby 1994; Tenover and 

Rasheed 1998). Some of the isolates (15%) in this study possessed a class 1 integron. 

Interestingly, these isolates were multi-drug resistant and notably resistant to 

sulfonamides and trimethoprim. Because integrons are characterized by their 

integration of many different gene cassettes between insertion sites in the VR, site­

specific insertion represents another mechanism driving the evolution of the plasmids 

and transposons of gram-negative bacteria. Most class 1 integrons in the E. coli 

i olates in this study were larger than 2 Kb. Similar to our observation an increase in 

the VR length was observed in E. coli strains isolated in Canada during the same 

p riod (Maynard et al. 2004) a phenomenon also observed by Schmitz et al. (2001). 



145 

The showed that the VRs of the class 1 integrons in human E. coli strains i olat din 

1993 ranged from 0.65 to 1.8 kb and that those in human E. coli strains i alated in 

1999 ranged from 0.75 to 3 kb suggesting an accumulation of gene cassettes inserted 

in the class 1 integron among the ETEC isolates due to selection by antimicrobial 

agents. 

In this study resistance to ampicillin tetracycline sulfonamides and chloramphenicol 

were co-transferred via conjugation in ten (58.8 %) of antibiotic-resistant E. coli to 

recipient E. coli K 12. These results are in agreement with earlier reports that indicate 

that multi-drug resistant E. coli isolates transfer of resistance to E. coli Kl2 ranges 

from 24 % to 76 % (0 Brian et al. 1993· Niljesten et. al. 1996). About 93 % of 

ampicillin resistant E. coli isolates in this study possessed ~-lactamase (TEM) genes 

that code for P-lactamase production. This finding agrees with reports from previous 

studies from both Kenya (Kariuki et al., 1997) and developed countries (Ling et a/. 

1994· Maynard et al. 2003; Guerra et al. 2001) reporting that 90 % of resistance to 

~-lactam antibiotics is through production of P-lactamases-enzymes capable of 

hydrolyzing and inactivating the P-lactam antibiotics. Resistance to P-lactarn 

antibiotics presents a major challenge as it is one of the most widely prescribed 

antibiotic in humans for the treatment of bacterial infections in Kenya (Kariuki et al. 

1997: Mitema and Kikuvi 2004) and accounts for 28 % of the total amount of 

therapeutic antibiotics used for food animals in Denmark (Emborg and Heuer 2003). 

Therefore the evolution ofTEM ~-lactamase genes emphasizes the importance of and 
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need for surveillance over time and space in order to monitor the spread of AMR and 

to determine their potential impact on antimicrobial th rapy. 

In ummary, by examining the frequency and distribution of AMR genes and 

integrons among diverse natural E. coli populations present in different animal 

species, a picture of the selection pressures in the various host animals can be 

inferred. Not only did those food animals that presumably had continuous exposure to 

antimicrobial agents have a higher prevalence of multi-drug resistant E. coli isolates, 

but also those isolates carried a greater diversity of resistance genes. This suggests 

that human activity provides environments that select for resistant strains and 

encourages the transfer of genetic information from unrelated bacterial species. 

Although this study examined only nonclinical E. coli isolates the prevalence of 

AMR genes among these unrelated bacteria, and direct evidence of horizontal gene 

transfer suggests that these same resistance determinants may also be present in 

animal and human pathogens. Moreover the high prevalence of multi-drug resistant 

E. coli in food animals reflects a reser oir of resistance in animals that can be 

lran mitted to humans. Even though the occurrence of resistant bacteria in food 

animals is low compared to the human reservoir mobile resistance gen s (as 

demonstrated by this study) may be transferred horizontally to pathogenic bacteria 

and ultimately lead to teatment failure. 

This study emphasizes the need to reduce the prevalence of antibiotic resistant 

bacteria present in food animals. Therefore a national surveillance programme to 

monitor the emergence of AMR and to fast-track antimicrobial consumption in food 
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animals should be established. In addition policies and drug regulations that 

encourage more appropriate and rational use of antimicrobial agents in food animals 

should be established and adopted as long-term interventions for the containment of 

AMR. 

In conclusion MDR (upto six antimicrobial agents) was mainly observed among E. 

coli isolates from swine and chickens. Chorampheoicol resistance driven by 

oxytetracycline co-selection was observed among swine and poultry isolates. Tet(A) 

and SulJJ genes are the predominant genotypes encoding for tetracycline and 

sulfonamide resistance respectively in Kenya .. 
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CHAPTER FIVE 

5.0 A OCIATIONS BETWEEN ANTIMICROBIAL SE IN FOOD 

ANIMALS AND ANTIMICROBIAL RESISTANCE IN E. COLI FROM 

ANIMALS AND 0 TYPHOIDAL SALMONELLAE FROM HUMAN 

5.1 INTRODUCTION 

A global trend of increasing antimicrobial resistance but with wide variations at 

national levels is well documented in the literature (Livennore 2003). In this regard 

the World Health Organization (WHO) and the European Commission have 

recognized the importance of tudying the emergence and determinants of resistance 

and the need for strategies for its control (WHO 2000; CDC, 2000· EC 2000). 

trong e idence supports an association between antibiotic use and resistance in 

ho pitals (McGowan, 1983· Harbarth, et al. 2001). For instance an ecologic study 

linked penicillin resistance in Streptococcus pneumoniae with ~-lactarn and 

macrolide use in 12 European countries (Bronzwaer, et al. 2002). Recently 

McCormick et al. (2003) ha e shown that ariation in pneumococcal resistance in the 

United tates is best explained by geographic variation in antibiotic selection 

pressure rather than by clonal dynamics. 

A major risk factor for the development of resistance is thought to be inappropriate 

u e of antimicrobial drugs especially in food animals. Most studies that have 

investigated the relationship of antimicrobial use and antimicrobial resistance have 

been undertaken in hospital multicenter or country settings (Fridkin et al. 1999; 
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Go n ch et al. 2000). For infections with penicillin-nonsusceptible S. pneumoniae 

(P P), studies have demonstrated that at the individual l vel pre ious use of b ta­

lactam antibiotics such as penicillin is an important risk factor Tan et al. 1993· ava 

eta!., 1994; Deeks et al. 1999). Studies on carriage ofPN Pin children have shown 

that ulfamethoxazole-trirnetboprim (co-trimoxazole) and macrolides ha e also been 

associated with selection of PNSP (Arason et al. 1996· Melander et a/. 2000). 

Therefore, consumption of beta-lactam antibiotics co-trimoxazole, or tetracyclines in 

a gi en geographic region may be proportional to antimicrobial resistance. 

tudies have been carried out to evaluate the correlation between the antimicrobial 

agents used to treat persons with Salmonella infections and antimicrobial-resistance 

among human Salmonella isolates. Information provided from surveys conducted by 

CDC within selected counties in the United tates in 1985 (McDonald et al. 1987) 

1990 (Lee et a/. 1994) and 1995 (Herikstad et a/. 1997a) indicated that the 

proportion of persons with Salmonella infection receiving an antimicrobial agent who 

\ ere treated with ampicillin declined from 60% in 1985 to 5% in 1995 while the 

proportion of isolates resistant to ampicillin steadily increased. The proportion of 

per ons treated with sulfonamides remained constant while trimethoprim-

ulfamethazone resistance increased slightly. Most significantly the proportion of 

patients with salmonellosis treated with ciprofloxacin or extended-spectrum 

cephalosporins markedly increased without an emergence of resistance to either of 

these antimicrobial agents among human Salmonella isolates (Herik:stad et a/. 

1997a b). Taken together these data suggest there is little correlation between the 

antimicrobial agents used in persons with Salmonella infections and development of 
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antimicrobial resistance among human almonella isolates. If human antimicrobial 

use is not associated with the increasing antimicrobial resistance seen among 

almonella isolates what is the cau e of the increasing prevalence of antimicrobial­

resistance observed among Salmonella isolates? 

e era! outbreak investigations of antimicrobial-resistant Salmonella infections in 

humans have combined epidemiologic fieldwork and laboratory subtyping techniques 

to trace back antimicrobial-resistant Salmonella through the food distribution system 

to farms and antimicrobial use on the farms was found to be associated with the 

antimicrobial resistance (Holmberg et a!. 1984· Tacket et al. 1985· Spika et al. 

1987· Angulo et al. 2000· Busani et a!. 2004· Gorman and Adley 2004). In one 

investigation, hamburgers contaminated with antimicrobial-resistant Salmonella were 

traced. using a unique plasmid proftle from supermarkets through meat processing 

to b ef cattle which had been fed subtherapuetic antimicrobial agents (Holmberg et 

al. 1984). In another investigation approximately 1 000 persons were infected by 

hamburger contaminated with antimicrobial-resistant Salmonella serotype ewport 

with an unusual marker - chloramphenicol resistance. Chloramphenicol-resistant . 

NeH'port was traced from ill persons through processing, to dairy cattle on farms 

where chloramphenicol had been used (Spika et a/. 1987). Recent studies have 

documented a ceftriaxone-resistant salmonella infection in a child that was acquired 

through exposure to cattle in the United States of America (Fey 2000). Although 

such in estigations provide considerable insight into the complexity of Salmonella 

transmission they suffer from the limitations of epidemiological studies. However 

when combined with other lines of evidence such investigations illustrate the 
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potential human health consequences of the use of antimicrobial agents on food 

animal production. 

The continued emergence of S. Typhimurium DTI 04 with decreased susceptibility to 

fluoroquinolones in humans in the United Kingdom pro ides increasingly trong 

e idence that antimicrobial-resistance among Salmonella isolates from humans result 

from the use of antimicrobial agents in food animals. Decreased susceptibility to 

fluoroquinolones among human Salmonella isolates was rare in the United Kingdom 

prior to 1993 despite the widespread use of ciprofloxacin in humans since 1987. 

Following the 1993 approval and widespread use of enrofloxacin in veterinary 

medicine human Salmonella isolates (and food animal isolates) with decreased 

susceptibility to ciprofloxacin rapidly emerged beginning in 1994 (Threfall et al. 

1997). The number of cases of infection with serotype typhimurium DTl04 bas since 

increased in many countries (Calvert et al. 1998· Izumiya eta!. 1999; Baggessen et 

al.. 2000· Aarestrup el al. 2003). 

on-Typhoidal Salmonella spp (NTS) are an important cause of infection in both 

human and animals and there is an increasing prevalence of multi-dmg resistance 

(MDR) in Kenya (Graham el al. , 2000; Kariuki et al. 2002). However there are no 

data from developing countries including Kenya providing evidence that 

antimicrobial-resistance among Salmonella isolates in humans results from the use of 

antimicrobial agents in food animals. Therefore this study utilized an ecologic study 

de ign to examine the correlation between use of relevant antibiotics in the food 
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animal setting and the proportion of MDR among E. coli isolates from food animal 

and TS isolates from humans. 

The aim of this study was to investigate the association between antimicrobial use in 

food animals and reported prevalence rates of AMR in Kenya using a correlation 

matrix. The study sought to identify needs for specific interventions and to provide a 

ba is for policy recommendations for animal and public health. 
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5.2 MATERIAL AND METHODS 

5.2.1 Antimicrobial e Data 

ational antimicrobial sales data for food animals from 1995 to 1999 were obtained 

from published information (Mitema et al. 2001) while data from 2000 to 2001 was 

obtained from the results of the present study (extracted from Chapter Three). 

5.2.2 Antimicrobial Resistance Data 

An ecologic study design was used which allows measurement of the effect of total 

and indi idual antibiotic exposure on antimicrobial resistance. E. coli in food animals 

and Non typhi Salmonella spp in humans were chosen as indicator organisms for 

those effects. Using PUBMED and local literature search systems, a search of 

national surveillance studies on AMR published in English from 1995 to 2001 was 

performed. Data from the present study (extracted from Chapter four) was included 

for the period from 2000 to 200 1. 

5.2.3 Stati tical Analysis 

The proportion of resistance among E. coli and Non-typhi Salmonellae isolates from 

food animal and humans respectively reported during 1996-2001were included. 

Least-square linear regression analysis was used to determine the relationship 

between antimicrobial use (expressed in tonnes) and the log odds of prevalence of 

re i tance (R/ 1-R). 
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The drug-use factors thought to be associated with antimicrobial resistance were 

modelled using multi ariate regression analysis. Generalised linear models 

cCullagh and Neider 1989) were performed on drug use-level factors using the 

log odds of prevalence of multi-drug resistance % MDR) of E. coli as the 

independent variable and antimicrobial use indices (i.e total consumption [TC] oral 

consumption [OC], parenteral consumption [PC] and prophylactic use [PU]) as 

outcome variables. The coefficient of determination (~) was used to determine the 

strength of the association. Spearman Rank correlation coefficient (r) and its 

corresponding p value were used to determine the degree of correlation and the level 

of significance (p :=:: 0.05) respectively. 
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5.3 RESULT 

5.3.1 Antimicrobial usage correlation 

Table 5.1 shows the consumption of antimicrobial agents used by food animals in 

Kenya for the period 1996-2001. The use of a number of different antimicrobial 

agents was interrelated. The results of correlation analysis of total antimicrobial 

consumption with indi idual antimicrobial agents were as follows: tetracycline 

consumption was positively correlated with total antimicrobial consumption (r = 

0.371· p > 0.05) whilst P-lactams consumption was positively correlated with total 

antimicrobial consumption (r = 0.486· p > 0.05). The consumption of macrolides was 

also positively correlated with total antimicrobial usage (r = 0.395· p > 0.05). With 

respect to antimicrobial classifications the relationship between various antimicrobial 

agent usage were as follows: tetracycline con umption was positively correlated with 

sulfonamide usage (r = 0.314; p > 0.05) and negatively correlated with beta-lactam 

con umption (r = - 0.543; p > 0.05) aminoglycoside consumption (r = -0.429· p > 

0.05 and fluoroquinolone consumption (r = -0.543· p > 0.05). P-lactams usage was 

not ignificantly associated with arninoglycoside consumption (r = 0.771; p = 0.006) 

while quinolone consumption was inversely correlated with sulfonamide consumption 

(r= -0.771). 

5.3.2 AntimicrobiaJ re i tance correlations (food animals) 

Table 5.2 shows trends in AMR among E. coli isolates from food animals in Kenya 

during the period between 1996- 200 1. From this data the relationship between the 
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pre,·aJence of resistance to ampicillin tetracyclin and sulfonamide v as determined. 

Findings of the correlation analysis were as follows: a significant association was 

found between both tetracycline resistance and ampicillin resistance (r = -0.994· p < 

0.05) and tetracycline resistance and sulfonamide resi tance (r = -0.972· p < 0.05). 

Moreover there was a significant association between ampicillin resistance and 

sulfonamide resistance (r = 0.992· p < 0.05). 

5.3.3 Antimicrobial usage and AMR correlation 

5.3.3.1 Food animals 

Figure 5.1 shows trends in resistance to selected antimicrobial agents for E. coli and 

total antimicrobial consumption in food animals; showing a clear association between 

antimicrobial resistance and antimicrobial usage. In 1998 there was a reduction in 

tetracycline resistance following a reduction in total antimicrobial consumption 

during 1 996-97 while ampicillin and sulfonamide resistance increased following an 

increase in total antimicrobial consumption. Figure 5.2 shows trends in tetracycline 

resistance among E. coli isolates from food animals and the consumption of 

tetrac cline. There was a direct relationship between tetracycline resistance and 

tetracycline consumption. 

Ob ervations of the correlation analysis of antimicrobial usage in food production 

v ith antimicrobial resistance prevalence among E. coli from food animals were as 

follows: total antimicrobial consumption in food animals was positively correlated 

with the prevalence of multi-drug resistance (r = 0.203; p > 0.05) and negatively 

correlated with both sulfonamide resistance (r = - 0. 239; p > 0.05) and ampicillin 
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resi tance (r = - 0.119· p > 0.05). Howe er total antimicrobial consumption wa 

significantly associated with tetracycline resistance (r = 0.878· p < 0.05). With regard 

to indi idual antimicrobial agent consumption and resistance correlations 

tetracycline s resistance and consumption were significantly associated (r = 0.953· p 

< 0.05). Although J3-lactam consumption was strongly correlated with ampicillin 

re istance (r = 0.717· p = 0.062) while sulfonamide resistance was marginally 

correlated with sulfonamide consumption (r = 0.443) these associations were not 

significant. Interestingly sulfonamide consumption was negatively correlated with 

sulfonamide resistance (r = -0.478· p > 0.05) but significantly associated with 

tetracycline resistance (r = 0.956· p < 0.05 . 

5.2.3.2 AMR in humans 

Table 5.3 shows trends in prevalence of AMR among NTS isolates from human 

patients from two Kenyan Hospitals for the period 1996-2001. Figure 5.3 depicts 

trends in total antimicrobial consumption in food animals and prevalence of MDR 

among TS i olates from human patients for the same period· showing an increase in 

prevalence of MDR and its relationship with total antimicrobial consumption. Figure 

5.4 illustrates trends in tetracycline resistance in NTS human isolates and tetracycline 

con umption in food animals in Kenya· showing a direct non-Linear relationship 

between resistance and consumption. 

Observations from correlation analysis of antimicrobial usage in food animals with 

antimicrobial resistance prevalence among NTS isolates from humans were as 

follows: total antimicrobial consumption was significantly associated with 
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tetracycline resistance (r = 0.801) but negatively correlated with sulfonamide 

re i tance (r = - 0.733) and ampicillin resistance (r = - 0.790)· howe er these 

as ociations were not significant (p > 0.05). Moreover a negative correlation was 

found between total antimicrobial consumption and pre alence of multi-drug 

resi tance (r = - 0.786; p > 0.05). P-lactam consumption was positively correlated 

with ampicillin resistance (r = 0.489· p > 0.05) while arninoglycoside consumption 

and streptomycin resistance showed a similar trend (r = 0.265· p > 0.05). Nalidixic 

re i tance was negatively correlated with total antimicrobial consumption (r = -

0.5 12· p > 0.05) as well as total fluoroquinolone consumption in food animals (r =-

0.136· p > 0.05). Although ciprofloxacin resistance was not reported during the entire 

tud period (see Table 5.3), fluoroquinolone consumption in food animals was 

strongly correlated with the MIC9o of ciprofloxacin (r = 0.660). 

-.2.3.3 Regre ion aoaly is of tetracycline, Beta-lactams and sulfonamides 

Observations from regression analysis of antimicrobial usage in food animals with 

antimicrobial resistance prevalence among E. coli isolates were as follows: 

Linear regression of tetracycline consumption (TC) and the log odds of tetracycline 

re i tance showed a coefficient of determination fl = 0.50 (p = 0.118) and a 

regression coefficient (slope) ~ = 0.023. The equation for the linear regression was: 

Ln[R/ 1-R] = 0.0227 x TC + 0.04. 

imilarly linear regression of beta-lactams consumption (BC) and the pre alence of 

ampicillin resistance showed an r2 = 0.34 (p = 0.28) and P = 0. 42. 
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The equation for the regression was: 

Ln[Rll -R] = 0.418 x BC- 2.02 

For the use of sulfonamides (SC) and the prevalence of sulfonamide resistance the 

calculated r2 = 0.32 (p = 0.25) while~= 0. 42. The linear regression equation was: 

Ln[R/1-R] = - 1.497 x SC- 0.97. 

The observations from the linear regression analysis model predicts that the 

pre alence of tetracycline resistance increases approximately by 2.3 % annually per 

additional 1000 kg (tonne) of tetracycline usage. For sulfonamide and beta-lactams 

u age in food animals the prevalence of resistance could not be accurately predicted 

in the regressional model due to low sensitivity/ specifitivity of the regressions (r2 < 

0.5· p > 0. 1). 

The results of modeling of drug-use factors associated with the development of multi­

drug resistance in food animals in Kenya are shown in Table 5.4. All the factors 

examined (i.e total consumption oral consumption parenteral consumption and 

prophylactic use) were not significantly (p <0.05) associated with the prevalence of 

multi-drug resistance. 



160 

Fig 5.1 Trends in resistance to selected antimicrobial agents 
among E. coli from food animals and the consumption of 

antimicrobials in food production, Kenya 
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Fig. 5.2 Trends in tetrac~line resistance amol'lJ E. coli isolates from food animals 
and the consumption of tetracycline in food production, Kenya 
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Fig. 5.3 Trends in antimicrobial consumption in food animals 
and development of MDR in NTS isolates from humans in 

Kenya, 1995-2001 
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---------------- --
Fig. 5.4 Trends in tetracycline consumption in food animals 

and resistance in NTS human isolates, Kenya 
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Table5.2. Occurrence of resistance (%)in E. coli from food animals Kenya* 

Period (Year) 

1996-97 1998-99 2000-01 

Antimicrobial agent Prevalence of resistance (%) 

Tetracycline 60 13 

Ampicill in 10 23 

Co-trimoxazole 10 25 

treptomycin NA 13 

Chloramphenicol 8 NA 

Gentamycin 5 0 

alidixic acid 0 

Ciprofloxacin 0 0 

Ke: 
NA == data Not Available 

* ource: Kariuki et al., 1997; Kariuki et al., 1999; Gakuya et al., 
2001(r si tance data for 1996-1999). 
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Table 5.3. Occurrence of resistance(%) among on-Typhoid Salmonella T ) 
from humans Kenya * 

Period (Year) 

1996-97 1996-99 2000-01 

Antimicrobial agent Prevalence of resistance (%) 

Tetracycline 66 48 48 

Ampicillin 48 65 62 

Co-trimoxazole 46 60 68 

treptomycin 49 70 67 

Chloramphenicol 26 40 so 

Gentarnycin 16 9 11 

alidixic acid 0 11 4 

Ciprofloxacin 0 0 0 

* ource: Kariuki et al., 2000; Kariuki et al. , 20002; Kariuki et al., 2005. 
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Table 5.4 Model of drug-use factors in food animals associated with multi-drug 

re i tance in E. coli from food animals in Ken a. 

Variable Estimate P-value 

Total consumption 2.38 0.319 

Oral consumption -4.01 0.303 

Parenteral consumption -1.94 0.315 

Proph lactic use 4.57 0.290 

Constant 1.19 0.537 

R2 = 0.884· P = 0.491 
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5.4 DI C SIO 

This study presents for the frrst time data from an ecologic study that correlat s 

national antimicrobial consumption from food animals with prevalence of antibiotic­

resi tant E. coli isolates from food animals and NT human isolates from Kenyan 

hospitals. Firstly this study shows negative correlations between tetracycline and 

beta-lactams usage as well as tetracycline and aminoglycoside usage. Secondly, the 

stud revealed a strong inverse association between fluorquinolone and sulfonamide 

u age indicating increasing levels of fluroquinolone consumption with decreasing 

le els of sulfonamide usage in food animals. This pattern of drug u e reflects a shift 

towards the use of broad-spectrum antimicrobial agents in food animals in Kenya. 

The ecologic study design chosen allows the evaluation of the effect of antibiotic 

con umption on resistance rates on a national level. A strong and significant 

association was documented between total antimicrobial consumption in food animals 

and prevalence of resistance among E. coli isolates from animals. However a weak 

relationship was documented between total antimicrobial consumption in food 

animals and prevalence of resistance among NTS isolates from humans except for 

tetra ycline. An almost linear association existed between tetracycline use and 

proportion of tetracycline resistant E. coli from food animals. A weaker correlation 

was found between beta-lactam usage and the proportion of ampicilin-resistant E. coli 

isolates· and between tetracycline usage and the prevalence of multi-drug resistant E. 

coli. However drug-use factors e.g routes of administration therapeutic or 

prophylactic use were not significantly (P > 0.05) associated with development of 

multi-drug resistance in food animals in the study. Perhaps other factors associated 



169 

with drug use e.g farm-level (farmer experience education level etc) and animal-le el 

factors may be significantly associated with antimicrobial resistance. In Europe 

prevalences of resistance to macrolides and B-lactams in Streptococcus pneumoniae 

macrolide resistance in Streptococcus pyogenes and resistance to quinolones and co­

trimoxazole in E. coli were obtained from a number of national and intemational 

urveillance studies and compared with antimicrobial consumption in the 

participating European countries (Goossens et al. 2005). In these studies significant 

correlations between levels of resistance and antibiotic consumption were seen 

particularly for S. pneumoniae i.e higher levels of antibiotic prescribing were 

associated with higher levels of antibiotic resistance. Similar observations were made 

in this study between antimicrobial consumption and resistance in food animals. 

However the present study did not find a direct correlation between AMR among 

NT i olates and antimicrobial usage in food animals as reported in the U A and 

Europe. This is in agreement with the findings of Kariuki et al. (2002) that food 

animals may not be the major vehicles of NTS infection in humans in Kenya. 

Generally the findings of the present study are in agreement with those of Austin et 

a/. (1999) who modeled the relationship between antimicrobial use and endemic 

resistance based on epidemiologic observations and the European Antimicrobial 

Resistance Surveillance Study (EARSS 2000). However these ecologic studies have 

some limitations. First antibiotic sales data cannot be used synonymously with 

antibiotic exposure. For example the data on usage volumes allow comparisons but 

do not measure indi idual exposure to antibiotics. In other words animals recei ing 

antibiotics may not be the same ones from whom antibiotic-resistant bacteria were 



170 

isolated. Therefore antimicrobial consumption data might not account for these 

differences. Second differences in antimicrobial consumption rates among arious 

food animal species could not be accounted for. Finally data are lacking regarding 

the maximum time lag between antimicrobial consumption and po sible changes in 

resistance patterns on a national level. Antimicrobial use exerts selective pressure on 

resistance in bacterial pathogens in several ways (Aibrich et at. 2004). Any type of 

recent antimicrobial treatment can select for resistance by eradicating antibiotic­

susceptible bacteria while indirectly promoting the transmission of AMR pathogens 

in a community or country. However whether decreasing antibiotic use in the 

community will have a sustained impact on resistance rates is unclear. Antibiotic 

re istance may Lake longer to return to previous levels than the time it took for 

antibiotic resistance to increase after excessive antibiotic use. In Finland for instance 

in the 1990s antibiotic resistance decreased slowly with substantially reduced 

antibiotic consumption after an initial rapid increase; such situations may lead to 

different correlations between use and resistance depending on whether resistance is 

increasing or decreasing (Houvinen 2002). The present study observed persistent 

level of sulfonamide resistance in Kenya despite decreasing sulfonamide 

consumption levels in food animals in the last five years. This finding is in agreement 

with the results of a recent study in the United Kingdom which reported persistence 

of sulfonamide resistance in E. coli despite cessation of sulfonamide usage (Enne et 

a/. 2001 ). Moreover, There is evidence from the USA (Langlois et al. , 1986) and 

from Norway (Kruse and Simonsen 2000) that some resistance may persist long after 

the use of an antibiotic bas been discontinued. The persistence of virginiamycin 
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resi tance after its ban has been attributed to the use of penicillins selecting for 

associated resistance to virginiamycin (Bager et al. 2002) such associated resi tance 

a a result of one antibacterial agent selecting for resistance to another that is 

unrelated because the two resistance determinants are genetically linked on the same 

plasmid or transposon (co-resistance). This study found an association between 

sulfonamide resistance and beta-lactam consumption in food animals. Significant 

associations between AMR rates for different antibiotics during the study period were 

observed. A variety of factors could be responsible for this but perhaps the selective 

pressure exerted by inappropriately used antibiotics is likely the most important 

(Albricb et a/. 2004). Indeed amounts of antibiotic use in Kenya varied widely 

during this period (Mitema et al. 2001). It is possible that socioeconomic cultural 

demographic attitudinal and behavioral determinants have a major impact on 

antibiotic consumption practices in food animals in Kenya. Further studies of factors 

that influence prescription patterns may provide useful information for assessing 

public health policy strategies aimed at reducing antibiotic use and ultimately le els 

of antimicrobial resistance. The data presented in this analysis suggest an important 

association between antibiotic consumption in food animals and resistance among E. 

coli isolates from food animals and slightly weaker association for NTS infections in 

humans. The relationship between antimicrobial use and AMR are complex· 

interventions aimed at promoting more rational prescribing patterns should be 

supported by adequate experimental and epidemiological evidence. Therefore this 

study supports the adoption of the precautionary principle in the containment of 

AMR. Moreover this study recommends review of relevant legislation planning and 
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implementation of a national action plan for the appropriate use of antimicrobial 

agents in Kenya whose effectiveness should be monitored and evaluated through 

prospective and continuous surveillance of antimicrobial resistance and antimicrobial 

sales data. In conclusion the findings in this study provide important infonnation on 

the associations between AMR and antimicrobial usage in food animals. Tbe study 

has shown that tetracycline usage in food animals leads to increased tetracycline 

resistance in food animals and also co-selects for sulfonamide resistance in food 

animals more so following oral use. The study has identified tetracycline use in food 

animals as a possible risk factor for tetracycline resistance in humans. In addition, 

usage of ~-lactam antibiotics contributes to ampicillin resistance in food animals 

while overall antimicrobial usage is associated with prevalence of tetracycline 

resistance and MDR in food animals. 
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CHAPTER SIX 

6.0 GE ERAL DISCUSSIO AND CO CL SION 

6.1 GENERAL DISCUSSIO 

The use of antibiotics to treat disease in food animals started in the rnid-1940s. The 

introduction of antibiotics in commercial feed for cattle pigs and chickens began in 

the early 1950s. The scientific debate over the potential public health risks from 

animal use of antibiotics began more than 30 years ago when researchers first 

reported that the addition of streptomycin to chicken feed increased the growth rate of 

chickens (Jukes et al. 1956). 

The increase in resistance of bacteria to drugs used to treat human infections has 

raised questions about the role that antimicrobial drug use in food-producing animals 

pla ·s in the emergence of antimicrobial drug-resistant bacteria. In recent years 

concerns about the use of antimicrobial products in food animals have focused on 

human food safety because foods of animal origin are vehicles of food-borne disease 

in humans. The selection of drug-resistant bacterial populations is a consequence of 

exposure to antimicrobial drugs and can occur from human animal and agricultural 

use . The administration of these compounds to food animals is necessary to maintain 

their heal th. However food animals can become reservoirs of bacteria capable of 

being transferred to humans through food. Food-carrying resistant bacterial pathogens 

can cause human illness and subsequent therapeutic failure. 

The present study on antimicrobial consumption patterns in food animals has shown 

that many of the antimicrobials used to treat animals are either identical to or related 

to drugs used in human medicine including penicillins tetracyclines cephalosporins 
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aminoglycosides macrolides and fluoroquinolones. Most of these drugs are also used 

to treat food-borne disease in humans. Tetracyclines constituted 70 % of total 

antimicrobial consumption, fluoroquinolones 22% penicillins 4% aminoglycosides 

% and sulfonamides 1 %. However There was hardly any use of extended spectrum 

~-lactam (ESBLs) antimicrobial agents in food animals. 

Moreo er the study indicated increasing trends m oxytetracycline and 

fluoroquinolone usage and declining trends m sulfonamides, penicillins 

arninoglycosides and macrolides consumption in food animals. Interestingly in 

Kenya animal consumption of fluoroquinolone appears to be on the increase despite a 

reduction in levels of consumption in Europe and USA due to legal restrictions. 

AMR phenotypes of E. coli (as indicator bacteria) in healthy food animals at 

laughter were characterized in this study. These results demonstrated that the 

proportion of MDR in healthy food animals was > 20 % and MDR (to ampicillin 

chloramphenicol, streptomycin sulfonarnides and tetracyclines) was found in some 

food animal isolates. With such excessive use of antibiotics it is not surprising that 

there is evidence for a high prevalence of resistance in commensal bacteria. Multi­

drug resistant strains of E. coli are increasingly prevalent worldwide (Rodriguez et 

al., 2001). In some cases this has been linked to antimicrobial use in food animals 

either as growth promoters or for therapy (van den Bogaard el al. 2001). In an 

earlier study in Kenya (Kariuki et a/. 1999) demonstrated high levels of transferable 

resistance in commensal E. coli from children with diarrhoea although there was no 

genotypic evidence that these E. coli were related with those found in domestic 

poultry. 
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Thus the commensal flora of the intestines can act as reservoirs of antibiotic 

resistance genes. These genes can then be transferred to pathogenic bacteria in the 

intestines. More recent studies have confirmed that using antimicrobial drugs in 

animal increases the risk of selecting for resistant food-borne pathogens and that 

these pathogens can then be transferred to humans through direct contact with either 

contaminated food or animals (van den Bogaard et al. 2001; White et al. 2001). 

Much of the discussion about the adverse effects on human health associated with the 

veterinary use of antimicrobial agents has revolved around the clinical significance 

and sources of antimicrobial-resistant nontyphoidal Salmonella infections in humans 

(Institute of Medicine 1989; U.S. Congress, Office of Technology and Assessment 

1995). This issue gained prominence in the light of the recent discussions concerning 

the public health implications of veterinary use of fluoroquinolones (Anonymous 

1994· Beam 1994) a class of antimicrobials essential for the treatment of several 

life-threatening infections in humans (Wilcox and Spencer 1992; Conte, 1995). 

Because of these public health concerns the Food and Drug Administration 

prohibited the use of fluoroquinolones in food animals in the United States in 1997. 

There is epidemiological and clinical evidence that the use of antimicrobial agents, at 

subtherapuetic or therapeutic concentrations results in antimicrobial resistance. 

However in order for an antimicrobial-resistant pathogen to have a public health 

consequence there must be both usage of the antimicrobial agent and dissemination 

of the resistant pathogen. 



176 

The role of dissemination has been documented by the consequences of using 

fluoroquinolones for the treatment of infections in Salmonella in humans and food 

animals in the United Kingdom, where a fluoroquinolone enrofloxacin) has been 

wide! used in food animals following its approval for eterinary use in 1993. 

Following the approval decreased susceptibility to fluoroquinolones (MIC >0.25) 

rapidly emerged among human Salmonella isolates particularly among isolates of 

multiply-resistant S. Typhimurium DTl 04 which were resistant to ampicillin 

chloramphenicol, streptomycin sulfonamides and tetracycline (R-type ACSSuT) 

i alated from humans (Threfall et al. 1997). A parallel rapid emergence of decreased 

u ceptibility to fluoroquinolones, as indicated by antimicrobial resistance to nalidixic 

acid. has been observed among animal S. Typhirnuriurn DT104 R-type ACSSuT 

isolate in the United Kingdom. In Kenya although increased prevalence of MDR 

NT have been reported fluoroquinolone resistance has not been reported although 

decreased susceptibility to nalidixic acid and ciprofloxacin has been observed over 

the last 1 0 years (Kariuki et al. 2005). 

Most human Salmonella infections in developed countries are acquired from 

inge tion of contaminated foods of animal origin. However in a previous study in 

K n a Kariuki et al. (2002) were unable to show any significant association between 

T i elates from humans and those from animals living in close contact. There is 

upporting evidence in the United States and Europe that human usage of 

fluoroqui nolones has little impact on resistance among Salmonella isolates; and since 

most persons infected with antimicrobial-resistant Salmonella do not have a history of 

recent international travel (Riley et al. 1984; McDonald et al. 1987· Lee eta!. 1994) 
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the only likely cause for the emergence and increasing prevalence of antimicrobial­

resi tant almonella in the United States is the use of antimicrobial agents in animal 

predominately food animals. Four lines of evidence support the conclusion that mo t 

AMR among Salmonella isolates in humans results from the use of antimicrobial 

agents in food animals. 

Firstly se eral outbreak investigations of antimicrobial-resistant Salmonella 

infection in humans have combined epidemiological studies and laboratory 

subtyping techniques to trace back antimicrobial-resistant Salmonella through the 

food distribution system to farms and antimicrobial use on the farms was found to be 

associated with the antimicrobial resistance (Holmberg et al., 1984· Lyons et al. 

1985; Tacket eta/. 1985; Spika et al. 1987). 

econdly emergence of Salmonella Typhimurium DTl 04 R-type ACSSuT with 

decreased susceptibility to fluoroquinolones in the United Kingdom. The continued 

emergence of S. Typhimuriurn DT104 with decreased susceptibility to 

fluoroquinolones in humans in the United Kingdom provides increasingly strong 

evidence that antimicrobial-resistance among Salmonella isolates in humans results 

from the use of antimicrobial agents in food animals. Decreased susceptibility to 

fluoroquinolones among human Salmonella isolates was rare in the United Kingdom 

prior to 1993 despite the widespread use of ciprofloxacin in humans since 1987. 

However following the 1993 approval and widespread use of enrofloxacin in 

veterinary medicine human Salmonella isolates (and animal isolates) with decreased 
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susceptibility to ciprofloxacin rapidly emerged beginning in 1994 (Threfall et al. 

199 . 

Thirdly comparisons between resistant phenotypes among isolates of human and 

animal sources. Arguably if veterinary use of antimicrobial agents is responsible for 

the development of antimicrobial resistant Salmonella in anjmals which may be 

transmitted to humans then the patterns of antimicrobial resistance observed among 

Salmonella isolates collected from healthy animals and humans should be similar. 

e eral studies from developed countries have shown that NTS from farm animals 

are multiply resistant to commonly available drugs including both quinolones and 

extended spectrum 13-lactams (Fey et al., 2000; Kruchaga et at. 1998· Wiuff eta/. 

2000). However in Kenya antimicrobial susceptibility tests showed that NT from 

humans were multiply resistant to antimicrobial agents commonly available in Kenya 

whereas TS from animals were fully susceptible to all antibiotics tested (Kariuki et 

a/. 2002). 

Fourthly the comparison of antimicrobial usage patterns in humans and animals with 

AMR patterns among humans and animals. AJlthough limited data is available on 

antimicrobial agent usage in food animals in many countries where available these 

data suggests that the patterns of antimicrobial usage in food animals are similar to 

the spectrum of antimicrobial resistance observed among Salmonella isolates from 

food animals and humans. In the present study a weaker correlation was found 

ben: een the prevalence of MDR among NTS from humans and fluoroquinolone 

con urnption in food animals in Kenya. However, there was a stronger correlation 
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be~ een fluoroquinolone consumption in food animals and T susceptibility to 

fluoroquinolones (MIC >0.25). 

With the recognition that foods of animal origin are the source of most human 

almonella infections (and most antimicrobial-resistant a/monel/a infections) and 

that most antimicrobial resistance among Salmonella isolates are caused by the use of 

antimicrobial agents in food animals it is possible to evaluate the potential human 

health consequences of unrestricted veterinary use of fluoroquinolones using the 

human health risks model developed by the Institute of Medicine in 1988 of the 

United States (Institute of Medicine 1989). It is estimated that each year in the 

United tates most of the approximately 2 400 persons with Life-threatening invasive 

Salmonella infections are treated with fluoroquinolones of whom approximately 500 

die. Fluoroquinolones may therefore be life-saving for approximately 1 900 persons 

each year in the United States. 

In Kenya TS account for a steadily increasing proportion of human salmonellosis, 

and often present as bacteremia without diarrhoeal disease (Kariuki e( al. 2000; 

Arthur eta!., 2001). MDR salmonella were first documented in Nairobi in 1994 with 

increasing prevalence over time (Kariuki et al. 1996). For instance between 1997 

and 2003 the prevalence of NTS isolates resistant to ampicillin co-trimoxazole 

streptomycin chloramphenicol and tetracycline increased from 31 % to 42 %. 

Although still sensitive to fluoroquinolones, these isolates have l 0-fold higher MIC s 

of nalidixic acid and ciprofloxacin than non-MDR salmonella isolates. 
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Evidence presented in this study demonstrates that emergent fluoroquinolone 

resistance among Salmonella isolates in Kenya could result from direct 

fluoroquinolone use in food animals. However the clinical significance of 

fluoroquinolone-resistant NTS currently is not precisely known because other 

antimicrobial treatment options are limited. Treatment failures and serious outcomes 

inclucling deaths, would be expected. For instance using the reported incidence of 

approximately 1000 cases of salmonellosis per year (Ombui 1998) if 1 0 % of 

Salmonella isolates in Kenya were to be fluoroquinolone-resistant as a result of usage 

in food animals and 16 % of persons with invasive fluoroquinolone-resistant 

infections were to die, fluoroquinolone usage in £ood animals under such a scenario 

would result in 16 deaths each year. This study therefore emphasize the need of 

prudent use of antimicrobial agents in food animals. 

In June 1998 the WHO addressed the use of quinolones in food-producing animals 

and noted with concern that the use of antimicrobial agents will cause resistance to 

develop and that there is a potential human health hazard from resistant almonella 

E cherichia coli, and Campylobacter organisms transferred to humans through the 

food upply (WHO 1998). However the experts also agreed that antimicrobial drugs 

including quinolones in certain instances are needed to treat sick animals and urged 

more research on the possible human health effects from the use of these drugs in 

animals (WHO, 1998). 

The emergence and increasing prevalence of MDR Salmonella complicates the 

treatment of almonel/a infections in humans and animals. In developing countries 
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including Kenya increasing rates of resistance to Salmonella Typhimurium DT104 R­

type AC uT which become resistant to commonly available antibiotics ha e made 

treatment of clinical salmonellosis a clinical dilemma (Gupta et a/. 2002 . For 

example chloramphenicol is the drug of choice in Malawian children since 

ciprofloxacin and ceftriaxone are less available and mu h more expensive (Graham et 

a/., -000). The increasing prevalence of antimicrobial resistance among Salmonella 

isolates and the consequences, demonstrates the urgent need to de elop strategies to 

reduce antimicrobial agent usage in food animals. Since antimicrobial agent usage 

can be reduced through the implementation of non-antimicrobial means of controlling 

infectious diseases such as improved hygiene and sanjtation such efforts which will 

minimize development of antimicrobial resistance and dissemination of 

antimicrobial-resistant pathogens should be emphasized (Helmuth and Protz, 1997). 

Effort should also be taken to ensure that antimicrobial agents are used prudently in 

food animals. Prudent usage of antimicrobial agents maximizes the therapeutic effect 

of the antimicrobial agent and minimizes the development of antimicrobial resistance. 

Since subtherapeutic uses of antimicrobial agents do not exert a therapeutic effect 

uch uses are non-prudent and should be replaced by non-antimicrobial methods of 

gro'.vth promotion. Because of the particular contribution of subtherapeutic 

tetracycline in the development and dissemination of antimicrobial resistant 

a/monel/a the subtherapuetic use of tetracycline should be restricted in line with 

WHO recommendations (World Health Organization Division of Emerging and 

Other Commurucable Diseases Surveillance and Control 1997). Because 

fluoroquinolones are a vital class of antimicrobial agents for the treatment of 
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potentially life-threatening a/monel/a infections in humans and widespread usage of 

fluoroquinolones in food animals will lead to rapid emergence and dis emination of 

re i tance to humans with adverse health consequences, the use of fluoroquinolones 

in food animals should be restricted until policy guidelines for the prudent use of 

antimicrobial agents in food animals have been implemented. 

Unfortunately in Kenya there is neither a national veterinary formulary nor an 

official policy on antimicrobial drug use in food animals. The current general 

liberalization of antimicrobial agents market in Kenya is the main cause of 

uncontrolled and ready availability of antimicrobial agents to farmers over-the­

counter. Under such circumstances unsupervised sale and misuse of antimicrobial 

agents occur thereby increasing the risk of AMR developing. There is an urgent need 

to review the relevant national legislation in order to address sale and distribution of 

antimicrobial agents from a Kenyan perspective. Among the legislations that need to 

be re iewed are the Pharmacy and Poisons Act (Cap 244) Animal Diseases Act 

(Cap364) the Veterinary Surgeons Act (Cap 366) and the Kenya Industrial Property 

Act (2002). 

Unlike toxicological safety of drug residues in food, no predictive models currently 

exist to precisely estimate the rate and extent of AMR that may emerge from the use 

of antimicrobial drugs in food animals. Despite the current lack of such models 

certain information can be generated to support a pre-approval and post-approval 

AMR safety assessment (FDA 1999). Possible strategies include (a) categorization of 

antimicrobial drugs based on the importance of the drug for human medicine; (b) 
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revi ion of the pre-approval safety assessment for antimicrobial resistance for new 

animal drug applications to include an evaluation of all uses for microbial safety· c) 

post-approval monitoring for the development of antimicrobial drug resistance· (d) 

collection of food animal antimicrobial drug use data; and (e) the establishment of 

regulatory thresholds. 

The antimicrobial resistance risk assessment should characterize the proposed drug 

product as to the potential for resistance to emerge in animals the potential that such 

resistance would be transmitted from animals to humans and the potential 

consequence of that resistance to human health. These factors taken together will be 

u ed to characterize the overall risk that the proposed drug use in animals would 

cause antimicrobial resistance to emerge and to impact human health. 

In addition to the risk assessment applications for antimicrobial drugs for food­

producing animals may need to undergo a risk management assessment. The 

recognition that the use of antimicrobial drugs exerts microbial selection pressure 

focuses attention on the need for appropriate or prudent use of antimicrobial drugs. A 

principle consistent with the judicious use concept is the idea that certain 

antimicrobial agents or certain antimicrobial use patterns are more likely than others 

to exert selection pressures favorable to the emergence of AMR. This risk-based 

approach should be used by registration and regulatory authorities to approve only 

limited use conditions for particular antimicrobial agents and to impose certain use 

restrictions which may include limitations regarding product marketing status extra­

label use provisions or dosage and administration instructions. 
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Finall to facilitate the development of a monitoring system on antimicrobial u e in 

Kenya, the Pharmacy and Poisons Board of the Ministry of Health needs to enhance 

its regulatory mandate on antimicrobial distribution and determine the points in the 

distribution system where meaningful and useful data can be collected in a continuous 

and logistically feasible manner. The Board needs to design and implement a national 

urYeillance program of antimicrobial use in food animals that pro ides valid data in 

a timely and methodological fashion. The national surveillance program should 

upport risk analysis related to human health and policy development related to 

antimicrobial use in Kenya. Surveillance should include indicator (E. coli and 

Enterococcus faecium) and pathogenic bacteria (Salmonella spp, Campylobacter spp 

and Streptococcus spp) isolated from animals foods animal feeds and imported 

animal products. The bacteria (indicator zoonotic and pathogenic) chosen for active 

surveillance and the laboratory methods used within the surveillance program should 

be comparable to those of DANMAP EARSS and NARMS so that Kenya can 

participate in a global system of surveillance of antimicrobial resistance in bacteria of 

food-animal origin. 
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6.2 CO CLUSIONS 

In summary this study has led to the following conclusions: 

1. Tetracycline still remains the most prescribed antimicrobial agent in in 

food animals in Kenya 

2. Total antimicrobial usage in food animals was significantly associated 

with tetracycline resistance in food animals and strongly correlated with 

tetracycline resistance in humans. 

3. Fluoroquinolone was the second most prescribed antimicrobial agent and 

the most prescribed oral antimicrobial agent in food animal practice in 

Kenya during the study period (2001-2002). 

4. E coli isolates from healthy cattle poultry and swine showed moderate to 

high levels of resistance to commonly prescribed antimicrobials notably 

ampic~ sulfamethoxazole co-trimoxazole and tetracycline. Multi-drug 

resistance was much more common among isolates from poultry and 

swine than from cattle. 

5. Genotypic studies showed that most ampicillin-resistant E. coli isolates 

from food animals expressed the TEM- P-Iactamase genes. 

6. Tetracycline resistance was encoded by either Tet(A) or Tet(B) genes both 

of which accounted for about fifty five percent of resistance. Of the two 

genotypes Tet(A) was the most predominant gene. 
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Sulfonamide resistance was mediated by Sull and /or Sulll genes in o er 

ninety five percent of resistant bacteria. However ul/1 gene wa the most 

predominant gene. 

8. The demonstration of conjugational transfer of MDR genes and the 

presence of mobile classl integrons led to the conclusion that food animals 

may pose a risk to human health in Kenya. 

9. The observation from linear regression analysis model predicts an annual 

increase of 2.3 % in prevalence of tetracycline resistance per additional 

1 000 kg of tetracycline usage in food animals. 

6.3 RECOMMENDATIONS 

I. Because fluoroquinolones are a vital class of antimicrobial agents for the 

treatment of potentially life-threatening Salmonella and Camplobacter 

infections in humans and widespread usage of fluoroquinolones in food 

animals may lead to rapid emergence and dissemination of resistance to 

humans with adverse heaJtb consequences The study recommends: (a) for 

closer surveillance of fluoroquinolone consumption and its effect on 

emergence of fluoroquinolone resistance in both food animals and humans (b) 

that the use of fluoroquinolones in food animals (poultry) should be restricted 

in line with " the precautionary principle' until policy guidelines for the 

prudent use of antimicrobial agents in food animals have been implemented. 
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2. Since tetracycline usage in food animals was strongly correlated with 

tetracycline resistance in both animals and humans· and tetracycline resi tance 

was significantly associated with chloramphenicol resistance in food animals 

it is recommended that there should be regulation of tetracycline usage in food 

animals (poultry and swine) in Kenya in line with WHO recommendations. 

3. oting that ~-lactam usage in food animals was significantly associated with 

the prevalence of ampicillin resistance in food animals and the resistant 

mechanism is due to P-lactamase production, it is recommended that certain 

extended spectrum P-lactams (ESBL s) be introduced for food animal use in 

Kenya in line with WHO guidelines. 



188 

.0 REFERENCE 

Aare trup F.M. (2000a). Occurrence, selection and pread of resistance to 

antimicrobial agents used for growth promotion in food animals in Denmark. APMT 

101 ( uppl): 1 - 48 

Aarestrup F.M. (2000b). Characterization of gl copeptide resistant Enterococcu 

faecium GRE) from broilers and pigs in Denmark: genetic evidence that persistence 

of ORE in pig herds is associated with co-selection by resistance to macrolides. 

Journal of Clinical Microbiology 38:2774-2777. 

Aarestrup F. M. A.M. eyfarth H. D. Emborg K. Peder en R. S. Hendriksen and 

F. Bager. (2001). Effect of abolishment of the use of antimicrobial agents for growth 

promotion on occurrence of antimicrobial resistance in fecal enterococci from food 

animals in Denmark. Antimicrob. Agents and Chemotherapy. 45:2054-2059 . 

. are trup, F. M. Haman H. Jensen L. B. Moreno M. Herrero I A. Dominguez, 

L., Finn M. and Franklin A. (2002). Antimicrobial resistance among enterococci 

from pigs in three European countries. Applied and Environmental Microbiology 68 

-ll27-9. 

Aarestrup. F.M. Lertworapreecha, M. E ans M .C. BangtrakuJnoth A., 

Chalerrnchaikit T. Hendricksen R.S. and Wegener, H.C. (2003). Antimicrobial 

susceptibility and occurrence of resistance genes among a/monel/a enterica sero ar 

\\ eltevreden from different countries. Journal of Antimicrobial Chemotherapy. 52: 

715-8. 

cheson D. W. K. (1999). Shiga toxin-producing Escherichia coli. Clinical 
Microbiology ew letter. 21 : 183-188. 



189 

Af et, J.E. Bergh K. and Bevanger L. (2003). High prevalence of atypical 

enteropathogenic E cherichia coli (EPEC) in orwegian children with dianho a. 

Journal of Medical Microbiology. 52:1015-9. 

Afset J.E. Bevanger L. Romundstad P. and Bergh K. (2004). Association of 

atypical enteropathogenic Escherichia coli (EPEC) with prolonged diarrhoea. Journal 

of Medical Microbiology. 53:1137-44. 

Akiba, T. Koyama, K. Ishiki Y. Kimuta S and Fukushima T. (1960). On the 

mechanism of the development of multiple resistance clones of Shigella. Japanese 

Journal of Microbiology. 4: 219-227. 

lhrich WC Monnet DL, Harbatth, S. (2004). Antibiotic selection presssure and 

resistance in Streptococcus pneumoniae and Streptococcus pyogenes. Emerging 

Infectious Diseases. Available from: http://www.cdc.gov/ncidod/EID/vol10no3/03-

0252.htm 

Al-Ghamdi M.S. El-Morsy F. Al-Mustafa, Z.H. Al-Ramadban M. and Hanif M. 

(1999 . Antibiotic resistant Escherichia coli isolated from poultry workers patients 

and chickens in the Eastern province of Saudi Arabia. Tropical Medicine 

International Health. 4 (4): 278-283 . 

. .o\mmon A., Petersen L. R. and Karch H. (1999). A large outbreak of hemolytic 

uremic syndrome caused by an unusual sorbitol-fermenting strain of Escherichia coli 

Ol57: H7 . . Journal of Infectious Disease. 179: 1274-1277. 

Arnyes S.G.B. and Gem.rnel C.G. (1992). Antibiotic resistant bacteria. Journal of 

Medical Microbiology. 36: 4-29. 



190 

Anderson, D. B., McCracken V. J. Aminov R. I. et al. 1999 . Gut microbiology 

and growth-promoting antibiotics in swine. Nutrition abstracts and re iews series B. 

Lil'e rock Feeds and Feeding 70 101-8. 

Angulo F.J. Johnson K.R. Tauxe, R.V. and Cohen M.L. (2000). Origin and 

consequences of antimicrobial-resistant nontyphoidal Salmonella: implications for the 

use offluoroquinolones in food animals. Microbial Drug Resistance. 6: 77-83 

Animal Health Institute (AHI) (200 1 ). 1999 Survey on Pharmaceuticals and food 

afety. Presentation given at 137th AVMA Annual Convention. Salt Lake City Utah 

_2-26 July 2000. 

Anon. (2001). 2001 Feed Additive Compendium, pp. 126-40. The Miller Publishing 

Co .. Minnetonka, MN USA. 

Anonymous. (1994). FDA panel urges restricted use of fluoroquinolones in animals. 

ASM ews· 60(7):350. 

Arason V.A Kristinsson, K.G Sigurdsson, J.A Stefansdottir, G. Molstad S.and 

Gudmundsson S. (1996). Do antimicrobials increase the carriage rate of penicillin 

resistant pneumococci in children? Cross sectional prevalence study. British Medical 

Journal. 313:387-391. 

Arthur G. Nduba V.N. Kariuki S.M. Kimari, J. Bhatt S.M. and Gilks C.F. 

(2001). Trends in bloodstream infections among human deficiency virus-infected 

adults admitted to a hospital in Nairobi Kenya, during the last decade. Clinical 

Infectious Diseases. 33· 248-256. 

Anhur M., Molinas, C. Mabilat C. and Courvalin P. (1990). Detection of 

erythrom cin resistance by the polymerase chain reaction using primers in conserved 

regions of errn rRNA methylase genes. Antimicrobial Agents and Chemotherapy. 34: 

2024-2026. 



191 

Arzese A. R. L. Tomasetig and G. A. Botta. 2000). Detection of tetQ and ermF 

antibiotic resistance genes in Prevotella and Porphyromona isolates from clinical 

specimens and resident microbiota of humans. Journal of Antimicrobial. 

Chemotherapy. 45: 577-582. 

Atlas, R.M. (1984). Classification of Enterobactericeae. In: MICROBIOLOGY 

"Fundamental and Applications ", Pages 390-401. Publi bed by Macmillan 

Publishing Company New York. 

Austin, D . .J Kristinsson, K.G and Anderson R.M. (1999). The relationship between 

the volume of antimicrobial consumption in human communities and the frequency of 

resistance. Proceedings of the National Academy of Sciences, U A. 96:1152-1156. 

A CARE. (2003).The role of enteric antibiotics in livestock production. [Online.] 

http://www.avcare.org.au/files/animalhealth/information!fhe%20Role%20o:F/o20ente 

ric%20antibiotics%20in%20livestock%20production.pdf. 

Bager F. Aarestrup F .. M. Madsen M. and Wegener H.C. (1999). Glycopeptide 

resistance in Enterococcus faecium from broilers and pigs following discontinued use 

of a oparcin. Microbial Drug Resistance, 5:53 - 56 

Bager F. , Stege H., Jacobsen, E. , Jensen, V.F and Larsen L (2001). Monitoring 

antimicrobial usage in Danish food animals. Presentation and abstract. WH.O 

Consultation on the Monitoring of Antimicrobial Usage in Food Animals for the 

Protection of Human Health. Oslo Norway 10-13 Sept. 2001. 

Bager F. & Emborg, H. D., Eds (2001). DANMAP 2000-Consumption of 

antimicrobial agents and occurrence of antimicrobial resistance in bacteria from food 

animals food and humans in Denmark. Stateos Serum Institut Dani h Veterinary and 

Food Administration, Danish Meclicines Agency Danish Veterinary Laboratory 

Copenhagen, Denmark. ISSN 1600-2032. 



192 

Bager F. Ed. (1997). Consumption of Antimicrobial Agents and Occurrence of 

Antimicrobial Resistance in Bacteria from Food Animals, Food and Hwnans m 

Denmark. o 1 February 1997. Copenhagen Denmark. I SN 1397- 078X. 

Bager F. Ed. (1999). DANMAP 98-Consurnption of antimicrobial agents and 

occurrence of antimicrobial resistance in bacteria from food animals food and 

humans in Denmark. Statens Serum Institut Danish Veterinary and Food 

Administration Danish Medicines Agency Danish Veterinary Laboratory 

Copenhagen Denmark. ISSN 1397-1409. 

Bager F. Ed. (2000). DANMAP 99- Consumption of antimicrobial agents and 

occurrence of antimicrobial resistance in bacteria from food animals food and 

humans in Denmark. Statens Serum Institut Danish Veterinary and Food 

administration Danish Medicines Agency Danish Veterinary Laboratory 

Copenhagen Denmark. ISSN 1600-2032. 

Bager, F. Emborg H. D. and Heuer, 0 . E. (2002). DANMAP 2001- Use of 

antimicrobial agents and occurrence of antimicrobial resistance in bacteria from food 

animals food and humans in Denmark Statens Serum Institut Danish Veterinary and 

Food Administration Danish Medicines Agency, Danish Veterinary Institute 

Copenhagen, Denmark. ISSN 1600- 2032. 

Baggesen D.L., Sandvag D. and Aarestrup F.M. (2000). Characterization of 

Salmonella enterica serovar typhimurium DT104 isolated from Denmark and 

comparison with isolates from Europe and the United tate . Journal of Clinical 

Microbiology. 38: 1581-6 

Bailar III J.C. and Travers, K. (2002). Review of assessments of the human health 

risk associated with the use of antimicrobial agents in agriculture. Clinical and 

Infectious Disease.I·34 Suppl3:S135- 43 

Bair. C.A., Reid-Smith, R.J. Irwin R.J. Martin S.W. and McEwen, S.A. (2002). 

Antimicrobial use by beef producers in Ontario, Canada. Proceeding of an 



193 

International Conference on Antimicrobial Agents in Veterinary Medicine. Helsinlci 

Finland, 4-8 August 2002. 

Banatvala, N. Magnano A.R. Cartter M.L Barret T.J. Bibb W.F. Vasile L.L. 

M bar P. Lambert-Fair M.A. Green, G.H. Bean, N.H. and Tauxe R.V. (1996). 

Meat grinders and molecular epidemiology: two supermarket outlets of Escherichia 

coli 0157: H7 Infection. Journal of Infectious Diseases. 173: 480-483. 

Bando S. Y., G. R. F . do Valle M. B. Martinez L. R. Trabulsi and C. A. Moreira­

Filho. (1998). Characterization of enteroinvasive Escherichia coli and higella strains 

by RAPD analysis. FEMS Microbiology Letters. 165:159-165. 

Bass L. Liebert C. A. Lee, M.D., Summers A. 0., White D. G. Thayer S. G. et 

a/. (1999). Incidence and characterization of integrons genetic elements mediating 

multiple-drug resistance, in avian Escherichia coli. Antimicrobial Agents and 

Chemotherapy 43 2925-9. 

Bax R. Bywater R. Comaglia, G. et a!. (2001). Surveillance of antimicrobial 

resistance-what, how and whither? Clinical Microbiology and Infection. 7: 316-25. 

Beam Jr. T.R (1994). Fluoroqwnolones in animal feeds. ASM News· 60(7):348. 

Bebora LC Oundo JO and Yamamoto H. (1994). Resistance of E. coli strains 

recovered from chickens to antimicrobials with special reference to trimethoprim­

sulphamethoxazole (septrin). East Afrcan. Medical. Journa/.11:624-627. 

Ben ensite . and Davies J. (1973). Aminoglycoside antibiotic activating enzyme in 

Actinomycetes similar to those present in clinical isolates of antibiotic resistant 

bacteria. Proceedings of the National Academy of Science of the USA. 70: 2276-2280. 



194 

Bern, C. J. Martines I. de Zoysa and R. I. Glass. (1992). The magnitude of the 

global problem of diarrheal diseases: a ten-year update. Bulletin of the World Health 

Organization. 70:705-714. 

Bernard H. Tancrede, C. Livrelli V. Morand A. Barthelemy M and Labia, R. 

1992 . A novel plasmid-mediated extended spectrum beta-lactamase not derived 

from TEM- or SHV -type enzymes. Journal of Antimicrobial Chemotherapy. 29: 590-

-92. 

Bertchinger H. U. and J. M. Fairbrother. (1999). Escherichia coli infections. In: B. 

E. traw, S. D'Allaire W. L. Mengeling and D. J. Taylor (ed.), Disea es of swine, p. 

431 -468. 8th ed. Iowa State University Press Ames. 

Bettelheim K. A. Whipp M. Djordjevic S. P. and Ramachandran V. (2002). First 

isolation outside Europe of sorbitol-fermenting erocytotoxigenic Escherichia coli 

TEC belonging to 0 group 0157. Journal of Medical Microbiology. 51: 713-714. 

Bieber D. Ramer S.W. Wu C.Y., Mun-ay, W.J. Tobe, T. and Fernandez, R 

(1998). Type IV pili transient bacterial aggregates and virulence of enteropathogenic 

Escherichia coli. Science. 280:2114--8. 

Bischoff K. M., D. G. White, P. F. McDermott S. Zhao S. Gaines, J. J. Maurer, and 

D. J. Nisbet. (2002). Characterization of chloramphenicol resistance in beta­

hemolytic Escherichia coli associated with diarrhea in neonatal swine. Journal of 

Clinical Microbiology. 40:389-394. 

Bissonette L. and Ray R.H. (1991). Characteristics of Pseudomonas aeruginosa 

plasmid pVSI an ancestor of integrons of multiresistance plasmids and transposons 

of Gram-negative bacteria. Journal of Bacteriology. 174: 1248-1257. 

Black R. E. (1990). Epidemiology of tra elers' diarrhea and relative importance of 

Various pathogens. Review of Infectious Disease. 12(Suppl. 1 :S73-S79. 



195 

Blake D.P. R. W. Humpluy K. P. Scott K. Hillman, D. R. Fenlon and J. . Low. 

( 003 . Influence of tetracycline exposure on tetracycline resistance and the carriage 

of tetracycline resistance genes within commensal Escherichia coli populations. 

Journal of Applied Microbiology. 94:1087-1097. 

Blanco J. E. Blanco M. Alonso M. P., Mora, A. Dahbi G. Coira M. A. and 

Blanco. J. (2004). Serotypes virulence genes and intimin types of Shiga toxin 

( erotoxin)-producing Escherichia coli i olates from human patients: Prevalence in 

Lugo Spain, from 1992 through 1999. Journal of Clinical Microbiology. 42: 311-

"19. 

Bou Cassals J. ( 1980). Sensitivity testing using tablets containing antimicrobials in a 

crystalline stable form. Proceedings of the 2"d International Symposium of Veterinary 

Laboratory Diagnostics Lucerne (Switzerland). 1: 129-132. 

Bouzari S., Jafari, M.N. Shokouhi F. Parsi M. and Jafari, A. (2000). Virulence­

related D A sequences and adherence patterns in strains of enteropathogenic 

Escherichia coli. FEA1S Microbiology Letters. 185:89-93. 

Boyd R.F. (1984). Genetic code and protein synthesis. In: General Microbiology, 

pages 213-5. Published by Timers Mirror College Publishers, Toronto Canada. 

Bradford P.A. Urban, C. Mariano N. Projan S.J. Rahal J.J and Bush, K. 

(1997). Imipenem resistance in Klebsiella pneumoniae is associated with the 

combination of ACT-I a plasmid-mediated AmpC beta-lactamase and the loss of an 

outer membrane protein. Antimicrobial Agents and Chemotherapy.41 (3):563 -9. 

Boyce J. M. (2001). Consequences of inaction: importance of infection control 

practices. Clinical Infectious Di eases. 33(Suppl.):S133-S137. 



196 

Bronzwaer S.L. Cars 0., Buchholz U. Molstad S. Goettsch W. Veldhuijzen 

I.K.. et a/. 2002). A European study on the relationship between antimicrobial use 

and antimicrobial resistance. Emerging Infectious Disease.8:278-282. 

Bryan, A. Shapir, and Sadowsky M.J. (2004). Frequency and distribution of 

tetracycline resistance genes in genetically diverse non-selected and non-clinical 

Escherichia coli strains isolated from diverse human and animal sources. Applied and 

Environmental Microbiology.70 (4): 2503-2507. 

Bruinsma . Willems, R. J., van den Bogaard A. E. et al. (2002). Different levels of 

..,enetic homogeneity in vancomycin-resistant and -susceptible Enterococcus faecium 

from different animal sources analyzed by amplified-fragment length polymorphism. 

Antimicrobial Agents and Chemotherapy 46 2779-83. 

Buchwald D.S and M.J, Blaser. (1984). A review of human salmonellosis: II. 

Duration of excretion following infection with nontyphi Salmonella. Reviews of 

Infectious Diseases; 6:345. 

Busani L. Graziani C. Batisti, A., et al. (2004). Antibiotic resistance in Salmonella 

enterica serotypes Typhimurium, Enteritidis and Infantis from human infections 

food tuffs and farm animals from Italy. Epidemiology and Infection. 132: 245-51. 

Bush K. (1989). Classification of Beta-lactamases: groups 1, 2a 2b and 2b'. 

Antimicrobial Agents and Cheotherapy. 33: 264-70. 

Calvert N. Stewart, W.C. and Reilly W.J. (1998). Salmonella typhimurium DT104 

infection in people and animals in Scotland: a collaborative epidemiological study 

1993-96. Veterinary Record. 143: 351-4. 

Canadian General Standards Board (1999). Organic Agriculture National Standard of 

Canada. CAN/CGSB 32.310.99. 



197 

Carnevale R. (200 1). Practical considerations in the collection and interpretation of 

data on animal use of antibiotics, a U.S. perspecti e. Presentation and abstract. WHO 

Consultation on the Monitoring of Antimicrobial Usage in Food Animals for the 

Protection of Human Health. Oslo, Norway, 10-13 Sept. 2001. 

Casewell M. Friis C. Marco E. et al. (2003). The European ban on growth­

promoting antibiotics and emerging consequences for human and animal health. 

Journal of Antimicrobial Chemotherapy. 52 159-61. 

Cas els F. J. and M. K. Wolf. (1995). Colonization factors of diarrheagenic E. coli 

and their intestinal receptors. Journal of Industrial Microbiology. 15:214-226. 

Caya, F. Fairbrother, J. M. Lessard, L. and Quessy, S. (1999). Characterization of 

the ri k to human health of pathogenic Escherichia coli isolates from chicken 

carcasses. Journal of Food Protection 62,741-6. 

Centers for Disease Control and Prevention. (2000). Preventing emerging infectious 

disea es. Available at URL: http://www.cdc.gov/ncidod/emergplanlplan98.pdf. 

Centers for Disease Control and Prevention. (2001). Preliminary FoodNet data on the 

incidence of foodborne illnesses-selected sites United States 2000. Morbidity and 

~ortality Weekly Report. 50 241-6. 

Centers for Disease Control and Prevention. (2002a). Staphylococcus aureus 

resistant to vancomycin-United States 2002. Morbidity and Mortality Weekly 

Report. 51 565-7. 

Centers for Disease Control and Prevention. 2002b). Public Health Dispatch: 

vancomycin-resistant Staphylococcu aureus-Pennsylvania 2002. Morbidity and 

Mortality Weekly Report. 51 902- 3. 



198 

Cheasty T. and B. Rowe. (1983). Antigenic relationships between the enteroin asive 

E cherichia coli 0 antigens 028ac 0 112ac 0124 013 6 0 14 3 0144 0152 and 

0164 and Shigella 0 antigens. Journal of Clinical Microbiology. !?: 681-684. 

Chen, H.D. and Frankel G. (2005). Enteropathogenic Escherichia oli: unra elli ng 

pathogenesi . FEMS Microbiology Review. 29:83- 98. 

Cheville N.F. and Arp L.H. (1978). Comparative pathologic findings of Escherichia 

coli infection in birds. Journal of American Veterinary Medical A sociation. 173· 

850-85 8. 

Chopra I. (1990). Penetration of antibiotics to their target sites. Journal of 

Antimicrobial Chemotherapy. 26: 607-608. 

Chopra I. and M. Roberts. (2001). Tetracycline antibiotics: mode of action 

applications, molecular biology, and epidemiology of bacterial resistance. 

Microbiology and Molecular Biology Review. 65:232-260. 

Chunge R.N. , Simwa, J.M., Karumba P.N. Kenya, P.N. Muttunga J. and 

'agelkerke N. (1992). Mixed infections in childhood diarrhoea: result of a 

community study in Kiarnbu District, Kenya. East African Medical Journal. 66: 715-

23. 

Clements, J. D., and R. A. Finkelstein. (1978). Demonstration of shared and unique 

immunological determinants in enterotoxins from Vibrio cholerae and Escherichia 

coli. Infection and Immunology. 22:709-713 

Clinical Laboratory Standards Institute. (2004). Performance Standards for 

Anti microbial Disk and Dilution Susceptibility Tests for Bacteria I olated from 

Animals : Approved Standard M31-A2.ICLS Villanova, PA U A. 

Coast J rnith R. and Miller M. ( 1996). Superbugs: Should antimicrobial resistance 

be included as accost in economic e aluation ?. Health Economics. 5:217-26. 



199 

Cohen, M. B., and R. A. Giannella. (1995). Enterotoxigenic Escherichia coli p. 691-

07. In M. J. Blaser P. D. Smith J. I. Ravctin H. B. Greenberg and R. L. Guerrant 

(ed.). Infections of the gastrointestinal tract. Raven Pres , Ltd , New York, N. Y 

Coia, J. E. (1998a). Clinical microbiological and epidemiological aspect of 

E cherichia coli 0157 infection. FEMS Immunology and Medical Microbiology: 1-9. 

Coia J. E. (1998b). Nosocomial and laboratory-acquired infection with Es herichia 

coli 0157. Journal of Hospital Infections. 40: 107-113. 

Committee on Drug Use in Food Animals (1999). The use of drugs in food animals 

benefit and risks. ational Academy Press Washington D.C. 

Come J.E. (1995). Manual of antibiotics and infectious diseases. Williams & 

Wilkins· Baltimore. 

Coque T. M. Tomayko J. F. Ricke S. C. et al. (1996). Vancomycin-resistant 

enterococci from nosocomial, community and animal sources in the United States. 

Antimicrobial Agents and Chemotherapy 40 2605-9. 

Cormican M., Buckley V Gorbett-Feeney, G and Sheridan F. (2001). Antimicrobial 

resistance in Escherichia coli isolates from turkeys and hens in Ireland. Journal of 

Antimicrobial Chemotherapy. 48 (4): 587-588. 

Courvalin P. (1994). Transfer of antibiotic resistance genes between Gram-positive 

and Grarn-negati ve bacteria. Antimicrobial Agents Chemotherapy. 38: 114 7-1151. 

Courvalin, P. (1996). E asian of antibiotic action by bacteria. Journal of 

Antimicrobial Chemotherapy. 37: 855-869. 



200 

Cravioto A. . M. Scotland and B. Rowe. 1982). Hemagglutination activity and 

colonization factor antigens I and II in enterotox.igenic and non-enterotoxigenic 

Escherichia coli isolated from humans. Infection andlmmunology. 36:189-197. 

Cruchaga S. , Echeita, A., Aladuena A., Garcia-Pena J. Fria N. and Usera, M.A. 

(_001). Antimicrobial resistance in salmonella from humans food and animal in 

spain in 1998. Journal of Antimicrobial Chemotherapy. 47: 315-321. 

Da ies, J. (1994). Inactivation of antibiotics and the dissemination of resistance 

genes. Journal of Science. 264: 375-82. 

Deeks S.L Palacio, R, Ruvinsky, R Kertesz, D.A, Hortal M, Rossi A et al. (1999) 

Ri k factors and course of illness among children with invasive penicillin-resistant 

Streptococcus pneumoniae. The Streptococcus pneumoniae Working Group. 

Pediatrks 103:409-413. 

De S. .• Bhattacharya, K. and Sarkar J.K. (1956). A study of the pathogenicity of 

the strains of Bacterium coli from acute and chronic enteritis. Journal of Pathology 

and Bacteriology. 71: 201-209. 

Dennis . M. agaraja T. G. and Bartley E. E. (1981 ). Effects of lasalocid or 

monensin on lactate-producing or -using rumen bacteria. Journal of Animal Science 

52 418-26. 

De cheemaeker P.R. M. Chapelle S. Devriese L.A. et al. (1999). Comparison of 

glycopeptide-resistant Enterococcus faecium isolates of human and animal origin. 

Antimicrobial Agents and Chemotherapy 43 2032- 7. 

Devriese L. A. !even, A., Goossens H. et al. (1996). Presence of vancomycin­

resi tant enterococci in farm and pet animals. Antimicrobial Agents and 

Chemotherapy 40 2285-7. 



201 

Do S.A. (1994). Chromosomally-mediated antibiotic resistance and virulence. 

Journal of Medical Microbiology. 40: 505-506. 

Do' son C.G Coffey, T.J. and Spratt B. (1994). Origin and molecular epidemiology 

of penicill in-binding-protein-mediated resistance to beta-lactam antibiotics. Trend in 

Microbiology. 2 ( 1 0):361-6. 

DuBois S.K. Marriot, M.S. and Amyes S.G. (1995) . TEM- and SHV- deri ed 

extended spectrum beta-lactarnases: relationship between selection structure and 

ftmction . Journal of Antimicrobial Chemotherapy. 35: 7-22. 

Duffy G., Garvey P. and McDowell D. A. (2001). Emergence of verocytotoxjgenic 

E. coli In: Verocytotoxjgenic E. coli. In: Duffy, G. Garvey P., and McDowell D. 

(ed Verocytotoxigenic E. coli. Food and Nutrition Press, Inc. Connecticut, USA . Pp 

1-9. 

Dunlop R.H. McEwen S.A. Meek, A.H., Black W.D., Clarke R.C.and Friendship 

R.M. (1998). Individual and group antimicrobial treatment rates on 34 farrow-to­

finish farms in Ontario Canada. Preventive Veterinary Medicine. 34: 245-263. 

Dupont H.L., Reves R.R., Galindo, E., et al. (1982). Treatment of Traveller's 

diarrhoea with trimethoprimlsulfamethoxazole and trimethoprim alone. New England 

Journal ofMedicine. 307: 841-844. 

EARSS. (2000). European antimicrobial resistance surveillance system. Annual 

report A ailable at URL: http://www.earss.rivm.nl/. 

Elias. W. P. Jr. , J. R. Czeczulin, I. R. Henderson, L. R. Trabulsi, and J. P. Nataro. 

{1999). Organization of biogenesis genes for aggregative adherence fimbria II defines 

a virulence gene cluster in enteroaggregative Escherichia coli. Journal of 

Bacteriology. 181:1779-1785. 



202 

Elias W. P. A. P. Uber S. K. Tomita, L. R. Trabulsi and T. A. Gomes. 2002. 

Combinations of putative virulence markers in typical and variant enteroaggregative 

Escherichia coli strains from children with and without diarrhoea. Epidemiology and 

Infection. 129:49-55 . 

Emborg H. D. and Heuer, 0 . E. (2003). DANMAP 2002-Use of antimicrobial 

agents and occurrence of antimicrobial resistance in bacteria from food anin1als 

foods and humans in Denmark. Statens Serum Institut, Danish Veterinary and Food 

Administration Danish Medicines Agency Danish Veterinary Institute Copenhagen 

Denmark. ISSN 1600-2032. 

Emborg H. D. and Heuer 0 . E. (2004). DANMAP 2003-Use of antimicrobial 

agents and occurrence of antimicrobial resistance in bacteria from food animals 

foods and humans in Denmark Statens Serum Institut, Danish Veterinary and Food 

Administration, Danish Medicines Agency, Danish Veterinary Institute Copenhagen, 

Denmark. ISSN 1600-2032. 

Enne,V.I. Livermore, D.M. Stephens P and Hall L.M.C. (2001). Persistence of 

sulphonamide resistance in Escherichia coli in the UK despite national prescribing 

restriction. Lancet. 357: 1325-1328. 

Ericsson, C.D. (2003). Travellers diarrhoea. International Journal of Antimicrobial 

Agents. 2: 116-124. 

Espinasse, J. (1993). Responsible use of antimicrobials in Veterinary Medicine. 

Perspective in France. Veterinary Microbiology. 35: 289-301. 

European Agency for the Evaluation of Medicinal Products [EMEA]. (1999). 

Antibiotic resistance in the European Union associated with therapeutic use of 

veterinary medicines. Report and qualitative risk a sessment by the committee for 

veterinary medicinal products. EMEA http://www.emea.eu.int/index/indexvl.hbn. 



203 

European Community. (2002). From the Commission on the precautionary principle. 

Commission of the European Communities Brussels. 

European Community (2000). A strategy against the microbial threat. Official 

Journal of the European Community. Council Resolution of 8 June 1999 on antibiotic 

resi tance. Official Journal C 195 13/07/ 1999 p. 1-3. Available at URL: 

hrtp://europa.eu.int/eur-lex/en!lif/dat/1999/en_399Y0713 _ 0 l .html. 

Ewing W. H. (1986). Edwards and Ewing's identification ofthe Enterobacteriaceae 

4th ed. Elsevier Science Publi hers, Amsterdam, The Netherlands. 

Falagas M. and Gorbach S. (1995). Practice guidelines: urmary tract infections. 

Infectious Disease and Clinical Practice. 4: 241-57. 

Fargas~ S. Borza T. Sasca C.I. Radulescu A. Ionescu M. and David E. (1997). 

Plasmid profile analysis and antibiotic resistance of Salmonalla strains from clinical 

isolates in Cluj- aposa. RaumArchives of Microbiology 56 (3-4): 127-128. 

Fanner J. J. B. R. Davis F . W. Hickman-Brenner A . McWhorter G. P. Huntley­

Carter M.A. Asbury C. Riddle, H. G. Wathen-Grady C. Elias G. R. Fanning A. G. 

Steigerwalt, C. M. OHara G. K. Morris P. B. Smith and D. J. Brenner. (1985). 

Biochemical identification of new species and biogroups of Enterobacteriaceae 

isolated from clinical specimens. Journal ofClinical Microbiology. 21:46-76. 

Faruque, S.M. Rahman M.M. Alim A.R. Hoq M.M. and Albert M.J. (1993). 

Antibiotic resistance pattern of heat-labile enterotoxin (LT) producing Escherichia 

coli isolated from children with diarrhoea in Bangladesh: clonal relationship among 

i olates with different resistance phenotypes. Journal of Diarrhoeal Disease 

Re earch. 11 : 143-147. 

Fey, P.D. Safrane~ T.J. Rupp M.E. Dunne E.F. Ribot E., Iwen P.C. Bradford 

P.A. Angulo F.J. and Hinrichs S.H. (2000). Ceftriaxone-resistant salmonella 



204 

infection acquired by a child from cattle. New England Journal of Medicine. 342: 

11242-11249. 

Fling M.E. and Richards C. (1983). The nucleotide sequence of trimethoprim 

rei tant dihydrofolate reductase gene harboured by Tn7. Nucleic Acids Re earch. 11: 

-14 -5158. 

Food and Agriculture Organization (F AO). (1997). Risk management and food 

afety. Report ofajoint FAOIWHO Consultation. FAO Food and Nutrition Paper o. 

65, Rome.27 pp. 

Food and Drug Administration (FDA). (1998). Proposed framework for evaluating 

and assuring the human safety of the microbial effects of antimicrobial new animal 

drugs intended for use in food-producing animals. FDA, Washington D.C. 

hnp://-www.fda.gov/c m/default.btm (Accessed June 8 2005) 

Food and Drug Administration (FDA). (1999a). Risk assessment on the human health 

impact of fluoroquinolone resistant Carnpylobacter associated with the consumption 

of chicken. http://www.fda.gov/cvm/default.htm (Accessed June 8 2005). 

Food and Drug Administration. (1999b). A proposed framework for evaluating and 

assuring the human safety of the microbial effects of antimicrobial new animal drugs 

intended for use in food-producing animals. Federal Register 64:887 

Food and Drug Administration's Center for Veterinary Medicine (FDA CVM). 

(2001). ational Antimicrobial Resistant Monitoring System (NARM ). 

hrtp://wW\ .fda.go /c m/inde narm /narms_pg.html (Accessed June 8 2005) 

Food and Drug Administration. (1998). Bacteriological analytical manual. 8'"11 ed. 

Gaithersburg Md.: AOAC International 1998. 



205 

Food and Drug Administration's Center for Veterinary Medicine (2000). An approach 

for establi hing thresholds in association with the use of antimicrobial drugs in food­

producing animals. http://www.fda.gov/cvm/default.htm (Accessed June 8 2005) 

Forster T.J. (1983). Plasmid mediated resistance to antimicrobial drugs and toxic 

metals in bacteria. Microbiology Review. 47: 361-401. 

Franciolli M. Bille J., Glauser, M.P., and Morriellon, P. (1991). Beta-lactam 

resistance mechanisms of methicillin-resistant Staphyloccocus aureus. Journal of 

Infectious Diseases. 163: 514-23. 

Frankel G. Phillips A.D., Rosenshine I. Dougan, G. Kaper J.B. and Knutton . 

(1998). Enteropathogenic and enterohaemorrhagic Escherichia coli: more subversive 

elements. Molecular Microbiology. 30:911-21 . 

Frantz J. C., and D. C. Robertson. (1981). Immunological properties of Escherichia 

coli heat-stable enterotoxins: development of a radioimmunoassay specific for heat­

stable enterotoxins with suckling mouse activity. Infection and Immunology. 33:193-

198. 

fridkin S.K, Steward, C.D Edwards J.R Pryor, E.R, McGowan J.E. Jr Archibald 

L.K. et al. (1999). Surveillance of antimicrobial use and antimicrobial resistance in 

United tates hospitals: Project Intensive Care Antimicrobial Resistance 

Epidemiology (ICARE) hospitals, phase 2. Clinical Infectious Disease. 29:245-252. 

Gaastra. W. and A.-M. ennerholm. ( 1996). Colonization factors of human 

enterotoxigenic Escherichia coli (ETEC). Trends in Microbiology. 4:444-452. 

Gakuya F. M. Kyule M.N. Gathura, P.B. and Kariuki S. (2001). Antimicrobial 

susceptibility and pla mids from Escherichia coli isolated from rats. East African 

Medical Journal. 78: 518-522. 



206 

Galane P.M. and LeRoux M. (2001). Molecular epidemiology of E cherichia coli 

i olated from young South African children with diarrhoeal di ea es. Journal of 

Health Population and Nutrition. 19:31-8. 

Garcia .. and Fox J. G. (2003). The rabbit as a new reser oir host of entero-

hemorrhagic Escherichia coli. Emerging Infectiou Di ea e. 9: 1592-1597. 

Gaskins, H. R. Collier C. C. and Anderson, D. B. (2002). Antibiotics as growth 

promotants: mode of action. Animal Biotechnology 13, 29-42. 

Goettsch W van Pelt, W Nagelkerke Hendrix M.G.R, Buiting A.G.M Petit 

P.L eta/. (2000). Increasing resistance to fluoroquinolones in Escherichia coli from 

urinary tract infections in The Netherlands. Journal of Antimicrobial Chemotherapy. 

46:223-228. 

Goldstein C., M. D. Lee S. Sanchez C. Hudson B. Phillips B. Register M. Grady 

C. Liebert A. 0. Summers D. G. White and J. Maurer. (2001). Incidence of class 1 

and 2 integrases in clinical and commensal bacteria from livestock companion 

animals and exotics. Antimicrobial Agents and Chemotherapy. 45:723-726. 

Gomez-Duarte 0.0 and Kaper J.B . (1995). A plasmid-encoded regulatory region 

activates chromosomal eaeA expression in enteropathogenic Escherichia oli. 

Infection and Immunology. 63:1767-76. 

Goo sens. H. Ferech, M. Vander tichele R. and Elseviers M. (2005) Outpatient 

antibiotic use in Europe and association with resistance: a cross-national database 

study. Lancet; 365: 579-587. 

Gom1ru1 R. and Adley C.C. (2004). Characterization of Salmonella enterica serotype 

Typhimurium isolates from human food and animal sources in the Republic of 

lreland. Journal ofClinical Microbiology. 42: 2314-6. 



207 

Graham .M. Molyneux E.M. Walsh A.L. et al. (2000). on typhoidal 

a/monel/a infections of children in tropical Africa. Paediatric Infectious Disease 

Journal. 19: 1189- 1196. 

Grave K. and Ronning, M. (200 I). Monitoring the usage of veterinary antimicrobial 

drugs in food producing animals in Norway: methodological con iderations WHO 

Consultation on the Monitoring of Antimicrobial Usage in Food Animals for the 

Protection ofHuman Health. Oslo Norway 10-13 Sept. 2001. 

Grebe T. Hakenbeck R. (1996). Penicillin-binding proteins 2b and 2x of 

treptococcus pneumoniae are primary resistance determinants for different classes of 

beta-lactam antibiotics. Antimicrobial Agent and 'hemotherapy. 40 (4): 29-..,4. 

Grc n, W.H. Moody M. Schimpff, S., Young V.M. and Wiernik P.H. (1973). 

P eudomonas aeruginosa resistance to carbenicillin and gentamycin: Epidemiology 

and clinical aspects in a cancer center. Annals of International Medicine. 79: 684-9. 

Greenwood D. and Eley A. (1982). A turbimetric study of the responses of selected 

strains of Pseudomonas aeruginosa to eight antipseudomonal B-lactam antibiotics. 

Journal oflnfectiou Disea es.145: 110-117. 

Greko C. and Odensvik, K. (2001). Monitoring of use of antimicrobials for animals 

m ' eden - methods and analysis of data. Presentation and abstract. WHO 

Consultation on the Monitoring of Antimicrobial Usage in Food Animal 

Gross R. J., L. V. Thomas T. Cheasty N. P. Day B. Rowe M. R. Toledo and L. R. 

Trabulsi. (1983). Enterotoxigenic and enteroinvasive E cherichia coli strains 

belonging to a new 0 group, 0167. Journal ofClinical Microbiology.l1:521-523. 

Guerra, B. Junker E. chroeter A. Malam , B. Lehman . and Helmulth, R. 

(2003). Phenotypic and genotypic characterization of antimicrobial resistance in 

German Escherichia coli isolates from cattle swine and poultry. Journal of 

Antimicrobial and Chemotherapy. 52·3: 489-492. 



207 

Graham, S.M. Molyneux E.M. Walsh A.L. et al. (2000). on typhoidal 

a/monel/a infections of children in tropical Africa. Paediatric Infectious Disea e 

Journal. 19: 1189- 1196. 

Grave K. and Ronning M. (2001). Monitoring the usage of veterinary antimicrobial 

drugs in food producing animals in Norway: methodological considerations WHO 

Consultation on the Monitoring of Antimicrobial Usage in Food Animal for the 

Protection of Human Health. Oslo Norway, 10-13 Sept. 2001. 

Grebe T., Hakenbeck R. (1996). Penicillin-binding proteins 2b and 2x of 

treptococcus pneumoniae are primary resistance determinants for different classes of 

beta-lactam antibiotics. Antimicrobial Agent. und Chemotherapy. 40 (4):829-J4. 

Green W.H. Moody, M. Scbimpff S. Young, V.M. and Wiernik P.H. (1973). 

P eudomonas aeruginosa resistance to carbenicillin and gentamycin: Epidemiology 

and clinical aspects in a cancer center. Annals of International Medicine. 79: 684-9. 

Greenwood, D. and Eley A. (1982). A turbimetric study of the responses of selected 

strains of Pseudomonas aeruginosa to eight antipseudomonal B-lactam antibiotics. 

Journal of Infectious Diseases.l45: 110-117. 

Greko C. and Odensvik K. (2001). Monitoring of use of antimicrobials for animals 

in Sweden - methods and analysis of data. Presentation and abstract. WHO 

Consultation on the Monitoring of Antimicrobial Usage in Food Animal 

Gross R. J. L. V. Thomas T. Cheasty N. P. Day B. Rowe M. R. Toledo and L. R. 

Trabulsi. (1983). Enterotoxigenic and enteroinvasive Escherichia coli strains 

belonging to a new 0 group, 0167. Journal ofClinical Microbiology.11:521-523. 

Guerra B. Junker E. Schroeter, A. Malorny, B. Lehman S. and Helmultb R. 

(2003). PhenotYPic and genotypic characterization of antimicrobial resistance in 

Gennan Escherichia coli isolates from cattle swine and poultry. Journal of 

Antimicrobial and Chemotherapy. 52·3: 489-492. 



208 

Guillaume G. Verbrugge D. Chasseur-Libotte M.L. Moens W. and Collard, J.M. 

(_003). PCR typing of tetracycline resistance determinants (Tet A-E) in a/monel/a 

enrerica serotype Hadar and in the microbial community of activated sludges from 

hospital and urban wastewater treatment facilities in Belgium. FEM. Microbiology 

and Ecology. 32:77-85. 

Guinee, P.A.M. Jansen, W.H. Wadstrom L. and ellwood D.R. (1980). Escherichia 

coli associated with neonatal diarrhoea in piglets and calves. In: P. W. de Leeuw and 

P.A.M. Guinee (eds). Laboratory diagnosis in neonatal calf and pig diarrhoea. 

Current Topics in Veterinary Medicine and Animal science.pp 13. 

Gupta A. Fontana, J. Crowe C. et al. (2003). Emergence of multi-drug resistant 

Salmonella enterica serotype Newport infections resistant to expanded-spectrum 

cephalosporins in the United States. Journal oflnfectiou Diseases. 188· 1707-1716. 

Guth B. E. R. M. Silva, M. R. Toledo, T. M. Lima and L. R. Trabulsi. (1989). 

irulence factors and biochemical characteristics of serotypes of Escherichia coli 

serogroup 029. Journal ofClinical Microbiology . 27:2161-2164. 

Guthrie C. A. Vogel G. J. & Laudert S. B. (1997). Effects of tilmicosin on the 

incidence of bovine respiratory disease and animal performance when used m 

temperature-based therapy and complete metapbylaxis treatment programs. In 

Proceedings of the Thirtieth Annual Conference of the American Association Of 

Bovine Practitioners With the Society for Theriogenology Montreal, Quebec, 

Canada, 1997 p. 134. American Association of Bovine Practitioners Rome GA 

UA. 

Haasum Y. Strom K. Wehelie R. Luna, V. Roberts M.C., Maskell J. Hall 

L.M.C. and Swedberg G. (2001). Amino acids repetitions in dihydropteroate 

synthase of Streptococcus pneumoniae are sufficient for development of sulfonamide 

resistance and lead to limited consequences for enzyme characteristics. Antimicrobial 

Agents and Chemotherapy. 45: 805-809. 



209 

Hall R.M. and Stokes H.W. (1993). Integrons: novel DNA elements which capture 

genes by site-specific recombination. Genetica. 90:115-32 

Hall, R.M. (1997). Mobile gene cassettes and integrons: moving antibiotic resi tance 

genes in gram-negative bacteria. Ciba Foundation Symposium. 207:192-202. 

Hammerum A. M. Fussing, V. Aarestrup F. M. et at. (2000). Characterization of 

vancomycin-resistant and vancomycin-susceptible Enterococcus faecium isolates 

from humans chickens and pigs by Riboprinting and pulsed-field gel electrophoresis. 

Journal of Antimicrobial Chemotherapy. 45 677- 80. 

Hammerum, A. M., Jensen L. B. & Aarestrup F. M. (1998). Detection of the satA 

gene and transferability of virginian1ycin resistance in Enterococcus faecium from 

food animals. FEMS Microbiology Letters. 168: 145-51. 

Hampson D. J. (1994). Postweaning Escherichia coli diarrhoea in pigs. In: C. L. 

Gyles {ed.), Escherichia coli in domestic animals and humans. P. 171-191. CAB 

International, Guelph Ontario Canada. 

Hancock, R.E.W., Decad G.M. and Nikaido, H. (1979). Identification of the proteins 

producing transmembrane pores in the outer membrane of P eudomonas aeruginosa 

PAOI. Biochimie Biophysics Acta. 554: 323-31. 

Harbarth S., Harris, A.D. Carmeli Y. and Samore, M.H. (2001). Parallel analysis of 

individual and aggregated data on antibiotic exposure and resistance in gram-negative 

bacilli. Clinical Infectious Disease. 33:1462-1468. 

Harr. L. 2001). The ATCvet classification system. Presentation and abstract. WHO 

Consultation on the Monitoring of Antimicrobial Usage in Food Animals for the 

Protection of Human Health. Oslo Norway 10-13 Sept. 2001. 



210 

Harrison, P.F and Lederberg J (eds) (1998). Antimicrobial resistance: issue and 

options. workshop report. Proceedings of the forum on emerging infection of the 

Divi ion of Sciences Policy Institute of Medicine. ational Academy Press 

Washington D.C. 

Harwood V. J. Brownell M. Perusek, W. et a/. 2001). Vancomycin-resi tant 

Enterococcus spp. isolated from wastewater and chicken faeces in the United tates. 

Applied and Environmental Microbiology. 61: 4930-3. 

Hasman H. and Aarestrup F. M. (2002). tcrB, a gene conferring transferable copper 

resistance in Enterococcus faecium: occurrence transferability and linkage to 

macrolide and glycopeptide resistance. Antimicrobial Agents and Chemotherapy 46 

1410-6. 

Health Canada and the Infectious Disease Society. (1997). Controlling antimicrobial 

resistance: An integrated action plan for Canadians. Canadian communicable Disease 

Report upplement vol. 23S7. 

Heczko U. Carthy C.M. O'Brien B.A. and Finlay B.B. (2001). Deer a d 

apopto i in the ileum and ileal Peyer's patches: a featme aft r infection with rabbit 

enteropathogenic Escherichia coli 0103 . Infection and Immunolgy. 69:4580-9. 

Heinikainen, S., Pohjanvirta, T. Eklund, M. Siitonen, A. and Pelkonen S. (2004). 

EHEC 0145 outbreak in a rural family connected to cattle- a case report. ln: The ixth 

Valamo Conference on Environmental Health and Risk A ses ment: Food Safety, 

Va!amo, Heintive i, Finland. 

Hellard M.E. Sinclair M.l. Forbes A.B. and Fairley C.K. (2001). A randomized 

blinded. controlled trial investigatjng the gastrointestinal health effects of drinking 

water quality. Environmental Health Perspective. 109:773- 8. 



211 

Helmuth, R and D. Protz. (1997). How to modify conditions limiting resistance in 

bacteria in animals and other reservoirs. Clinical Infectious Diseases· 24 ( uppl 

1):136. 

Helms M. Vastrup, P. Gerner-Smidt P. and Molbak K. (2002). Excess mortality 

associated with antimicrobial drug-resistant Salmonella Typhimurium. Emerging 

Infectious Diseases. 8: 490-495. 

Herikstad H P.S. Hayes, J., Hogan, P. Floyd L. Snyder and F.J. Angulo (1997b). 

Ceftriaxone-resistant Salmonella in the United States. Pediatric Infectious Disea ·es 

Journal. 16:904. 

Herikstad H, P., Hayes M. Mokhtar M.L. Fracaro E.J., Threlfall and F.J. Angulo. 

(1997a). Emerging quinolone-resistant-Sa/monella in the United States. Emerging 

lnfictious Diseases. 3:371. 

Heczk.o U. Carthy C.M., O'Brien, B.A. and Finlay B.B. (2001). Decreased 

apoptosis in the ileum and ileal Peyer's patches: a feature after infection with rabbit 

enteropathogenic Escherichia coli 0103. Infection and lmmunolgy. 69:4580-9. 

Hellard M.E. Sinclair M.I. Forbes A.B. and Fairley, C.K. (2001). A randomized 

blinded controlled trial investigating the gastrointestinal health effects of drinking 

water quality. En ironmental Health Perspective. 109:773- 8. 

Heritage J. , M'Zali F.H. Gascoyne-Binzi D. and Hawkey, P.M. (1999). Evolution 

and spread of SHV extended spectrum beta-lactamases in Gram-negative bacteria. 

Journal of Antimicrobial Chemotherapy. 44: 309-318. 

Hill. G.H. (1966). Some aspects of antibiotic sensitivity testing. New Zealand 

Journal of Medical Laboratory Technology. 20: 112-114. 



212 

Holmberg S.D Osterholm M.T Senger K.A and Cohen M.L. (1984). Drug­

re i tant almonella from animals fed antimicrobials. New England Journal of 

Medicine. 311(10):617-622. 

Holts J.G. Krieg N.R., Sneath P.H.A Staley J.T. and Williams .T. (1994). The 

family Enterobactericeae. In: Bergey 's Manual of Determinative Bacteriology, 9'" 

Edition ppl75-190. Printed by Williams and Wilkins USA. 

Honda, T. (1992). Enteropathogenic E cherichia coli that cause food poisoning. 

Asian Medical Journal. 35 (7): 359-367. 

Hsieh S.E Hsu L.L, Hsu W.H Chen C.Y Chen H.J and Liao C.T. (2006). 

Importance of aminoacid alterations and expression of penicillin-binding protein 5 to 

ampicillin resistance of Enterococcus faecium in Taiwan International Journal of 

Antimicrobial Agents. 28(6):514-9. 

Huo inen P. , Sundstrom L. Swedberg, G and Skold 0. (1995). Trimethoprim and 

sulfonamide resistance. Antimicrobial Agents and Chemotherapy. 39: 279-289. 

Huovinen, P. (2002). Macrolide-resistant group A treptococcu --now in the United 

tates. New England Journal of Medicine. 346:1243-1245. 

lljanen M.K., PeltoJa, T. Junnila, S.Y. Olkk.onen L. Jarvinen H. and Kuistila, M. 

1990). Outbreak of diarrhoea due to E cherichia coli 0111 :B4 in schoolchildren and 

adults: association of Vi antigen-like reactivity. Lancet. 336:831-4. 

lnborr J. (1996). No antibiotics, no salmonella-Pig production according to the 

wedish model. In Proceedings ofthe Society of Feed Technologist, Coventry, UK. 

Institute of Medicine (1989). Human health risks with the subtherapeutic use of 

penicillin or tetracyclines in animal feed. National Academy Press, Washington D.C. 



213 

Izumiya H. Tamura, K. Terajima, J. and Watanabe, H. (1999). almonella enterica 

serovar typhimurium phage type DT104 and other multi-drug resistant strains in 

Japan. Japane e Journal of lnfectiou Disease. 52: 133. 

Jacobsen B. L. Skou M. Hammerum A.M. et al. (1999). Horizontal transfer of the 

alA gene encoding streptogramin A resistance between isogenic Enterococcus 

faecium strains in the gastrointestinal tract of gnotobiotic rats. Microbial Ecology in 

Health and Disease 11 241-7. 

Jacoby G. A. (1994). Extrachromosomal resistance in gram-negative organisms: the 

e olution ofbeta-lactamase. Trends in Microbiology. 2:357-360. 

Jaeger, J. L., and Acheson D. W. K. (2000). Shiga toxin-producing Escherichia coli 

Current Infectious Disease Reports. 2: 61-67. 

Jensen L. B. (1998). Differences in the occurrence of two base pair variants of 

Tn/546 from vancomycin-resistant enterococci from humans pigs and poultry. 

Antimicrobial Agents and Chemotherapy. 42: 2463-4. 

Jensen L. B. Ahrens, P., Dons L. et al. (1998a). Molecular analysis of Tnl546 in 

Enterococcus faecium isolated from animals and humans. Journal of Clinical 

Microbiology. 36: 437-42. 

Jensen L. B., Hammerum, A. M. Aarestrup F. M. ef al. (1998b). OccuiTence of 

satA and vgb genes in streptograrnin-resistant Enterococcus faecium isolates of 

animal and human origin in The Netherlands. Antimicrobial Agents and 

Chemotherapy. 42: 3330-1. 

Jensen L. B., Hammerum A.M., Poulsen R. L. et al. (1999). Vancomycin-resistant 

Enterococcus faecium strains with highly similar pulsed-field gel electrophoresis 

patterns containing similar Tnl546-like elements isolated from a hospitalized patient 

and pigs in Denmark. Antimicrobial Agents and Chemotherapy .43: 724-5. 



214 

Jen en LB Hammerum AM. And Aarestrup FM (2000). Linkage of at(E) and 

erm(B) in streptogramin-resistant Enterococcus faecium isolates from Europe. 

Antimicrobial Agent and Chemotherapy. 44:223 1 - 2232 

Johnson A.P. Burns L., Woodford N. Threlfall E.J. and aidoo J. (1994). 

Gentamicin resistance in clinical isolates of Escherichia coli encoded by genes of 

veterinary origin. Journal of Medical Microbiology. 40: 221-226. 

Joint Expert Advisory Committee on Antibiotic Resistance (JETACAR) (1999). 

Report of the Joint Expert Advisory Committee on Antibiotic Resistance. 

Commonwealth of Australia. 

Jones M. E. J. A. Karlowsky D. C. Draghi C. Thornsberry, D. F. Sahm and D. 

Nathwani. (2003). Epidemiology and antibiotic susceptibility of bacteria causing skin 

and soft tissue infections in the USA and Emope: a guide to appropriate antimicrobial 

therapy. International Journal of Antimicrobial Agents. 22:406-419. 

Jukes, T.H. Hill D.C. and Branion H.D. (1956). Effect of feeding antibiotics on the 

intestinal tract of the chicks. Poultry Science. 35:716-723 . 

Julia L. and Chan P.Y. (1987). Incidence of plasmids in multiply-resistant 

Salmonella isolates from diarrhoeal patients in Hong Kong 1973-1982. Journal of 

Epidemiology and Infection. 99: 307-321. 

Kallings L.O. (1982). Characteristics of antibiotic resistance. In: V. Faber S.E. 

Holm F. ordbring and K.R. Ekiksen (ed.). Resistance to antibiotics. Schering 

Corporation USA. Pp. 21-26. 

Kaper. J. B. ataro J.P. and Mobley H. L. T. (2004). Pathogenic Escherichia coli 

l'/ature Review. 2: 123-140. 



215 

Kapoor K. N. Mallick B. B. and Kulshrestha, . B. 1978). A note on the drug 

re istance of E. coli isolates from chickens and their close attendants. Indian Journal 

of Animal ciences 48 150-1. 

Kariuki . Corkill J.E. Revathi, G., Musoke R. and Hart, C.A. (2001). Molecular 

characterization of a novel plasmid -encoded cefotaximase (CTX-M-12) found in 

clinical Klebsiella pneumoniae isolates from Kenya. Antimicrobial Agent and 

Cheotherapy. 45(7): 2141-3. 

Kariuki . Gilks C. Corkill J. Kimari J Muyocli J. Benea A. Waiyaki P. and 

Harts CA. (1996). Multi-drug resistant non-typhi Salmonella in Kenya Journal of 

Antimicrobial Chemotherapy. 38: 425-34. 

Kariuki Gilks C. Kimari. J. Muyodi J.Waiyaki, P. and Harts CA. (1997) Plasmid 

diversit of multi-dmg-resistant E cherichia coli isolated from children with diarrhea 

in a poultry-farming area in Kenya. Annals of Tropical and Medical Para itology. 

91{1):87 94. 

Kariuki S. Gunturu, R. Gakuya F. Yamo V. Muyodi J. and Hart, A. (2002). Lack 

of clonal relationship between non-typhi Salmonella strain types from humans and 

those isolated from animals living in close contact. FEMS Immunology and Medical 

.\tficrobiology. 33: 165-171. 

Kariuki . Gunturu, R. Kariuki N. Muyodi J. Mwituria J. Munyalo A. 

Kagendo D. Murungi L. and Hart, A. (2005). Increasing prevalence of multi-drug 

resistant non-typhoidal salmonellae Kenya, 1994-2003. International Journal of 

Antimicrobial Agents. 25: 38-43. 

Kariuki S.M. and Hart C.A. (2001). Global aspects of antimicrobial-resistant enteric 

bacteria. urrent Opinion in Infectious Diseases. 14: 579-586. 



216 

Kariuki .M. Oundo J.O. Muyodi, J. Lowe B. Threlfall E.J. and Hart 

(_000). Genotypes of multi-drug resistant Salmonella enterica serotype Typhimurium 

from two regions of Kenya. FEMS Immunology and Medical Microbiology. 29· 9-13 . 

Karch, H. and Bielaszewsk~ M. (2001). Sorbitol-fermenting higa toxin-producing 

E cherichia coli 0157:H strains: epidemiology phenotypic and molecular 

haracteristics and microbiological diagnosis. Journal of Clinical Microbiology. 39: 

043-2049. 

Karmali M. A. Petrie M. Lim C.. Fleming P. C. and Steele B. T. (l983a). 

E cherichia coli cytotoxin, haemolytic-uraemic syndrome and haemorrhagjc colitis. 

Lancet ii: 1299-1300. 

Kannali M. A. Steele B. T. Petrie M. and Lim, C. (1983b). Sporadic cases of 

haemolytic-uraemic syndrome associated with faecal cytotoxin and cytotoxin 

producing Escherichia coli in stools. Lancet i: 619-620. 

Kauffman F. ( 1966). In: The bacteriology of enterobactericeae' . Munksgaard 

Copenhagen. 

Kayser F.H. (1993). Evolution of resistance to micro-organisms of human origin. 

Veterinary Microbiology. 35: 1131-1140. 

Kim, H.H. madpour M. Grim L. Clausen C.R. Besser T.E. Baylor M. 

Kobayashi Klare I. Badstubner, D. Konstabel C. et al. 1994). Decreased incidence 

of VanA-type vancomycin-resistant enterococci isolated from poultry meat and from 

fecal samples of humans in the community after discontinuation of avoparcin usage in 

animal husbandry. Microbial Drug Resistance. 5: 45-52. 



217 

Kitano K. and Tomasz A. (1979). Triggering of autolytic cell wall degradation in 

Escherichia coli by beta-lactam antibiotics. Antimicrobial Agent and Cheotherapy. 

25: 47-53. 

Klein JO Feigin RD McCracken Jr. GH. (1986). Report of the task force on 

diagnosis and management of meningitis. Pediatrics. 78: 959-82. 

Knutto~ S. Shaw R. Prullips, A.D. Smith, H.R. Willshaw G.A. and Wat on P. 

(2001 ). Phenotypic and genetic analysis of diarrhea-associated E cherichia coli 

isolated from children in the United Kingdom. Journal of Pediatriac 

Gastroenterology and Nutrition. 33:32-40. 

Kokjohn T.A. (1989). Transduction: Mechanism and gene transfer in the 

en ironment. In: S.B. Levy and R. V., Miller (edr;.). Gene transfer in the environment. 

MacGraw Hill, New York pp. 73-97. 

Konowalchuk 1. Speirs 1. I. and Stavric S. (1977). Vero response to a cytotoxin of 

Escherichia coli. Infection and Jmmunology.18: 775-779. 

Kopecko D.J. Brevet J. and Cohen M.L. (1976). Involvement of multiple 

translocating DNA segments and recombinational hotspots in the structural evolution 

of bacterial plasrnids. Journal of Molecular Biology. 108: 333-360. 

Kruse H. and Simonsen G. S. (2000). NORM ORM-VET 2000 Consumption of 

Antimicrobial Agents and Occurrence of Antimicrobial Resistance in Norway. IS N 

1502-2307. http://www. etinst.no/arkiv/Zoonosesenteret/NORM_ VET_2000.pdf 

Kukuruzovic R, Robins-Browne RM Anstey NM Brewster DR. (2002). Enteric 

pathogens, intestinal permeability and nitric oxide production in acute gastroenteriti . 

Pediatriac Infectious Di ease Journal. 21 :730-9. 

Lahti .. Eklund, M., Ruutu, P. Siitonen A. Rantala L. Nuorti P. and Honkanen­

Buzalski T. (2002). Use ofphenotyping and genotyping to erify tran mission of 



218 

Escherichia coli 0157:H7 from dairy farms. European Journal of finical 

Microbiology and Infectious Disease. 21 : 189-19 5. 

Lanunerding A.M. and Ffazil A. (2000). Hazard identification and exposure 

asse sment for microbial food safety risk assessment. International Journal of Food 

Microbiology 58(3): 147 - 157. 

Lan. R. B. Lumb D. Ryan and P. R. Reeves. (2001). Molecular evolution of the 

large virulence plasmid in Shigella clones and enteroinvasive Escherichia coli. 

Infection and Immunology. 69:6303-6309 

Lan, R. and P.R. Reeves. (2002). Eschericheria coli in disguise: molecular origins of 

Shigella. Microbes and Infections. 4: 1125-1132. 

Lan R. G. Stevenson, and P. R. Reeves. (2003). Comparison of two major forms of 

the Shigella virulence plasmid piNV: positive selection is a major force driving the 

divergence. Infection and Immunology. 71:6298-6306. 

Langlois B. E. Dawson, K. A., Cromwell G. L. et al. (1986). Antibiotic resistance 

in pigs following a 13 year ban. Journal of Animal Science 62 Suppl. 3 18-32. 

Lanz R. P. Kuhnert and P. Boerlin. ( 2003). Antimicrobial resistance and resistance 

gene determinants in clinical Escherichia coli from different animal species in 

witzerland. Veterinary Microbiology. 91:73-84. 

Lee. C. B. E . Langlois, and K. A. Dawson. (1993). Detection of tetracycline 

resistance determinants in pig isolates from three herds with different histories of 

antimicrobial agent exposure. Applied and Environmental Microbiology. 59:1467-

1472. 

Lee L.A Puhr N.D K. Maloney N.H. Bean and R.V. Tauxe. (1994). Increase in 

antimicrobial-resistant Salmonella infections in the United States 1989-1990. Journal 

of Infectious Diseases; 170: 128. 



219 

Leger D Kelton D Lissemore K, Reid-Smith R. and Martin . W. (2002 . 

Antimicrobial use by dairy veterinarians and freestall producers in Ontario. anada. 

Proceedings of an International Conference on Antimicrobial Agents in Veterinar 

Medicine. Helsinki Finland 4-8 August 2002. 

Lebn N. Stower-Hoffman J. Kott, T. Strassner C. Wagner H. Kronke M. and 

Scbneider-Brachert W. (1996). Characterization of clinical isolates of Escherichia 

coli showing high level of floroquinolone resistance. Journal of Clinical 

Microbiology. 34: 597-602. 

Lenart J. A. A. Andersen and D. D. Rockey. (2002). Growth and development of 

retracycline-resistant Chlamydia suis. Antimicrobial Agents and Chemotherapy. 

45:2198-2203. 

Lester S.C. del Piller M., Wang, F. Peres-Schael, I. Jiang and 0 Brian T.F. 

(1 994). The carriage of Escherichia coli resistant to antimicrobial agents by healthy 

children in Boston, in Caracas, Venezuela, and in Qin Piu China The New England 

Journal of Medicine. 323: 285-289 

Le in B.R. (1985). The maintenance of plasmids and transposons in natural 

population of bacteria. In: S.B. Levy and R.P. Norvick (eds.) . Antibiotic resistance 

genes: Ecology, Transfer and Expression. Banburry Report, CSH, 1986 pp 57-70. 

Le y, S. B. (1984a). Playing antibiotic pool: time to tally the score. New England 

Journal of Medicine. 311,663-665. 

Lev .B. (1984b). Resistance to the tetracyclines, ppl91-240. In: L.E. Bryan (ed.) 

Antimicrobial Drug Resistance. Academic Press Orlando Fl. 

Levy, .B. (1988). Tetracycline resistance determinants are widespread. ASM News. 

54:41 8-421. 



220 

Levy. . B. (200 1 . Antibiotic resistance: consequences of inaction. finical 

Infectious Di eases, 33: Suppl. 3 S124-129. 

Levy . B., FitzGerald, G. B. & Macone, A. B. (1976a). pread of antibiotic­

re istant plasrnids from chicken to chicken and from chicken to man. Nature, 260: 

-10-2. 

Levy .. B. G. B. Fitzgerald, and A. B. Macone. (1976b). Changes in intestinal flora 

of farm personnel after introduction of tetracycline-supplemented feed on a farm. 

New England Journal of Medicine. 295:583-588. 

Levy .B., McMurry L.M. Barbarosa T.M., eta!. (1999). Nomenclature for new 

tetracycline resistance determinants. Antimicrobial Agents and Chemotherapy. 

43:1523-1524. 

Ling T.K.W. Lyon D.J. Cheng A.F.B. and French G.L. (1994). In-vitro 

antimicrobial susceptibility and B-lactamases of ampicillin-resistant Escherichia coli 

in Hong Kong. Journal of Antimicrobial Chemotherapy.18: 189-197. 

Linton A. H. Howe K. Bennett, P. M. Richmond, M. H. and Whiteside E. J. 

(1977a). The colonization of the human gut by antibiotic resistant Escherichia coli 

from chickens. Journal of Applied Bacteriology. 43: 465-9. 

Linton A. H., Howe K., Hartley C. L. Clements, H. M. Richmond M. H. and 

Osborne, A. D . (1977b). Antibiotic resistance among Escherichia coli 0-serotypes 

from the gut and carcases of commercially slaughtered broiler chickens: a potential 

public health hazard. Journal of Applied Bacteriology. 42: 365- 78. 

Livermore, D.M. (2003). Bacterial resistance: origins, epidemiology and impact. 

Clinical Infectious Disease.36 (Suppl l):Sll-23. 



221 

London, . Niljsten, R. Mertens, P. Van de Bogaaard A. and tobberingh, E. 

(1994 . Effect of antibiotic resistance of fecal E cherichia coli in patients attending 

general practitioners. Journal of Antimicrobial Chemotherapy. 34: 239-246. 

Lu. H.-Z. Weng X.-H. Li H. eta!. (2002). Enterococcus faecium-related outbreak 

\'.~th evidence of transmission from pigs to humans. Journal of Clinical 

Microbiology. 40: 913-7. 

Lugtenberg B. AND Van Alphen L. (1983). Molecular architecture and functioning 

of the outer membrane of Pseudomonas aeruginosa P AOI. Biochimie Biophysics 

Acta. 737: 51-115. 

Luna, V.A. and Roberts M.C. 1998). The presence of the tetO gene in a variety of 

tetracycline-resistant Streptococcus pneumoniae serotypes from Washington state. 

Journal of Antimicrobial Chemotherapy. 42: 613-619. 

Makela P. (2001). The E.U. strategy against antimicrobial resistance. Presentation 

and abstract. WHO Consultation on the Monitoring of Antimicrobial Usage in Food 

Animals for the Protection of Human Health. Oslo Norway 10-13 ept. 2001. 

Mallon D. J.P. Corkill J. E., Hazel S.M. el al. (2002). Excretion ofvancomycin­

resi tant enterococci b wild animals. Emerging Infectious Diseases. 8: 636-8. 

Maltinez E.C.F. (1990). Genetic elements involved in Tn21 site-specific integration· 

a novel mechanism for the dissemination of antibiotic resistance genes. EMBO 

Journal. 9: 1275-1281. 

Manson, J. M. Keis S. Smith, J. M. B. eta!. (2003). A clonal lineage of VanA-type 

Enterococcus faecalis predominates in vancomycin-resistant enterococci isolated in 

ew Zealand. Antimicrobial Agents and Chemotherapy.47: 204-10. 



222 

Marano . Rossiter, S. Stamey, K. et al. (2000). The ational Antimicrobial 

Monitoring System (NARMS) for enteric bacteria 1996-1999: surveillance for action. 

Journal of the American Medical A sociation. 217: 1829-30. 

Mar hall B. Petrowski D. and Levy S.B. (1990). Inter- and intra species pread of 

E. coli in a farm environment in absence of antibiotic usage. Proceedings of the 

National Academy of Sciences. (USA). 87: 6609-6613. 

Maskell J.P. Sefon A. M. and Hall, L.M.C. (1997). Mechanism of sulfonamide 

resistance in clinical isolates of Streptococcus pneumoniae. Antimicrobial Agent and 

Chemotherapy. 41:2121-2126. 

Mat ushita . S. Yamada, A. Kai and Y. Kudoh. (1993). Invasive strains of 

E cherichia coli belonging to serotype 0121 :NM. Journal of Clinical Microbiology. 

31:3034-3035. 

Maurelli A. T. R. E. Fernandez C. A. Bloch C. K. Rode and A. Fasano. (1998). 

"Black holes" and bacterial pathogenicity: a large genomic deletion that enhances the 

virulence of Shigella spp. and enteroinvasive Escherichia coli. Proceeding of the 

'~1-latationa/ Academy of Sciences. USA 95:3943-3948. 

May. S.R. (2000). Review of the risk procedures used by the Government's Advisory 

Committee dealing with food safety. Food tandards Agency, U.K. 

http://www.foodstandards .gov.uk/ (Accessed June 8 2005) 

Maynard, C. Fairbrother J.M. Bekal, S. Sanchagrin F. Levesque R.C. Brousseau, 

R .. Masson L. Lari iere, S. and Harel J. (2003). Antimicrobial resistance genes in 

enterotoxigenic Escherichia coli 0 149:K91 isolates obtained over a 23-Year p riod 

from pigs. Antimicrobial Agents and Chemotherapy. 47: (10) 3214-3221. 

Mazodier P. and Davies, J. (1991). Gene transfer between distantly related bacteria. 

Annual Review ofGenetics. 25: 147-171. 



223 

M Connick A.W. Whitney, C.G. Farley M.M. Lynfield R. Harrison L.H. 

Bennett .M. et a/. (2003). Geographic diver ity and temp ral trends of 

antimicrobial resistance in Streptococcus pneumoniae in the United States. National 

Medicine. 9:424--430. 

YfcCullagh, P. and elder, J.A. (1989). Generalised linear models. Chapman and 

Hall NewYork NY 10001 USA. Pp. 511. 

. lcDonaJd, B.S., MacDonald J.S. and Rose D.L. (1970). Aerobic gram-negative 

rod isolated from bovine udder infections. American Journal of Veterinary Research. 

31 : 1937-1941. 

fcDonald, K.L, M.L Cohen, N. Hargrett-Bean J.G. Wells .D. Puhr .F. 

Collin and P.A. Blake. (1987). Changes in antimicrobial resistance of Salmonella 

isolated from humans in the United States. Journal of American Medical Association. 

258: 1496. 

~cDonald, K .L M.L. Cohen, N. Hargrett-Bean J.G. Wells .D Puhr S.F. Collin 

and P.A. Blake (1987). Changes in antimicrobial resistance of Salmonella isolated 

from humans in the United States. Journal of American Medical Association; 

25 :1496. 

McDonald L. C. Kuehnet, M. J. Tenover F. C. et al. (1997). Vancomycin-resistant 

enterococci outside the health-care setting: prevalence sources and public health 

implications. Emerging Infectious Diseases. 3: 311- 7. 

McEwen S. (2001). Improve antibiotic use in animals. In: WHO. Antibiotic 

resistance synthesis of recommendations by expert policy groups. WHO. 

McEwen S.A. Black W.D. and Meek, A.H. (1992). Antibiotic residues (bacterial 

inhibitory substances) in the milk of cows treated under label and extra-label 

conditions. Canadian Veterinary Journal. 33:527-534. 



224 

M Gowan J.E Jr. (1983). Antimicrobial resistance in hospital organisms and its 

relation to antibiotic use. Review of Infectious Disease. 5:1033-1048. 

Medeiros A.A. and Jacoby G.A. (1986). Beta-lactamase mediated resistance. In: 

Queener, S.F., Weber J.A., Queener, .W., eds. Beta-lactam antibiotics for clinical 

use. ew York: Mercel Dekker, 49-84. 

Mellmann, A. Bielaszewska, M. Zimmerhackl, L.B., Prager R., Harmsen, D. and 

Tschlipe H. (2005). Enterohemorrhagic Escherichia coli in human infection: in vivo 

evolution of a bacterial pathogen. Clinical Infectious Disease. 41 :785-92. 

Mellon, M. Benbrook C. and Benbrook KL (2001). Hogging It! Estimates of 

Antimicrobial Abuse in Livestock. Union of Concerned Scientists, Cambridge MA. 

pp 109. 

Melo A.R. Lasunskaia E.B., de Almeida C.M., Schriefer A., Kipnis, T.L. and as 

da, .W. (2005). Expression of the virulence factor, BfPA by enteropathogenic 

Escherichia coli is essential for apoptosis signalling but not for NF-kappaB activation 

in host cells. Scandinavian Journal of Immunologogy. 61 :511- 9. 

Mendez B. Tachibana, C. and Levy S.B. (1980). Heterogeneity of tetracycline 

resi tance determinants. Plasmid. 3: 99-108. 

Meng J. Zhao S., Doyle M.P.and Joseph, S.W. (1998). Antibiotic resistance of 

Escherichia coli 0157: H7 and 0157: NM isolated from animals, food and hwnans. 

Journal of Food Protection. 61: 1511-4. 

Mitema E.S. and Kikuvi G.M. (2005). Surveillance of the overall use of 

antimicrobial drugs in humans over a 5 year period (1997-2001) in Kenya. Journal of 

Antimicrobial and Chemotherapy. 2: 966-967. 



225 

Mitema, E.S. Kikuvi G.M. Wegener H.C. and Stohr K. (2001 . An assessment of 

antimicrobial consumption in food producing animals in Kenya. Journal of veterinary 

Pharmacology and Therapeutics. 24 : 385-390. 

Mitsuhashi S (1993). Drug resistance in bacteria: history genetics and biochemi try. 

Journal of International Medicine Research. 21: l-4. 

Morrell, V. (1997). Antibiotic resistance: the road of no return. Science. 278: 575-6. 

Mundell, D.H. Anselmo, C.R. and Wishnow, R.M. (1976). Factors affecting beat­

labile Escherichia coli enterotoxin activity. Journal of Infection and lmmunology.14: 

383-388. 

Murray B.E. (1982). Problems and dilemmas of antimicrobial resistance. 

Pharmacology. 12: 86-93. 

~1urray B.E. (1991). ew aspects of antimicrobial resistance and the resulting 

therapeutic dilemmas. Journal of Infectious Diseases. 163: 1185-1194. 

Murray. B.E. (1989). Problems and mechanisms of antimicrobial resistance. 

Infectious Clinical Diseases of North America. 3: 423-439. 

Nagaraja, T. G. & Chengappa, M. M. (1998). Liver abscesses in feedlot cattle: a 

review. Journal of Animal Science 76 287-98. 

agaraja, T. G. Taylor M. B., Harmon D. L. et al. (1987). In vitro lactic acid 

inhibition and alterations in volatile fatty acid production by antimicrobial feed 

additives. Journal of Animal Science. 65 1064-76. 

NARMS 2000 Annual Report. (2000). Frequency of resistance and multidrug 

resistance among top 15 non-Typhi Salmonella serotypes 2000. [Online.] 

h!!p://www.cdc.gov/nanns/annual/2000/tables/table 8.btm. 



226 

ataro, J.P and Kaper J.B. (1998 . Diarrheageni E cherichia oli. finical and 

Microbiology Review. ll :142-201. 

Nataro J.P. Baldini M.M. Kaper J.B. Black, R.E Bravo N. and Levine, M.M. 

(1985). D tection of an adherence factor of enteropathogenic E cherichia coli ith a 

D~ probe. Journal of Infectious Disea e.152:560-5. 

ataro J. P., D. Yikang, D. Yingkang, and K. Walker. (1994). AggR, a 

tran criptional activator of aggregative adherence fimbria I expression m 

enteroaggregative Escherichia coli. Journal of Bacteriology. 176:4691-4699. 

~ataro J. P., J. Serawatana A Fasano, D. R. Maneval, L. D. Guers F. Noriega F. 

Dubrovski M. M. Levine, and J. G. Morris. (1995). Identification and cloning of a 

no el plasmid-encoded enterotoxin of enteroinvasive Escherichia coli and Shigella 

strains. Infection and Immunology. 63:4721-4728 

Nataro J. P. T. Steiner and R. L. Guerrant. (1998). Enteroaggregative Escherichia 

coli. Emerging Infectious Disease. 4:251-261 

ataro, J. P., Y. Deng D. R. Maneval A. L. German W. C. Martin and M. M. 

Le ine. ( 1992). Aggregative adherence fimbriae I of enteroaggregative Escherichia 

coli mediate adherence to HEp-2 ceUs and hemagglutination of human erythrocytes. 

infection aand Immunology. 60:2297-2304. 

a tiona! Research Council (NRC). (1994). Science and judgement in risk assessment. 

National Academy Press, Washington D.C. 

ational Veterinary Institute. (2001). Swedish Veterinary Antimicrobial Resistance 

Monitoring System 2000. National Veterinary Institute (SVA), Uppsala Sweden . 

. a a, J.M Bella, F Garau J Lite J Morera, M.A, Marti C. el al. (1994). 

Predicti factors for invasive disease due to penicillin-resi tant Streptococcus 

pneumoniae: a population-based study. Clinical Infectious Disease. 19:884-890. 



227 

·eu, H. C. (1992a). The crisis in antibiotic resistance. cience. 257: 1064-73. 

Neu. H.C. 1992b). Quinolone antimicrobial agents. Annual Review of Medicine . 43: 

46 -486. 

g, L-K. Martin, I. Alfa M. and Mulvey M. (200 1 ). Multiplex P R for the 

detection oftetracycline resistant genes. Molecular and Cellular probes. 15: 209-215. 

iljesten, R London, N., van den Bogaaard A. and Stobberingh E. (1996). In-vitro 

transfer of antibiotic resistance between fecal Escherichia coli strains isolated from 

pig fanners and pigs. Journal of Antimicrobial Chemotherapy. 37: 1141-1154 . 

. isru J. J. Sheikh K. Mizuguchi, B. Luisi V. Burland A. Boutin, D. J. Rose F. R. 

Blattner and 1. P. Nataro. (2003). The export of coat protein from enteroaggregative 

E cherichia coli by a specific ATP-binding cassette transporter system. Journal of 

Biological Chemistly. 278:45680-45689. 

Noble, W. C. Virani z. & Cree R. G. A. (1992). Co-transfer of vancomycin and 

other resistance genes from Enterococcus faecalis NCTC 12202 to Staphylococcus 

aureus. FEU Microbiology Letters 93: 195-8. 

OR.M/NORM-VET (2001). NORM/NORM-VET 2000 Conswnption of 

Antimicrobial Agents and Occurrence of Antimicrobial Resi tance in orway. 

ORM!NORM-VET Tromso/Oslo, Norway. 

0 Brien A. D. and Holmes R. K. (1987). Shiga and biga-like toxins. Microbiology 

Review. 51 : 206-220. 

0 Brien A. D. and La Veck, G. D. (1983a). Purification and characterization of a 

higella dysenteriae 1-like toxin produced by Escherichia coli. Infection and 

Immunology. 40: 675-683. 



228 

O'Brie~ A.D. La Veck, G.D., Thomson M.R.and Formal .B. (1982). Production 

of 'higella dy enteriae type-! cytotoxin by E. coli. Journal of Jnfectiou Di ea es. 

164: 763-769. 

O'Brien, A. D. Lively T. A. Chen M. E. Rotlunan, . W. and Formal . B. 

(19 3b). Escherichia E. coli 0157:H7 strains associated with ba morrhagi colitis in 

the United tates produce a Shigella dysenteriae 1 ( higa) like cytotoxin. Lancet I: 

0 . 

O'Brien, T.F. DiGiorgio J ., Parsonett K.C. Kass E.H. and Hopkins J.D. (1993). 

Plasmid diversity in Escherichia coli isolated from poultry and poultry processors. 

Veterinmy Microbiology. 35:243-255. 

O'Connor A. M. C. Poppe, and S. A. McEwen. (2002). Changes in the prevalence of 

resi tant Escherichia coli in cattle receiving subcutaneously injectable oxytetracycline 

in addition to in-feed chlortetracycline compared with cattle receiving only in-feed 

chlortetracycline. Canadian Journal ofVeterinary Re earch. 66:145-150. 

Office International des Epizooties (OIE) Ad Hoc Group on Antimicrobial Resistance 

(2000). Risk analysis methodology for the potential impact on public health of 

antimicrobial resistant bacteria of animal origin. Guideline No.1 edition. Office 

Intemationale des Epizooties Paris France. http://www.oie.int/. 

Ojeni i A. A . (1985). Comparative bacterial drug resistance in modem battery and 

free-range poultry in a tropical environment. Veterinary Record. 117: 11-2. 

Ojeniyi A. A. (1989). Direct transmission of Escherichia coli from poultry to 

humans. Epidemiology and Infection. 103: 513-22. 

Okeke I. . A. Lamikanra J. Czeczulin F. Dubovsky 1. B. Kaper and J.P. ataro. 

(2000). Heterogeneous virulence of enteroaggregative Escherichia coli strains 

isolated from children in Southwest Nigeria. Journal of Infectious Disease. 181:252-

260. 



229 

Oke e, I. . and J. P. ataro. (2001). Enteroaggregative E cherichia coli. Lancet 

Infectious Di ea e. 1:304-313. 

Okete. T.N., Whittam, T.S. Wilson R.A. Clausen C.R. O'Callahan .M. and 

Mo eley, .L. (1997). Genetic and phenotypic anal i of Escherichia coli with 

enteropathogenic characteristics isolated from Seattle children. Journal of Jnfectiou 

Disease. 175:1382-9. 

Ombui J .. (1998). Application of molecular biology techniques in epidemiological 

tudy of Bacillus cereus in food poisoning. PhD Thesi , University of Nairobi. Kenya. 

Ombui, J. . Macharia, J.K. and duhiu G. (1995). Frequency of antimicrobial 

resi tance and plasmid profiles of Escherichia coli strains isolated from milk. East 

African Medical Journal. 72:228-230. 

Orand J.P. and Sanders P. (2001). The French national programme on monitoring 

resistances and usages in food animals. Presentation and abstract. WHO Consultation 

on the Monitoring of Antimicrobial U age in Food Animals for the Protection of 

Human Health. Oslo Norway, 10-13 ept. 2001. 

Orskov F. and I. Orskov. (1992). Escherichia coli serotyping and disease in man and 

animals. Canadian Journal of Microbiology. 38:699-704. 

Orskov I. I. K. Wachsmuth D. N. Taylor, P. Echeverria, B. Rowe, R. akazaki and 

F. Or kov. (1991). Two new Escherichia coli 0 groups: 0172 from "Shiga-like" 

toxin II-producing strains (EHEC) and 0173 from enteroinvasi e E. coli (EIEC). 

APMJ. 99:30-32. 

Pabst W. L. M. Altwegg, C. Kind, . Mirjanic D. Hardegger and D. adal. (2003). 

Pr valence of enteroaggregative E cherichia coli among children with and without 

diarrhea in Switzerland. Journal of Clinical Microbiology. 41:2289-2293 . 



230 

Paciorek. J. (2002). Virulence properties of Escherichia coli faecal train i olat d in 

Poland from healthy children and strains belonging to rogroup 018. 026 44. 

0 6, 0126 and 0127 isolated from children with diarrhoea. Journal of Medical 

Uicrobiology. 51:548-56. 

Pai, C.H. Kelly J.K. and Meyers G.L. (1986). Experimental infection of infant 

rabbits with verotoxin-producing Escherichia coli. Journal of Infection and 

Immunology. 51: 16-23. 

Pang. Y. Bosch T.and Roberts M.C. (1994). Single polymerase chain reaction for 

the detection of tetracycline resistant determinants Tet K and Tet L. Molecular and 

Cellular probes. 8: 417-422. 

Parr Jr T.R and Bryan L.E. (1984). Mechanism of resistance of an arnpicillin­

resi tant beta-lactamase-negative clinical isolate of Haemophilus influenzae type b to 

beta-lactam antibiotics. Antimicrobial Agents and Chemotherapy. 25(6):747-753. 

Parsonnet K. C. and Kass, E. H. (1987). Does prolonged exposure to antibiotic­

resistant bacteria increase the rate of antibiotic-resistant infection? Antimicrobial 

Agents and Chemotherapy 31 911-4. 

Pellican C.H.P. (200 1 ). Veterinary use of antibiotics in the Netherlands. Presentation 

and abstract; WHO, Consultation on the monitoring of antimicrobial usage in food 

animal for the protection of human health.Oslo orway 1-3 September. 2001. 

Peru ki Jr. L.F. B.A. Kay, R.A. El-Yazeed, S.H. El-Etr A. Cravioto T.F. Wierzba, 

M. Rao . El-Ghorab H. Shaheen S.B. Khalil K. Kamal M.O. Wasfy A.M. 

Svennerholm J.D. Clemens and .J. Savarino (1999). Phenotypic Diversity of 

Enterotoxigenic Escherichia coli Strains from a Community-Based Study of Pediatric 

Diarrhea in Periurban Egypt. Journal of Clinical Microbiology. 37 (9): 2974-8. 

Petersen P. J. . V. Jacobus W. J. Weiss P. E. um and R. T. Testa. (1999). in 

vitro and in vivo antibacterial activities of a no el glycylcycline the 9-t-



231 

butylglyc lamido derivative of minocycline (GAR-936). Antimicrobial Agent and 

Chemotherapy. 43: 738-744. 

Piva, L C. A. L. Pereira, L. R. Ferraz, R. S. Silva A. . Vieira J. E. Blanco, M. 

Blanco J. Blanco and L. G. Giugliano. (2003).Virulence markers of 

enteroaggregative Escherichia coli isolated from children and adults with diarrhea in 

Brasilia, Brazil. Journal of Clinical Microbiology. 41 : 1827-1832. 

Phillips I. (1979). Antibiotic policies. In Recent Advance in Infection I (Reeves D. 

& Geddes A. Eds), pp. 151-63. Churchill Livingstone Edinburgh, UK. 

Phillips I. Eykyn, S. Gransden, W. R. et al. (1988). Epidemic multiresistant 

Escherichia coli infection in West Lambeth Health District. Lancet. 1: 103 8-41. 

Piddock L. J. V. (1996). Does the use of antinllcrobial agents in veterinary medicine 

and animal husbandry select antibiotic-resistant bacteria that infect man and 

compromise antimicrobial chemotherapy? Journal of Antimicrobial Chemotherapy. 

38: 1-3. 

Pieterman R. and Hanekamp J. C. (2001). The Cautious Society? An Es ay on the 

Rise of the Precautionary Culture. The Precautionary Principle or Striving for 

Ignorance. ISBN 90-76548-09-9. Heidelberg Appeal Nederland Foundation, 

Amsterdam The Netherlands. 

Pitout. J.D. Thomson, K.S . Hansen, N.D. Ehrhardt, A.F. , Moland E.S and anders 

C.C. (1 998). Beta-lactamases responsible for resistance to extended spectrum 

cephaJosporins in Klebsiella pneumoniae, Escherichia coli and Proteus mirabili 

isolates from South Africa. Antimicrobial Agents and Chemotherapy. 42 (6)· 1350-4. 

Po art C. J. Celli, and P. Trieu-Cuot. (1995). Conjugative transposition of Tn916-

related elements from Enterococcus faecalis to Escherichia coli and Pseudomona 

fluorescens. A ntimicrobial Agents and Chemotherapy. 39:500-506. 



232 

Pre ott J. F. Baggot J. D. & Walker R. D. (2000). Antimicrobial Therap in 

Vererinary Medicine 3rd edn. Iowa tate University Pres Ames IA 

Pre ton R L. (1987). The role of animal drugs in food animal production. 

Symposium on Animal Drug Use-Dollars and Sense 19 7 Washington, DC U A. 

pp. 127-34. Center for Veterinary Medicine Food and Drug Administration 

Rock ille MD USA. 

Pupo G. M. D. K. R. Karaolis R. Lan, and P. R. Reeves. (1997). Evolutionary 

relationships among pathogenic and nonpathogenic Escherichia coli strains infened 

from multilocus enzyme electrophoresis and mdh sequence studies. Infection and 

Immunology . 65:2685-2692. 

Pupo G. M., R Lan and P. R. Reeves. (2000). Multiple independent origins of 

Shigella clones of Escherichia coli and convergent evolution of many of their 

characteristics. Proceedings of the Notational Academy of Sciences. USA. 97:10567-

10572. 

Qaiyumi S. Mcintosh A. C., Mackinson C. K. et al. (2000). Effect of 

virginiamycin on enterococcus colonization in a chicken model. In Abstracts of the 

Fortieth lnterscience Conference on Antimicrobial Agents and Chemotherapy, 

Toronto Ontario, Canada, 2000. Abstract 151 p. 68. American Society for 

Microbiology Washington DC USA. 

Rajic A. Deckert D. Reid-Smith, R. McFall M. Manninen, K., Dewey C. and 

.1cEwen, S. (2002). Repo11ed antimicrobial use and Salmonella antimicrobial 

resistance patterns from Alberta wine: Preliminary findings. Proceedings of the 

002 Annual Meeting of the Canadian Association of Veterinary Epidemiology and 

Preventive Medicine. Guelph Ontario 25-26 May 2002. 

Recchia G. D. and R. M. Hall. (1997). Origins of the mobile gene cassettes found in 

integrons. Trends in Microbiology. 5:389-394. 



233 

Reid- mith R.J. Bair C.A. ifton E. Irwin, R.J. and McEwen .A. (2001 . 

Monitoring antimicrobial use in Canadian food animal agriculture. Pre entation and 

ab tract . WHO Consultation on the Monitoring of Antimicrobial sage in Food 

Animals for the Protection of Human Health. Oslo Norway 10-13 ept. 2001. 

Reid- mith, R.J. Rajic, A. Deckert A., Dewey, C. Richardson K. lmgrund R. and 

McEwen S.A. (2002). Antimicrobial use by Canadian swine veterinarians and 

producers. Proceedings of an International Conference on Antimicrobial Agents in 

Veterinary Medicine. Helsinki Finland, 4-8 August 2002. 

Ridenhour M.B., Fletcher H.M. Mortensen J.E. and Daneo-Moore L. (1996). A 

novel tetracycline-resistant determinant, tet(U) is encoded on the plasmid pKQ 1 0 in 

Enterococcusfaecium. Plasmid. 35: 71-80. 

Riley L.W Cohen M.L., Seals J.E. Blaser, M.J. Birkness K.A. Hargrett N.T. 

Martin S.M. and Feldman, R.A. (1984). Importance of host factors in human 

salmonellosis caused by multiresistant strains of Salmonella. Journal Infectious 

Diseases· 149:878. 

Riley L.W., Rennis, R.S. Helgerson S.D. Mcgee H.B. Wells, J.G., Davies B.R. 

Herbett R.J., Olcott, B.S. Johnson L.M. Hargarret, N.T. Blake P.A. and Cohen, 

M.L. (1983). Hemorrhagic colitis associated with a rare Escherichia coli serotype. 

New England Journal of Medicine. 308: 681-685. 

Ridley, A. and Threlfall, E.J. (1998). Molecular epidemiology of antibiotic resistance 

in genes in multiresistant epidemic Salmonella typhimurium DT104. Microbial Drug 

Re istance. 4: 113-8. 

Riley P. A., Threlfall E. J. Cheasty T. et al. (1993). Occurrence of Fime plasrnids 

in multiply antimicrobial-resistant Escherichia coli isolated from urinary tract 

infection. Epidemiology and Infection 110 459-68. 



234 

Ro rts M.C. (1994). Epidemiology of tetracycline resistance determinants. Trend 

in .\ficrobiology. 2: 353-357. 

Roberts M. C. (1996). Tetracycline resistance determinants: mechanisms of action 

regulation of expression genetic mobility, and distribution. FEU 

Microbiology Review. 19: 1-24. 

Roberts M. C. (2003). Tetracycline therapy: update. Clinical Infectious Disease . 

36:462-467. 

Roberts M.C. and Kenny, G. E. (1986). Dissemination of the tetM tetracycline 

resistance determinant to Ureaplasma urealyticum. Antimicrobial Agent and 

Chemotherapy. 29: 350-352. 

Robins-Browne R.M Bordun, A.M. Tauschek M. Bennett-Wood V. Russell J. 

and Oppedisano F. (2004). Atypical enteropathogenic E cherichia coli: a leading 

cau e of communit -acquired gastroenteritis in Melbourne Australia. Emerging 

Infectious Disease. 10:1797-805. 

Robins-Browne R.M. (1987). Traditional enteropathogenic Escherichia coli of 

infantile diarrhea. Review of Infectious Disease. 9:28-53. 

Robins-Browne R.M. and Hartland E.L (2002). Escherichia coli a a cau e of 

diarrhea. Journal of Gastroenterology and Hepatology. 17:467-75. 

Rodriguez, C. Radice M. Pdrazzi B. Castro Sand Gutkind G. (2005). Enzymatic 

resistance to beta-Jatam antibiotics within the genus Proteus and evaluation of Proteus 

mirabilis phenotypes for resistance to third and fourth generation cephalosporins. 

Journal of infections and clinical microbiology. 23 (3); 122-6. 

Robredo B. Singh K. V. Torres C. et al. (2000). Str ptogramin resistance and 

shared pulsed-field gel electrophoresis patterns in vanA -containing Enterococcus 



235 

faecium and Enterococcus hirae isolated from humans and animal m pain. 

J1icrobial Drug Resistance. 6: 305-11. 

Rodriguez A.J. ino Cotrina, R.A. Perez C.N. et al. (2001). Comparati study of 

antimicrobial resistance of Escherichia coli strains from urinary tract infection in 

patients from Caracas and Lima. Journal of Antimicrobial Chemotherapy. 47: 903-

904. 

Rowe B. R. J. Gross and D. P. Woodroof. (1977). Proposal to recognise serovar 

145/146 (synonyms: 147 Shigella 13 Shigella sofia and Shigella manolovii) as a 

new Escherichia coli 0 group 0164. International Journal of :Y fernie 

Bacteriology. 27:15-18. 

akata, H. (2006). Bactericidal activities of parenteral antibiotics and genotype of 

penicillin-binding protein in Streptococcus pneumoniae and Hemophilus injluenzae 

i olated from children s blood. Journal of Infection and Chemotherapy.l2(5):338-42 

alyers A.A. peer B.S. and Shoemaker N.B. (1990). New perspective m 

tetracycline resistance. Molecular Microbiology. 4: 151-1 56. 

ambrook, J. Fritsh E.F. and Maniatis T. (1989). Molecular cloning: A laboratory 

manual 2nd edition. Cold Spring Harbour Laboratory, C H, ew York. 

anders C.C. (1992). B-lactamases of gram-negative bacteria: new chalJenges for 

new drugs. Clinical and Infectious Diseases. 14: 1085-1099. 

and ang D. and F. M. Aarestrup. 2000. Characterization of aminoglycoside 

resistance genes and class I integrons in porcine and bo ine gentamicin-resistant 

E cherichia coli. Microbial Drug Resistance. 6:19-27. 

andvang D., F. M. Aarestrup and L. B. Jensen. (1998). Characteri ation of 

imegrons and antibiotic resistance genes in Danish multiresistant Salmonella enterica 

T ·phirnurium DT104. FEMS Microbioly Letters. 160: 37-41. 



236 

ang W.K. Oundo J.O. Mwituria, J.K., Waiyiaki P.G. Yoh M Lida, T. and 

Honda, T. (1997). Multidrug-resistant enteroaggregative E cherichia coli associated 

with perseistent diarrhoea in Kenyan children. Emerging Infectious Disease . 3(3): 

62 -33. 

arff L.M. McCracken G.H. Schiffer M .. , Glode M.P., Robbins J.B. Orskov, I. 

and Orskov F. (1975). Epidemiology of Escherichia coli Kl in healthy and diseased 

newborns. Lancet. 2: 1085-1099. 

Sa arino S. J. and A. L. Bourgeois. (1993). Diarrhoeal disease: current concepts and 

future challenges. Epidemiology of diarrhoeal diseases in de eloped countries. 

Proceedings of Royal Society Tropical Medicine and Hygiene. 87(Suppl. 3):7-11 

CAN. (1996). Report of the Scientific Committee for Animal Nutrition ( CAN) on 

the possible risk for humans of the use of avoparcin as a feed additive. Opinion 

expressed 21 May 1996. Office for EC Publications Luxembourg. 

C . (1998). Opinion of the Scientific Committee for Arumal Nutrition (SCAN) on 

the immediate and longer-term risk to the value of streptogramins in human medicine 

posed by the use of virginiamycin as an animal growth promoter 10 July 1998. Office 

for EC Publications, Luxembourg. 

chwarz, . and Chaslus-Dancla E (2001). Use of antimicrobials in veterinary 

medicine and mechanisms of resistance. Veterinary Research 32:201-225. 

chmitz F. J. D. Hafner R. Geisel P. Follmann. C. Kirschke J. Verhoef, K. Kohrer 

and . C. Fluit. (2001). Increased prevalence of class I integrons in Escherichia coli 

Klebsiella species and Enterobacter species isolates over a 7-year period m a 

German university hospital. Journal ofClinical Microbiology.39: 3724-3726. 



237 

enerwa, D. Mutanda, L.N. Gathuma, J.M. and Olsvik 0 . 1991). Antirni robial 

re istance of enteropathogenic Escherichia coli strains from a no ocomial outbreak in 

Kenya. APMIS. 99: 728-732. 

engel0V G. B. Halling-S0rensen, and F. M. Aarestrup. (2003) usceptibility of 

E cherichia coli and Enterococcus faecium isolated from pigs and broiler chickens to 

tetracycline degradation products and distribution of tetracycline resistance 

determinants in E. coli from food animals. Veterinary. Microbiology. 95:91-101. 

hanahan, P.M.A. Wylie, B.A.M. Adrian P.V. Koorhof, H.J. Thompson C.J. and 

Amyes .G.B. (1993). The prevalence of antimicrobial resistance in human fecal 

flora in South Africa. Epidemiology and Infection Journal. 111: 221-228. 

hears D.M., Hart C.A. and Suliman G. (1988). A preliminary investigation of 

antibiotic resistance in Enterobacteriaceae isolated from children with diarrhoea in 

four developing countries. Annals ofTropical Medicine and Parasitology. 82: 185-8. 

heikh, J. J. R. Czeczulin S. Harrington, S. Hicks I. R. Henderson C. Le 

Bouguenec P. Gounon A. Phillips and J. P. Nataro. (2002). A novel dispersin 

protein in enteroaggregative Escherichia coli. Journal of Clinical Investigation. 

110:1329-1337. 

heppard M. (2000). Antibiotic use in the British Columbia aquaculture industry 

(1996- 1998): Is the comparison with orway realistic? Bulletin of the Aquaculture 

A sociation ofCanada. lOO (1):1 3-16. 

Shooter R. A., Cooke E. M. O'Farrell S. Bettelheim K. A. Chandler M. E. and 

Bushrod F. M. (1974). The isolation of Escherichia coli from a poultry packing 

station and an abattoir. Journal of Hygiene, Cambridge. 73: 245-7. 

hrag S. J. and Perrot, V. (1996). Reducing antibiotic resistance. Nature. 381 : 120-

121. 



238 

ilva, R. M. M. R. F. Toledo and L. R. Trabulsi. (1980. Biochemical and cultural 

haracteri tics of invasive Escherichia coli. Journal of Clinical Microbiology. 

11:~41 -444. 

Simonsen G. S. Haaheim H. Dahl K. H. et al. (1998). Transmission of Van A-type 

vancomycin-resistant enterococci and vanA resistance elements between chicken and 

humans at avoparcin-exposed farms. Microbial Drug Resistance .4 313-8. 

kold 0 . (2001). Resistance to trimethoprirn and sulfonamides. Veterinary Research. 

32: 261-273. 

Smith H. W. (1969). Transfer of antibiotic resistance from animal and human strains 

of Escherichia coli to resident E. coli in the alimentary tract of man. Lancet. 1: 1174-

6. 

mith, W and Halliwell, J. (1999). Principles and practices for using scientific advice 

in government decision making. International best practices. Ottawa, Canada. 

Smyth, C. J. (1984). Serologically distinct fimbriae on enterotoxigenic Escherichia 

coli ofserotype 06:KI5:H16. FEMS Microbiology Letters. 21:51-57. 

ociety for Risk Analysis (2001). Society for risk analysis: Principles of risk analy is. 

RI K ewsletter 2001 21(3): 6. http://www.sra.org (Accessed June 8, 2005) 

age, 0.0. Adeniyi B.A. and Roberts M.C. (2006). New antimicrobial resistance 

gene associated with CTX-M plasmid from uropathogenic igerian K pneumoniae. 

Journal of Antimicrobial Chemotherapy. 58 (5); 1048-53 . 

Smensen T. L . Blom, M. Monnet, D. L. et al. (2001). Transient intestinal carriage 

after ingestion of antibiotic resistant Enterococcus faecium from chicken and pork. 

New England Journal of Medicine. 345: 1161-6. 



239 

peer B.S. Shoemaker N.B. and Salyers, A.A. (1992 . Bacterial resistance to 

1etrac cline: mechanisms transfer and clinical significance. finical Microbiology 

Rel iew. 5: 387-399. 

pika, J. . Parsons J.E. ordenberg D. Wells .G. Gunn R A. and Blarke P.A. 

(19 6). Hemolytic uraemic syndrome and diarrhoea associated with Escherichia coli 

0157: H7 in a day care center. Journal of Paediatrics. 109: 287-291. 

pika, J.S Waterman S.H Hoo G.W et al. (1987). Chloramphenicol-resistant 

Salmonella Newport traced through hamburger to dairy farms. New England Journal 

ofMedicine. 316(10): 565-570. 

pratt B.G. (1994). Resistance to antibiotics mediated by target alterations. Science. 

264: 388-394. 

tephan R, and Schumacher S. (2001). Resistance patterns of non-0157 higa toxin­

producing Escherichia coli (STEC) strains isolated from animals food and 

asymptomatic human carriers in Switzerland. Letters in Applied Microbiology.32: 

114-7. 

tephen C. and Iwama G. (1997). Salmon Aquaculture Review. VoL 3. Technical 

Advisory Committee Team Discussion Papers. Fish Health Discussion Paper Part C. 

BC Environmental Assessment Office. 

tewart G.J. (1989). The mechanism of natural transformation. In: S.B. Levy and 

R. . Miller (eds.). Gene tran ifer in the environment. McGraw Hill New York pp. 

139-164. 

tokes, H.W. and Hall, R.M. (1989). A novel family of potentially mobile DNA 

elements encoding site-specific-gene-intergration functions integrons. Molecular 

Biology. 3: 1669-1683. 



240 

tokestad, E. L. R. Jukes T. H. Pierce J. et a!. ( 1949). The multiple nature of the 

animal protein factor. Journal of Biological Chemist1y. 180: 647-54. 

undsfjord, A. imonsen G. . and Courvalin P. (2001). Human infections cau ed 

by glycopeptide-resistant Enterococcu spp: are they a zoonosis? finical 

Wcrobiology and Infection. 7: Suppl. 4 16-33. 

ussman, M. (1985). The virulence of Escherichia coli. In: Reviews and Method. M. 

us man ed. Published by Academic Press. 

Tacket C.O Dominguez L.B Fisher H.J. and Cohen M.L. (1985). An outbreak of 

multiple-drug-resistant Salmonella enteritis from raw milk. Journal of American 

Medical Association. 253 (14):2058-2060. 

Tan, T.Q Mason, E.O. Jr. and Kaplan S.L. (1993). Penicillin-resistant systemic 

pneumococcal infections in children: a retrospective case-control study. Pediatric . 

92:761-767. 

Teixeira da Silva, J. A. (2002). The role of antibiotics in plant-tissue culture infection 

and genetic transformation of plants. Newsletter of the International Society of 

Chemotherapy. 6: 13. 

Tenover F. C. , and J. K. Rasheed. (1998). Genetic methods for detecting 

antimicrobial and antiviral resistance genes p. 1578-1592. In P. R. Murray E. J. 

Baron M. A. Pfaller F. C. Tenover and R H. Yolken (ed.) Manual of clinical 

microbiology, 7th ed. Washington, D.C. 

Teshager T. I. A. Herrero M. C. Porrero J. Garde M. A. Moreno and L. 

Dominguez. (2000). Surveillance of antimicrobial resistance in Escherichia coli 

strains isolated from pigs at Spanish slaughterhouses. International Journal of 

Antimicrobial Agents. 15:137-142. 



241 

The Presidential Commission/Congressional Commission on Ri k As e ment and 

Ri k Management (1997). Framework for the environmental health risk management. 

Final report 1. The Presidential Commission/Congressional Commission on Ri k 

As essment and Risk Management Washington D.C. http://www.riskworld.com/. 

Thielman N.M. and Guerrant R.L. (1999). Escherichia coli. In: Yu VL, Merigan Jr 

TC. Barriere SL editors. Baltimore: The Williams & Wilkins Company. p. 188-200. 

Thomas L. V. A Cravioto S. M. Scotland and B. Rowe. (1982). New fimbria! 

antigenic type (E8775) that may represent a colonization factor in enterotoxigenic 

E cherichia coli in humans. infection and Immunology. 35:1119-1124. 

Thompson C.J. and Gray G.S. (1983). Nucleotide sequence of a Streptomycete 

aminoglycoside phosphotransferase gene and its relation to phosphotransferases 

encoded by resistance plasrnids. Proceedings of the National Academy of ciences 

u A. 80:5190-5194. 

Threlfall E.J Ward E.R, and Rowe, B. (1997). Increasing incidence of resistance to 

trimethoprim and ciprofloxacin in epidemic Salmonella Typhimurium DTl 04 in 

England and Wales. Eurosurveillance. 2· 81. 

Todd, E. C. (1997). Epidemiology of foodbome diseases: a worldwide review. World 

Health Statistics. Quartely. 50:30-50. 

Todd E.C.D and Harwig J. (1996). Microbial risk analysis of food in Canada. 

Journal of Food Protection. ( uppl) 10- 18. 

Tollefson L. (2001). United States' approach to monitoring antimicrobial drug usage 

in food animals. Presentation and abstract. WHO Consultation on the Monitoring of 

Antimicrobial Usage in Food Animals for the Protection of Human Health. Oslo 

orway 1 0-13 Sept. 2001. 



242 

Torrence M. E. (2001). Activities to address antimicrobial resistance in the United 

tates. Preventive Veterinary Medicine. 51 : 37-49. 

Trabulsi L.R Keller. R. and Gomes T.A.T. (2002). Typical and atypical 

enteropathogenic E ·cherichia coli. Emerging Infectious Disease. 8:508- 3. 

T akris, A. Johnson, A.P. Legakis N.J. and Tzouvelekis L.S. (1993). Prevalence of 

type I and type II DHFR genes in trimethoprim-resistant isolates of E. coli from 

Greece. Journal of Antimicrobial Chemotherapy. 31: 665-671. 

United States Department of Agriculture. (2002). National Animal Health Monitoring 

Program Center for Animal Health Monitoring. USDA. 

van den Bogaard, A. E. and Stobberingh E. E. (1999). Antibiotic usage in animals­

impact on bacterial resistance and public health. Drugs. 58: 589-607. 

van den Bogaard, A. E. ( 1997). Antimicrobial resistance-relation to human and 

animal exposure to antibiotics. Journal of Antimicrobial Chemotherapy. 40: 453-4. 

van den Bogaard, A. E. Bruinsma, . and Stobberingh E. E. (2000). The effect of 

banning avoparcin on VRE carriage in the Netherlands. Journal of Antimicrobial 

Chemotherapy. 46: 146-7. 

van den Bogaard, A. E. Jensen L. B. and Stobberingh E. E. (1997a). Vancomycin­

resistant enterococci in turkeys and farmers. New England Journal of Medicine .337: 

1558-9. 

van den Bogaard, A. E. London N. Drissen, C. et al. (200 1 ). Antibiotic resistance of 

fecal E. coli in poultry poultry farmers and poultry slaughterers. Journal of 

Antimicrobial Chemotherapy. 47: 763-71. 

van den Bogaard A. E., Mertens P. London, . H. et al. (1997b). High prevalence 

of colonization with vancomycin- and pristinamycin-resistant enterococcj in healthy 



243 

humans and pigs in The etberlands: is the addition of antibiotics to animal feeds to 

blame? Journal of Antimicrobial Chemotherapy. 40: 454-6. 

van den Braak A. van Belk.um, A. Ott A. et al. (2000). Prevalence and determinant 

of fecal colonization with vancomycin-resistant enterococci in hospitalized patients in 

The Netherland . In Abstracts of the Fortieth Inter cience Conference on 

Antimicrobial Agents and Chemotherapy, Toronto Ontario Canada 2000. Abstract 

1788, p. 108. American Society for Microbiology Washington DC, U A. 

\ eterinary Medicines Directorate. (2002). Sales of Antimicrobial Products Used as 

Veterinary Medicines Growth Promoters and Coccidiostats in the UK in 2000. 

hnp://www.vmd.gov.uk/ (accessed June 13, 2005). 

Vida er A. K. (2002). Uses of antimicrobials in plant agriculture. Clinical infectious 

Disea es 34 Suppl. 3 S107-10. 

Vila, J. M. Vargas I. R. Henderson J. Gascon and J. P. Nataro. (2000). 

Enteroaggregative Escherichia coli virulence factors in traveler's diarrhea strains. 

Journal of Infectious Disease. 182:1780-1783. 

Vose, D. (2000). Risk analysis: a quantitative guide. J. Wiley Chichester England 

Walia, S.K., Madhavan, T., Chagh, T.D. and Sharma S.K. (1987). Characterization 

of self-transmissible plasmids determining lactose fermentation and multiple 

antibiotic resistance in clinical strains of Klebsiella pneumoniae. European Journal of 

Clinical Microbiology and Infectious Diseases. 7: 279-284. 

Watanabe T. (1963). Infectious heredity of multiple drug resistance in bacteria. 

Bacterio/oy Review. 27: 87-115. 

Watanabe T. (1971 ). TI1e problem of drug-resistant pathogenic bacteria. The origin 

ofR factors. Annals of New York Academy of Sciences. 182: 126-140. 



244 

Waterworth P.M. (1980). Changes in sensitivity testing. Journal of Antimicrobial 

Chemotherapy. 11: 1-2. 

Wegener H. G. F. M. Aarestrup P. Gerner- midt and F. Sager. (1999). Transfer of 

antibiotic resistant bacteria from animals to man. Acta Veterinarius candinavian 

Supplement. 92:51-57. 

Welton, L. A. Thai L. A. Perri M. B. et al. (1998). Antimicrobial resistance in 

enterococci isolated from turkey flocks fed virginiamycin. Antimicrobial Agents and 

Chemotherapy. 42:705-8. 

V erckenthin, C. S. Seidl, J. Riedl, E . Kiossis G. Wolf R. Stolla and 0 . R. Kaaden. 

(2002). Escherichia coli isolates from young calves in Bavaria: in vitro 

usceptibilities to 14 anti-microbial agents. Journal of Veterinary Medicine and 

Bacterial infectious Diseases ofVeterinary Public Health. 49: 61-65. 

White DG Zhao S Sudler R, et a/. (2001). The iso1ation of antibiotic-resistant 

almonella from retail ground meats. New England Joural of Medicine. 345 (16) : 

1147-11 54. 

Wierup M. (200 1 ). The Swedish experience of the 1986 year ban of antimicrobial 

growth promoters with special reference to animal health, disease prevention 

productivity, and use of antimicrobials. Microbial Drug Resistance. 7: 183- 90. 

Wilcox, M.H and Spencer R.C. (1992). Quinolones and salmonella gastroenteritis. 

Journal Antimicrobial Chemotherapy; 30: 221. 

Winokur P.L. Brueggemann A. DeSalvo D.L. Hoffmann, L. Apley M.D. 

Uhlenhopp E.K. Pfaller M.A. and Doem, G.V. (2000). Animal and human multi-



245 

drug resistant cephalosporin-resistant Salmonella isolates expre ing a plasmid 

mediated CMY-2 AmpC beta-lactamase. Antimicrobial Agent and Chemotherap . 

~: _777-2783. 

Wine, W. (1998). Medical consequences of antibiotic use in agriculture. cience. 279: 

996-7. 

Wiuff C. Madsen M. Baggesen D.L. and Aaestrup F.M. (2000). Quinolone 

resi tance among Salmonella enterica from cattle broilers and swine in Denmark. 

Microbial Drug Resistance. 6· 11-17. 

Woodford. N. Adebiyi A.-M. A. Palepon M. F.-I. el a/. (1998). Diversity of VanA 

glycopeptide resistance elements from humans and non-human sources. 

Anlimicrobial Agents and Chemotherapy 42, 502-8. 

World Health Organization. (1997). The medical impact of the use of antimicrobials 

in food animals. Geneva World Health Organization·WHO/EMC/Z00/97.4:1-12. 

World Health Organization. (1998). Use of quinolones in food animals and potential 

impact on human health. WHO/EMC/ZDI/98.1 0. Geneva, witzerland. 

World Health Organization. (2000). Infectious disease report: Overcoming 

antimicrobial resistance. Geneva, Switzerland. 

World Health Organization (2001). Global Strategy for Containment of Antimicrobial 

Resistance. WHO Department of Communicable Disease Surveillance and Response. 

[Online.] http://www. who.int/emc/amrpdfs/WHO Global_ Stategy _ English.pdf. 

Wra C. (1997). Medical impact of antimicrobial use in food animal production: 

scenarios and risk assessment of Salmonella and E. coli in England and Wales. 



246 

Proceedings of the WHO meeting on the u age of quinolone in animal . 1997 

October 7-13; Berlin. 

Wray, C. and Gnanou J. C. (2000). Antibiotic resistance monitoring in bacteria of 

animal origin: analysis of national monitoring programmes. International Journal of 

Antimicrobial Agents. 14: 291-4. 

Yatsuyanagi, J. Saito, S. Miyajima, Y. Amano K. and Enomoto K. (2003 . 

Characterization of atypical enteropathogenic Escherichia coli strain harboring the 

astA gene that were associated with a waterbome outbreak of diarrhea in Japan. 

Journal ofClinical Microbiology. 41 :2033-9. 



247 

8.0 APPE DICE 

Appendix 1: Composition and preparation of culture media reagents and 

omponents of kits 

1.1 Culture media 

1.1.1 Blood Agar 

Composition (g/litre) 

·Lab lemco powder ............... ... .... .. ................... . ......................... 10 g 

Peptone ....... ..... ... ......... .................................... . ... .. .. ................ 1 0 g 

odium chloride ............................. . ........................ ..................... 5 g 

Agar .... .. . ...................................... . ... .. ......... ........... . . .... . ......... . 15 g 

PH at 37°C ......... ................................................................. 7.3 ± 0.1. 

This agar was prepared by suspending 40 grammes of the blood agar base (Oxoid) in 

one litre of distilled water and boiled to dissolve completely. Sterilization was done at 

121 °C for 15 minutes. The terile base was cooled to 50°C after which 7 % of sterile 

defrinated blood was added. 

1.1.2 Citrate medium 

Composition 

Trisodium citrate. 2H20 .... ....... . .. .. ......... . ........ .................. ... ....... . ... 1.0 g 

Magnesium sulphate. 7H20 .......... .......... .. ..... .... ...... ............... .... ....... 1.2 g 

Diammonium hydrogen phosphate .......... . ...... .. ..... ....... .............. ....... .. 0.5 g 
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Potassium chloride ......................................................................... 1.0 g 

Agar .......................................................................................... 15 g 

Di tiUed water. ....................... .. ...... .. ........................................... 980 ml 

0.04% w/v olution of phenol. ........... . ..... .... ..... . .......................... ...... 20 ml 

The above reagents were mixed and dissolved by boiling. The pH was then 

adjusted to 6.8 and 3 ml of the meclia dispensed into crew capped bijou bottles. They 

v;ere then sterilized at 121 °C for 15 minutes. 

1.1.3 Cooked meat medium 

The medium was prepared by adding 15 grammes of cooked meat pellets to 

20 mJ nutrient broth (Oxoid) in universal bottles and sterilized by autoclaving at 

121 °C for 15 minutes. 

1.1.4 Eosin Methyl Blue Agar (Oxoid) 

Composition (g/1) 

Peptic digest of animal tissue . . ............ ... ............................ ... ......... l 0 g 

Dipotassium phosphate .................................................................. 2 g 

Lactose ... .. ........ ...................... ......... ... ....... ...... .................. .... .. 1 0 g 

Eosin Y ................ ...... ........ . ................. ...... ... ..... ........... ...... .... 0.4 g 

Methylene blue ........... .... ........................... .... ......... .... ............ 0.065 g 

gar .. .... ............. ... . ........................................ ... ....... . .............. 15 g 

PH at 37°C .... ....... ............................................................... 7.1 ± 0.1 
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This agar was prepared by suspending 37.5 grammes of Eo in Methyl blue agar ba e 

(Oxoid) in one litre of distilled water and boiled to dissolve completely. terilization 

was don at 121 °C for 15 minutes. The sterile base was cooled to 50°C and shaken to 

oxidize methylene blue. 

1.1.5 MacConkey Agar (Oxoid) 

Composition (gil) 

Peptone from Casein ................................. ... ........................... 17 g 

Peptone from meat .. .. .. ...... .. . ................................................... 3 g 

Lactose ... . . . ..... . .. .. .. .. ....... . .... .. . .. .. ..... ...... ....... ... .. ................ . 1 0 g 

eutral Red ........................................................................ 0.03 g 

rystal Violet ........ .. ........................................................... O.OOlg 

Agar .. .......... . .. . ... . ........... .... ...... .. ...................................... 13.5 g 

pH ..................... ... ........ ............................. ... .. ...... ... .... 7.1 ± 0.1 

This was prepared by dissolving 50 grammes of macConkey powder (Oxoid) in one 

li tre of freshly distilled water and boiled to dissolve completely. Sterilization was 

then done at 121 °C for 15 minutes. 
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1.1.6 uellar- Hinton gar (0 ·oid 

Compo ition (g/1) 

Beef dehydrated infusion ................ .... ..................................... 300 g 

Casein hydrolysate ................................................................ 17.5 g 

Starch .... .. ...... .. ......... . ...... .......................................... ... ...... l.Sg 

Agar ..... ... .. ... .. .. ................. ... ........ . ................................... l7.0 g 

pH .. ............................................................................ 7.4 ± 0.2 

This was prepared by dissolving 35 grarnmes of muellar- Hinton powder (Oxoid) in 

one litre of distilled water and boiled to dissolve completely. Sterilization was then 

done at 121 °C for 15 minutes. 

1.1.7 Muellar- Hinton broth (Oxoid) 

Composition g/l 

Beef dehydrated infusion ............................................. . ........... 300 g 

Casein hydrolysate ................ ... ...... . .... .. .... .. . . ..... .... .............. .17.5 g 

tarcb . ............. . ... . .... .. ............... ... .... ... .... .... . ..... . .. . ... .. ....... .1.5 g 

Thi was prepared by dissolving 21 grammes of dry medium in one litre of distilled 

ater and sterilized by autoclaving at 121 °C for 15 minutes. 
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1.1.8 utrient broth (0 oid) 

Composition g/1 

Peptone ... ..... .. ... .. . . . . ...... . .......... . .. .. . .. ... .. .... . ......... . ....... 1 0 g 

odium chloride ................... . . .. ..... . .. . .. . . ... .... .. ... . ... . ..... . .5.0 g 

pH ...... ... .. .................... ... ...... .. . ... .......................... 7.2 ± 0.2 

The broth was prepared by adding 15 grammes of dehydrated medium to one litre of 

disti lled water boiled to dissolve and distributed into universal bottles. They were 

then sterilized by autoclaving at 121° C for 15 minutes. 

1.1.9 Stuart's transport medium 

Composition (gil) 

odium glycerophoshate ...................... ... ... .. .... ...... .. . ............... 1 0 g 

odium thioglycollate ...................... ... ... . ...... . ................ .. ....... 0.5 g 

Cysteine-He!. . ........ ... . .. .... .. ..... . ... . ............ . .. .. ................... ... .. 0.5 g 

Cal cum chloride .. ..... .. ... . .. .. .... . ..... . ........ ........ . ...... . ...... . ...... ... 0.1 g 

Methylene blue ..... ................. . ............. .. . ... . .......... . . .. ..... ... . 0.001 g 

Agar . . .. .. .. . . .............. .... .... .... ......... . ........... . . . ........ ................ 5 g 

The broth was prepared by adding 15 grammes of dehydrated medium to one litre of 

distilled water, boiled to dissolve and distributed into universal bottles. They were 

then sterilized by autoclaving at 121° C for 15 minutes. 



l.l.l Tryptone oya broth (Oxoid 

Composition (g/1) 
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Tryptone ...................................................... ... ...... . . . . 15.0 g 

oya peptone ............ .. ............. . ................................... 5.0 g 

a l. ........ ................ ........... .. .............. ..... ...... ........... 5.0 g 

Tryptic soy broth was rehydrated by dissolving 30 grammes of the powder in one litre 

of distilled water and then five (5) ml amounts dispensed into screw capped tubes 

and then sterilized by autoclaving at 121 °C for 15 minutes. 

1.2. Preparation of solutions 

1.2.1 10 X TBE Buffer (Tris Borate EDT A buffer) 

I 08 g tris base 55 g boric acid and 40 m1 0.05 M EDTA (pH 8.0) were 

dissolved in one litre of distilled water. 

1.2.2 1 °/o Agarose gel in TBE 

1.25 grammes of agarose electrophoresis grade was added to 1.25 ml distilled 

water and 12.5 ml of 1 0 X TBE was then added to make a final volume of 15 mi. The 

mixture was heated to dissolve then cooled to 60°C and 7.5~1 ethidiurn bromide (1 0 

mg/ml) was added and thoroughly shaken to mix. 
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1.2.3 Ethidiom bromide tock olution 10 mglml 

One gramme of ethidium bromide was added to I 00 ml distilled water. and then 

tirred with a magnetic stirrer until it dissolved. The solution was then transferred to a 

bottle container and stored at 4°C. 

1.2.3 Loading dye ( top mix) 

2.5 grammes of sodium dodecyl sulphate (SD ) 25 ml glycerol and 0.0125 g 

bromothymol blue were mixed in 50 rnl distilled water and warmed to 37 °C to 

dissolve the SDS. 

1.3 KIT COMPONENTS 

1.3.1 PCR core Kit component 

a). Taq D A polymerase 

One vial contains 250 units 5 units per ul in storage buffer: 20 mM Tris/ Hcl 

100 mM dithiothreitol 0.1 mM EDTA nonidet P40 0.55 (v/v) Tween 20 (0.5 % 

I ) glycerol 50% (v/v) pH 8.0 (4 °C). 

b . dNTP- Stock solution 

One vial 200 ul, containing each 10 mM dA TP dCTP dGTP and dTTP in 

steri le distilled water pH 7.0. 

c). PCR reaction buffer 

One vial with 1.0 mllOO mM Tris/HCl, 15 mM MgCh 500 mM KCI pH 8.3. 
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ppendix 2: Re ults of disc diffusion susceptibility te t for E. coli i olate from fo d 
animals 

ISOLATE TET COT CHL AMP SULF STR KANA GENT A SPECIE SOURCE 

10C s R s s R s s s PORCINE CARCASS 

10F s s s s s s s s PORCINE FECAL 

11C s s s s s s s s PORCINE CARCASS 
12C R R s R R IR s s PORCINE CARCASS 
12F s s s s s s s s PORCINE FECAL 
13C s s s s s s s s PORCINE CARCASS 
15C s s s IR s s s PORCINE CARCASS 
16C R R s IR R s s s PORCINE CARCASS 
17C s s s s s s s s PORCINE CARCASS 
18C IR R s R R R s s PORCINE CARCASS 
1F IR R s s R s s s PORCINE FECAL 
100C s s s s s s s s PORCINE CARCASS 
20C R R s R R R s s PORCINE CARCASS 
21C R R s s R s s s PORCINE CARCASS 
22C R s s s R R s s PORCINE CARCASS 
23C s s s s s s s s PORCINE CARCASS 
23F s s s s s s s s PORCINE FECAL 

24C IR s s IR s s s s PORCINE CARCASS 
24F s s s PORCINE FECAL 
25C R R s s R s s s PORCINE CARCASS 
25F s R s s R s s s PORCINE FECAL 

26C s s s s s s s s PORCINE CARCASS 
26F s s s PORCINE FECAL 

27C s s s s s s s s PORCINE CARCASS 
27F R R s s s s s S PORCINE FECAL 

28C s s s s s s s s PORCINE CARCASS 
29C s s s s s s s s PORCINE CARCASS 
29F R R s R R R s s PORCINE FECAL 

2C s s s PORCINE CARCASS 
2F s s s s s s s s PORCINE FECAL 

30C s s s s s s s s PORCINE CARCASS 
31C s s s s s s s s PORCINE CARCASS 
31F IR s s R s s IR s PORCINE FECAL 

32C s s s s s s s s PORCINE CARCASS 
32F s s s s s s s s PORCINE FECAL 

33C s s s s s s s s PORCINE CARCASS 
33F R R s R R R s s PORCINE FECAL 

34C s s s s s s s s PORCINE CARCASS 
34F s s s s s s s s PORCINE FECAL 

3SC s s s R s s s s PORCINE CARCASS 
3SF R R R R R IR s s PORCINE FECAL 

36F s s s s s s s s PORCINE FECAL 
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9C3 s s s s s s s s PORCINE CARCASS 
39F s s s s s s s s PORCINE FECAL 

3C R R s R R R s s PORCINE CARCASS 
3F IR R R R R IR R IR PORCINE FECAL 

40C R s s R s s R s PORCINE CARCASS 
40F s s s s s s s s PORCINE FECAL 

42F s s s s s s s s PORCINE FECAL 

42F s s s s s s s s PORCINE FECAL 

43C s s s s s s s s PORCINE CARCASS 

44C s s s s s s s s PORCINE CARCASS 

4SF R s s s s s s s PORCINE FECAL 

46C s s s s s s s s PORCINE CARCASS 
46F s s s s s s s s PORCINE FECAL 

48C s s s s s s s s PORCINE CARCASS 
49F s s s s s s s s PORCINE FECAL 

4C s s s s s s s s PORCINE CARCASS 
4F R R R R R R s s PORCINE FECAL 

S1F s s s s s s s s PORCINE FECAL 

52C s s s s s s s s PORCINE CARCASS 
52F IR R s R IR R s s PORCINE FECAL 

52F s s s s s s s s PORCINE FECAL 

54F s s s s s s s s PORCINE FECAL 

sse s s s s s s s s PORCINE CARCASS 
sc IR R s IR R s s s PORCINE CARCASS 
SF R R s IR R s s s PORCINE FECAL 

60C R R R R R R s s PORCINE CARCASS 
61C s s s IR s s s s PORCINE CARCASS 
62C R s s s s s s s PORCINE CARCASS 
63C s s s IR s s s s PORCINE CARCASS 
63F s s s s IR IR s s PORCINE FECAL 

64C s s s PORCINE CARCASS 
64F s s s s s s s s PORCINE FECAL 

6SC s s s s R s s s PORCINE CARCASS 
6SF R R R R R IR R s PORCINE FECAL 

66C s s s s s R s s PORCINE CARCASS 
66C s s s s IR R s s PORCINE CARCASS 
67F s s s IR s s s s PORCINE FECAL 

68F s s s s s s s s PORCINE FECAL 
67F 
69C s s s s s s s s PORCINE CARCASS 
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69F s s s R s s s s PORCINE FECAL 

6C s s s s s s s s PORCINE CARCASS 
6F R s s s s s s s PORCINE FECAL 

70C s s s R s s s s PORCINE CARCASS 
72C R R R IR R R s s PORCINE CARCASS 
73F s s s s s s s s PORCINE FECAL 

74C IR s s R s R s s PORCINE CARCASS 
74F s s s R s s s s PORCINE FECAL 

75C s s s s s s s s PORCINE CARCASS 
75F IR s IR R s s R s PORCINE FECAL 

76C R R s IR R s s s PORCINE CARCASS 
76F s s s s s s s s PORCINE FECAL 

77C s s s s s s s s PORCINE CARCASS 
nF IR s s s s s s s PORCINE FECAL 

7SC s s s s s s s s PORCINE CARCASS 
7SF s s s s s s s s PORCINE FECAL 

79C s s s s s s s s PORCINE CARCASS 
79F s s s s s s s s PORCINE FECAL 

7C s s s s s s s s PORCINE CARCASS 
7F IR R s R R IR s s PORCINE FECAL 

soc IR s s IR s s s s PORCINE CARCASS 
SOF R R R R R R R s PORCINE FECAL 

S1C s s s s s s s s PORCINE CARCASS 
S1F s s s s s s s s PORCINE FECAL 

S2F s s s s s s s s PORCINE FECAL 

84F s s s s s s s s PORCINE FECAL 

SC R R s IR R s s s PORCINE CARCASS 
SF s s s s s s s s PORCINE FECAL 

9C R R R R R s IR s PORCINE CARCASS 
B10Ci s s s s s IR s s BOVINE CARCASS 
B10Cii s s s s s IR s s BOVINE CARCASS 
B10Fii s s s s s s s s BOVINE FECAL 

B11Ci s s s s s s s s BOVINE CARCASS 
B11Cii s s s R s IR s s BOVINE CARCASS 
B12Ci s s s s s s s s BOVINE CARCASS 
B12Cii s s s IR s IR s s BOVINE CARCASS 
B12Ciii s s s s s s s s BOVINE CARCASS 
B12Ciii s s s s s s s s BOVINE CARCASS 
B12Civ s s s s s IR s s BOVINE CARCASS 
B14Fi s s s s s s s s BOVINE FECAL 

B14Fiii s s s s s s s s BOVINE CARCASS 
B15Ciii s s s s s IR s s BOVINE CARCASS 
B16Ci s s s R s IR s s BOVINE CARCASS 
B16Cii s s s IR s s s s BOVINE CARCASS 
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C82P s R s s R s s s POULTRY PHARYNGX 

C83K IR R s R R R s s POULTRY 
CLOACA 

C83P s s s s s s s s POULTRY PHARYNGX 

C84P s s s s s s s s POULTRY PHARYNGX 

C85P s R s s R s s s POULTRY PHARYNGX 

C86K s R s s R s s s POULTRY CLOACA 

C87K s s s s s s s s POULTRY CLOACA 

C87P s s s s s s s s POULTRY PHARYNGX 

C89K s s s s s s s s POULTRY CLOACA 

C89P IR s s R s s s s POULTRY PHARYNGX 

C90K s s s s s s s s POULTRY CLOACA 

C90P s s s s s s s s POULTRY PHARYNGX 

C91K IR s s s s s s s POULTRY CLOACA 

Cc16 s s s s s s s s POULTRY CLOACA 

B10Fi s s s s s s s s BOVINE FECAL 

B15C s s s s s s s s BOVINE CARCASS 

Key: TET = TETRACYCLfNE, COT = COTRIMOXAZOLE, CHL = CHLORAMPENJCAL, 

AMP = AMPICILLJN SULF = SULF AMETHOXAZOLE, ST = STREPTOMYCfN KANA = 

KANAMYCIN, GENT A = GENTAMYCfN. 

s Sensitive, IR lntennediate resistance R Resistance. 
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Appendix 3: Genotypic characterization of ampicillin resistant E. coli isolates from 
food animals using PCR 

Isolate Source Phenotype BlarEM gene 

3C Porcine Resistant + 

65C Porcine Resistant + 

80F Porcine Resistant 

74F Porcine Resistant + 

40C Porcine Resistant + 

33F Porcine Resistant + 

29F Porcine Resistant + 

18C Porcine Resistant + 

69F Porcine Resistant 

82K Poultry Resistant + 

45D Poultry Resistant + 

70C Poultry Resistant + 

70P Poultry Resistant + 

89P Poultry Resistant + 

19Ci Bo ine Intermediate + 

3Cii Bo ine Resistant + 

2Fii Bovine Intermediate + 

3C Bovine Intermediate + 

8F2C Bovine Intermediate + 
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Isolate Source Phenotype BlarEM gene 

11 Cii Bovine Resistant + 

21 Ciii Bo ine Intermediate + 

12Cii Bovine Intermediate + 

16Ci Bovine Resistant + 

18Ci Bovine Intermediate + 

C16ii Bovine Intermediate + 

63 Poultry Intermediate + 

61C Poultry Intermediate + 

14 Poultry Resistant + 

71 Poultry Resistant + 
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Appendix 4: Genotypic characterization of tetra cline resistant genes among E. coli 
isolates from food animals using PCR 

Isolate Source Phenotype Tet{A) Tet(B) 

31F Porcine Intermediate 

7F Porcine Intermediate 

SF Porcine Resistant + 

9C Porcine Sensitive 

75F Porcine Intermediate + 

33F Porcine Intermediate 

65F Porcine Resistant + 

72C Porcine Resistant 

18C Porcine Intermediate + 

20C Porcine Intermediate 

29F Porcine Resistant + 

60C Porcine Resistant + 

4F Porcine Re istant 

40C Porcine Resistant 

sc Porcine Intermediate + 

74C Porcine Intermediate + 

35F Porcine Sensitive 
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Appendix 4 continued 

Isolate ource Phenotype Tet(A) Tet(B) 

3C Porcine Resistant + 

62C Porcine Re istant 

24C Porcine ensitive 

16C Porcine lntermediat 

12C Porcine Sensitive 

91K Poultry Intermediate 

20 Poultry Intermediate 

89P Poultry Intermediate + 

23 Poultry Intermediate + 

19 Poultry Resistant + 

72D Poultry Resistant 

45D Poultry Resistant + 

61C Poultry Resistant 
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Appendix 5: Genotypic characterization of ulfonamide r i tance genes and clas 

integrons among E. coli isolates from food animals using P R 

I alate Source Phenotxpe Sufi sum lass 1 integron 

20 Poultry Re istant + 

23 Poultry Resistant + 

19 Poultry Resistant + 

720 Poultry Resistant 

450 Poultry Resi tant + + 

61C Poultry Resistant D 

29F Porcine Resistant + + 

4F Porcine Resistant + 

9C Porcine Re istant + 

33F Porcine Resistant 

65F Porcine Resistant + + 

85P Poultry Resistant + + 

SF Porcine Resistant + 

16C Porcine Resistant + + 

12C Porcine Resistant 

35F Porcine Resistant 

3C Porcine Resistant + 

nc Porcine Resistant + + 

60C Porcine Resi tant + 

Key: + = positive; - = negative ND = not done. 


