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ABSTRACT 
 

Salmonella isolates (n = 209) obtained from food animals and foods in Alberta during 1996 

through 1999 were tested for sensitivity to 17 antimicrobials. Of the 3553 antimicrobial 

susceptibility tests on Salmonella isolates, 11.8% were positive for resistance. These isolates 

were commonly resistant to tetracycline (35.4%), streptomycin (32.5%), sulfamethoxazole 

(28.7%), ticarcillin (27.3%), and ampicillin (26.8%). Resistance to at least 1 antimicrobial was 

observed in 112 isolates (53.6%). Salmonella Typhimurium, S. Typhimurium var. Copenhagen, 

and S. Heidelberg were the most common serovars among isolates resistant to individual 

antimicrobials and multiple antimicrobials. The most common profile of multiple-antimicrobial 

resistance was that which included resistance to ampicillin, chloramphenicol, streptomycin, 

sulfamethoxazole, tetracycline, and ticarcillin. The proportions of isolates that were resistant to 

antimicrobials were greater among bovine isolates of Salmonella than among poultry isolates, 

and this difference was greater among isolates from veterinary diagnostic sources than among 

those from monitoring sources. 

 
INTRODUCTION 
 

Antimicrobial resistance in pathogenic bacteria of animal and human origin is a major public 

health issue. Epidemiological and molecular methods have been used to suggest that 

antimicrobial use in animal agriculture and antimicrobial resistant bacteria from food animals 



can lead to antimicrobial resistant Salmonella, Campylobacter, and Enterococcus infections in 

humans (1–4). Continuous monitoring and closed surveys of antimicrobial resistance have been 

established in many countries to assess the impact on public health of antimicrobial resistance 

among bacteria in food animals and foods. Antimicrobial resistance in Salmonella is used in 

surveillance systems in the European Union and United States as an indicator of the status of 

resistance in zoonotic bacteria (5–7). Recently, the Office International des Épizooties (OIE) 

(World Organization for Animal Health) has initiated the development of international 

recommendations on the detection and control of antimicrobial resistance as it relates to 

zoonotic bacteria and to resistance determinants that may be transferred between animals and 

from animals to humans (8). Surveillance information is necessary to determine the proportion 

of resistance to antimicrobials in defined populations, detect emerging resistance trends, 

provide a basis for policy recommendations and interventions within the animal and public 

health fields, assess the impact of interventions, and provide information for prescribing 

practices and prudent use recommendations (8). In 1999, in response to increasing concerns 

regarding the emergence and spread of antimicrobial resistance worldwide, the Food Safety 

Division of Alberta Agriculture, Food and Rural Development tested 209 Salmonella isolates 

obtained from food animals and food in Alberta through veterinary diagnostic and monitoring 

systems from 1996 through 1999. The purpose of this study was to evaluate antimicrobial 

resistance and resistance profiles of Salmonella strains isolated from poultry, cattle, and pigs, 

and foods of animal origin in Alberta. 

 
MATERIAL AND METHODS 
 
Selection of isolates 

Isolates (n = 209) were purposely selected by the Agri-Food Laboratories Branch, Food Safety Division 

of Alberta Agriculture, Food and Rural Development. The Salmonella isolates were from food animals or 

foods obtained through monitoring programmes or as voluntary diagnostic isolates submitted from 1996 

through 1999. The isolates were selected to represent the Salmonella serovar distribution of all isolates 

collected during this period.  



Source of isolates and serovar distribution 

Salmonella were isolated at the Agri-Food Laboratories Branch, Food Safety Division of Alberta 

Agriculture, Food and Rural Development. Standard protocols for the isolation of Salmonella from fecal, 

environmental, and other sources were used (9). Isolates were transferred on Columbia slants to the 

Health Canada Salmonella Typing Laboratory of the Laboratory for Foodborne Zoonoses (an OIE 

Reference Laboratory for Salmonellosis) for serotyping and phage typing.  

Testing for antimicrobial sensitivity 

Each of the isolates was tested for susceptibility to a panel of 17 antimicrobials, including ampicillin, 

ticarcillin, amoxicillin-clavulanic acid, ceftiofur, ceftriaxone, cephalothin, amikacin, apramycin, 

gentamicin, kanamycin, streptomycin, nalidixic acid, ciprofloxacin, chloramphenicol, sulfamethoxazole, 

trimethoprim-sulfamethoxazole, and tetracycline, by using antimicrobial susceptibility plates in an 

automated system (Sensititre; TREK Diagnostic Systems, Cleveland, Ohio, USA). Antimicrobial 

sensitivity of isolates was evaluated according to classification guidelines suggested by the National 

Committee for Clinical Laboratory Standards (NCCLS) for humans (10) or animals (11), or the National 

Antimicrobial Resistance Monitoring System (12). When the minimum inhibitory concentration (MIC) of 

a Salmonella isolate for a given antimicrobial was in the intermediate-sensitivity classification for that 

antimicrobial, it was considered to be not resistant to that antimicrobial.  

Data analysis 

The lowest concentrations of antimicrobial that completely inhibit the growth of 50% and 90% of the 

isolates are represented by MIC50 and MIC90, respectively. The antimicrobial resistance of a group of 

isolates was calculated as the percentage of isolates among the group that were resistant to a single 

antimicrobial or a number of antimicrobials. Resistance was also evaluated in terms of percentage 

resistance (13), in which the denominator is the number of antimicrobial resistance tests conducted on 

isolates within a group. For this study, percentage resistance measures the resistance among a group of 

isolates averaged over the 17 antimicrobials. Percentage resistance was calculated as:  

 
 

Where PR = percentage resistance for a group of isolates; TotRes = the number of 

antimicrobials to which each isolate within a group was resistant, summed over the number of 

isolates in the group; and TotIsolates = number of isolates tested within a group. 

The association between the animal source of Salmonella isolates and resistance to 

antimicrobials was tested by calculating odds ratios and asymptotic 95% confidence intervals 

for the odds ratios (Statistical Package for the Social Sciences [SPSS], version 10.0; SPSS, 



Chicago, Illinois, USA). Poultry was the reference category against which bovine isolates were 

contrasted. Swine isolates were not included due to the small sample size. The data were 

further stratified by submission source, and stratified odds ratios for the association between 

animal source and antimicrobial resistance were calculated. Breslow-Day tests were used to 

assess homogeneity among stratified odds ratios. Mantel-Haenszel odds ratios were calculated 

when there was no statistical evidence against homogeneity across the strata. Similar analyses 

were conducted to assess the difference in antimicrobial resistance between isolates from 

monitoring and veterinary diagnostic sources while adjusting for animal source. 

 
RESULTS 
 

Sources of isolates included poultry production facilities, food processors, veterinary clinics, and 

a Salmonella outbreak investigation; the numbers of isolates from these sources were 98, 43, 

64, and 4, respectively. The majority of the isolates tested in this study were obtained from 

active monitoring sources and the majority of those originated from poultry (Table 1). 

Salmonella isolates from bovine sources were from predominantly diagnostic submissions. 

Among 209 Salmonella isolates, 51.2% belonged to serogroup B. Salmonella Typhimurium 

(35.3%), S. Heidelberg (20.6%), S. Typhimurium var. Copenhagen (14.7%), and S. Muenster 

(10.3%) were the most common serovars among veterinary diagnostic isolates. Salmonella 

Heidelberg (21.3%), S. Typhimurium (12.8%), S. Mbandaka (9.9%), S. Hadar (9.9%), and S. 

Kentucky (9.9%) were the most common serovars among monitoring isolates. 

Half of the Salmonella isolates had MICs below the breakpoints for resistance to the 17 

antimicrobials (Table 2). The range of MICs for ampicillin, ticarcillin, streptomycin, 

sulfamethoxazole, and tetracycline was wide and resistance to these antimicrobials was 

commonly observed. Among all antimicrobial groups, the quinolone antimicrobials, nalidixic acid 

and ciprofloxacin, had the greatest activity against the Salmonella isolates. Cross-resistance to 
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ampicillin and ticarcillin was evident; 56 of the 57 isolates that were resistant to ticarcillin were 

also resistant to ampicillin. 

Among the 3553 antimicrobial-resistance tests performed on the 209 Salmonella isolates, 419 

(11.8%) were positive for resistance (Table 3). Overall, 112 of the isolates tested (53.6%) were 

resistant to at least 1 antimicrobial. Among strains belonging to serogroup B, the proportion that 

were resistant to ampicillin, ticarcillin, streptomycin, and sulfamethoxazole ranged between 42% 

and 51%, while resistance to these drugs among strains of serogroups C, D, and E was much 

lower and ranged between 0% and 32% (data not shown). Percentage resistance to all 

antimicrobials was greatest among strains of S. Typhimurium, S. Typhimurium var. 

Copenhagen, S. Derby, and S. Heidelberg (Table 3). Among S. Typhimurium and S. 

Typhimurium var. Copenhagen (n = 54), resistance to ampicillin, ticarcillin, sulfamethoxazole, 

streptomycin, and tetracycline, singly, ranged between 61% and 69%. Among S. Heidelberg (n 

= 44), resistance to these antimicrobials ranged between 13% and 41%. 

Resistance among Salmonella isolates from bovine sources (n = 42) to ampicillin, ticarcillin, 

streptomycin, sulfamethoxazole, and tetracycline ranged between 60% and 69% (data not 

shown). The antimicrobials to which poultry isolates (n = 154) were most commonly resistant 

were tetracycline, streptomycin, and sulfamethoxazole; resistance ranged from 18% to 28%. 

Porcine isolates (n = 13) were mostly sensitive to all antimicrobials. The crude odds ratios in 

Table 4 show that Salmonella isolates from bovine sources were more commonly resistant to 

ampicillin, ticarcillin, kanamycin, streptomycin, sulfamethoxazole, tetracycline, and 

chloramphenicol than were those from poultry sources. The association between animal source 

and resistance to ampicillin, ticarcillin, streptomycin, sulfamethoxazole, and tetracycline, 

however, was only among those from veterinary diagnostic sources. Adjusted for submission 

source, odds ratios for resistance to ampicillin, ticarcillin, sulfamethoxazole, and 

chloramphenicol were significant (Table 4). When adjusted for animal source, submission 
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source was a significant factor in resistance to ticarcillin, but was not significant with respect to 

resistance to any of the other antimicrobials (data not shown). 

Thirty-four isolates (16.3%) were resistant to 6 or more antimicrobials. All of these isolates 

belonged to serogroup B and almost all were of serovars Typhimurium or Typhimurium var. 

Copenhagen (91.2%). Twenty-two strains of phage type 104 were identified among the 54 S. 

Typhimurium and S. Typhimurium var. Copenhagen isolates. Five strains of phage type 104 

were not resistant to any antimicrobials. These 5 isolates were from diverse origins and years, 

and the MICs of these isolates were between 2 and 8 dilutions below the breakpoint MICs. 

The most common profile of resistance among the 209 Salmonella isolates was that which 

included the combined resistance to ampicillin, chloramphenicol, streptomycin, 

sulfamethoxazole, tetracycline, and ticarcillin (ACSSuTTi) (Table 5). Isolates with this profile 

were largely of diagnostic origin (66.7% of 18) and this profile was found only among strains of 

serovars Typhimurium and Typhimurium var. Copenhagen. Of the 22 phage type 104 isolates, 

13 (59.1%) had the ACSSuTTi resistance profile. Strains with the streptomycin and tetracycline 

(ST) resistance profile were mostly S. Hadar strains, while resistance to amoxicillin-clavulanic 

acid, ampicillin, cephalothin, and ticarcillin (AxACpTi) was found almost exclusively among 

isolates of S. Heidelberg from poultry sources (Table 5). 

 
DISCUSSION 
 

Data analyses indicated that the proportions of Salmonella from food and food animals that are 

resistant to ampicillin, streptomycin, sulfamethoxazole, and tetracycline are high in Alberta, as 

they are in Canada (13). Percentage resistance captures the extent to which bacteria are 

resistant to all antimicrobials in the test panel. Poppe et al (13) found that of the 17 antimicrobial 

susceptibility tests conducted on 1336 Salmonella isolates from animals and foods of animal 

origin, 8.1% of the tests were negative for susceptibility. In that study, the list of antimicrobials 
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used was not identical to that used in the present study, thus the 2 studies are not comparable. 

Many of the S. Hadar isolates examined in this study were resistant to antimicrobials, but the 

number of antimicrobials to which they were resistant was small. Consequently, although 93.3% 

of the S. Hadar isolates were resistant to 1 or more antimicrobials, the percentage resistance 

among S. Hadar was only 10.3%. In contrast, the percentage resistance for S. Typhimurium 

var. Copenhagen isolates was 3 times greater because, individually, they were resistant to more 

antimicrobials. 

The results of this study suggest that within a sample of Salmonella isolates, the proportion of 

isolates that belong to serogroup B and certain serovars can influence the overall proportion of 

resistance within the sample. Farrington et al (14) suggested there may be a relationship 

between serogroup and antimicrobial resistance in Salmonella. In general, in this study, 

resistance was more common among isolates of serogroup B than among those of serogroups 

C and E, and more common among isolates of serogroup C than of serogroup E. The difference 

in resistance between isolates of serogroup B and other serogroups is more pronounced in this 

study than in the work of others (14,15). Salmonella Heidelberg from avian sources frequently 

possess large plasmids encoding antimicrobial resistance (16). Resistance to ampicillin, 

sulfamethoxazole, streptomycin, and tetracycline among S. Heidelberg isolated from poultry in 

the United States in 1987 and in Canada in 1993 was between 4% and 57%, respectively 

(16,17). These levels are similar to those observed among S. Heidelberg from poultry sources 

in the present study. 

In this study, Salmonella from bovine sources were more commonly resistant to antimicrobials 

than were those from poultry, but this trend was only evident among isolates from veterinary 

diagnostic sources. Other researchers have reported that diagnostic isolates are more likely to 

be resistant to antimicrobials than are those originating from healthy animals at slaughter or 

from food products (13,18). We found that resistance did not, in general, differ significantly 



between isolates from veterinary diagnostic sources and those from monitoring sources when 

the animal source of isolates was also considered. 

Profiles of antimicrobial resistance patterns were associated with specific serovars in this study: 

the ACSSuTTi profile was associated with serovars Typhimurium and Typhimurium var. 

Copenhagen, the AxACpTi profile was associated with S. Heidelberg, and the ST profile was 

associated with S. Hadar. Phage type 104 strains of S. Typhimurium commonly have an 

ACSSuT resistance profile, similar to the ACSSuTTi profile observed in phage type 104 strains 

of the present study (9,19–21). Strains of S. Typhimurium phage type 104 that are resistant to 

none of the antimicrobials used in testing are rarely reported in the literature. We observed a 

number of such strains, as did Poppe et al (22), who noted that among strains of S. 

Typhimurium phage type 104 there is a degree of diversity of resistance profiles, likely due to 

horizontal transfer of resistance genes. 

Jones et al (23) advocated the value of MIC data, which provides detailed information about 

antimicrobial activity and are not prone to loss of relevance with changes in breakpoint 

guidelines over time. They argued that MIC data are crucial for surveillance and longitudinal 

research. In the present study, the maximum MIC for most antimicrobials among half of the 

Salmonella isolates was well below the MIC defined for resistance for those antimicrobials. In 

other words, the resistance to most antimicrobials would not have increased substantially if the 

breakpoint against which it was assessed was 1 or 2 MIC increments lower. 

Estimates of the proportion of antimicrobial resistance reported in this study may not be a valid 

representation of the proportion among Salmonella from food animals and foods in Alberta due 

to the purposive isolate selection and small sample size. Furthermore, comparisons among 

clinical and active monitoring isolates, animal sources, serovars, and serogroups are suggestive 

but not conclusive. Nevertheless, antimicrobial sensitivity testing of this limited number of 

Salmonella isolates has provided some baseline information on the resistance of Salmonella to 



individual and multiple antimicrobials, and potential emerging trends in food animals and foods 

in Alberta. Future investigations of antimicrobial resistance in Salmonella from foods and food 

animals in the province should be based on a systematically and randomly sampled collection 

of isolates. 
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Table 1.  

Distribution of Salmonella isolates among animal sources and submission sources that were 

screened for antimicrobial resistance 

 Type of isolate  

Animal source Active monitoring Diagnostic Total

Poultry 126 28 154

Bovine 8 34 42

Swine 7 6 13

Total 141 68 209
 

Table 2.  

Antimicrobial resistance and antimicrobial sensitivity of Salmonella isolates (n = 209) 

Antimicrobial Resistancea (%) MIC50 (µg/mL) MIC90 (µg/mL) 

Ampicillin 26.8 2 > 64 

Ticarcillin 27.3 4 > 128 

Amoxicillin-clavulanic acid 9.6 1/0.5 16/8 

Cephalothin 8.1 4 16 

Ceftiofur 1.0 0.5 1 

Ceftriaxone 0.0 0.25 0.25 

Amikacin 0.0 4 4 

Apramycin 0.0 2 4 

Gentamicin 7.7 0.5 1 

Kanamycin 9.6 16 16 

Streptomycin 32.5 32 128 

Nalidixic acid 0.5 4 4 

Ciprofloxacin 0.0 0.015 0.015 

Sulfamethoxazole 28.7 128 > 512 

Trimethoprim-sulfamethoxazole 1.0 0.12/2.38 0.25/4.75 

Tetracycline 35.4 4 > 64 

Chloramphenicol 12.9 8 > 32 

a Breakpoints for resistance (μg/mL): ampicillin, ≥32; ticarcillin, ≥128; amoxicillin-clavulanic 

acid, ≥32/16; cephalothin, ≥32; ceftiofur, ≥8; ceftriaxone, ≥64; amikacin, ≥64; apramycin, ≥32; 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=590
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gentamicin, ≥16; kanamycin, ≥64; streptomycin, ≥64; nalidixic acid, ≥32; ciprofloxacin, ≥4; 

sulfamethoxazole, ≥512; trimethoprim-sulfamethoxazole, ≥4/76; tetracycline, ≥16; 

chloramphenicol, ≥32 

MIC — Minimum inhibitory concentration 

 

Table 3.  

Antimicrobial resistance among Salmonella isolates within serogroups and serovars 

Serogroup or serovar Number of 
isolates 

Percentage 
resistancea

Resistance to ≥1 antimicrobial 
(%) 

B 107 18.9 69.2

Heidelberg 44 14.6 65.9

Typhimurium 42 23.0 69.0

Typhimurium var. 
Copenhagen 12 30.9 91.7

Agona 4 7.4 100.0

Schwarzengrund 3 0.0 0.0

Derby 1 17.7 100.0

Reading 1 0.0 0.0

C 77 4.7 40.3

Mbandaka 16 2.9 31.3

Hadar 16 10.3 93.3

Kentucky 15 7.1 46.7

Montevideo 9 0.0 0.0

Thompson 7 5.0 42.9

Infantis 6 0.0 0.0

Ohio 4 0.0 0.0

Litchfield 3 0.0 0.0

Virchow 1 5.9 100.0

D 4 0.0 0.0

Enteriditis 4 0.0 0.0

E 15 1.6 13.3

Muenster 10 0.0 0.0

Anatum 2 8.8 50.0

Senftenberg 2 2.9 50.0
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Serogroup or serovar Number of 
isolates 

Percentage 
resistancea

Resistance to ≥1 antimicrobial 
(%) 

Orion 1 0.0 0.0

All isolates 209 11.8 53.6
 
 

 

 

 

Table 4.  

Antimicrobial resistance of bovine source Salmonella isolates compared with poultry source 

isolates, stratification by submission source 

 
Odds ratio (95% CI)  

  
Stratified  

  

Antimicrobiala Crude Monitoring Diagnostic Adjustedb

Ampicillin 9.00 (4.20, 
19.27)

3.00 (0.67, 
13.53)

8.33 (2.65, 
26.20) 

6.01 (2.49, 
14.52)

Ticarcillin 8.62 (4.04, 
18.40)

3.00 (0.67, 
13.53)

6.94 (2.27, 
21.29) 

5.36 (2.23, 
12.87)

Amoxicillin-clavulanic acid 0.62 (0.17, 
2.22) 0 0.36 (0.08, 1.57) —

Cephalothin 0 0 0 —

Ceftiofur 0 0 0 —

Gentamicin 0 0 0 —

Kanamycin 9.41 (3.46, 
25.63)

2.43 (0.26, 
22.58) 0 —

Streptomycin 3.80 (1.87, 
7.72) 1.34 (0.31, 5.88) 11.00 (3.09, 

39.20) —

Nalidixic acid 0 0 0 —

Sulfamethoxazole 8.85 (4.12, 
19.00)

2.42 (0.54, 
10.83)

11.92 (3.59, 
39.61) 

6.73 (2.81, 
16.14)

Trimethoprim-
sulfamethoxazole 

3.73 (0.23, 
60.95) 0 0 —

Tetracycline 5.76 (2.74, 
12.11) 1.44 (0.33, 6.35) 11.92 (3.59, 

39.61) —

Chloramphenicol 12 08 (4 87 10 20 (2 02 10 26 (2 09 10 24 (3 04
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Odds ratio (95% CI)  

  
Stratified  

  

Antimicrobiala Crude Monitoring Diagnostic Adjustedb

30.00) 51.63) 50.31) 34.55)

aResistance to ceftriaxone, amikacin, apramycin, and ciprofloxacin are not included because 

all isolates were susceptible 

bMantel-Haenszel odds ratio (OR) adjusted for animal source is given when Breslow-Day test 

for homogeneity P  

 
 

 

Table 5.  

Number of Salmonella isolates with common antimicrobial resistance profiles and distribution 

of serovars (%) among isolates with resistance profiles 

  
Serovars  

Resistance profile n Typhimurium and Typhimurium var. Copenhagen Heidelberg Hadar

ACSSuTTi 18 100.0 0.0 0.0

ST 13 0.0 0.0 69.2

T 11 9.1 0.0 27.3

AxACpTi 11 0.0 90.9 0.0

GSSu 6 0.0 83.3 0.0

GSu 5 0.0 40.0 0.0

AKSSuTTi 5 100.0 0.0 0.0

Ax — amoxicillin-clavulanic acid; A — ampicillin; Cp — cephalothin; C — chloramphenicol; G 

— gentamicin; K — kanamycin; S — streptomycin; Su — sulfamethoxazole; T — tetracycline; 

Ti — ticarcillin 
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