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Abstract  24 

Ceftiofur, a cephalosporin antimicrobial, was used systematically in Canadian hatcheries 25 

for many years to prevent early mortality in chicks leading to a high prevalence of 26 

cephalosporin resistance in Escherichia coli in chickens. Preventive use of ceftiofur in 27 

hatcheries ceased in 2014. We examined the effect of ceftiofur cessation and replacement 28 

with lincomycin-spectinomycin at the hatchery on the proportion of E. coli positive for 29 

extended-spectrum β-lactamase (ESBL) and AmpC β-lactamase related genes, and on the 30 

multidrug resistance profiles of ESBL/AmpC positive E. coli in broilers and their 31 

associated breeders, at one year post-cessation. For indicator E. coli from non-enriched 32 

media, a significant decrease post-cessation in the proportion of samples harboring E. coli 33 

isolates positive for blaCMY-2 and/or blaCTX-M was observed. In contrast, following 34 

enrichment in medium containing ceftriaxone (1mg/L) to facilitate recovery of 35 

ESBL/AmpC β-lactamase producing E. coli colonies, both pre- and post-cessation, 99% 36 

of the samples harbored E. coli positive for blaCMY-2 or blaCTX-M. Flocks receiving 37 

lincomycin-spectinomycin after cessation of ceftiofur showed a significantly greater non-38 

susceptibility to aminoglycoside, folate inhibitor, phenicol, tetracycline and possible 39 

extensively drug resistant E. coli compared to those receiving ceftiofur or no 40 

antimicrobial at hatchery. This study clearly demonstrates an initial decrease in 41 

ESBL/AmpC positive E. coli following the cessation of ceftiofur in hatchery but an 42 

increase in multidrug resistant E. coli following replacement with lincomycin-43 

spectinomycin.  44 
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Importance 45 

Antimicrobial resistance is a global problem. The antimicrobial ceftiofur has been used 46 

worldwide for disease prevention in poultry production resulting in a greatly increased 47 

resistance to this antimicrobial important in poultry and human medicine. Our study 48 

examines the impact of ceftiofur cessation and its replacement with the antimicrobial 49 

combination lincomycin-spectinomycin, a common practice in the industry. Our study 50 

demonstrated a decrease in ceftiofur resistance after the cessation of its use, although the 51 

resistance genes remain ubiquitous in all phases of poultry production, showing that 52 

poultry remains a reservoir for ceftiofur resistance and requiring continued vigilance. We 53 

also observed a decrease in multidrug resistance after cessation of ceftiofur although the 54 

contrary finding following use of lincomycin-spectinomycin indicates that the use of 55 

these antimicrobials should be questioned. Reduced resistance to ceftiofur in poultry may 56 

translate to better treatment efficacy, decreased morbidity, mortality, duration and cost of 57 

hospitalization in humans.  58 

Introduction 59 

One of the most important causes of early mortality in broiler chick is omphalitis, mostly 60 

caused by avian pathogenic E. coli (APEC), a subgroup of extra-intestinal pathogenic E. 61 

coli (ExPEC) (1, 2). Ceftiofur, a third generation cephalosporin antimicrobial, has been 62 

administered for over 15 years either in ovo or by subcutaneous injection at the hatchery, 63 

in order to reduce early chick mortality in many countries (3) Consequently, an increased 64 

prevalence of extended-spectrum β-lactamase (ESBL) and AmpC β-lactamase producing 65 

Escherichia coli has been reported worldwide  (4-7),  resulting in  an increased  extended 66 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted January 18, 2019. ; https://doi.org/10.1101/521120doi: bioRxiv preprint 

https://doi.org/10.1101/521120


 

4 
 

spectrum cephalosporin resistance in the broiler poultry chain production. This is a public 67 

health concern due to co-resistance with other extended spectrum cephalosporins, such as 68 

ceftriaxone and cephamycin, antimicrobials which are used widely in human medicine (8, 69 

9). ESBL/AmpC-associated resistance genes detected in chickens are blaCMY-2, blaSHV, 70 

blaCTX-M,  blaOXA, and blaTEM (8, 10). Ceftiofur has been used in food-producing animals 71 

in North America since 1989, and blaCMY-2 gene was first reported in 1998 from cattle 72 

(11). 73 

In Canada in 2014, the poultry industry eliminated the preventive use of Ceftiofur in 74 

hatcheries for the second time (3).  Following the first cessation in 2005, a decline in the 75 

prevalence of cephalosporin-resistant Salmonella Heidelberg isolates in chicken meat 76 

was observed, although the effect on prevalence of resistance in E. coli was not clear (9). 77 

Recent studies have shown a decrease in the proportion of clinical isolates possessing 78 

ESBL/AmpC-associated resistance genes after this second cessation (6, 12, 13). In 79 

addition, the prevalence of resistant E. coli from healthy broilers at farms was markedly 80 

decreased within a year after ceftiofur cessation at hatcheries in Japan (4). A decrease in 81 

the prevalence of Salmonella harboring blaCMY-2 in chicken meat was also observed in 82 

Japan in the same years (14). In Canada, whereas some hatcheries completely stopped 83 

using antimicrobials following the cessation of ceftiofur (15), other hatcheries replaced it 84 

with lincomycin-spectinomycin (3, 6).  85 

To our knowledge, there has been no convenient sampling study of healthy flocks in 86 

Canada comparing the impact of ceasing the administration of ceftiofur or any other 87 

antimicrobial in ovo and replacing it with lincomycin-spectinomycin at the hatchery. 88 

Hence, our objectives were to examine the effect of ceftiofur cessation and replacement 89 
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with lincomycin-spectinomycin at the hatchery on the proportion of E. coli possessing the 90 

ESBL/AmpC genes blaCMY-2, blaSHV, blaOXA, blaCTX-M and blaTEM, and on the multidrug 91 

resistance profiles of these isolates in young chicks, broilers and breeders of an integrated 92 

pyramid. 93 

Material and Methods 94 

1. Sampling 95 

Two vertical samplings of meat chickens of an integrated pyramid in the province of 96 

Quebec in Canada were made. The first sampling period was between March and May 97 

2014 when chicks were routinely receiving 0,08-0,2 mg of ceftiofur per egg as an in ovo 98 

injection  (16, 17). The second sampling was done between June and October 2015, one 99 

year after preventive administration of ceftiofur at the hatchery had ceased. Chicks on 100 

about half of the farms in the 2015 sampling period received lincomycin and 101 

spectinomycin (2,5 mg of lincomycin and 5 mg of spectinomycin per chick (17)) in ovo 102 

whereas chicks on the remaining farms did not receive any preventive antimicrobial at 103 

the hatchery. 104 

a. Breeding sampling 105 

Eight broiler breeder flocks belonging to the same hatchery were conveniently selected 106 

for both samplings. For both sampling years, three successive samplings were made in 107 

the breeder flocks, within one month (+/- one week). For fecal sampling, the floor of each 108 

breeder house was divided into four quarters, and approximately ten fresh fecal droppings 109 

were collected from each quarter, put on ice and delivered to the EcL laboratory of the 110 
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Faculty of Veterinary Medicine at Saint-Hyacinthe, where they were kept overnight at 4 111 

°C. The next day, feces of each quarter were mixed manually and 10 g of feces were 112 

mixed in 45 ml of peptone water (Oxoid Canada, Nepean, Ontario, Canada). After 113 

standing for 30 minutes, 8,5 ml of the peptone water suspension was collected and frozen 114 

with 1,5 ml of glycerol at -80 °C.  115 

b. Broiler sampling 116 

In the month following the beginning of the sampling of the eight broiler breeders, chicks 117 

from corresponding sampled breeder flocks were selected for sampling at hatch and at the 118 

end of the growing period.  A list of farms was obtained from the hatchery company. The 119 

first farmers who agreed to participate were recruited. Study farms housed 5000 to 30 120 

000 chickens. All eggs were incubated at the same hatchery. Shortly after hatch and 121 

placement into the delivery box, the paper under the chicks was collected to sample 122 

meconium. Papers were delivered to the EcL laboratory, where they were kept overnight 123 

at 4 °C. The next day, 8 to 10 pieces of 3 cm by 3 cm cardboard containing meconium 124 

were cut out and put in 30 ml of peptone water. The mixture was then incubated at 37 °C 125 

overnight. On the next day, 8,5 ml of the peptone water solution was mixed with 1,5 ml 126 

of glycerol and frozen at -80 ° C. Upon chick delivery at the farm, care was taken to place 127 

the sampled chicks in a single and well identified pen to ensure traceability. Between 18 128 

and 29 days of age, fecal sampling was done for each flock using the protocol previously 129 

described for the broiler breeder fecal sampling. 130 

In 2014, during ceftiofur use, a total of 22 composite fecal samples from the 8 breeder 131 

flocks (one flock was sampled only once before going to slaughter), 20 composite 132 
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meconium samples (4 meconium samples each allowed the production of two different 133 

broiler flocks, making a total of 24 broiler flocks with 20 meconium samples) and 20 134 

composite fecal samples of broiler flocks (traceability to the breeders was lost for 4 lots) 135 

were selected. In 2015, a total of 24 samples from 8 breeder flocks, with corresponding 136 

meconium and composite fecal samples from 14 broiler chicken flocks for which no in 137 

ovo antimicrobials were administered and 16 flocks for which lincomycin-spectinomycin 138 

was administered in ovo, were taken. 139 

2. Colony isolation of Escherichia coli 140 

From the frozen samples, two different isolation protocols were used to obtain an 141 

indicator E. coli isolate collection and a potential ESBL/AmpC-producing isolate 142 

collection. 143 

a. Indicator E. coli isolate collection  144 

Samples were spread with a swab on MacConkey agar (Becton Dickinson and 145 

Company). After overnight incubation at 37 °C, five well-isolated lactose-positive 146 

colonies, when possible, were inoculated on MacConkey and incubated at 37 °C 147 

overnight. Five well-isolated colonies were then selected and incubated in Luria–Bertani 148 

(LB) (Becton Dickinson and Company) broth overnight at 37 °C. Finally, 750 μL of the 149 

bacterial suspension for each isolate was mixed with 750 μL of 30% glycerol and frozen 150 

at -80 ° C. 151 
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b. Potential ESBL/AmpC-producing isolate collection  152 

We used the protocol described previously by Agersø and colleagues with some 153 

modifications (18, 19). A volume of 50 μl of each thawed sample was inoculated in 5 ml 154 

of peptone water containing 1 mg/ml ceftriaxone (20). After incubation at 37 °C 155 

overnight, cultures were streaked on MacConkey agar plates with 1 mg/ml ceftriaxone. 156 

After another overnight incubation at 37 °C, 5 colonies were selected (preferably lactose 157 

+) and inoculated on MacConkey agar containing 1 mg/ml ceftriaxone overnight. Five 158 

well isolated colonies on agar were placed in LB culture medium and incubated overnight 159 

at 37 °C. Finally, 750 μL of each bacterial suspension was mixed with 750 μL of 30% 160 

glycerol and frozen at -80 °C.  161 

3. DNA extraction and uidA PCR 162 

For each isolate, DNA was extracted from the overnight culture in LB medium. DNA 163 

templates were prepared from the samples by boiled cell lysis for examination by PCR, 164 

as described previously by Maluta et al. (21). All isolates were confirmed as E. coli by 165 

PCR for detection of housekeeping gene uidA, which encodes Beta-glucuronidase, with 166 

control strain ECL7805 (22). PCR conditions used to detect uidA gene included initial 167 

denaturation (95°C, 2 min), 24 cycles of denaturation (94°C, 30 sec), annealing (65°C, 30 168 

sec), extension (72°C, 30 sec), and final extension (4°C). 169 

4. Detection of antimicrobial resistance genes  170 

Escherichia coli isolates positive for uidA were analyzed for the presence of bla genes by 171 

multiplex PCR. Five β-lactamase resistance genes (blaSHV, blaTEM, blaCMY-2, blaOXA, 172 
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blaCTX-M) were tested in a subset of E. coli isolates from the potential ESBL/AmpC-173 

producing isolate collection (3 of 5 isolates maximum per sample for a total of 432 174 

tested) and for all the E. coli isolates in the indicator collection (5 colonies maximum per 175 

sample with a total of 722 tested). The protocol was provided by the National 176 

Microbiology Laboratory of the Public Health Agency of Canada and used with some 177 

minor adjustments and with the control strains ECL3482, PMON38 and CTX-M15 (23).  178 

5. Phenotypic antimicrobial susceptibility testing in the potential ESBL/AmpC-179 

producing isolate collection 180 

For each sample from the potential ESBL/AmpC-producing isolate collection, the first 2 181 

of 3 isolates tested by PCR were selected for examination by the disk diffusion (Kirby 182 

Bauer) assay (total of 290 isolates), as previously described by the Clinical and 183 

Laboratory Standards Institute (CLSI). Susceptibility of isolates was tested for 14 184 

antimicrobials belonging to 10 classes as used in the Canadian Integrated Program for 185 

Antimicrobial Resistance Surveillance (CIPARS) for food producing animals and agents 186 

of interest in human and veterinarian medicine (24), with addition of spectinomycin (total 187 

of 15 antimicrobials and 10 classes). Breakpoints were those recommended by CLSI in 188 

2015 for Enterobacteriaceae, for most of the antimicrobials (25). There were three 189 

exceptions where recommendations in the CLSI in 2015 for animals were used: 190 

tetracyclines and ceftiofur, where the breakpoints selected were for Enterobacteriaceae, 191 

and spectinomycin, where the zone diameter interpretative standards used were for 192 

Pasteurella multocida (26). Intermediate and resistant strains together were classified as 193 

non-susceptible. Escherichia coli strain ATCC 25922 was used as quality control for 194 

susceptibility testing. 195 
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Multi-drug resistance (MDR) was defined as non-susceptibility to at least one agent in 196 

three different antimicrobial classes and possible extreme drug resistance (XDR) as non-197 

susceptibility to at least one agent in all but two or fewer antimicrobial classes tested, as 198 

suggested by Magiorakos et al. (27). In order to more precisely compare the level of 199 

MDR between groups, the level of multi-drug resistance for each sample was classified 200 

from 0 to 10, representing the number of antimicrobial classes to which the sample was 201 

non-susceptible. 202 

6. Statistical Analysis 203 

The unit of interest for statistical analysis was the flock, one pooled sample representing 204 

one flock. A sample was considered non-susceptible to an antimicrobial when at least one 205 

of its isolates demonstrated non-susceptibility. The associations between the various 206 

groups (in ovo administration of Ceftiofur, no antimicrobial or lincomycin-207 

spectinomycin) were tested using exact chi-square with SAS v.9.3 (Cary, N.C.). The 208 

alpha value was set at 0,05. 209 

Results 210 

1. Decreased proportion of non-enriched samples with E. coli positive for blaCMY-2 211 
or blaCTX-M following cessation of in ovo administration of ceftiofur in hatchery 212 

Before the cessation of Ceftiofur, the proportion of samples with E. coli positive for 213 

blaCMY-2 was very high for the meconium (90%), decreasing to 60% in the feces of 214 

broilers at the end of fattening, and to 0% in breeders (Table 1). Similarly, the proportion 215 

of samples with E.coli positive for blaCTX-M was higher for the meconium (20%) than in 216 

broilers (5%) and in breeders (0%). Interestingly, following cessation of ceftiofur and 217 
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without the in ovo administration of lincomycin-spectinomycin, a decrease in the 218 

proportion of samples with E. coli positive for blaCMY-2 was observed in the meconium 219 

and broiler feces, being significant (p=0,002) only for the meconium. The same trend was 220 

observed when comparing the proportion of samples with E. coli positive for blaCTX-M in 221 

meconium and broiler feces, although this result is not statistically different. In 2015, the 222 

breeders (which produce the flocks receiving no antimicrobial or lincomycin-223 

spectinomycin in ovo) had a low proportion of positive samples to blaCMY-2 (16%) and 224 

blaCTX-M (0%). The proportions of meconium and broiler samples in 2015 with E. coli 225 

positive for blaCMY-2 or blaCTX-M were not significantly different when comparing flocks 226 

receiving lincomycin-spectinomycin to those which received no antimicrobial in ovo. 227 

Following the cessation of ceftiofur, as observed in flocks not receiving any antimicrobial 228 

in ovo, birds receiving lincomycin-spectinomycin showed a significant decrease in the 229 

proportion of samples harboring E. coli possessing the blaCMY-2 gene (p<0,01) for the 230 

meconium and a decrease, although not significant, in the proportion of samples 231 

harboring E. coli possessing blaCMY-2 for the broiler feces. No significant differences were 232 

observed between groups for the proportion of samples with E. coli positive for the 233 

blaTEM gene. Overall, the proportion of samples with E. coli positive for the blaSHV gene 234 

was very low and the results are not shown. No samples with E. coli positive for the 235 

blaOXA gene were detected.  236 

2. High proportion of ceftriaxone-enriched samples from all sources before and 237 

after cessation of in ovo administration of ceftiofur harbor E. coli positive for 238 

blaCMY-2 239 
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In contrast to the findings when examining the indicator E. coli collection from non-240 

enriched samples, almost all ceftriaxone-enriched samples (n=145) harbored 241 

cephalosporin resistant E. coli (only one meconium sample was negative for the entire 242 

study) (Table 2). Almost all ceftriaxone-enriched samples demonstrating growth (n=144) 243 

harbored E. coli positive for blaCMY-2 except one sample after the ceftiofur cessation 244 

which only harbored E. coli positive for blaCTX-M. Although the blaCTX-M gene was much 245 

less prevalent, it was present in all the production chain of both years. Few differences 246 

between flocks before and after the cessation of in ovo administration of ceftiofur were 247 

observed with respect to the proportion of samples harboring E. coli isolates positive for 248 

blaCTX-M, blaTEM or blaSHV, namely the proportion of samples harboring E. coli positive 249 

for blaCTX-M (p<0,05)  or blaTEM (p<0,01), which were increased for pooled feces of 250 

broilers for lincomycin-spectinomycin flocks compared to flocks with no in ovo 251 

antimicrobial administration. As observed for the non-enriched samples, the proportion of 252 

ceftriaxone-enriched samples harboring E. coli positive for blaSHV was very low (results 253 

not show) and blaOXA was not detected in any sample. 254 

3. Antimicrobial non-susceptibility in ESBL/AmpC resistance gene positive E. 255 

coli isolates from ceftriaxone-enriched samples from newly hatched, broiler 256 

and breeder birds following the cessation of in ovo administration of ceftiofur 257 

and substitution with lincomycin-spectinomycin  258 

Most (274/290) of the isolates from the ceftriaxone-enriched samples from all sources 259 

that were selected for antimicrobial susceptibility testing were positive for blaCMY-2 260 

whereas 20/290 were positive for blaCTX-M. One isolate was negative for blaCMY-2 and 261 

blaCTX-M but positive for blaSHV and blaTEM. The isolates positive for blaCTX-M were non-262 
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susceptible to a significantly lower number of different antimicrobials than those positive 263 

for blaCMY-2 (p<0,01) or both blaCMY-2 and blaCTX-M (p<0,0001). Among the 15 different 264 

antimicrobials examined, the maximum number of antimicrobials for which non-265 

susceptibility was observed in isolates positive for blaCTX-M alone (n=15) was 8 whereas 266 

the maximum number of antimicrobials for which non-susceptibility was observed in 267 

isolates positive for blaCMY-2 alone (n=269) or for blaCMY-2 and blaCTX-M (n=5) was 13 and 268 

12 respectively.  269 

Among samples from birds receiving the same antimicrobial regime in ovo at the 270 

hatchery, non-susceptibility for certain antimicrobials varied in the different production 271 

phases of the study. For flocks in which birds received ceftiofur in ovo, the proportion of 272 

samples with E. coli showing non-susceptibility in broilers was higher than in breeding 273 

flocks (p <0,001) and their meconiums (p <0,0001) for trimethoprim-sulphamethoxazole 274 

and than in breeding flocks (p = 0,02) for sulfisoxazole. No differences between phases 275 

were observed in flocks which received no antimicrobial in ovo following the cessation 276 

of in ovo administration of ceftiofur. However, for flocks which received lincomycin-277 

spectinomycin in ovo, a greater proportion of non-susceptibility was observed in the 278 

broiler flocks compared to their breeders, for the aminoglycoside and folate inhibitor 279 

classes. For gentamicin (p <0,02) and spectinomycin (p <0,01), a greater proportion of 280 

non-susceptibility was found in meconiums compared to their breeders. For 281 

trimethoprim-sulphamethoxazole, a greater proportion of non-susceptibility was observed 282 

in broiler flocks compared to breeding samples (p <0,001). For sulfisoxazole, a greater 283 

proportion of non-susceptibility was observed in both meconium (p <0,01) and broilers (p 284 

<0.01) compared to breeding flocks.  285 
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4. Increased proportion of ceftriaxone-enriched samples with E. coli non-286 

susceptible to antimicrobials of different classes following the cessation of in 287 

ovo administration of ceftiofur and substitution with lincomycin-spectinomycin 288 

Thus, we observed that replacement of ceftiofur with lincomycin-spectinomycin for in 289 

ovo administration did not appear to affect the proportion of non-enriched samples 290 

harboring E. coli with the ESBL/AmpC resistance gene blaCMY-2. As enrichment with 291 

ceftriaxone showed that E. coli isolates with the ESBL/AmpC resistance gene blaCMY-2 292 

are ubiquitous in most examined samples, we wished to determine the effect of 293 

lincomycin-spectinomycin administration on the non-susceptibility of these isolates to 294 

antimicrobials of the different categories and on the level of MDR. As expected, with 295 

almost 100% of isolates positive for blaCMY-2 gene, resistance to penicillins with and 296 

without β-lactamases inhibitors, cephalosporins of third generation, and cephamycin was 297 

almost 100%, irrespective of the antimicrobial used at the hatchery. There was no 298 

difference in the proportion of samples harboring blaCMY-2-positive E. coli non-299 

susceptible for any of the six other antimicrobial classes in meconium or broiler feces 300 

between flocks before and after cessation of in ovo administration of ceftiofur when there 301 

was no replacement with lincomycin-spectinomycin, except for the non-susceptibility to 302 

trimethoprim-sulphamethoxazole in broiler feces where a significant decrease was 303 

observed following the ceftiofur cessation (p= 0,001). 304 

On the other hand, there were a significantly greater proportion of samples harboring 305 

blaCMY-2-positive E. coli non-susceptible to streptomycin, trimethoprim-306 

sulphamethoxazole, chloramphenicol, and tetracyclines in broiler feces when lincomycin-307 

spectinomycin was administered in ovo than when no antimicrobial was used following 308 
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cessation of administration of ceftiofur (Table 3). The same trend could be seen in the 309 

meconium, although the results were not statistically different, with the exception of 310 

spectinomycin. For many of these antimicrobials, a significantly greater proportion of 311 

samples harboring blaCMY-2-positive non-susceptible E. coli in meconium was observed 312 

when lincomycin-spectinomycin was administered in ovo than prior to cessation of 313 

administration of ceftiofur. A similar trend was observed in the broiler feces but was only 314 

significant for spectinomycin.  Finally, neither the cessation of in ovo administration of 315 

ceftiofur nor replacement with lincomycin-spectinomycin affected the proportion of 316 

samples harboring blaCMY-2-positive E. coli non-susceptible to fluoroquinolones 317 

(nalidixic acid and ciprofloxacin) and macrolides (azithromycin). There was a very low 318 

proportion of non-susceptibility to these antimicrobials in isolates of the potential 319 

ESBL/AmpC-producing E. coli collection (Table 4). 320 

5.  Increased level of MDR in ESBL/AmpC resistance gene positive E. coli isolates 321 

in ceftriaxone-enriched samples from newly hatched, broiler and breeder birds 322 

following the cessation of in ovo administration of ceftiofur and substitution 323 

with lincomycin-spectinomycin  324 

The proportion of ESBL/AmpC resistance gene positive E. coli isolates from ceftriaxone-325 

enriched samples non-susceptible to 8 or more classes (referred to as possible extensively 326 

drug resistant (XDR) (27)) was greater in broiler feces than in the meconium in 2014 327 

before the cessation of the in ovo administration of ceftiofur (Figure 1). The proportion of 328 

possible XDR isolates in breeder feces in 2014 before the cessation of ceftiofur was 329 

similar to that in broiler feces. The proportion of possible XDR isolates in broiler feces 330 

following cessation of ceftiofur when no antimicrobial was administered in ovo was 331 
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slightly lower than that observed in broiler feces before the cessation of ceftiofur. In 332 

contrast, flocks receiving lincomycin-spectinomycin demonstrated a level of possible 333 

XDR similar to that that observed before ceftiofur cessation. Notably, all isolates in the 334 

lincomycin-spectinomycin treated flocks demonstrated non-β-lactam non-susceptibility in 335 

addition to β-lactam (penicillins with and without β-lactamases inhibitors, third 336 

generation cephalosporins and cephamycin) non-susceptibility (non-susceptibility being 337 

to 6 or more classes) whereas those in flocks prior to cessation of ceftiofur administration 338 

or following cessation of ceftiofur when no antimicrobial was administered in ovo often 339 

showed only β-lactam non-susceptibility (non-susceptibility being to 4 or more classes)  340 

(Table 4). Thus, samples from meconium and broiler feces of chicks having received 341 

lincomycin-spectinomycin in ovo showed non-susceptibility to a higher number of 342 

antimicrobial classes than those of chicks having received ceftiofur or which did not 343 

receive any antimicrobial in ovo. Finally, possible XDR bacteria in flocks that had 344 

received lincomycin-spectinomycin almost always demonstrated non-susceptibility to 345 

spectinomycin and were mostly associated with non-susceptibility to other non-β-lactams 346 

such as gentamicin, streptomycin, sulfisoxazole and tetracycline.  347 

Discussion 348 

Examination of the indicator E. coli in our study clearly demonstrates a decrease in 349 

prevalence of samples harboring isolates positive for the ESBL/AmpC resistance genes 350 

blaCMY-2 and blaCTX-M in the meconium of newly hatched birds after the cessation of in 351 

ovo administration of ceftiofur. This finding shows a beneficial effect of the cessation of 352 

the use of ceftiofur, reinforcing the findings of other studies where a decrease in 353 
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resistance to extended spectrum cephalosporins was observed (4, 9, 12). Nevertheless, we 354 

did not observe an effect in the broilers, as was the case in the previous studies (7). In 355 

addition, the substitution of ceftiofur with lincomycin-spectinomycin in the broiler 356 

hatchery did not have a significant impact on the presence of blaCMY-2 or blaCTX-M in this 357 

collection, reinforcing the idea that these genes were selected mainly due to the use of 358 

ceftiofur. When we used a more sensitive approach of enrichment with ceftriaxone, we 359 

found that almost all samples, irrespective of the production phase, harbored isolates 360 

positive for the ESBL/AmpC resistance genes, mostly blaCMY-2, before the cessation of 361 

the use of ceftiofur, and this was not affected by the cessation, at least in the first year 362 

after it occurred.  363 

We observed E. coli positive for blaCTX-M across all the poultry production chain, 364 

suggesting that this gene is more prevalent in Canadian flocks than previously reported 365 

(6). Our results following ceftriaxone enrichment demonstrated that cephalosporin 366 

resistance genes were still present among the population but that the prevalence was 367 

probably lower in the flocks following the cessation of use of ceftiofur. The lower 368 

prevalence of  blaCTX-M with respect to blaCMY-2  in our study in contrast to the lower 369 

prevalence of  blaCMY-2 reported in Europe (5) could be due to the presence of different 370 

plasmids containing blaCTX-M in Europe such as IncN, IncI, IncL/M and IncK (8). 371 

Nevertheless, a more recent study in Europe showed a higher proportion of blaCMY-2 (28). 372 

The difference in relative predominance of the blaCTX-M and blaCMY-2.genes could also be 373 

explained in part by differences in geographical distribution of these genes (7). 374 

Although the in ovo administration of ceftiofur ceased in Canada in 2014, this practice 375 

was only stopped in parent flocks in the US in 2015 after the present study had been 376 
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completed; hence, vertical transmission of resistance genes may have occurred (7, 29, 377 

30). In fact, the results of our study are similar to those obtained in Denmark, where the 378 

parent flocks which did not receive ceftiofur but for which the grandparent flocks 379 

received cephalosporins (19), demonstrated a 93% prevalence of cephalosporin resistant 380 

E. coli (most of the samples being positive for blaCMY-2). Vertical transmission of APEC 381 

from breeders to their progeny is well known (2) and has been demonstrated recently in 382 

the Nordic countries where APEC ST117 O78:H4 was transmitted from grand-parent 383 

flocks to their broilers in different countries (31). In addition, Nilsson et al. demonstrated 384 

the vertical transmission of E. coli carrying blaCMY-2 from grand-parent flocks which had 385 

been exposed to ceftiofur to parent and broiler flocks which had never received ceftiofur 386 

(29). Zurfluh et al. demonstrated similar results where E. coli carrying blaCTX-M were 387 

vertically transmitted from parent flocks to hatchery and broiler flocks (30). Horizontal 388 

transmission has also been reported for ESBL/AmpC-associated resistance genes which 389 

are found on horizontally transferable plasmids (32). Thus, the administration of ceftiofur 390 

in ovo to US breeders could have resulted in an increase in the proportion of resistance to 391 

third generation cephalosporins in broiler E. coli even though the administration of this 392 

antimicrobial had ceased in Canadian hatcheries. In the Danish study, a decrease in 393 

prevalence of samples positive for cephalosporin resistant E. coli to 27% in broiler flocks 394 

originating from breeders which did not receive ceftiofur (19). Finally, maintenance of 395 

the high proportion positive samples in the Canadian broilers at one year after the 396 

cessation of administration of ceftiofur could also be explained by environmental 397 

contamination which may have persisted after birds ceased to excrete E. coli positive for 398 

ESBL/AmpC resistance genes (28).  399 
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Our finding of an increased prevalence of non-susceptibility of E. coli to the 400 

aminoglycosides, phenicols, the tetracyclines and the folate inhibitors in 2015 for the 401 

meconium and broiler feces of birds receiving lincomycin-spectinomycin clearly showed 402 

that the use of this combination resulted in an increase in MDR among the cephalosporin 403 

resistant E. coli. All samples from birds receiving lincomycin-spectinomycin harbored 404 

isolates with non-susceptibility to at least 6 classes whereas those which had received 405 

ceftiofur before its cessation or no antimicrobial in ovo harbored isolates non-susceptible 406 

to only 4 classes, the gene blaCMY-2 conferring non-susceptibility to the 4 classes of β-407 

lactams. These results suggested that there may be a co-selection phenomenon when 408 

using lincomycin-spectinomycin, which would explain the high MDR for this group. The 409 

association of non-susceptibility to spectinomycin with non-susceptibility to other non-β-410 

lactams such as gentamicin, streptomycin, trimethoprim-sulphamethoxazole, 411 

sulfisoxazole, chloramphenicol and tetracyclines could be due to the presence of a 412 

plasmid or transferable elements (integrons, transposons, insertion sequences) that carry 413 

blaCMY-2 and other resistance genes in addition to those encoding resistance to 414 

spectinomycin. In a study of E. coli isolates from clinical cases of colibacillosis in 415 

chickens in Québec, Canada, Chalmers et al (6) demonstrated that the use of 416 

spectinomycin could increase co-selection. Indeed, the presence of resistance to 417 

spectinomycin (aac(3)-VI gene) and gentamicin (aadA), an antimicrobial that is no longer 418 

routinely used in Canadian poultry, were strongly associated statistically and located on a 419 

modified class 1 integron. These authors also demonstrated that the use of spectinomycin 420 

did not seem to select cephalosporin resistant E. coli or APEC. The aac(3)-VI and 421 

blaCMY-2 genes were negatively associated, but when present together, were generally 422 
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located on the same plasmids (6). An increase of bacteria with co-selection of 423 

antimicrobial resistance and greater MDR would thus be expected with the use of 424 

lincomycin-spectinomycin and could allow the emergence of a bacterial flora that 425 

contains more MDR and, possibly, XDR bacteria.  426 

In a study of MDR E. coli harboring blaCMY-2 or blaCTX-M from sick pigs in Canada, 427 

Jahanbakhsh et al (11) demonstrated the presence of class 1 integrons which were 428 

significantly associated with resistance to gentamicin, kanamycin, streptomycin, 429 

trimethoprim/sulfamethoxazole, sulfisoxazole, chloramphenicol and tetracycline. This 430 

study also demonstrated the presence of an IncA/C plasmid positively associated with 431 

resistance to gentamicin, kanamycin, streptomycin, trimethoprim-sulfamethoxazole, 432 

sulfisoxazole, chloramphenicol and tetracycline, in E. coli with resistance to at least one 433 

antimicrobial of eight different classes, the presence of blaTEM and class 1 integron. 434 

Furthermore, other plasmids such as IncFIB had a positive association with IncA/C 435 

whereas IncI1 plasmid had a negative association with these plasmids (11). The presence 436 

of such plasmids in our study may explain why multidrug-resistant bacteria were selected 437 

when using lincomycin-spectinomycin at the hatchery. Studies in Japan and Netherlands 438 

also found IncA/C plasmids harboring blaCMY-2 and resistance to non β-lactam 439 

antimicrobial (28, 33). The plasmids selected in our study may have contained blaCMY-2 440 

genes and other resistance genes. Alternatively, certain clonal lineages may harbor one 441 

plasmid with the blaCMY-2 genes concomitantly with a second plasmid conferring 442 

resistance to non β-lactam antimicrobials. Plasmids of several incompatibility groups, 443 

such as as IncIγ, IncB/O, IncFIB, IncFIC and IncI1, have already been reported to contain 444 

blaCMY-2 genes alone, but not resistance to non β-lactam antimicrobials (11, 33). 445 
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Horizontal and vertical transmission of blaCMY-2 has already been reported (19), thus 446 

further testing is needed to evaluate if vertical transmission of blaCMY-2 and blaCTX-M 447 

occurs between the breeders and broilers of our study.  448 

We observed a significant decrease in non-susceptibility to trimethoprim-449 

sulphamethoxazole in the broiler feces for the flocks which did not receive any 450 

antimicrobial in ovo following the cessation of ceftiofur, thus demonstrating the potential 451 

for a positive cessation effect for this class of antimicrobials. This decrease could be 452 

explained by a selective disadvantage of blaCMY-2 on certain plasmids at the animal level 453 

when ceftiofur is stopped and no antimicrobial is used subsequently (28). Furthermore, 454 

resistance to phenicols and tetracyclines were lower, although not significantly, for these 455 

same flocks, showing a beneficial effect with respect to the prevalence of MDR. 456 

Nevertheless, no significant differences were seen for the meconium and broiler feces 457 

between flocks receiving ceftiofur prior to its cessation and flocks when ceftiofur is 458 

stopped and no antimicrobial is used subsequently with respect to non-susceptibility to 459 

gentamicin, spectinomycin, sulfisoxazole, tetracyclines and chloramphenicol, which 460 

suggests that resistance to these antimicrobials is mainly due to the use of lincomycin-461 

spectinomycin. However, antimicrobials received during rearing may also affect the 462 

variation in the prevalence of non-susceptibility to these antimicrobials. If broiler flocks 463 

not receiving antimicrobials in ovo have lower level of resistance to certain 464 

antimicrobials (such as trimethoprim-sulphamethoxazole), stopping antimicrobials at the 465 

hatchery could lead to clinically more effective antimicrobial treatments during fattening.  466 

We observed very little non-susceptibility to the fluoroquinolones (nalidixic acid and 467 

ciprofloxacin) and macrolids (azithromycin) in E. coli isolates obtained following 468 
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ceftriaxone enrichment. This result was expected as these classes of antimicrobial agent 469 

were not approved for use in poultry in Canada during the years of our study, during 470 

which time ceftiofur, bacitracin, virginiamycin, avilamycin, and lincomycin-471 

spectinomycin were the most commonly used antimicrobials(3). In addition, ceftriaxone 472 

enrichment is not a selective method for detection of quinolones or macrolids resistance. 473 

Finally, resistance to quinolones is mainly due to the acquisition of chromosomal 474 

mutations rather than to resistance genes present on plasmids as is the case for 475 

ESBL/AmpC production (34).  476 

Overall, our results demonstrate a decrease in the prevalence of cephalosporin-resistant 477 

E. coli harboring blaCMY-2 and blaCTX-M after the ceftiofur cessation and replacement with 478 

lincomycin-spectinomycin. No differences were seen in the proportion of blaSHV, blaOXA 479 

and blaTEM. On other hand, when samples were examined using the more sensitive 480 

ceftriaxone-enrichment, 99% of samples were shown to harbor cephalosporin-resistant E. 481 

coli, indicating that at the sample level, there has not yet been a reduction in the 482 

prevalence of E. coli carrying the ESBL/AmpC resistance genes one year after the 483 

ceftiofur cessation. The 2015 ceftiofur cessation in USA breeders could possibly decrease 484 

this proportion in the future. Also, we observed a high proportion of multidrug resistant 485 

ESBL/AmpC E. coli in young chicks, broilers and breeders, with an increase in the 486 

proportion of E. coli possibly extensively resistant in flocks receiving lincomycin-487 

spectinomycin, which is a concern for public health. 488 
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Figure 1: Effect of cessation of in ovo administration of ceftiofur and replacement with lincomycin-spectinomycin on the proportion of 1 

multidrug resistance in ESBL/AmpC resistance gene positive E. coli isolates in ceftriaxone-enriched samples from newly hatched, broiler 2 

and breeder birds  3 

 4 

LS: Lincomycin spectinomycin; No AM: no antimicrobial in ovo; sus: susceptible to all antimicrobial classes; res1-res10: resistance to one up to 5 

ten different antimicrobial classes, 2014 is before and 2015 is after the cessation of ceftiofur in Canada 6 
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Table 1: Effect of cessation of in ovo administration of ceftiofur and replacement with lincomycin-spectinomycin on the proportion of non-1 

enriched samples from newly hatched, broiler and breeder birds with E. coli isolates positive for ESBL/AmpC resistance genes  2 

Sample origin 

Before or after 

ceftiofur cessation 

in broiler 

In ovo 

administration 

of: 

No of 

samples 

(isolates)
a
 

% samples with one or more 

isolates positive for: 

blaTEM blaCMY-2 blaCTX-M 

Meconium of 

newly hatched 

chicks 

Before (2014) Ceftiofur 20 (96) 45 90
b
 20 

After (2015) Nothing 14 (69) 71 36
c
 0 

After (2015) 
Lincomycin 

Spectinomycin 
16 (80) 56 50

c
 0 

Pooled feces of 

broilers 
Before (2014 Ceftiofur 20 (100) 50 60 5 

After (2015) Nothing 14 (70) 43 50 0 

After (2015) 
Lincomycin 

Spectinomycin 
16 (79) 69 44 6 

Pooled feces of 

breeders 
Before (2014) Ceftiofur 22 (109) 64 0 0 

Before (2015) Ceftiofur 24 (119) 60 16 0 

a
 All isolates tested were uidA positive (likely E. coli) 3 

bc 
Different letters in superscript in the same column and same sample indicate significantly different results   4 
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Table 2: Effect of cessation of in ovo administration of ceftiofur and the substitution with lincomycin-spectinomycin on the proportion of 5 

ceftriaxone-enriched samples from newly hatched, broiler and breeder birds with E. coli isolates positive for ESBL/AmpC resistance genes 6 

Sample 

origin 

Before or after 

ceftiofur cessation 

in broiler 

In ovo 

administration  

of: 

No of samples with 

growth (%) after 

ceftriaxone 

enrichment 

No of  

isolates
a
  

% samples with one or more 

isolates positive for: 

blaTEM blaCMY-2  blaCTX-M  

Meconium of 

newly hatched 

chicks 

Before (2014) Ceftiofur 19  (95)  57 26 100 16 

After (2015) Nothing 14 (100) 40 43 93 7 

After (2015) 
Lincomycin 

Spectinomycin 
16 (100) 47 44 100 0 

Pooled feces 

of broilers 
Before (2014 Ceftiofur 20 (100) 60 40 100 20 

After (2015) Nothing 14 (100) 42 7
 b
 100 0

 b
 

After (2015) 
Lincomycin 

Spectinomycin 
16 (100) 48 56

 c
 100 31

 c
 

Pooled feces 

of  breeders 
Before (2014) Ceftiofur 22 (100) 66 45 100 14 

Before (2015) Ceftiofur 24 (100) 72 67 100 8 

a
 All isolates tested were uidA positive (likely E. coli). For each sample, 2-3 isolates were tested 7 

bc 
Different letters in superscript in the same column and same sample indicate significantly different results   8 
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Table 3: Effect of cessation of in ovo administration of ceftiofur and substitution with lincomycin-spectinomycin on the proportion of 9 

ceftriaxone-enriched samples from newly hatched, broiler and breeder birds harboring antimicrobial non-susceptible in ESBL/AmpC 10 

resistance gene positive E. coli samples 
a 

11 

Sample origin 

Before or  

after ceftiofur 

cessation  

in broiler 

In ovo 

administration 

of: 

No of 

samples 

(isolates) 

Proportion(%) of non-susceptible samples by category b, by class c  of antimicrobial and by  antimicrobial d 

Category I Category II 
Category 

III 

FLQ PEN/I CPS PEN CPM AMG FOL MACRO PHE TET 

NA CIP AMC TIO CRO AMP FOX GEN SPT STR SXT SSS AZM CHL TET 

Meconium 
Before (2014) Ceftiofur 19 (38) 5 0 100 100 100 100 100 47 

e 37 e 63 e 5 e 68 e 5 16 68 

After (2015) 
Ceftiofur 

cessation 
14 (28) 0 0 93 100 100 100 93 64 36 e 79 29 86 0 29 79 

After (2015) 
Lincomycin 

Spectinomycin 
16 (32) 6 0 100 100 100 100 100 88 f 81 

f 100 f 38 f 100 f 0 38 88 

                  

Pooled feces 

of broilers 
Before (2014) Ceftiofur 20 (40) 15 0 100 100 100 100 100 45 25 e 85 65 e 85 10 25 85 

After (2015) 
Ceftiofur 

cessation 
14(28) 7 0 100 100 100 100 100 71 50 71 e 7 f 86 0 7 e 50 e 

After (2015) 
Lincomycin 

Spectinomycin 
16(32) 13 0 100 100 100 100 94 69 69 f 100 f 75 e 100 0 44 f 94 f 

                  

Pooled feces 

of breeders 
Before (2014) Ceftiofur in 2014 22 (44) 0 0 95 95 100 100 95 41 36 82 14 50 9 32 82 

Before (2015) Ceftiofur in 2015 24 (48) 4 4 96 100 100 100 96 50 38 75 17 58 4 25 71 

a 
Tested by Kirby Bauer 12 

b
 Category of antimicrobial importance for humans: (I) Very High Importance; (II) High Importance; (III) Moderate Importance 13 

c
 Antimicrobial class: (FLQ) Fluoroquinolones; (PEN/I) Penicillins+ β Lactamases inhibitors; (CPS) Cephalosporines; (PEN) Penicillins; (CPM) 14 

Cephamycins; (AMG) Aminoglycosides; (FOL) Folate inhibitors; (MACRO) Macrolids; (PHE) Phenicols;  (TET) Tetracyclines 15 
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d
 Antimicrobials: (NA) Nalidixic acid; (CIP) Ciprofloxacin; (AMC) Amoxicillin/clavulanic acid; (TIO) Ceftiofur; (CRO) Ceftriaxone; (AMP) 16 

Ampicillin; (FOX) Cefoxitin; (GEN) Gentamicin; (SPT) Spectinomycin; (STR) Streptomycin; (SXT) Trimethoprim-sulphamethoxazole; (SSS) 17 

Sulfisoxazole;  (AZM) Azithromycin; (CHL)  Chloramphenicol; (TET) Tetracycline 18 

ef 
Letters e and f in superscript in the same column indicate significantly different results at isolate and sample levels  19 
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Table 4:  Effect of ceftiofur cessation and the substitution with lincomycin-spectinomycin on the proportion of antimicrobial phenotypic 20 

co-resistance profiles in samples from newly hatched, broiler and breeder birds with E. coli of the ceftriaxone enriched collection 21 

No of 

resistance 
  Phenotypic combinations 

Administration in ovo of: 

Ceftiofur No antimicrobial 
Lincomycin 

spectinomycin 

2014 2015 2015 2015 
Breeder 

(n=22) 

Meconium 

(n=22) 

Broiler 

feces(n=22) 

Breeder 

(n=24) 

Meconium 

(n=14) 

Broiler 

feces(n=14) 

Meconium 

(n=16) 

Broiler 

feces(n=16) 

5 AMC TIO CRO AMP FOX  4 4 
 

3 1 2   
6 AMC TIO CRO AM FOX SSS  

 
1 

  
2 2   

Other combinations a  
1 1 3 

    
7 AMC TIO CRO AMP FOX STR TET  7 1 1 3 1 

   
Other combinations 1 1 2 

 
1 

   
8 AMC TIO CRO AMP FOX STR SSS TET  1 1 

      
Other combinations 

  
1 3 

 
1 1 2 

9 AMC TIO CRO AMP FOX STR SXT SSS TET  
 

1 4 2 1 
 

2  
Other combinations 

  
5 1 2 2 1  

10 AMC TIO CRO AMP FOX GEN STR CHL SSS TET  
 

1 
  

1 1   
AMC TIO CRO AMP FOX GEN STR SSS TET SPT  2 5 

 
3 2 4 3 2 

Other combinations 
 

1 1 1 
 

1  3 
11 AMC TIO CRO AMP FOX GEN STR CHL SSS TET SPT  3 2 

 
4 

  
4 2 

AMC TIO CRO AMP FOX GEN STR SXT SSS TET SPT  
      

2 2 
Other combinations 2 

 
1 

  
1 1 1 

12 AMC TIO CRO AMP FOX GEN STR SXT CHL SSS TET SPT  
  

1 1 3 
 

2 4 
Other combinations 2 

 
1 

     
13-14 Other combinations 

  
2 

     

a
Other combinations are combinations which did not repeat or are less common 22 
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