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Background 

An increasing body of research has indicated that the relatively intensive therapeutic use of ceftiofur 
in dairy cattle has led to selection and dissemination of multi drug-resistant (MDR) Salmonella 
containing the blaCMY-2 gene. This resistance determinant confers reduced susceptibility or 
resistance to extended-spectrum β–lactams (ESBL, such as ceftiofur and ceftriaxone).  

Ceftiofur usage in feedlots has been somewhat limited prior to the introduction of a long-acting 
formulation (EXCEDE; this formulation has an approximate 7-day duration of action). This product is 
labeled for both treatment and control of bovine respiratory disease in cattle. Since its launch, 
ceftiofur crystalline free acid has been widely used metaphylactically in high-risk cattle at arrival. 
Consequently, the intensity of ceftiofur’s use in feedlots has increased appreciably.  

Evaluating the effect of ceftiofur on generic E. coli may be a good model for its effect on Salmonella 
because 1) E. coli are universally present in the GIT of cattle; 2) E. coli and Salmonella are very 
closely related; and 3) resistance determinants are shared between E. coli in a similar manner to the 
mechanisms by which they are shared among Salmonella. We did not evaluate Salmonella primarily 
because its prevalence is much lower than E. coli and to maintain study power, therefore, many 
more animals and samples would be required making the study cost prohibitive.  

The stated objectives for this work were:  
a. Determine the extent and duration of various therapeutic regimens of ceftiofur crystalline 

free acid on numbers of generic E. coli in feedlot cattle.  
b. Determine the extent and duration of various therapeutic regimens of ceftiofur crystalline 

free acid on antimicrobial drug susceptibility of generic E. coli in feedlot cattle. 

Methodology 

In the proposed research, we used 3 treatments (in addition to an unexposed control group as 
described below) to evaluate the effect of ceftiofur crystalline free acid on the numbers and 
susceptibility of generic E. coli.  

Sixty-one feedlot cattle were housed in six 10-head pens (one pen contained 11 animals). Within 
each pen, 5 animals were exposed and 5 served as unexposed controls (6 controls in the pen of 11 
animals). Hence, each exposure was used across 2 pens to evaluate the potential for within pen 
clustering. We have successfully used a variant of this study design in the past to evaluate 
antimicrobial drug use on the likelihood of recovery of drug-resistance enteric bacteria.  
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Exposures were:  

1) A single regimen of 6.6 mg/kg BW of ceftiofur administered subcutaneously in the middle third of 
the posterior aspect of the ear. Animals were administered ceftiofur crystalline free acid on day 0. 
This treatment modeled a 1st time treatment success.  

2) Three consecutive regimens of 6.6 mg/kg BW of ceftiofur administered subcutaneously in the 
middle third of the posterior aspect of the ear approximately 7 days apart. Animals were 
administered ceftiofur crystalline free acid on days 0, 6, and 13. This repeated administration 
modeled multiple treatment failure and re-treatment. 

3) A single 2/3-dose regimen of ceftiofur (4.4 mg/kg BW) administered subcutaneously in the middle 
third of the posterior aspect of the ear. Animals were administered ceftiofur crystalline free acid on 
day 0. This treatment modeled an extra-label practice that has been employed occasionally.  

4) Five animals per pen served as unexposed controls (Figure 1).  

 
Figure 1. Schematic representation of pen layout for study. Shaded area represents bunks. A bunk separator 
was used in each bunk to prevent cross-pen contamination of feed. Each pen had its own water trough. 

 
Fecal grab samples were collected from all animals while restrained in a chute on days 0, 2, 6, 9, 13, 
17, 20, and 28. We based this sampling scheme on our previous work that indicated it provided a 
sufficiently large window to evaluate the magnitude and duration of an effect if present.  

Microbiology  
Samples were subject to a direct-plating methodology to determine the concentration of E. coli per 
gram of feces. Briefly, a 25-g portion of fecal matter was aseptically transferred into 225 mL 
buffered peptone water (BPW) and shaken for 1 minute. To enumerate generic E. coli, serial dilutions 
were plated onto pre-poured MacConkey agar plates. Plates were incubated at 37 C for 48 h and 
typical colonies were counted using a Quebeq colony counter.  

From a plate with distinct colonies, 3 separate colonies were picked from each fecal pat. Isolates 
were confirmed using an automated biochemical test assay (VITEK 2, bioMérieux).  

These distinct 3 colonies per fecal sample were subject to susceptibility testing using a micro-broth 
dilution susceptibility testing using USDA:NARMS established plates (Sensititre, TREK Diagnostics, 
catalog number CMV7CNCD). Three to five well-isolated colonies were placed into 4 mL of sterile, de-
ionized water and adjusted to a 0.5 McFarland standard. A 10-μL portion of the suspension was 
transferred into Mueller Hinton broth and mixed on a vortex. An automated inoculator 
(Sensititre, TREK Diagnostics) was used to deliver the culture into the 96-well plates. Plates 
were covered and incubated at 35C for 24 hours. Plates were manually read using the 
Sensititre manual viewer. The minimum inhibitory concentration (MIC) was reported as the 
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lowest concentration that inhibits visible growth according to the manufacturer’s instructions. If the 
isolate grew at the highest concentration, the MIC was arbitrarily set at the next serial concentration. 
Isolates were classified as susceptible or resistant based on the guidelines of Clinical Laboratory 
Standards Institute (CLSI).  

Data were entered into an electronic database and MICs were log2-transformed to normalize data. 
Data were analyzed to provide descriptive statistics and these were presented in graphical and 
tabular formats.  

Findings 

Over the course of the study, 1,441 isolates were recovered and their susceptibility was determined. 
The distribution of the number of drugs to which the isolates were resistant is presented in Figure 2. 
The largest category of drugs to which the isolates were resistant was 0. However, the 4 data 
demonstrated a bimodal distribution in which a second mode was evident at 8 drugs. This second 
peak was most evident in those exposed to ceftiofur crystalline free acid compared to controls 
(Figure 3).  

The likelihood of recovering isolates resistant to ceftiofur was greater in those animals exposed to 
ceftiofur crystalline free acid (Figure 4). Interestingly, exposure was also associated with increased 
likelihood of recovery of isolates resistant to ampicillin, chloramphenicol, streptomycin, 
sulfamethoxazle, and tetracycline (so-called ACSSuT R-type; Figure 5). Presence of both ceftiofur 
resistance with the ACSSuT R-type were in high agreement (Kappa = 0.97; Table 1).  

There was little variation in the likelihood of recovering ceftiofur-resistant isolates from those treated 
with 4.4 mg/kg to those treated with 6.6 mg/kg from day 0 to 6 (Figure 6).  

Exposure was also associated with increased likelihood of recovering isolates with decreased 
susceptibility (≥2:g/mL) to ceftriaxone (Figure 7). These data are almost identical to those presented 
in Figure 4 and likely represent the same mechanism.  

The variation in likelihood of recovery of resistant variants is paralleled in shifts in MIC (data not 
shown).  

Exposure to ceftiofur crystalline free acid was associated with a reduction in the number of E. coli 
cells within fecal samples (Figure 8). This reduction was generally limited to less than 1 log 
difference. Numbers tended to return to baseline levels by ~2 weeks after exposure.  

Despite the reduction in generic E. coli counts, treatment was associated with greater numbers of 
generic E. coli that were resistant to ceftiofur (Figure 9) and those displaying the ACSSuT R-type 
(Figure 10) than controls. However, this variation was small (< 0.5 logs) and was more associated 
with a reduction in the controls.  

In summary, these descriptive data demonstrate a measurable impact on the gastrointestinal flora 
of ceftiofur crystalline free acid. Not only was this product associated with an increased likelihood of 
recovering ceftiofur-resistant organisms but it also provided a selection pressure for multi-drug 
resistance including the ACSSuT R-type that has been associated with Salmonella 
Typhimurium DT104 and Salmonella Newport MDR-AmpC. It is unclear in the present study 
whether the resistance was mediated chromosomally (as for DT104) or by a plasmid (as in 
the case of Newport MDR-AmpC). Because the blaCMY-2 gene is typically plasmid mediated, 
it seems likely that the resistance reported herein was also plasmid mediated.  



National Cattlemen’s Beef Association|9110 East Nichols Ave.|Centennial, CO 80112|303-694-0305 

The resistance observed typically returns to baseline levels within 2 weeks of exposure. The greater 
exposure, however, the longer the time required to return to baseline levels. We intentionally left 
untreated controls within each pen to 1) provide a source of unexposed flora to aid recolonization of 
treated animals; and 2) evaluate whether dissemination of resistant organisms from treated to 
untreated animals occurs. The latter did not occur appreciably.  

More work will be performed to molecularly characterize the mechanisms underpinning the 
resistance observed. Also, we plan to determine 1) if the resistant organisms represent clones; or 2) 
administration of ceftiofur crystalline free acid selected for transferable genetic elements among 
unrelated E. coli. 

Implications 

Repeated exposure to ceftiofur crystalline free acid was associated with greater numbers of 
ceftiofur-resistance E. coli. Ceftiofur resistance is typically mediated by the blaCMY-2 gene in North 
America and is often carried on a conjugatable plasmid. In the present study, the expansion of 
resistance to ceftiofur was also associated with expansion of resistance to ampicillin, 
chloramphenicol, streptomycin, sulfamethoxazle, and tetracycline. The ACSSuT pattern has been 
frequently associated with an integron complex and in this study, appears to be linked to 
determinants conferring resistance to ceftiofur. The number of E. coli and the likelihood of 5  
recovering ceftiofur- (and ACSSuT-) resistant E. coli approached pre-exposure levels by ~2 weeks 
after exposure. More research will be performed to evaluate the molecular characteristics 
underpinning the phenomena observed herein. In particular, we will determine if the resistance 
determinants are housed on a conjugatable plasmid, if the genes are similar to those reported 
elsewhere, and if the expansion of resistance was associated with clonal expansion or the selection 
of a mobile plasmid in unrelated E. coli. 

 

 

Figure 2. Percentage of total isolates (n=1, 144) by number of drugs to which they were resistant. 
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Figure 3. Percentage of isolates within each exposure by number of drugs to which they were resistant. 

 
Table 1. Number of isolates resistant to ceftiofur by those demonstrating the ACSSuT R-type. 

 Ceftiofur Resistance 
ACSSuT R-type No Yes 
No 1,147  
Yes 5 2809 

 

 

 
Figure 4. Percentage of isolates resistant to ceftiofur by treatment and by day of sample collection. 
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Figure 5. Percentage of isolates resistant to ampicillin, chloramphenicol, streptomycin, sulfamethoxazole, and 
tetracycline, by treatment and by day of sample collection. 

There was little variation in the likelihood of recovering ceftiofur-resistant isolates from those treated with 4.4 
mg/kg to those treated with 6.6 mg/kg from day 0 to 6 (Figure 6).  

 

Figure 6. Percentage of ceftiofur-resistant isolates recovered from animals administered 6.6 mg/kg or 4.4 
mg/kg of ceftiofur crystalline-free acid. Data limited to days 0 to 6. 
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Exposure was also associated with increased likelihood of recovering isolates with decreased susceptibility 
(≥2µg/ml) to ceftriaxone (Figure 7). These data are almost identical to those presented in Figure 4 and likely 
represent the same mechanism.  

Figure 7. Percentage of isolates demonstrating reduced susceptibility to ceftriaxone (≥2µg/ml)by treatment 
and by day of sample collection. 

 
Figure 8. Log10 cfu/g of feces by exposure and by study day. 
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Figure 9. Estimate of the number of ceftiofur-resistant isolates by exposure and study day. Expressed as log10 
CFU/g of feces. 
 
 

 

Figure 10. Estimate of the number of isolates displaying resistance to ampicillin, chloramphenicol, 
streptomycin, sulfamethoxazole, and tetracycline by exposure and study day. Expressed as log10 CFU/g of 
feces. 


