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INTRODUCTION 
The rapid global spread of bacteria bearing CTX-M extended spectrum beta-
lactamases (ESBL) reached the United States much later than most other 
countries. The earliest detection of CTX-M–type ESBLs in human isolates 
were reported in E. coli and Salmonella in the late 1980s in Japan, Europe 
and South America1. By 2007, blaCTX-M was detected in 39% of ESBL 
Enterobacteriaceae of eight U.S. medical centers2.and the earliest report of 
blaCTX-M in Washington State was in a Shigella sonnei isolate cultured from a 
fecal sample in 20043. Their first detection in US cattle was in fecal 
Escherichia coli collected from Ohio dairy cattle in 20094. Here we report the 
earliest detection of bovine-source blaCTX-M-positive E. coli in Washington and 
preliminary results from an ongoing prevalence study.  

METHODS 
To determine the earliest isolation of blaCTX-M-positive E. coli in Washington 
dairy cattle we conducted a retrospective survey of banked E. coli isolates 
from calves. These isolates were from several different studies for which 
culture and isolation protocols differed slightly. In general, fecal samples 
from individual preweaned Washington State dairy calves were collected 
and plated either directly onto MacConkey agar supplemented with 
ceftiofur (2-4 µg/ml) or onto plain MacConkey. In the latter case, 3 or more 
colonies were picked and resistance to a panel of 12 antibiotics which 
included ceftiofur was tested using a disk diffusion method according to 
CLSI standards5,6. Isolates that were resistant to ceftiofur were tested for 
the presence of blaCTX-M and blaCMY-2 using published primers and 
protocols7,8. Selected isolates from a single farm were characterized further 
using pulsed-field gel electrophoresis (PFGE) following digestion with XbaI 
using a standard PulseNet protocol9. In addition, the prevalence of blaCTX-M-
positive E. coli  was determined for prospectively sampled calves. Individual 
calf fecal samples were enriched in nutrient broth containing cefotaxime (2 
µg/ml) by incubation for 18-24 hrs and then plated on MacConkey agar 
supplemented with cefoxitin (4 µg/ml) and cefepime (4 µg/ml). Growth on 
cefoxitin is associated with the presence of blaCMY-2  while growth on 
cefepime is associated with the presence of blaCTX-M 

10. Isolates growing on 
either media type were transferred to LB broth with glycerol and stored at -
80 °C for subsequent detection of genotype.  

RESULTS 
Among 93 ceftiofur-resistant E. coli obtained from 6 farms in 2002, none 
had blaCTX-M and 82 (88.2%) had blaCMY-2(Table 1). Among ceftiofur-resistant 
E. coli isolates from Farm 60 obtained in 2008, early 2011 and late 2011, 
0/18, 0/9 and 5/18 were positive for blaCTX-M, respectively, while 9/18, 8/8 
and 5/18 were positive for blaCMY-2 (Table 2). Prevalence of blaCTX-M-positive 
E. coli on four farms sampled in 2011 was 5.3, 30.8, 66.7 and 25.0 % (Table 
3). Among 30 blaCTX-M-positive E. coli , 2 had Group 1 blaCTX-M, 21 had group 
9 blaCTX-M, and 7 were not determined (data not shown). PFGE profiles of 
blaCTX-M-positive E. coli from a single farm indicated a clonal relationship 
between isolates from calves in neighboring hutches, and from the same 
calf sampled 2 weeks apart (Fig. 1). Preliminary results from an ongoing 
study indicate a high prevalence of phenotypes characteristic of E. coli with 
both blaCMY-2 blaCTX-M genes on 9 farms sampled so far (Table 4).  

Farm 

N (%) blaCMY-2 

positive Total tested 

47 35 (94.6) 37 

46  43 (100.0) 43 

371 0 3 

913 0 1 

1049 0 4 

1006 4 (80.0) 5 

Total 82 (88.2) 93 

Year, Month blaCTX-M+ blaCMY-2+ Total 

2008 

Feb 0 3 6 

Mar 0 6 12 

2011 

Feb 0 8 8 

Dec 5 5 18 

Total 5 22 44 

Farm N (%) 

blaCMY-2  

positive 

N (%)  

blaCTX-M  

positive 

N (%) positive 

for both 

genes 

Total 

isolates 

tested 

3 10 (52.6) 1 (5.3) 1 (5.3) 19 

46 5 (38.5) 4 (30.8) 3 (23.1) 13 

41 3 (16.7) 12 (66.7) 0 18 

120 3 (25.0) 3 (25.0) 0 12 

Total 21 (33.9) 20 (32.3) 4 (6.5)

   

62 

Farm 

Prevalence (%) of CMY-2 

phenotypea 

Prevalence (%) of CTX-M 

phenotypeb 

# samples 

tested 

3 100.0 100.0 51 

35 100.0 100.0 45 

37 100.0 96.0 25 

39 95.3 83.7 43 

46 67.3 59.6 52 

47 98.0 87.8 49 

49 55.6 59.3 27 

51 87.5 91.7 48 

60 100.0 53.2 47 

mean: 89.3 81.2 367 total 

median: 96.7 87.8 

Figure1. XbaI-PFGE of CTX-M positive E. coli from 
calves. All were CMY-2 negative, CTX-M positive and 
CTX-M group 9. Sequential calf ID numbers indicate  
neighboring calves  in a hutch row. 

Table 1. Ceftiofur-resistant E. coli isolates 
collected from individual calf feces on 4 farms in 
2002. All were PCR-negative for blaCTX-M. 

Table 2. Number of ceftiofur-resistant E. coli isolates 
from Farm 60 obtained in 2008 and 2011 that were 
PCR positive for blaCMY-2 and blaCTX-M . Each isolate 
tested was from an independent calf fecal sample. 

Table 3. Number and percent of E. coli isolates from 
individual calf fecal samples collected in 2011 plated on 
MacKonkey agar with 2 μg/ml ceftiofur with positive PCR 
results for blaCMY-2 , blaCTX-M, or both. 

Table  4. Prevalence of blaCMY-2 phenotype and blaCTX-M phenotype among individual  dairy calf fecal 
samples, 2012 

CONCLUSIONS 
 Before 2010, third-generation cephalosporin resistance in gram-negative bacteria of US 
dairy cattle was considered to be primarily associated with AmpC enzymes coded by blaCMY-2. 
Results of our retrospective testing (Tables 1 and 2) were consistent with that view. Although 
E. coli isolates banked at WSU from previous studies are limited with regard to number of 
farms  and time periods represented, these data suggest that emergence and dissemination 
of blaCTX-M-positive E. coli may be a recent phenomenon on Washington dairy farms. blaCTX-M-
positive E. coli were detected in 2009 at a low prevalence in adult dairy cattle in Ohio4 and 
the earliest detection in calves in Washington was in 2011 (this study). On a single, large 
dairy from which ceftiofur-resistant isolates were available in 2008 and 2011, no evidence of 
blaCTX-M-positive E. coli was observed until late 2011 (Table 2). Although we cannot rule out 
an earlier occurrence of blaCTX-M-positive Enterobacteriaceae in Washington cattle than in 
human infections, the evidence supports the reverse, that human clinical infections with 
blaCTX-M-positive Enterobacteriaceae preceded their occurrence in livestock, possibly by 
several years. However, whether this represents clonal bacterial or plasmid dissemination, or 
independent emergence in multiple locations, is as yet unknown. Our limited PFGE results 
suggest that blaCTX-M-positive E. coli strains in the dairy calf environment can be transmitted 
between neighboring calves, and can persist in the animals for several weeks. 
The rapid emergence and spread of blaCTX-M-positive E. coli currently being observed in 
Washington dairies suggests that a shift in importance from blaCMY-2 to blaCTX-M may be taking 
place in the bovine reservoir. To determine risk factors for this shift, our current sampling 
effort is accompanied by investigations into antibiotic use and animal movements. In 
addition, further molecular characterizations  (plasmid replicon typing and E. coli 
genotyping) will  private better insights into determinants of this shift.. 
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a The percent of individual calf fecal samples that yielded E. coli which grew on MacConkey-supplemented cefoxitin. 
b The percent of individual calf fecal samples that yielded E. coli which grew on MacConkey-supplemented cefepime. 


