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Background 

Previous research conducted by our laboratory and funded in part by the Beef Checkoff, investigated 
the incidence of MDR Salmonella in dairy cattle and reported that individual cattle, and most often 
calves, can shed multiple Salmonella serotypes that vary in the degree of antibiotic resistance.  More 
recently, we discovered a high incidence of a MDR generic E. coli in dairy calves.  Taken together, 
this suggests the generic E. coli population may be an important reservoir for MDR elements that 
can be spread to Salmonella, E. coli O157:H7 or other pathogenic organisms.  However, this MDR 
generic E. coli appears to be short-lived in the calf, decreasing in prevalence with age, while other 
generic E. coli persist.  We hypothesize that this is related to maturation and development of the 
digestive tract in the young ruminant, and if so, implies that interventions could be developed to 
eliminate the MDR generic E. coli at a younger age, thereby reducing the risk of resistance transfer 
to pathogenic bacteria. 

The stated objectives for this work were:  

A. Determine if MDR generic E. coli (in naturally colonized dairy calves) transfers resistance to 
inoculated strains of pan-susceptible Salmonella Newport and Reading. 

B. Examine the role of protozoa on resistance transfer and duration of fecal shedding of MDR 
generic E. coli in dairy calves. 

Methodology 

Experiment I - Resistance Transfer Study.  Fourteen Holstein bull calves (approximately 3 weeks of 
age), pre-screened for a MDR generic E. coli, were purchased from a southwestern dairy and 
transported to the livestock facilities at the USDA laboratory in College Station, TX.  Upon arrival, 
calves were individually penned indoors with water and a commercial calf starter available for ad 
libitum consumption.  Additionally, calves were fed twice daily, a non-medicated commercial milk 
replacer.  Calves were pre-screened for wild-type Salmonella five days prior to inoculation with either 
Salmonella Newport (5.1 x 109/calf) or Reading (4.7 x 109/calf) administered via oral gavage (7 
calves/strain).  Both strains of Salmonella were isolated in previous research from dairy cattle and 
found to be pan-susceptible to antibiotics on the NARMS panel.  Fecal samples were collected daily 
for seven days following inoculation and plated as above for generic E. coli on MacConkey’s agar 
supplemented with chloramphenicol (30 μg/ml; MACchl) and on brilliant green agar (BGA) 
supplemented with novobiocin (25 μg/ml; BGAnov) for the inoculated Salmonella.  To determine if 
the inoculated strains of Salmonella acquired antibiotic resistance, all samples were additionally 
plated on BGA containing tetracycline (30 μg/ml; BGAtet).  Plates were incubated (24 h, 
37°C) and colonies exhibiting typical Salmonella morphology re-streaked on tryptic soy agar 
with 5% sheep blood (Becton, Dickenson and Company, Sparks, MD) for serogrouping, using 
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slide agglutination with Salmonella antiserum (Difco Laboratories, Detroit, MI) and antimicrobial 
susceptibility screening described below.   
 
Experiment II - Protozoa Study.  Twelve Holstein bull calves purchased and transported with the 
above calves and naturally-colonized with MDR generic E. coli, were processed as above upon 
arrival, with the exception that these calves were housed by treatment in separate isolation rooms (3 
rooms; 4 calves/room).  Calves and treatment were randomly assigned to room (4 
calves/treatment): Control – no treatment; Protozoa – each calf orally gavaged with 500 ml of rumen 
fluid from adult cow, once, one day prior to Salmonella inoculation; or Defaunated – chemically 
treated with diocytl sodium sulfosuccinate (Sigma-Aldrich, St. Louis, MO.) to defaunate the rumen 
(2.5 g/calf) administered in the milk replacer (A.M. feeding) one day prior to Salmonella inoculation 
and subsequently every two days for the duration of the experiment.  All calves were inoculated via 
oral gavage with a pan-susceptible strain of Salmonella Newport (5.8 x 109/calf).  Fecal samples 
were collected daily for 14 days and plated as above.   
 
Susceptibility Testing.  Salmonella isolates (two isolates/positive fecal sample) capable of growth on 
BGAtet plates and selected generic E. coli isolates were re-streaked on blood agar and examined for 
antimicrobial susceptibility using the NARMS plate and the Sensititre automated antimicrobial 
susceptibility system according to the manufacturer’s directions (Trek Diagnostic Systems, Westlake, 
OH).   
 
Findings 

Experiment I -Resistance Transfer Study.  Prior to Salmonella inoculation, fecal samples collected 
from all calves, enriched and plated on BGAnov and BGAtet, were all Salmonella-negative.  Following 
experimental infection, early fecal culture results suggested that resistance did transfer from the 
generic E. coli to the inoculated strains of Salmonella as evidenced by the growth of Salmonella on 
the BGAtet plates (Table 1).  Fecal shedding of Salmonella was detected on each of the collection 
days with at least one calf inoculated with either Salmonella Reading or Newport culture positive on 
BGAtet.  Fecal samples were also cultured for MDR generic E. coli prior to Salmonella inoculation 
and again on d 3 and 5 of the experimental period and were all culture positive (Table 1).  To confirm 
the Salmonella recovered from the feces post-inoculation, were the same strains (except for the 
acquisition of resistance), we serogrouped two isolates (when available) from each positive BGAtet 
plate.  We expected to find serogroups B (Reading) and C2 (Newport), however all isolates were 
identified as serogroup L or as poly A-I, vi (Table 1).  In light of these findings, we have sent these 
isolates to NVSL for confirmatory serotyping and additional testing is in progress in our laboratory.    
 
Results of the antimicrobial susceptibility testing of the Salmonella and generic E. coli isolates are 
presented in Tables 2 (MDR profiles) and 3 (individual antibiotic resistance profiles by day).  As 
expected, resistance profiles of generic E. coli (pre-inoculation) were virtually identical among the two 
groups of calves experimentally-infected with either Salmonella Reading or Newport.  Fewer 
tetracycline resistant isolates were cultured from the calves inoculated with Salmonella Reading with 
all of these isolates resistant to at least 8 antibiotics and all carrying the same MDR-AmpC 
resistance pattern.  Approximately half of the isolates cultured from the calves inoculated with 
Salmonella Newport likewise had the MDR-AmpC resistance pattern, however, the remainder of 
these isolates were resistant to only a few antibiotics.  When examining resistance to individual 
antibiotics (Table 3), Salmonella isolates recovered post-inoculation tended to display similar 
resistance as the generic E. coli cultured pre-Salmonella inoculation, with most isolates resistant to 
streptomycin, ampicillin, chloramphenicol, sulfisoxazole, and tetracycline.  A few exceptions 
were observed however.  Two, nine and ten generic E. coli isolates were resistant to 
gentamicin, kanamycin, and trimethoprim/sulfasoxazole respectively, while all but one of 
the Salmonella isolates were susceptible to these antibiotics.  Conversely, less than half of 
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the generic E. coli isolates were resistant to ceftiofur and cefoxitin whereas the majority of 
Salmonella isolates, particularly those isolated from calves inoculated with Salmonella Reading, 
were resistant to these two antibiotics.       
      
Experiment II - Protozoa Study.  Results for the second experiment evaluating the role of rumen 
protozoa on transfer of antimicrobial resistance are presented in Tables 4 and 5.  As in the first 
experiment, all calves were negative for wild-type Salmonella and positive for generic E. coli capable 
of growth on our antibiotic supplemented agar five days prior to experimental inoculation.  
Subsequent culture for MDR generic E. coli on d 3, 7 and 14 was positive for all calves, regardless of 
treatment.  During the course of the experiment, we did not culture any Salmonella capable of 
growth on BGAtet from any of the calves.  Salmonella capable of growth on BGAnov was cultured 
from calves in all treatments during the first seven days of the experiment with shedding more 
prevalent in the control treatment.  Salmonella shedding was limited during week 2 of the study with 
only seven positive fecal samples across all treatments. 
 
Table 5 presents antimicrobial resistance profiles of generic E. coli isolated 5 d pre- and 18 d post-
Salmonella inoculation.  In general resistance patterns are similar at each time point with the 
notable exception that isolates appear to lose resistance to amoxicillin/clavulanic acid, ceftiofur, 
cefoxitin, and gentamicin as well as the decreased susceptibility to ceftriaxone.  As we did not culture 
any Salmonella isolates on BGAtet, we did not suspect any resistance transfer had occurred and did 
not examine Salmonella isolates for antimicrobial susceptibility.                 
 
Implications 
 
Currently we are evaluating serotype, plasmid profiles and genotypes of the isolates cultured on 
BGAtet for comparison to the inoculation strains.  Any information that contributes to understanding 
the results of this research will be forwarded to NCBA in an addendum to this report.  Possibly, 
acquisition of MDR influences Salmonella serotype.  While this idea may seem far-fetched, it could 
explain the results of this research as well as observations we have made in previous dairy research.  
On multiple occasions, we have documented (as have others) that dairy cattle shed multiple 
Salmonella serotypes in their feces.  We have selected up to five isolates from a single positive fecal 
sample and identified them as five different serotypes.  Previous research documented that serotype 
fluctuates significantly from farm to farm and more importantly, within a farm.  Furthermore, 
evaluation of antimicrobial resistance of Salmonella in dairy cattle has consistently demonstrated 
that MDR is serotype specific, even though other pan-susceptible serotypes have been cultured 
concurrently.  Taken together, these results suggest the possibility that acquisition of resistance 
could possibly influence serotype.         
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Table 1. Fecal shedding and serogroups of Salmonella and MDR generic E. coli in dairy calves inoculated with 
one of two strains of Salmonella (Reading=Rd, Newport=Np). Fecal samples were plated on brilliant green agar 
(BGA) containing novobiocin (nov) or tetracycline (tet) for culture of all Salmonella isolates or for MDR isolates, 
respectively. Fecal samples were plated on MacConkey’s agar containing chloramphenicol to culture for MDR 
generic E. coli (Exp. I). 
 Inoculated Number positive samples  Serogroupsc 

Day Serotype BGAnov 
 

 

BGAtet MACchl  L poly A-I, vi 
-5 Rd 0/7 0/7 7/7    

(pre-screen) Np 0/7 0/7 7/7    

1 Rd 7/7 3/6 nd  6 0 

 Np 7/7 4/7 nd  6 2 

2 Rd 7/7 1/7 nd  2 0 

 Np 6/7 4/7 nd  3 5 

3 Rd 7/7 2/7 7/7  4 0 

 Np 6/7 2/7 7/7  0 4 

4 Rd 7/7 1/7 nd  2 0 

 Np 6/7 4/7 nd  6 2 

5 Rd 7/7 1/7 7/7  2 0 

 Np 5/7 3/7 7/7  3 3 

6 Rd 5/6 1/6 nd  2 0 

 Np 4/7 3/7 nd  3 3 

7 Rd 5/7 1/7 nd  2 0 

 Np 3/7 3/7 nd  4 1 

Overall Rd 45/48 10/47 14/14  20 0 

(d1-7) Np 37/49 23/49 14/14  29 16 
CTwo isolates (when available) were serogrouped from each positive sample cultured on BGAtet. 
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Table 2. Resistance to individual antibiotics (by day of collection) of fecal MDR generic E. coli (GEC) and 
Salmonella isolates cultured from dairy calves naturally-colonized with MDR GEC and artificially-infected with 
two strains of Salmonella [Newport (Np) and Reading (Rd)] – (Exp. I). 
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Table 3. Multi-drug resistance profiles of fecal MDR generic E. coli (GEC) and Salmonella isolates cultured 
from dairy calves naturally-colonized with MDR GEC and artificially-infected with two strains of 
Salmonella [Newport (Np) and Reading (Rd)] – (Exp. I). 
 

 
ACSSuT, resistant to ampicillin, chloramphenicol, streptomycin, sulfisoxazole and tetracycline. 
BACSuTm, resistant to ampicillin, chloramphenicol and trimethoprim-sulfamethoxazole. 
CACSuTAuCf, resistant to ACSSuT plus amoxicillin-clavulanic acid and ceftiofur. 
DMDR-AmpC, ACSSuTAuCf plus decreased susceptibility to ceftriaxone (MIC > 2 µg/ml). 
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Table 4. Fecal shedding of Salmonella and naturally-occurring MDR generic E. coli in untreated (control) 
dairy calves or animals dosed with rumen fluid from an adult cow or chemically defaunated. Fecal 
samples were plated on brilliant green agar (BGA) containing novobiocin (nov) or tetracycline (tet) for 
culture of all Salmonella isolates or for MDR isolates, respectively. Fecal samples were plated on 
MacConkey’s agar containing chloramphenicol to culture for MDR generic E. coli (Exp. II). 

 
 

 
Table 5. Multi-drug resistance profiles of fecal MDR generic E. coli (GEC) isolates cultured from naturally-
colonized dairy calves (Experiment II). 

 
aACSSuT, resistant to ampicillin, chloramphenicol, streptomycin, sulfisoxazole and tetracycline. 
bACSuTm, resistant to ampicillin, chloramphenicol and trimethoprim- sulfamethoxazole. 
cACSSuTAuCf, resistant to ACSSuT plus amoxicillin-clavulanic acid and ceftiofur. 
dMDR-AmpC, ACSSuTAuCf plus decreased susceptibility to ceftriaxone (MIC > 2 µg/ml). 

 


