1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

s NIH Public Access
Y,

Author Manuscript

Published in final edited form as:
J Dairy Sci. 2005 April ; 88(4): 1391-1398.

Presence of Multidrug Resistant Enteric Bacteria in Dairy Farm
Topsoil

J. M. Burgos, B. A. Ellington, and M. F. Varela
Eastern New Mexico University, Department of Biology, Station 33, Portales, NM 88130

Abstract

In addition to human and veterinary medicine, antibiotics are extensively used in agricultural settings,
such as for treatment of infections, growth enhancement and prophylaxis in food animals, leading to
selection of drug and multidrug resistant bacteria. In order to help circumvent the problem of bacterial
antibiotic resistance, it is first necessary to understand the scope of the problem. However, is it not
fully understood how widespread antibiotic resistant bacteria are in agricultural settings. The lack of
such surveillance data is especially evident in dairy farm environments, such as soil. It is also
unknown to what extent various physiological modulators, such as salycilate, a component of aspirin
and known model modulator of multiple antibiotic resistance (mar) genes, influence bacterial
multidrug resistance. We isolated and identified enteric soil bacteria from local dairy farms within
Roosevelt County, NM, determined the resistance profiles to antibiotics associated with mar, such
as chloramphenicol, nalidixic acid, penicillin G and tetracycline. We then purified and characterized
plasmid DNA and detected mar phenotypic activity. The minimal inhibitory concentrations (MICs)
of antibiotics for the isolates ranged between 6 - >50 pg/mL for chloramphenicol, 2-8 pg/mL for
nalidixic acid, 25- >300 pg/mL for penicillin G and 1- > 80 pug/mL for tetracycline. On the other
hand, the many of the isolates had significantly enhanced MICs for the same antibiotics in the
presence of 5 mM salycilate. Plasmid DNA extracted from 12 randomly chosen isolates ranged in
size between 6 and 12.5kb and in several cases conferred resistances to chloramphenicol and
penicillin G. It is concluded that enteric bacteria from dairy farm topsoil are multi-drug resistant and
harbor antibiotic resistance plasmids. A role for dairy topsoil in zoonosis is suggested, thus
implicating this environment as a reservoir for bacterial resistance development against clinically
relevant antibiotics.
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INTRODUCTION

Bacterial antibiotic resistance is an emerging and serious public health concern due to the
compromised efficacy of antimicrobial agents used in the treatment of infectious diseases
(Martinez and Baquero, 2002; Neu, 1992; Cohen, 1992). Members of the Enterobacteriaceae
family of bacteria are medically important as infectious agents, exhibit antibiotic resistances
and are present in large numbers in the animal gut (Paterson, 2002; Rupp and Fey, 2003).
Antibiotics are extensively used in human and veterinary medicine, and in agricultural settings,
such as for the treatment of infections, growth enhancement and prophylaxis in food animals,
potentially leading to selection of drug and multidrug resistant bacteria (Aarestrup, 1999;
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Barbosa et al., 2000b). In addition, antibiotic-producing microorganisms are found naturally
in soil, suggesting intrinsic chromosomal antibiotic resistance originated in the soil in response
to inhibitory environments generated by such antibiotic-producing microorganisms (George
and Levy, 1983; Randal and Woodward, 2001). Whether commercially made or naturally
occurring, stable antibiotics accumulate in soil inhabited by food animals and where antibiotics
are used, thus selecting for multidrug resistant bacteria, which can be chromosomally-
(intrinsic) or plasmid-encoded (acquired) (Bradford et al., 1999, Davies et al., 1999; Hanzawa
et al., 1984; Owens et al., 2001; George and Levy, 1983; Randal and Woodward, 2001).

Uncontrolled use of antibiotics in medicine and in farm animals has led to selection of multiple
antibiotic resistant bacteria in humans and cattle, respectively (Bradford et al., 1999; Davies
et al., 1999). Consequently, enteric bacteria such as Escherichia coli, Enterococcus faecalis,
and Salmonella spp. are not only resistant to multiple antibiotics given to animals but also to
antibiotics made available to humans (Hanzawa et al., 1984; Owens et al., 2001; Bradford et
al., 1999). These enteric bacteria are found in the intestinal tract of humans and of cattle
(Hanzawa et al., 1984; Bradford, 1999), providing a potential reservoir for these
microorganisms in medicine and agriculture. Regarding agriculture in particular, if humans
come in direct contact with infected fecal matter, transmission of antibiotic resistant bacteria
is possible (Levy, 1992; van den Bogard and Stobberingh, 1999). Consequently, antibiotic
resistance genes, if transferred to human microflora, may reduce efficacy of treatment for
infectious diseases (Ferber, 2002, Winokur et al., 2001).

Although it is not completely understood how widespread the frequency of antibiotic resistant
bacteria are in the non-nosocomial community, the lack of surveillance data is especially
evident in important agricultural environments, such as dairy farm soil. Whether antibiotics
are improperly used or naturally occurring, it nonetheless remains unclear to what extent dairy
soil harbors multidrug resistant bacteria. Furthermore, it is unknown to what extent various
modulators of enteric multiple antibiotic resistance (mar) genes (Alekshun and Levy, 1997,
Cohen, etal., 1993, Moken, et al., 1997), such as salycilate, a component of aspirin and known
model modulator of mar, influence multidrug resistance among agriculturally derived soil
bacterial isolates (Barbosa and Levy, 2000a). Other mar modulators include organic solvents,
oxidative stress agents and household disinfectants (White, et al, 1997). Once surveillance data
are known from the standpoint of intrinsic and inducible bacterial multidrug resistances in
agriculture, such as dairy farms, it could then become possible to invoke measures to reduce
the conditions that lead to antibiotic resistance, and thus limit conditions that foster the spread
or fixation of resistant infectious microorganisms in dairy farm environments.

Therefore, the objectives of our study are (i) to understand how widespread antibiotic resistant
enteric bacteria are in an agricultural setting, i.e., dairy soil, and (ii) to determine to what extent
salycilate influences bacterial antibiotic resistance. Here, we examined bacterial soil isolates
from dairy farm soil for multiple resistances to antibiotics that are relevant in human clinical
(nalidixic acid, penicillin and chloramphenicol), veterinary (nalidixic acid, penicillin) and
agricultural (tetracycline) settings. The work suggests that enteric bacteria from dairy farm
topsoil contain inducible chromosomal elements that confer multiple antibiotic resistances and
which harbor plasmids encoding resistance genes. This implies a role for dairy farm topsoil in
zoonosis as well as in providing a reservoir for multidrug resistant bacteria.

MATERIALS AND METHODS

Soil Sample Collection and Bacterial Isolation

Topsoil was sampled from 11 randomly selected dairy farms in Roosevelt County, NM during
September 2001-February 2002. The sampling and randomization strategies were as follows.
For each dairy, three corrals were randomly selected, and three soil samples from each of the
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three corrals were taken. At the outer boundaries of the corral, base lines at right angles to each
other were established through two axes of the area (corral), followed by pairs of randomly
selected numbers to serve as coordinates for locating quadrats with references to the base lines.
The apparatus, or quadrat, was a square device measuring 0.5 m x 0.5 m in length. The device
was placed on the ground based on the randomly selected coordinates and a sample was taken
from the middle of the quadrat. A total of 9 samples were obtained from each dairy farm (3
samples from 3 randomly chosen corrals), plus 9 samples from adjacent roadsides as controls.
About 5 g of topsoil were obtained per sample, transferred into 20 mL of LB broth, shaken,
and placed in ice for 20 min. Each soil sample was centrifuged at 4 °C at 13,000 xg for 30 s.
Then, 20 pL of the supernatant were plated onto MacConkey agar plates containing 1% lactose
and incubated at 37 °C for 24 h to select for enteric bacteria. Bacterial clones were colony-
purified from each sample first by plating on LB agar and incubating at 37 °C for 24 h. Colonies
were picked, grown in LB broth at 37 °C for 24 h, and the isolates were stored in 25 % glycerol
at —20 °C. MacConkey agar plates containing 1% lactose were inoculated using either frozen
bacterial stocks or fresh overnight cultures. Isolates were incubated at 37 °C for 24 h and
identified using the BBL Crystal Identification System as specified by the manufacturer
(Becton Dickenson Microbiology Systems, Sparks, Maryland). Briefly, isolates were
suspended in BBL Crystal Enteric/Stool Inoculum Fluid, vortexed for 10-15 s, inoculated, and
incubated for 24 h at 37 °C. After incubation, the kits were scored for identification. After
identification, 22 of the isolates were designated as the working set according to their medical
interest or to the amount of bacteria available in each genus.

Antibiotic Susceptibility Assays

Four antibiotics were chosen because either of their association with mar or their widespread
use in dairy cattle: chloramphenicol (Cm), nalidixic acid (Nal), penicillin G (Pn G), and
tetracycline (Tc). The levels of isolate resistance to the antimicrobial agents were determined
by the gradient plate method as described by Hachler et al (1991) and George and Levy
(1983) and scored for susceptibilities and resistances according to the National Committee for
Clinical Laboratory Standards (2000). Briefly, isolates were grown to mid-log phase in L broth
(10 g tryptone; 5g NaCl; 5 g yeast extract; 2 g glucose) at 30 °C and streaked with sterile cotton
swabs onto 1-3 hour-old L agar antibiotic gradient plates. The plates were incubated for 40 h
at 30 °C. MICs were determined by interpolation of the relative lengths of growth, assuming
a linear gradient across the plate.

Phenotypic Analysis of mar Locus Activity

Induction of mar operon activity was phenotypically assayed using modified methods of
Hachler et al (1991) and George and Levy (1983). Bacteria in mid-log phase were streaked
onto 1-3 hour-old L agar antibiotic gradient plates supplemented with 5 mM salycilate. The
inoculated plates were incubated for 40 h at 30 °C, and the MICs were determined as described
above.

Analysis of Bacterial-Isolate Plasmids

Plasmid DNA was prepared from the isolates as described by Maniatis et al (1982). Briefly,
overnight cultures were harvested by centrifugation at 14,000 xg for 30 s, and the bacterial
pellets were resuspended in 25 mM Tris Cl buffer (pH 8.0) containing 50 mM glucose, 10 mM
EDTA. Then, 0.2 N NaOH containing 1% SDS was added and incubated on ice for 15 min,
followed by the addition of 5 M potassium acetate in glacial acetic acid. The mixture was
centrifuged at room temperature and 14,000 xg for 5 min, and an equal volume of
phenol:chloroform was added to the supernatant, which was then mildly vortexed and
centrifuged at room temperature and 14,000 xg for 2 min. DNA was precipitated with 2
volumes of 100 % ethanol at —20 °C and centrifuged for 5 min as above. The supernatant was
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decanted, and the resulting pellet was air dried and rinsed with ice cold 70 % ethanol. The
supernatant was removed, and the DNA pellet was air dried for 10 min followed by
resuspension in 50 pL of 1.0 M Tris buffer (pH 8.0).

Plasmid DNA was analyzed, after restriction endonuclease digest, by gel electrophoresis and
ethidium bromide staining using a 1 kb DNA ladder (New England Biolabs, Boston, MA).
Plasmid DNAs from selected isolates were used for transformation of competent E. coli strain
AG100/Kan (Table 1). Transformants were prepared by transferring 300 pL of AG100/Kan
competent cells and 5 uL of plasmid DNA into sterile pre-chilled microfuge tubes. The cells
were incubated on ice for 40 min, heat shocked at 42 °C for 45 s, and incubated with gentle
shaking in LB broth at 37 °C for 1 h. Transformants were added to 1-day-old plates containing
either Pn G (70 pg/mL) or Cm (10 pg/mL) and incubated for 24 h at 37 °C. Transformant
colonies were picked and grown in L broth for 24 h at 37 °C and stored at —20 °C as before.
Transformant susceptibility to Cm and PnG was assessed as described above. E.coli DW2
pNOEC73 and AG100/Kan pRU600, two positive controls, were grown at 37 °C in L broth
and at 30 °C when plated onto gradient plates.

Data Analysis

RESULTS

To test for data (MIC in the presence of salycilate) normality, the D’ Agostino test was
conducted as described by Zar (1974) utilizing the grand mean MICs obtained in the absence
and presence of salycilate for 11 isolates. The data were non-normal (P <0.05). Transformation
did not change these results, thus non-parametric analysis was utilized. To test the effects of
salycilate on the antibiotic resistance to chloramphenicol, nalidixic acid, penicillin, and
tetracycline, the non-parametric one tail Wilcoxon-Paired sample test was used as described
by Zar (1996). The one-tailed test was used, as the priori hypothesis was that salycilate
increased antibiotic resistance in the isolates. Results were considered significant at P < 0.05.

Isolation of Bacterial Strains

A total of 149 isolates were obtained from the soil of 11 randomly sampled dairy farms, and
9 isolates were obtained from adjacent roadsides (non-dairy soil). Of the 102 isolates that were
definitively identified, 22 were chosen for further study on the basis of medical importance or
high frequency of occurrence, and they were also selected from a wide range of dairy farm
locations (Table 1).

Antibiotic Susceptibility Profiles of Soil Isolates

Low levels of antibiotic resistances were observed in control isolates K. pneumoniae (isolates
# 3 and 4) obtained from an adjacent dairy farm road (Table 2). Slightly more than a third of
the isolates from dairy corrals showed relatively low-levels of resistance to the antibiotics
chloramphenicol, nalidixic acid, penicillin, and tetracycline (Table 2). Most of the isolates
demonstrated the least resistance to nalidixic acid, with MICs ranging from 2 — 8 ug/mL, and,
in most cases, tetracycline, with MICs ranging from 1 - > 80 ug/mL. Higher resistance levels
were observed to chloramphenicol, with MICs 9 — >50 pg/mL. However, Citrobacter
braakii (isolate # 26), C. freundii (isolate # 41), Enterobacter gergoviae (isolate # 81), E.
taylorae (isolates # 55 and 108), Klebsiella pneumoniae (isolates # 90 and 94), Pseudomonas
aeruginosa (isolates # 31 and 84), and Proteus mirabilis (isolates #28 and 33) showed high-
level resistance (MICs > 50 pg/mL) to penicillin. Furthermore, C. koseri (isolate # 32), E.
coli (isolate # 12), K. pneumoniae (isolates # 3, 4, 6, and 8), P. fluorescens (isolate # 85), P.
mirabilis (isolate #36), P. vulgaris (isolate # 148), Shigella spp. (isolate # 78), and Serratia
plymuthica (isolate # 21), although they did not express high-levels of antibiotic resistance,
showed higher resistance to penicillin than to chloramphenicol, nalidixic acid and tetracycline
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(Table 2). With the exception of resistance to penicillin, the isolates were, in most cases, more
resistant than the mar-deleted negative control, AG100, and less resistant than the constitutive
mar mutant positive control, AG112 (Table 2).

Analysis of mar Phenotype

Significantly increased resistances to chloramphenicol, nalidixic acid, penicillin and
tetracycline were observed (P <0.01) in the presence of 5 mM salycilate compared to controls
without salycilate (Table 2). In fact, the antibiotic resistance levels were doubled or tripled on
average. Moreover, certain isolates, e.g., Shigella spp. (isolate # 78) and E. gergoviae (isolate
# 81), showed more than a five and six-fold increase in resistance to chloramphenicol,
respectively. The same effect was observed with tetracycline, penicillin and nalidixic acid, to
which the isolates were previously least resistant in the absence of salycilate (Table 2). As seen
in Table 2, K. pneumoniae (isolate # 3) from roadside control soil was not induced by salycilate,
as its MIC for tetracycline was reduced from 10 to 8 ug/mL. E. coli AG100/Kan, the negative
control, was induced by salycilate, thereby expressing equal or higher MICs than AG112, the
positive control. Both controls demonstrated high-level resistance to penicillin in the presence
of salycilate (Table 3).

Involvement of Plasmid DNA on Antibiotic Resistance

The presence of plasmid DNA was analyzed to assess whether elements other than the possible
mar operon were contributing to the antibiotic resistances seen in the dairy soil isolates.
Extracted plasmids ranged in size from 7.2 — 11.9 kbp according to restriction endonuclease
analysis (data not shown). E. coli strain AG100/Kan transformants harboring the new plasmids
demonstrated low-level resistances to chloramphenicol and penicillin, with MICs from 6 — 13
pg/mL and 26 — 43 pg/mL, respectively (Table 3). E. coli AG100/Kan containing plasmids
pJB-3 or pJB-31 showed lower resistance to chloramphenicol than the wild-type, while AG100/
Kan harboring pJB-6, pJB-12 or pJB-32 showed higher chloramphenicol resistance than
plasmid-free AG112 wild-type cells (Table 3). Likewise, resistance to penicillin was lower in
AG100/Kan cells containing pJB-3, pJB-6, pJB-12, pJB-31 or pJB-32 than in plasmid-free
wild-type cells.

DISCUSSION

In this study, a phenotypic analysis of the mar operon-like activity using salycilate was
examined in dairy farm soil bacterial isolates in order to address the potential problem of
emerging antibiotic resistance in dairy cattle. Low-level resistances were demonstrated in K.
pneumoniae (isolates # 3 and 4) obtained from an adjacent dairy farm road (control isolates)
and suggests a dissemination of antibiotic resistance from the corrals. With the exception of
K. pneumoniae (isolate # 3), a 2-, 3-, or 5-fold increase in resistance to chloramphenicol,
nalidixic acid, penicillin and tetracycline were observed with salycilate. Antibiotic resistance
levels were significantly increased in the presence of salycilate compared to controls lacking
salycilate (P < 0.01), in many of the isolates, such as in K. pneumoniae (isolate # 4) and S.
plymuthica (isolate # 21), (see Table 2). Although a mar phenotype was observed with
salycilate induction, possession of a mar operon was not studied in this report. Cohen et al
(1993) has shown that the mar operon is conserved within members of the Enterobacteriaceae
family, such as S. flexneri, Salmonella spp., and E. aerogenes, (Rajakumar et al.,
1997;Kunonga et al., 2000;Chollet et al., 2002). K. oxytoca has a partially identified mar
sequence (Chollet et al., 2002).

The low-level antibiotic resistance seen in Table 2 and the salycilate induction in Table 3
suggest involvement of mar, or other mar-like chromosomal elements in the topsoil isolates.
Unlike high-level resistance, low-level antibiotic resistance has been shown to be the result of
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mutational events in chromosomal housekeeping genes (Baquero, 2001). Furthermore, other
chromosomal elements have been implicated in eliciting low-level multiple antibiotic
resistance, including the pgrA gene in P. vulgaris, aarP in Providencia stuartii, and ramA in
E. cloacae (Ishida et al., 1995;Macinga et al., 1995;Lee et al., 2000;Alekshun and Levy,
1997). Moreover, the observed salycilate induction observed in Table 3 might be a result of
induction of genes/operons independent of mar, as induction with salycilate has been shown
to not be limited to the mar operon (Cohen et al., 1993). Salycilate-inducible antibiotic
resistance resulted in decreased porin channel expression in Burkholderia cepacia (formerly
P. cepacia) and increased fluoroquinolone resistance in Staphylococcus aureus (Burns and
Clark., 1992;Gustafson et al., 1999). Unidentified mar-independent pathways have also been
induced with 5mM salycilate in E. coli (Cohen et al., 1993). This is supported by our
observation of salycilate induction in AG100/Kan, the negative control containing an
interrupted mar locus, in Table 3. Although this suggests a lack of a true negative control in
the experimental design, it nonetheless, and more importantly, indicates the presence of mar-
independent elements capable of modulation by salycilate, and perhaps by other putative
modulators. Future studies are aimed at identifying the mar-independent mechanism(s)
observed in the soil isolates in this study.

Considering the prevalence of plasmids in soil bacteria, it was not unexpected that we found
higher resistance to chloramphenicol in AG100/Kan host cells containing plasmids pJB-1,
pJB-6, pJB-11, pJB-12, pJB-20, pJB-21, pJB-22 and pJB-32 (Table 3) compared to wild-type
cells without plasmid (Table 2). This may possibly be due to an increase in copy number, as
plasmid copy number has been shown to affect the general phenotype expressed by plasmids
(Snyder and Champness, 1997), although we have not tested this possibility directly.
Conversely, low copy number plasmids might be implicated in conferring lower resistances
than the wild type to both chloramphenicol and penicillin as seen in AG100/Kan cells with
plasmids pJB-3, pJB-5, pJB-31, and pJB-35 (Tables 2 and 3). In any case, the presence of
chloramphenicol resistance conferring plasmids (MICs 10-13 pg/mL) in these dairy soil
bacteria is striking, as the plasmids might also harbor other pathogenic genes that could in turn
lead to zoonosis upon contact with dairy farm topsoil. Consequently, a soil-borne mode of
transmission is implied for bacteria harboring genes encoding virulence factors and other
antibiotic resistances. Plasmid gene transfer between food animals and humans was
demonstrated by detection of ampC in Salmonella and in E. coli isolates (Winokur et al.,
2001). Future studies are aimed at characterizing the acquired plasmids and assessing types of
genes encoded in these potentially mobile elements. For instance, low-level antibiotic
resistance pumps such as Cmr could be involved in the presence of chloramphenicol resistance
(Desomer et al, 1992). In addition, resistances to other commonly utilized antibiotics in dairy
farms are a focus of future studies.

The observed high-level resistances to tetracycline and penicillin by K. pneumoniae (isolates
#90 and 94), P. aeruginosa (isolates # 31 and 84), and E. taylorae (isolates # 55 and 108) (Table
2) implies a step-wise evolution of resistance from low to high levels of antibiotic resistance,
although the exact mechanisms of resistances were not established in this study. Speculatively,
this process could occur through a combination of bacterial resistance mechanisms (i.e. efflux
pumps and porin mutations) which result in a phenotype that is higher than that of the single
gene or by the facilitation of a second mechanism responsible for eliciting high-levels of
antibiotic resistance (Baquero, 2001;Martinez and Baquero, 2000). Alternatively, it could be
argued that the high resistances to penicillin and tetracycline are due to plasmid acquisition,
as it has been shown that plasmids harboring tet(M) and B-lactamase genes are not only
responsible for conferring high-level resistance but are also ubiquitous in soil particles (Chopra
and Roberts, 2001;Chee-Sanford et al., 2001). However, the step-wise evolution process is
more likely to have occurred due to the chronic soil exposure to excreted penicillin and
tetracycline and the observation that few isolates elicited high level resistances.
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CONCLUSIONS

Concerns with the increased use of antibiotics in veterinary medicine have prompted a closer
analysis of resistance mechanisms in zoonotic pathogens, primarily in soil of food animal
environments. It is possible that mar or mar-like genetic elements exist in dairy soil bacteria.
It is striking that plasmids conferring chloramphenicol and possibly penicillin G resistances
were detected in the soil isolates, suggesting compromised efficacy. In addition to supporting
the hypothesis that dairy farm topsoil can serve as a mode of zoonotic transmission, the
observed high-level antibiotic resistances suggest that dairy farm topsoil also serves as an
environment in which clinically relevant resistance can develop. Thus, this study suggests the
involvement of antibiotic resistance genes in zoonosis from dairy farm topsoil bacteria. It is
noteworthy that due to poor absorption of drugs by food animals, there is a possibility that low-
levels of antibiotic resistance might persist on dairy farm topsoil or any food environment even
if prudent use of antibiotic takes place, suggesting the need for topsoil analysis of antibiotic
residues in addition to establishment of surveillance programs for antibiotic resistant bacteria
in the feces or intestine of food animals.
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Abbreviation key
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multiple antibiotic resistance operon
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minimal inhibitory concentration
References

Aslanidis C, Schmid K, Schmitt R. Nucleotide sequences and operon structure of plasmid-borne genes
mediating uptake and utilization of raffinose in Escherichia coli. J Bacteriol 1989;171:6753-63.
[PubMed: 2556373]

Alekshun M, Levy SB. Regulation of Chromosomally Medicated Multiple Antibiotic Resistance: The
mar operon. Antimicrob Agents Chemother 1997;41:2067-2075. [PubMed: 9333027]

Aarestrup FM. Association Between the Consumption of Antimicrobial Agents in Animal Husbandry
and the Occurrence if Resistant Bacteria Among Food Animals. IntJ Antimicrob Agents 1999;12:279-
285. [PubMed: 10493603]

Baquero F. Low-Level Antibacterial Resistance: A Gateway to Clinical Resistance. Drug Resist Updates
2001;4:93-105.

Barbosa T, Levy SB. Differential Expression of over 60 Chromosomal Genes in Escherichia coli by
Constitutive Expression of MarA. J Microbiol 2000a;182:3467-3480.

Barbosa T, Levy SB. The impact of antibiotic use on resistance development and persistence. Drug Resist
Updates 2000b;3:303-311.

Bradford PA, Peterson PJ, Fingerman IM, White DG. Characterization of Expanded Cephalosporin
Resistance in E. coli Isolates Associated With Bovine Calf Diarrhoeal Disease. J Antimicrob
Chemother 1999;44:607-610. [PubMed: 10552976]

BurnsJL, Clark DK. Salycilate-Inducible Antibiotic Resistance in Pseudomonas cepacia Associated with
Absence of a Pore-Forming Outer Membrane Protein. Antimicrob Agents Chemother 1992;36:2280—
2285. [PubMed: 1280056]

J Dairy Sci. Author manuscript; available in PMC 2008 June 28.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Burgos et al.

Page 8

Chee-Sanford JC, Aminov RI, Mackie RI. Occurrence and Diversity of Tetracyline Resistance Genes in
Lagoons and Groundwater Underlying Two Swine Production Facilities. Appl Environ Microbiol
2001;67:1494-1502. [PubMed: 11282596]

Chollet R, Bollet C, Chevalier J, Malléa M, Pagées JM, Davin-Regli A. mar Operon Involved in Multidrug
Resistance of Enterobacter aerogenes. Antimicrob Agents Chemother 2002;46:1093-1097.
[PubMed: 11897595]

Chopra I, Roberts M. Tetracycline Antibiotics: Mode of Action, Applications, Molecular Biology, and
Epidemiology of Bacterial Resistance. Microbiol Mol Biol Rev 2001;65:231-260.

Cohen M. Epidemiology of Drug Resistance: Implications for a Post-Antimicrobial Era. Science
1992;257:1050-1055. [PubMed: 1509255]

Cohen SP, Levy SB, Foulds J, Rosner J. Salycilate-Induction of Antibiotic Resistance in Escherichia
coli: Activation of the mar Operon and a mar-Independent Pathway. J Bacteriol 1993;175:7856—
7862. [PubMed: 7504664]

Davies JE, Roberts MC, Levy SB, Miller GH, O’Brien TF, Tenover TC. Antimicrobial Resistance: An
Ecological Perspective. Report from Colloquium Held in San Juan, Puerto Rico. 1999

Desomer J, Vereecke D, Crespi M, Van Montagu M. The plasmid-encoded chloramphenicol-resistance
protein of Rhodococcus fascians is homologous to the transmembrane tetracycline efflux proteins.
Mol Microbiol 1992;6:2377-2385. [PubMed: 1406276]

Ferber D. Livestock Feed Ban Preserves Drugs’ Power. Science 2002;295:27-28. [PubMed: 11778017]

George AM, Levy SB. Amplifiable Resistance to Tetracycline, Chloramphenicol, and Other Antibiotics
in Escherichia coli: Involvement of a Non-Plasmid-Determined Efflux of Tetracycline. J Bacteriol
1983;155:531-540. [PubMed: 6348022]

Gustafson JE, Candelaria PV, Fisher SA, Grubb WB. Growth in the Presence of Salycilate Increases
Fluoroquinolone Resistance in Staphylococcus aureus. Antimicrob Agents Chemother 1999;43:990—
992. [PubMed: 10103221]

Hachler H, Cohen SP, Levy SB. marA, a Regulated Locus Which Controls Expression of Chromosomal
Multiple Antibiotic Resistance in Escherichia coli. J Bacteriol 1991;173:5532-5538. [PubMed:
1715857]

Hanzawa Y, Oka C, Ishiguru N, Sato G. Antibiotic Resistant Coliforms in the Waste of Piggeries and
Dairy Farms. Jpn J Vet Sci 1984;46:363-372.

Ishida H, Fuziwara H, Kaibori Y, Osada Y. Cloning of Multidrug Resistance gene pgrA from Proteus
vulgaris. Antimicrob Agents Chemother 1995;39:453-457. [PubMed: 7726514]

Kunonga NI, Sobiesky RJ, Crupper SC. Prevalence of the Multiple Antibiotic Resistance Operon
(marRAB) in the genus Salmonella. Microbiol Lett 2000;187:155-160.

Lee A, Mao W, Warren MS, Mistry A, Hoshino K, Okumura R, Ishida H, Lomovskaya O. Interplay
Between Efflux Pumps May Play Either Additive or Multiplicative Effects on Drug Resistance. J
Bacteriol 2000;182:3142-3150. [PubMed: 10809693]

Levy, SB. The Antibiotic Paradox: How Miracle Drugs Are Destroying the Miracle. Plenum Press; New
York: 1992.

Macinga D, Parojcic MM, Rather PN. Identification and Analysis of aarP, a Transcriptional Activator
of the 2’-N-Acetyltransferase in Providencia stuartii. J Bacteriol 1995;177:3407-3413. [PubMed:
7768849]

Maniatis, T.; Fritsch, EF.; Sambrook, J. Molecular Cloning: A Laboratory Manual. Cold Spring Harbor;
1982.

Martinez JL, Baquero F. Mutation Frequencies and Antibiotic Resistance. Antimicrob Agents Chemother
2000;44:1771-1777. [PubMed: 10858329]

Martinez JL, Baquero F. Interactions among Strategies Associated with Bacterial Infection:
Pathogenicity, Epidemicity, and Antibiotic Resistance. Clin Microbiol Rev 2002;15:647-679.
[PubMed: 12364374]

Moken ME, McMurry LM, Levy SB. Selection of Multiple-Antibiotic Resistant (Mar) Mutants of
Escherichia coli by Using the Disinfectant Pine Oil: Roles of the mar and acrAB loci. Antimicrob
Agents Chemother 1997;41:2770-2772. [PubMed: 9420057]

J Dairy Sci. Author manuscript; available in PMC 2008 June 28.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Burgos et al.

Page 9

National Committee for Clinical Laboratory Standards. 2000. Methods for dilution antimicrobial
susceptibility tests for bacteria that grow aerobically, 5th ed., vol. 20, no. 2. Approved standard M7-
Ab5. National Committee for Clinical Laboratory Standards, Wayne, Pa.

Neu, Harold. The Crisis in Antibiotic Resistance. Science 1992;257:1064-1072. [PubMed: 1509257]

Oethinger M, Kern WV, Jellen-Ritter AS, McMurray LM, Levy SB. Ineffectiveness of Topoisomerase
Mutations in Mediating Clinically Significant Fluoroquinolone Resistance in Escherichia coli in the
Absence of the AcrAB Efflux Pump. Antimicrob Agents Chemother 2000;44:10-13. [PubMed:
10602715]

Okazaki N, Jue XX, Miyake H, Kuroda M, Shimamoto T, Tsuchiya T. Sequence of amelibiose transporter
gene of Enterobacter cloacae. Biochim Biophys Acta 1997;1354:7-12. [PubMed: 9375783]

Owens WE, Nickerson SC, Boddie RL, Tomita GM, Ray CH. Prevalence of Mastitis in Dairy Heifers
and Effectiveness of Antibiotic Therapy. J Dairy Sci 2001;84:814-817. [PubMed: 11352157]

Paterson DL. Serious infections caused by enteric gram-negative bacilli--mechanisms of antibiotic
resistance and implications for therapy of gram-negative sepsis in the transplanted patient. Semin
Respir Infect 2002;17:260-4. [PubMed: 12497542]

Rajakumar K, Bulach D, Davies J, Ambrose L, Saakawa C, Adler B. Identification of a Chromosomal
Shigella flexneri Multi-Antibiotic Resistance Locus which Shares Sequence and Organizational
Similarity with the Resistance Region of the Plasmid NR1. Plasmid 1997;37:159-168. [PubMed:
9200219]

Randal L, Woodward MJ. Multiple Antibiotic Resistance (mar) Locus in Salmonella enterica Serovar
Typhymurium DT104. Appl Environ Microbiol 2001;67:1190-1197. [PubMed: 11229910]

Rupp ME, Fey PD. Extended spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae:
considerations for diagnosis, prevention and drug treatment. Drugs 2003;63:353-365. [PubMed:
12558458]

Snyder, L.; Champness, W. Molecular Genetics of Bacteria. ASM Press; Washington, DC: 1997.

Van Den Bogaard AE, Stobberingh EE. Antibiotic Usage in Animals: Impact on Bacterial Resistance
and Public Health. Drugs 1999;58:589-607. [PubMed: 10551432]

White DG, Goldman JD, Demple B, Levy SB. Role of the acrAB Locus in Organic Solvent Tolerance
Mediated by Expression of marA, soxS, or robA in Escherichia coli. J Bacteriol 1997;179:6122—
6126. [PubMed: 9324261]

Wilson DM, Wilson TH. Cation specificity for sugar substrates of the melibiose carrier in Escherichia
coli. Biochim Biophys Acta 1987;904:191-200. [PubMed: 3311166]

Winokur PL, Voinstein DL, Hoffman LJ, Doern GV. Evidence for Transfer of CMY-2 AmpC f-
Lactamase Plasmids between Escherichia coli and Salmonella Isolates from Food Animals and
Humans. Antimicrob Agents Chemother 2001;45:2716-2722. [PubMed: 11557460]

Zar, J. Biostatistical Analysis. Prentice Hall; Englewood Cliffs, New Jersey: 1974.

Zar, J. Biostatistical Analysis. 3. Prentice Hall; Upper Saddle River: 1996.

J Dairy Sci. Author manuscript; available in PMC 2008 June 28.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Burgos et al.

Table 1

Bacterial Isolates and Strains Utilized in the Study.

Page 10

Microorganism

Strain Number(s) or Relevant Properties

Source or Reference

Citrobacter braakii
Citrobacter freundii
Citrobacter koseri
Enterobacter gergoviae
Enterobacter taylorae
Escherichia coli

E. coli AG100/Kan

E. coli AG100/Kan/pRU600

E. coli AG112
E. coli DW2 pNOE73

Klebsiella pneumoniae
Proteus mirabilis
Proteus vulgaris
Pseudomonas aeruginosa
Pseudomonas fluorescens
Shigella spp.

Serratia plymuthica

12

AG100 with kan® replacing the mar locus
AG100 with kan® replacing the mar locus; harbors
plasmid conferring chloramphenicol resistance
cm®).

A1481-1485 in marR locus

Contains plasmid pNOEC73 encoding amp®

32, 42,61, 81,901, 941

28, 33111
1481
31,8411
85

781

211

This study
This study
This study
This study
This study
This study

White, et al, 1997
Aslanidis, et al, 1989

Oethinger, et al, 2000

Okazaki, et al, 1997; Wilson and Wilson,
1987

This study

This study
This study
This study
This study
This study
This study

1 . L
Isolates were obtained from corrals of dairies.

2 .
Isolates were from adjacent roads.
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Table 3
Susceptibility of Plasmid Transformants (AG100/Kan pJB1-35) to Chloramphenicol and Penicillin G
miIc?

Cell Type/PIasmid:L Cm PnG
AG100/Kan 5+0.9 21+3
AG112 9+08 61
pJB-1 11+1 3
pJB-3 9+1 30+6
pJB-5 6+0.6 30+7
pJB-6 1242 32+7
pJB-11 10£1 305
pJB-12 10+0.8 3
pJB-20 10£1 36
piB-21 10+0.9 3
piB-22 13£2 43+11
pJB-28 3 40
pJB-31 9+0.8 32
pJB-32 11+1 30+7
pJB-35 6+0.8 26+ 4
DW2/pNOEC73 3 >80
AG100/Kan/pRU600 >35 3

Numbers in the plasmid designations indicate the particular isolate from which the plasmid originated.

MIC units are in pg/mL. Results were obtained by using the gradient plate method. The overlay was constructed by supplementing L agar with
chloramphenicol (Cm) or penicillin G (Pn G) in the absence or presence of 5 mM salycilate. Transformant Bacteria in log phase were inoculated 1-3
hours after addition of the overlay with sterile cotton swabs. The plates were incubated for 40 hours at 30°C. MIC’s were determined for growth between
40-70% along the gradient. Results are average values from five independent experiments with 15 replications.

3Not determined
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