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JUMMARY

Emergence of bacterial antimicrobial resi stance has become a seriousworl dwide problem. Antimicrobial susceptibility
testing was performed on atotal of 150 Escherichia coli isolatesfrom diarrheic, mastitic and control cattle. Among the 11
antimicrobial agentstested, resistance was most frequently found for ampicillin, streptomycin and tetracyclinein isolates
from the diarrheic and mastitic groups. Theisolatesfrom the control group were susceptibleto all agentstested. Multidrug
resistance was found among 30.0% of theisolatesfrom the diarrheic group and among 14.0% from the mastitic group. The
potential of the transfer of antimicrobial resistance by enteric bacteria from animals used as food source to human
populationsis a cause of concern. Surveillance is an essential part of apolicy of rational use of antimicrobial agents and
should lead to regular and continuous monitoring of the antimicrobial bacteria resistance to avoid its increase among
animal faecal flora
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RESUMO

A existéncia de resisténcia aos agentes antimicrobianos entre as bactérias tem-se revelado um sério problema o
qual afeta o mundo inteiro. Teste de sensibilidade a antimicrobianos foi realizado em 150 cepas de Escherichia coli
provenientes de gado diarréico, mastitico e saudéavel. Entre os 11 agentes antimicrobianos testados, a resisténcia mais
freglientemente encontrada foi para ampicilina, estreptomicina e tetraciclina, entre as cepas provenientes dos grupos
diarréico e mastitico. As cepas provenientes do grupo controle se mostraram sensiveis atodos os agentes antimicrobianos
testados. Multiresisténcia a dois ou mais agentes antimicrobianos foi mostrada em 30,0% das cepas provenientes do
grupo diarréico e 14,0% das cepas provenientes do grupo mastitico. A potencialidade de transferéncia de resisténcia a
antimicrobianos das bactérias entéricas dos animais para as popul agdes humanas representa um motivo de preocupagéo.
O levantamento de informagOes é fundamental na utilizagdo racional de agentes antimicrobianos e deve possuir um
monitoramento regular e conti nuo, evitando o aumento da resisténcia a antimicrobianos na florafecal.
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RESUMEN

Laexistenciade resistenciaal os agentes antimicrobianos entre las bacterias se harevelado como un serio problema
gue afecta el mundo entero. El teste de sensibilidad a antimicrobianos fue realizado en 150 cepas de Escherichia coli
provenientes de ganado diarreico, mastitico y saludable. Entre los 11 agentes antimicrobianos testados |a resistencia mas
frecuentemente encontrada fue paralaampicilina, estreptomicinay tetraciclina, entrelas cepas provenientes delos grupos
diarreicoy mastitico. Las cepas provenientes del grupo control se mostraron sensibles atodos|os agentes antimicrobianos
testados. Multiresistencia a dos 0 mas agentes antimicrobianos fue mostrada en 30,0% de las cepas provenientes del
grupo diarreico y 14,0% de las provenientes del grupo mastitico. La potencialidad de transferencia de resistencia a
antimicrobianos de las bacterias entéricas de los animales para las poblaciones humanas representa un motivo de
preocupacion. El levantamiento de informaciones es fundamental en la utilizacidn racional de agentes antimicrobianosy
debe haber monitoreo regular y continuo, evitando €l aumento de la resistencia a antimicrobianos en laflorafecal.
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INTRODUCTION

The emergence and dissemination of antimicrobial
resistance in bacteria, a serious worldwide problem has
been well documented (COHEN, 2000). Selective pressure
favoring increased antimicrobial-resistant phenotypes
occurs whenever antimicrobials are used, in clinical
medicine, in preventing disease and in promoting growth
in animal husbandry. As a consequence, antimicrobial-
resistant bacteria are selected, thereby posing a critical
public health threat by reducing the efficacy of
antimicrobial treatment (TEUBER, 2001, LEVY, 2002,
SCHROEDEREt d., 2002).

The prevalence and degree of antibiotic resistance
foundin bacteriaof thefecal floraof animalsare considered
good indicators of the selective pressure of antibiotic
usage, they correlate with the amount and types of
antimicrobial agents consumed by animal populations
(VAN DEN BOGAARD eSTOBLERINGH, 2000, VAN DEN
BOGAARD et d., 2000).

Many studies on antimicrobial resistance rates of
animal bacteria mostly Escherichia coli have been
published during the last few years (AARESTRUP et al .,
1998, HOYLE et a., 2004). A number of studieson E. coli
resistance have become available, but most of them show
restrictions in one way or another. Current strategies to
monitor the presence of antibiotic resistant bacteria in
animals used as a food sources, target mainly resistance
inclinical specimens, and only periodically involve cross-
sectional evaluation of resistancein faecal floraonalarge
scale (CAPRIOLI et d., 2000, GUN et ., 2003). However,
such surveys do not provide any information about the
dynamics of antibiotic resistance in the normal floraand
the possible interaction of diseased cows with healthier
ones of the same herd. In this study we therefore
investigated the antibiotic resistance of E. coli isolates

from only one farm, to evaluate the transmission of
resistance within aherd and its potential danger to human
health.

MATERIAL AND METHODS

BACTERIAL ISOLATES

A total of 150 E. coli strains were isolated from
fifty magtitic, fifty diarrheic andfifty control animalsliving
a acattlefarmin S&o Paulo State, Brazil, between January
and December of 2004. Fecal samplesfrom diarrheic and
health cattle weretaken rectally, using sterile cotton tipped
swabs, and transported within 2 h to thelaboratory. Cows
suspected of having mastitis were evaluated by the
Cdifornia Mastitis Test (CMT) according to the method
proposed by Schalm e Noorlander (1957) and placed on a
scale ranging from 1-5 (KLASTRUP, 1975). For milk
sampling, teat ends were cleaned with (70%) acohol;
swabs moistened and allowed to dry. After discarding the
first few milk streams, (2-4mL) sampleswerecollectedinto
sterile 10 mL glassflasks and submitted to CMT. Positive
sampleswere refrigerated to about 4 °C and dispatched to
the laboratory without delay. E .coli culture and isolation
were performed according to standard microbiological
procedures. Briefly, afecal sample on acotton tipped swab
or aloop full sample of milk was streaked for isolation
directly on Mac Conkey agar dishes and incubated for 24
h at 37°C. Only one lactose-positive colony from each
samplewas picked and re-streaked onto Mac Conkey agar
and incubated for a further 24 h at 37°C. Biochemical
confirmation of the strainswas performed and E. coli was
defined as oxidase negative, indole positive, Simon’s
citrate negative, urease negative and hydrogen sulfide
negative (KONEMAN et a., 1997).
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SUSCEPTIBILITY TESTING

Antimicrobial disk susceptibility tests were
performed using thedisk diffusion method (BAUER et dl.,
1966) as recommend by the NATIONAL COMMITTEE
FORCLINICAL LABORATORY STANDARDS(NCCLS,
1999). E. coli isolates were transferred from the Mac
Conkey agar plates to trypticase soy broth (TSB). The
cellswereallowed to grow for approximately 4-6h at 37 °C,
until they exceeded the 0.5 McFarland turbidity standard.
NaCl sterile solution (0.85%) wasinocul ated into the TSB
suspension to achieve an optical density corresponding
to 0.5 McFarland units. A sterile non-toxic swab was
dipped into the adjusted suspension and streaked onto
Mueller-Hinton agar plates to form a uniform lawn of
bacterial growth. Drug-impregnated disks (CEFAR) were
placed on the surface of the agar using a disk dispenser.
Eleven antimicrobial agents were selected for the tests:
ampicilin (AMP-10ug); amoxicillin/clavulanic acid (AMC-
30ug); cephalothin (CEP-30pg); ceftriaxone (CEF-30ug);

tetracycline (TET-10ug); gentamicin (GEN-5ug);
streptomycin (S-10ng); amikacin (AMK-30ug);
trimethoprin (TMP-16ug); ndidixic acid (NAL-30ug) and
ciprofloxacin (CIP-5ug).

RESULTS AND DISCUSS ON

Prevalence and extent of antimicrobial resistance
in apopulation is strongly correlated to antibiotic usage,
as selection and dissemination of resistant bacteria are
greatly increased by the pressure exerted by these drugs.
As a consequence, resistance is most commonly found
where there is heavy use of antibiotics and appreciable
host to host contact: sites of intensive farming constitute
alargereservoir of antibiotic resistant bacteria(MURRAY,
1992). Here resistance is selected and perpetuated not
only by the regular veterinary use of antibiotics, but also
by the continuous feeding of antibioticsto enhance animal

Table 1 — Patterns and phenotypes of drug resistance amongst 50 strains of Escherichia coli isolated from diarrheic cattle
and 50 strainsisolated from mastitic cattlein ltuverava/SP, Brazil, between January-December 2004.

PATTERNS PHENOTYPES ORIGIN
Resistant to none (78)* Sensitive (78) Diarrheic/mastitic
Resistant to 2 drugs (8) amp-tet (1) Diarrheic
str- tet (3) Diarrheic
amp-tmp (1) Diarrheic
cef-tmp (1) Mastitic
cef-tet (1) Mastitic
tmp-nal (1) Mastitic
Resistant to 3 drugs (5) amp-str-tet (4) Diarrheic
amp-str-tmp (1) Diarrheic
Resistant to 4 drugs (9) amp-str-tet-tmp (4) Diarrheic
amp-amc-str-tet (1) Diarrheic
amp-cef-nal-tmp (4) Mastitic

* Number of strains is given in parentheses.

Amc- amoxicillin/clavulanic acid; Amk- amikacin; Amp- ampicillin; Cef- ceftriaxone; Cep- cephalothin; Cip-
ciprofloxacin; Gen- gentamicin; Nal- nalidixic acid; Str- streptomycin; Tet- tetracycline; Tmp- trimethoprin.
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Figure1- Antimicrobial resistance patternsin Escherichia
coli isolatesfrom diarrheic and mastitic cattlein
I[tuverava/SP, Brazil, between January-
December 2004.
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Figure 2- Distribution of multi-drug resistance to 11
antimicrobial drugs among 50 strains of
Escherichia coli isolated from diarrheic and 50
dtrainsisolated from magtitic cattle, in Ituveraval
SP, Brazil, between January-December 2004.
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growth (VAN DEN BOGAARD et d., 2000, TEUBER, 2001).
In this situation, resistant microorganisms are very easily
disseminated within units via fecal contact, promoting
contamination of the water used by animals or
environmental contamination of the soil.

Among the 150 isolates tested, E .coli resistance
rates of approximately 30% were observed for tetracycline,
ampicilin and streptomycin among the isolates from
diarrheic cattle, rates of approximately 15% were observed
for tetracycline, ampicillin and trimethoprin among the
isolates from mastitic cattle, no resistance was observed
among isolatesfrom healthy cattle (figure 1). A high level
of resistance to these drugs has been shown among E
.coli isolates from bovine cattle (ADESIYIN e
KAMINJOLO, 1982, BEZEK, 1998, ORDEN et a ., 2000,
ZHAOetd., 2001, WERCKENTHIN et d., 2002, BERGE et
d., 2003, GUERRA et d., 2003, LEHTOLAINEN et d., 2003).
The discrete level of resistance for these drugs reported
here agreeswith reportsof Langoni et al. (2000), of 13.0%
of resistance to tetracycline and of 12.0% to ampicillin;
these are very different from those reported by Amaral et
al. (1996), namely 92.9% to ampicillin and 71.4% to
tetracycline.

Analyses of multidrug-resistance patterns (table
1), showed tetracycline, ampicillin, streptomycin and
trimethoprin grouped together in most of these patterns.
The four antimicrobial agents are well known to be
connected in a resistance gene cluster in Salmonella
(CLOECKAERT e SCHWARG, 2001). Thereare hintsthat
asimilar situation may exist for E. coli (CLOECKAERT et
a., 2000, WHITE et al., 2000). However, the genetic basis
of cross-resistance of E.coli has not been established so
far.

The frequency of multidrug resistant bacteria
detected in thiswork (figure 2), islower than that reported
by Orden et a (2000); 76.9% for E. coli isolatesfrom Spain
and Berger et al. (2003) 74.8% for isolatesfrom the USA,
and also for isolatesfrom Brazil, asreported by Amaral et
al. (1996), 92.8% and by Moreno et a. (1997), 90.0%.

Knowledge of resistance transfer via plasmids,
phages, transposition and “free” DNA has increased
considerably since the 1970’'s and 1980’s, when such
transfer was considered to be uncommon (KNOTHE,
1977). It was then thought that only zoonotic bacteria
from animals could infect humans; transfer of resistance
genesfrom animal bacteriato human bacteriawasthought
toberare (LACEY, 1980). Presently fear isthat antibiotic-
resistant bacteria, pathogenic or non-pathogenic to
humans, are selected in the intestinal flora of animals,
contaminating food of animal origin and transferring their
resistanceto other bacteriain the human gut (DONNELLY
etal., 1996, PIDDOCK, 1996). Inthissense, itisaarming
that half of all antibioticsproducedinthe USA areusedin
animals (TEUBER, 2001), thisdatareflecting thelevel of
antibiotic resistance in the USA, compared to what

observed in countries with a rigid control of antibiotic
usage.

Another aspect to be pointed out is the total
susceptibility of E. coli isolates from healthy cattleto the
11 antimicrobia agents tested. A very different situation
was reported by Berge et al. (2003) who examined 297
calvesfrom 10farmsin Californiaand isolated 5366 E. coli
comensal strains; according to the authors, multi-
resistance to tetracycline, streptomycin and
sulfamethoxazol e/trimethoprin was detected in 65.0% of
the strains; 61.0% also showed resistance to ampicillin.

To conclude, this study describes the level of
susceptibility to 11 antimicrobial agents of 150 E. coli
isolates from mastitic, diarrheic and healthy cattle. The
level of resistance detected among the isolates was
discrete, but not-negligible. Continued surveillance of E.
coli collected from animals is important for the
identification of emerging antimicrobial resistant
phenotypes.

ARTIGO RECEBIDO: Maio / 2005
APROVADO: Outubro / 2005

REFERENCES

AARESTRURF M., BAGER, F, ENSEN, N.E., MADSEN,
M., MEYLING, A., WEGENER, H. C. Surveillance of
antimicrobial resistance in bacteria isolated from food
animals to antimicrobial growth promoters and related
therapeutic agentsin Denmark. APM 1 S, v.106, n.6, p.606-
22,1998.

ADESIYUN,A.A.,KAMINJOLO, J. .J. Susceptibility to
antibiotics of Escherichia coli strains isolated from
diarrheic and non-diarrheic livestock in Trinidad. Revued’
Elevageet de M édicineVetérinairedesPaysTropicaus,
v.45, n.3-4, p.260-2, 1992.

AMARAL,L.A., NADER-FILHO,A.,ROSSI JUNIOR, O.
D., PENHA, L. H. C. Ac&o deantibidticos e quimioterdpicos
sobre alguns agentes bacterianos da mastite bovina,
isolados da &gua utilizada no processo de obtencédo do
leite. Arquivo Brasileiro de Medicina Veterinaria e
Zootecnia, v.48, n.5, p.525-32, 1996.

BAUER, A. W, KIRBY, W. M. M., SHERRIS, J. C.
Antibiotics susceptibility testing by astandardized single
disk method. American Journal of Clinical Pathology,
v.45, p.493-6, 1966.

BERGER, A. C. B., ATWILL, E. R., SISCHO, W. M.
Assessing antibiotic resistance in fecal Escherichia coli
in young calves using cluster analysis techniques.
PreventiveVeterinary Medicine, v.61, p.91-102, 2003.

34



BEZEK, D. M. Genus identification and antibiotic
susceptibility patterns of bacterial isolatesfrom cowswith
acute mastitis in a practice population. Journal of the
American Veterinary Medical Association, v.212, n.3,
p.404-12,1998.

CAPRIOLI,A.,BUSANI, L., MARTEL, J.L. Monitoring of
antibiotics resistance in bacteria of animal origin:
epidemiological and microbiological methodologies.
I nter national Jour nal of Antimicrobial Agents, v.14, p.295-
301, 2000.

CLOECKAERT, A., SCHWARTZ, S. Molecular
characterization, spread and evolution of multidrug-
resistance in Salmonella enterica Typhimurium DT 104.
Veterinary Research, v.32, p.301-10, 2001.

CLOECKAERT, A., BAUCHERON, S., FLAUJAC, G,
SCHWARZ, S., KEHRENBERG, C., MARTEL, J. L.,
CHASLUS-DANCIA, E. Plasmid-mediated florfenicol
resistance encoded by the flo R gene in Escherichia coli
isolated from cattle. Antimicr obial AgentsChemother apy,
v.44, p.2858-60, 2000.

COHEN, M. L. Changing patterns of infectious disease.
Nature, v.406, p.762-7, 2000.

DONNELY, J. P,VOSS,A., WHITE, W., MURRAY, B. E.
Doestheusein animalsof antimicrobial agents, including
glycopeptide antibiotics influence the efficacy of
antimicrobial therapy in humans?Jour nal of Antimicrobial
Chemotherapy, v.37, p.389-92, 1996.

GUERRA, B., JUNKER, E., SCHOETER,A., MALORNY,
B., LEHMANN, S., HELMUTH, R. Phenotypic and
genotypic characterization of antimicrobial resistancein
German Escherichia coli isolates from cattle, swine and
poultry. Jour nal of Antimicrobial Chemother apy, v.52,
p.489-92, 2003.

GUNN, G J,HALL,M.,LOW,J.C. Comparisonof antibiotic
resistance for Escherichia coli populationsisolated from
groups of diarrhoeic and control calves. The Veterinary
Journal, v.165, p.172-4, 2003.

HOYLE,D.V,,KNIGHT, H.I., SHAW, D. J, HILLMAN, K.,
PEARCE,M.C.,LOW,J.C.,GUNN, J, WOOLHOUSE, M.
E. J. Acquisition and epidemiology of antibiotic-resistant
Escherichia coli in a cohort of newborn calves. Jour nal
of Antimicrobial Chemother apy, v.53, p.867-71, 2004.

KLASTRUP, N. O. Scandinavian recommendation on
examination of quarter milk samples. Inter national Dairy
Federation Annual Bulletin, v.85, p.49-52, 1975.

KNOTHE, H. A review of the medical considerations of
the use of tylosin and other macrolide antibiotics as
additivesin animal feeds. I nfection, v.5, p.183-7, 1977.

KONEMAN, E.W,,ALLEN, S.D., SCHREKENBERGER, P
C.,JANDA,W.M.,WINN, W. C. Color atlasand textbook
of diagnostic microbiology, 5 ed. Philadelphia, Lippincott
Company, 1997.

LACEY, R. W. Rarity of genetransfer between animal and
human isolates of Staphylococcusaureusin vitro. Jour nal
of General Microbiology, v.119, p.437-42, 1980.

LANGONI, H.,ARAUJO,W.N., SILVA,A.V., SOUZA, L.
C. Tratamento da mastite bovina com amoxilina e
enrofloxacina bem como a sua associagdo.Arquivo do
Instituto Biolégico, v.67, n.2, p.177-180, 2000.

LEHTOLAINEN, T., SHWIMMER,A., SHPIGEL, N.Y.,
HONKANEN-BUZALSKI, T., PYORALA, S. In vitro
antimicrobial susceptibility of Escherichia coli isolates
fromclinical bovinemagtitisin Finland and Isradl. Jour nal
of Dairy Science, v.86, p.3927-32, 2003.

LEVY, S. B. Theantibiotic Paradox. How the misuse of
antibiotics destroy their curative powers.2™ ed.
Cambridge: Perseus Publishing, 2002.

MORENO, G.., LOPES, C.A. M., GOTTSCHALK,A.F,
MODOLO, J. R. Incidence and characterization of mastitic
bovine milk antimicrobial multi-drug resistant bacteriain
middlewest region of S&o Paulo, Brazil. Brazilian Jour nal
of Veterinary Research and Animal Science, v.34, n.3,
p.207-10, 1997.

MURRAY, B. E. Problems and dilemmas of antimicrobial
resistance. Phar macotherapy, v.12, p.S86-S 93, 1992.

NCCLS. National Committee for Clinical Laboratory
Standards. Per for mance Sandar dsfor antimicraobial disk
dilution susceptibility tes for bacteriaisolated from animals
approved Sandard M 31A, vol 19, n° 11. Nationa Committee
for Clinical Laboratory Standards, Wayne, PA., 1999,

ORDEN, J.A.,RUIZ-SANTA-QUITERIA, J A.,GARCIA,
S.,CID, D.,DELA FUENTE, R. Invitro susceptibility of
Escherichia coli strains isolated from diarrhoeic dairy
calvesto 15 antimicrobial agents. Jour nal of Veteterinary
M edical Bulletin, v.47, p.329-335, 2000.

PIDDOCK, L. J. V. Doesthe use of antimicrobial agentsin
veterinary medicine and animal husbandry select
antibiotic-resistant bacteria that infect man and
compromise antimicrobial chemotherapy? Journal of
Antimicrobial Chemotherapy, v.38, p.1-3, 1996.

35



SCHALM, D.W., NOORLANDER, D. O. Experimentsand
observation leading to development of the California
Mastitis Test. Journal of the American Medical
Association, v.130, n.5, p.199-204, 1957.

SCHROEDER, C.M.,MENG, J, ZHAO, S., DEBROY, C.,
TORCOLINI, J,ZHAO, C., MCDERMOTT, PF, WAGNER,
D. D.,, WALKER, R. D., WHITE, D. G. Antimicrobial
resistance of Escherichiacoli 026, 0103,011, 0128, and
0145 from animals and humans. Emerging I nfectious
Diseases, v.8, n.12, p.1409-14, 2002.

TEUBER, M. Veterinary use and antibiotic resistance.
Current Opinionin Microbiology, v.4, p.493-9, 2001.

Van den BOGAARD, A. E., STOBBERINGH, E.
Epidemiology of resistance to antibiotic. Links between
animals and humans. International Journal of
Antimicrobial Agents, v.14, p.327-35, 2000.

Van den BOGAARD, A. E. J. M., LONDON, N.,
STOBBERINGH, E. E. Antimicrobial resistancein pigfaeca
samples from The Netherlands (five abattoirs) and
Sweden. Jour nal of Antimicrobial Chemother apy, v.45,
p.663-71, 2000.

WERCKENSTHIN, C.,, SEIDL, S, RIEDL, J,,KIOSSIS, E.,
WOLF, G, STOLLA, R.,KAADEN, O.R. Escherichiacoli
isolates from young calves in Bavaria: in vitro
susceptibilities to 14 antimicrobial agents. Journal of
MedicineVeterinary Bulletin, v.49, p.61-5, 2002.

WHITE, D. G,HUDSON, C.,, MAURER, J.J,,AYERS, S,
ZHAO, S, LEE, M. D., BOLTON, I., FOLEY, T.,
SHERWOOD, J. Characterization of chloramphenicol and
florfenical resistance in Escherichia coli associated with
bovinediarrheic. Jour nal of Clinical Microbiology, v.38,
p.4593-8, 2000.

ZHAO, S., WHITE, D. G, McDERMOTT, P. F,
FRIEDMAN, S., ENGLISH, L., AYERS, S., MENG J,
MAURER, J. J.,, HOLLAND, R., WALKER, R. D.
I dentification and expression of cephamycinaseblaCMY
genes in Escherichia coli and Salmonella isolates from
food anima sand ground meat. Antimicrobial Agentsand
Chemotherapy, v.45, p.3647-3650, 2001.

36



