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Abstract  Escherichia  coli  contamination  in  minced  meat  poses  a  significant  public  health  con-
cern and  may  serve  as  a  reservoir  for  antimicrobial-resistant  strains.  This  study  investigated  the
presence of  E.  coli  resistant  to  ciprofloxacin  and/or  gentamicin  in  minced  meat  samples  from
Tierra del  Fuego,  Argentina.  Resistant  E.  coli  isolates  were  identified  using  MALDI-TOF.  A  total  of
109 samples  were  analyzed,  yielding  97  E.  coli  isolates  (23  from  AMC-CIP  and  74  from  AMC-GEN).
Twenty-three  isolates  carried  the  ant(2′′)  gene,  ten  the  ant(3′′)  gene,  and  one  the  blaCTX-M
gene. Resistance  was  observed  to  gentamicin  (6/25),  streptomycin  (1/25),  ceftazidime  (1/25),
and cefotaxime  (4/25).  Eleven  isolates  carried  the  aggR  gene,  and  another  three  were  identified
as biofilm  producers.  Although  phenotypic  resistance  was  low,  we  detected  genetic  potential
for resistance  which,  combined  with  biofilm  formation,  represents  a  risk  to  food  safety.
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ccess article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.ram.2025.05.001
http://www.elsevier.es/ram
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ram.2025.05.001&domain=pdf
https://orcid.org/0000-0003-0215-2342
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:ecrespi@fvet.uba.ar
https://doi.org/10.1016/j.ram.2025.05.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


E.  Crespi,  B.  Ghiglione,  X.  Blanco  Crivelli  et  al.

PALABRAS  CLAVE
Escherichia  coli;
Multirresistencia;
Virulencia;
Tierra  del  Fuego

Análisis  de  Escherichia  coli  aislada  de  carne  picada:  implicaciones  para  la  salud
pública  en  Tierra  del  Fuego,  Argentina

Resumen  La  contaminación  de  la  carne  picada  por  Escherichia  coli  tiene  un  fuerte  impacto  en
la salud  pública  y  podría  ser  una  fuente  de  cepas  con  resistencia  a  antimicrobianos.  Este  trabajo
analizó la  presencia  de  aislamientos  de  E.  coli  resistentes  a  ciprofloxacina,  a  gentamicina  o  a
ambos en  muestras  de  carne  picada  de  Tierra  del  Fuego,  Argentina.  Los  aislamientos  resistentes
se identificaron  mediante  MALDI-TOF.  Se  estudiaron  109  muestras  y  se  obtuvieron  97  aislamien-
tos totales  de  E.  coli  (23  desarrollados  en  AMC-CIP  y  74  de  AMC-GEN).  Veintitrés  aislamientos
presentaron  el  gen  ant(2’’),  10  el  gen  ant(3’’)  y  uno  el  gen  blaCTX-M.  Se  observó  resisten-
cia a  gentamicina  (6/25),  estreptomicina  (1/25),  ceftazidima  (1/25)  y  cefotaxima  (4/25).  Once
aislamientos  portaron  el  gen  aggR  y  otros  tres  fueron  productores  de  biofilm.  Aunque  la  resisten-
cia fenotípica  fue  baja,  identificamos  el  potencial  genético  de  resistencia,  que,  junto  con  la
formación  de  biofilm,  representa  un  riesgo  para  la  seguridad  alimentaria.
© 2025  Los  Autores.  Publicado  por  Elsevier  España,  S.L.U.  en  nombre  de  Asociación  Argentina
de Microbioloǵıa.  Este  es  un  art́ıculo  Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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ood  borne  diseases  have  become  an  important  public  health
oncern  worldwide,  affecting  both  developed  and  underde-
eloped  countries.  The  World  Health  Organization  (WHO)  has
dentified  more  than  200  diseases  that  may  result  from  the
onsumption  of  food  contaminated  with  bacteria,  viruses,
arasites  or  chemical  substances  such  as  heavy  metals.
oodborne  diseases  can  generate  a  wide  range  of  patholo-
ies,  with  gastrointestinal  issues  being  the  most  frequent10.

There  are  different  ways  in  which  food  and  water  can
ecome  contaminated  with  microorganisms  and/or  their
oxins.  Food  can  get  contaminated  at  different  points  in
he  production  chain,  including  the  environment  where  ani-
als  are  raised  and  plants  are  harvested.  Contamination

lso  occurs  frequently  during  the  production  process  such  as
ransportation,  processing,  handling,  or  as  a  result  of  cross-
ontamination  from  individuals  who  prepare  the  food12.

The  main  source  of  infection  for  many  foodborne
athogens  are  animals  raised  for  food  production  (cattle,
heep,  chickens,  pigs,  among  others)1,14.  Microorganisms,
ainly  foodborne  bacteria,  are  the  main  threat  to  food

afety,  causing  human  infections  or  poisoning  after  the  con-
umption  of  products  of  animal  origin  contaminated  with
hese  microorganisms  or  their  toxins13.  Escherichia  coli  is  a
ember  of  the  normal  gut  microbiota,  but  some  strains  carry

irulence  genes  and  are  classified  as  either  enteric  or  extra
ntestinal  pathogens,  depending  on  their  virulence  genes9.

Poor  practices  in  slaughterhouses  can  pose  a  risk  to
uman  health,  either  through  contamination  or  the  gen-
ration  of  hazardous  effluents.  Safe  practices  minimize
arcass  contamination  with  feces,  and  hygienic  handling  of
oods  at  abattoirs  and  during  food  production  can  reduce
ontamination45.

E.  coli  is  frequently  used  as  a  sentinel  microorgan-

sm  for  antimicrobial  resistance  in  animal  husbandry  due
o  its  abundance  in  healthy  individuals  and  its  ability  to
emonstrate  the  selective  pressure  exerted  by  antibiotic
se  on  Gram-negative  enteric  bacteria.  Resistance  mecha-
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40
isms  present  in  E.  coli  can  spread  to  humans  through  direct
ontact,  the  consumption  of  meat,  or  indirectly  through  the
nvironment34.  This  resistance  is  normally  acquired  through
orizontal  gene  transfer  with  other  bacteria,  which  may
elong  to  different  genera.  Additionally,  resistance  can  also
merge  due  to  genetic  mutations.  Multidrug-resistant  (MDR)
acteria  often  possess  a  repertoire  of  resistance  genes,
acilitated  by  the  presence  of  integrons  and  gene  cassettes
hat  enable  them  to  uptake  and  collect  antibiotic  resistance
enes.32

One  of  the  most  commonly  reported  resistance  mech-
nisms  to  �-lactam  antibiotics  among  Enterobacterales  is
he  production  of  �-lactamases,  enzymes  that  hydrolyze
-lactam  antibiotics.  Extended  spectrum  �-lactamases
ESBLs)  efficiently  hydrolyze  third  and  fourth-generation
ephalosporins,  along  with  monobactams.  The  most  preva-
ent  ESBLs  worldwide  are  the  CTX-M-family,  which  are
nhibited  by  compounds  such  as  clavulanic  acid  and
azobactam11.

The  emergence  of  CTX-M  was  considered  one  of  the
ajor  causes  of  superbugs  resistant  to  multiple  trans-

erable  antibiotics,  particularly  in  E.  coli. Furthermore,
TX-M-producing  E.  coli  often  displays  resistance  to  multiple
lasses  of  antimicrobials,  such  as  fluoroquinolones,  sulfon-
mides,  aminoglycosides,  chloramphenicol,  trimethoprim,
nd  tetracyclines3.

The  monitoring  of  E.  coli  resistance  includes  the  evalu-
tion  of  susceptibility  to  antimicrobials  that  are  important
n  human  and  veterinary  medicine,  as  well  as  those  com-
only  employed  for  epidemiological  purposes.  Some  of

hese  antimicrobials  are  included  in  the  list  of  criti-
ally  important  categories  (third-  and  fourth-generation
ephalosporins,  carbapenems,  fluoroquinolones,  polymyx-
ns)  for  human  medicine  developed  by  the  World  Health
rganization.  Additionally,  this  monitoring  extends  to  other

igh-priority  agents,  such  as  aminoglycosides,  macrolides,
nd  tetracyclines.  The  objective  of  this  study  is  to  com-
rehensively  assess  the  virulence  characteristics,  resistance
rofiles,  and  genetic  markers  present  in  E.  coli  isolated
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Revista  Argentina  de  Micr

rom  minced  meat  obtained  from  butcher  shops  in  Tierra
el  Fuego,  Argentina.

aterials and methods

ll  butcher  shops  in  the  three  towns  of  the  island  of  Tierra
el  Fuego  (TDF)  were  georeferenced.  A  500-gram  sample
f  ground  meat  was  purchased  from  each  market  over  the
ourse  of  a  one-week  sampling  period  conducted  in  spring
019.  The  samples  were  collected  in  sterile  bags  to  avoid
ross-contamination  and  were  immediately  frozen  for  air
ransport  to  the  laboratory  in  cooled  boxes.  Each  sample
as  thawed  at  4 ◦C  overnight  at  the  Microbiology  Labora-

ory  of  the  Facultad  de  Ciencias  Veterinarias,  Universidad
e  Buenos  Aires.

etection  of  antimicrobial  drug  residues  in  the
eat matrix

 proportion  of  the  meat  samples,  randomly  selected
rom  the  study  group  was  analyzed  for  the  detection  of
ephalexin,  enrofloxacin,  and  streptomycin.  The  detec-
ion  of  traces  of  these  antibiotics  was  performed  on  20  g
f  the  meat  samples.  The  residues  of  cephalexin  were
etermined  using  a  High-Performance  Liquid  Chromatog-
aphy  (HPLC)  method27,  while  the  enzyme  immunoassay
sing  the  Ridascreen® kit  was  utilized  for  the  remaining
nalyses.

ample  analysis

 total  of  109  minced  samples  were  analyzed.  Portions  of
ach  sample  (65  g)  were  stomached  for  2  min  in  585  ml  of
ryptic  soy  broth  (TSB)  and  incubated  at  37 ◦C  overnight
nder  aerobic  conditions.  Next,  0.1  ml  of  the  broth  was
ultured  on  MacConkey  Agar  (MCA)  supplemented  with
ntimicrobials.  We  used  MCA  supplemented  containing

 �g/ml  ciprofloxacin  (MCA-CIP)57,  MCA  supplemented  with
 �g/ml  gentamicin  (MCA-GEN)31 and  MCA  without  antimi-
robials,  as  a  control.  The  plates  were  incubated  for  24  h
t  37 ◦C  and  assessed  qualitatively  for  the  presence  or
bsence  of  E.  coli  colonies  with  typical  morphology.  The
umber  of  colonies  grown  on  MCA-CIP  and  MCA-GEN  was
ecorded.  Up  to  five  colonies  from  positive  cultures  were
elected  for  further  studies  and  stored  in  TSB  plus  glycerol
20%)  at  −20 ◦C.  Catalase,  oxidase  and  glucose  fermenta-
ion  tests  were  used  for  the  presumptive  identification  of
.  coli  from  the  suspected  isolates  obtained  on  both  media.
ll  the  isolates  were  then  identified  by  matrix  assisted

aser  desorption  ionization-time  of  flight  (MALDI-TOF
S).

Each  isolate  was  suspended  in  200  �l  of  milliQ  water  and
eated  at  100 ◦C  for  10  min.  The  supernatant  was  used  for
he  screening  of  antimicrobial  resistance  genes,  virulence

arkers  of  diarrheagenic  strains,  and  additional  virulence

actors.  Moreover,  the  genetic  diversity  of  the  different
.  coli  recovered  from  a  single  sample  was  evaluated  by
andom  amplified  polymorphic  DNA  PCR  (RAPD).
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ntibiotic  resistance  characterization

ntimicrobial  resistance  genes  for  aminoglycosides  (ant(2′′),
nt(3′′),  aph(3′)-Vla, aac(6′)-Ib,  acc(3)-IIa,  -llc,  -lld, -
ie,  rmtB)6,  plasmid  mediated  quinolone  resistance-PMQR
qnrA, qnrB, qnrD, qnrS, aac(6′)-Ib-cr)7 and  ESBL,  such  as
laCTX-M-group30,  were  searched  for  in  those  isolates  identi-
ed  as  E.  coli. blaCTX-M-group  2  amplicons  were  sequenced.

Antimicrobial  susceptibility  testing  was  performed  on
hose  isolates  testing  positive  for  the  targeted  resis-
ance  genes  using  the  disk  diffusion  method  in  accordance
ith  Clinical  and  Laboratory  Standards  Institute  (CLSI,
023)  guidelines.  The  antimicrobial  agents  assessed  were
moxicillin---clavulanic  acid  20/10  �g  (AMC),  cefotaxime
0  �g  (CTX),  ceftazidime  30  �g  (CAZ),  imipenem  (IMI),  strep-
omycin  (STR),  amikacin  (AKN)  and  gentamicin  10  �g  (GEN).
ommercial  antibiotic  disks  were  acquired  from  Britania
.A.® (Argentina).

andom  amplification  of  polymorphic  DNA  (RAPD)
enotyping

enetic  diversity  of  the  different  E.  coli  recovered  from
 single  sample  with  the  same  antibiotic  resistance  profile
as  evaluated  by  random  amplification  of  polymorphic  DNA

RAPD)  using  the  M13  RAPD  primer.  The  isolates  were  grown
n  TSB,  and  total  DNA  was  obtained  by  boiling  at  100 ◦C  for
0  min.  A  1:10  dilution  of  the  boiled  lysate  was  used  as  tem-
late.  Pattern  bands  were  visually  analyzed  in  agarose  gel
%.  Similarity  in  the  amplification  profile  was  used  to  select
he  number  of  strains  for  the  following  assays.

irulence  profile

he  presence  of  virulence  markers  of  E.  coli  pathovars  were
nalyzed  by  PCR:  stx1/stx2  for  Shiga  toxin-producer  E.  coli
STEC)38,  eae  for  enteropathogenic  E.  coli  (EPEC)38, aaiC2

nd  aagR54 for  enteroaggregative  E.  coli  (EAEC),  invE  for
nteroinvasive  E.  coli  (EIEC)16, elt  and  estA  for  enterotoxi-
enic  E.  coli  (ETEC)16 and  daaE  for  diffuse  aggregation  E.  coli
DAEC)53. Primers  for  the  detection  of  genetic  markers  are
hown  in  Table  S1.

Moreover,  several  virulence  factors  including  attA33,
ha48, lpf51,  ecpA15, toxB50,  and  efaC17 related  to  putative
dhesins  were  searched.

erotypes

ll  isolates  were  serotyped  using  agglutination  assays  with
abbit  antisera:  187  sera  were  used  against  somatic  antigens
O),  and  53  sera  were  used  against  flagellar  antigens  (H)  at
he  Facultad  de  Medicina,  Universidad  Nacional  Autónoma
e  México  (UNAM).

iofilm  assay
iofilm  production  was  assessed  using  a  quantitative  96-
ell  plate  assay  following  the  protocol  outlined  by  Vélez
t  al52. Briefly,  each  strain  was  inoculated  into  a  tube  con-
aining  5  ml  of  Luria  Bertani  (LB)  broth  and  incubated  at

1
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Table  1  Isolate  recovery  on  MAC-CIP  and  MAC-GEN  media
from 105  minced  meat  samples.

MAC-CIP  MAC-GEN  Total

Samples  with  growth  26  41  66
Isolates  analyzed  110  156  266
Positive  samples  with  E.  coli  5  21  22*
E.  coli  by  MALDI-TOF  23  74  97

MAC-CIP: MacConkey Agar with ciprofloxacin; MAC-GEN: Mac-
Conkey Agar with gentamicin.
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* Four samples showed development of E. coli with both
antimicrobials.

7 ◦C  overnight  with  agitation.  The  cultures  were  subse-
uently  diluted  until  reaching  a  turbidity  equivalent  to  0.5
n  the  McFarland  scale.  Then,  10  �l  of  each  dilution  was
eeded  into  190  �l  of  LB  supplemented  with  sodium  chloride
n  triplicate  wells  and  incubated  at  37 ◦C  for  24  h.  In  the  sub-
equent  step,  the  media  was  refreshed,  replacing  it  with  LB
ontaining  glucose.  Following  a  total  of  48  h  of  incubation,
he  microplates  were  washed  with  distilled  water,  fixed  with
00  �l  of  methanol  for  15  min,  and  stained  with  a  0.1%  aque-
us  solution  of  crystal  violet  (200  �l  for  30  min).  After  rinsing
ith  water  and  drying  for  an  hour  at  room  temperature,  the
dhered  dye  was  eluted  with  200  �l  of  ethanol  under  agi-
ation.  Absorbance  was  measured  at  570  nm  (OD570).  The
esults  were  interpreted  by  correcting  the  mean  of  the  three
D570  measurements  for  each  strain  with  respect  to  the
ut-off  value  (ODc),  which  was  set  at  3  standard  deviations
bove  the  mean  OD570  measurements  of  a  negative  control
train  (non-biofilm  producer,  QC148  EHEC).  The  corrected
alue  enabled  the  classification  of  the  strains  as  non-biofilm
roducers  (OD  ≤  ODc),  weak  biofilm  producers  (ODc  <  OD  ≤  2
Dc),  moderate  biofilm  producers  (2ODc  <  OD  ≤  4  ODc),  and
trong  biofilm  producers  (OD  >  4  ODc).  The  assay  was  per-
ormed  in  triplicate.

esults

resence  of  antimicrobial  drug  residues  in  the
eat matrix

he  cephalexin  residue  was  detected  at  concentrations
elow  100  �g/kg  in  42  of  the  minced  meat  samples  ana-
yzed  (38.5%),  while  streptomycin  residues  were  observed  at
evels  below  20  �g/kg  in  81  minced  meat  samples  (74.3%).
dditionally,  enrofloxacin  residues  were  detected  at  concen-
rations  below  10  �g/kg  in  78  of  the  samples  studied  (71.6%).
hese  findings  provide  valuable  information  on  the  minimal
ontamination  of  the  minced  meat  with  the  tested  antibi-
tics  and,  consequently,  the  low  exposure  risks  associated
ith  these  drugs.

ample  screening

 total  of  109  samples  were  analyzed  in  this  study.  Of

hese,  four  did  not  yield  any  colony  growth  on  any  of  the
ulture  media.  Among  the  105  samples  that  showed  growth
n  MCA,  26  yielded  colonies  on  MCA-CIP  and  41  on  MCA-
EN  (Table  1).  Colony  counts  on  media  supplemented  with

e
c
i
(
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ntibiotics  ranged  from  1  ×  103 CFU/g  to  uncountable  levels
Table  S2).

Based  on  the  selection  criterion  of  five  colonies  per
ample  for  subsequent  confirmation,  this  number  was  not
chieved  in  all  cases.  From  MCA-CIP,  E.  coli  was  confirmed
y  MALDI-TOF  in  23  of  the  110  isolates,  corresponding  to
ve  of  the  26  samples.  Additionally,  E.  coli  was  confirmed  by
ALDI-TOF  in  74  of  the  156  isolates  obtained  from  MCA-GEN,

epresenting  21  of  the  41  samples.
The  remaining  isolates,  87  of  the  110  from  MCA-CIP  and

2  of  the  156  from  MCA-GEN,  were  presumptively  selected,
ut  were  later  identified  as  other  taxa.

Further  examination  of  these  strains  revealed  the  pres-
nce  of  several  other  bacterial  taxa,  with  the  most  prevalent
nes  being  Stenotrophomonas  maltophilia  (13%).  Other
dentified  species  were  Raoultella  ornithinolytica  (4.7%),
itrobacter  braakii  (4.1%),  Enterobacter  bungandensis
4.1%),  Leclercia  adecarboxilata  (3.5%),  Citrobacter  fre-
ndi  (3.5%),  Pseudomonas  fulva  (2.9%),  Myroides  injenensis
2.9%),  Klebsiella  oxytoca  (2.9%),  Providencia  rettgeri
2.9%),  Proteus  hauseri  (1.18%)  and  0.6%  for  each  of  the  fol-
owing  species:  Serratia  marceccens, Enterobacter  cloacae,
afnia  alvei, Enterococcus  faecalis,  Enterobacter  asburiae
nd  Enterococcus  hirae, highlighting  the  diversity  of  bacte-
ial  communities  within  these  samples.

In  summary,  a  total  of  266  isolates  were  successfully
ecovered  from  the  samples  tested  with  both  antimicrobials
Table  1).  Among  these  isolates,  97  were  conclusively  iden-
ified  as  E.  coli  through  MALDI-TOF  identification  (Table  S2).

ntibiotic  resistance  determination

enetic  analysis  of  E.  coli  isolates  revealed  interesting
nsights  into  antibiotic  resistance  determinants.  Specifically,
5  of  97  E.  coli  isolates  were  found  to  carry  antimicrobial
esistance  (AMR)  genes  (Table  2):  23  strains  recovered  from  4
ifferent  meat  samples  (A,  B,  C,  D)  were  positive  for  ant(2′′)-
a  gene,  while  10  harbored  the  ant(3′′)-Ia  gene  (belonging  to
he  meat  samples  D,  E,  F).  Remarkably,  eight  of  these  iso-
ates  exhibited  the  co-occurrence  of  both  aminoglycoside
esistance  markers  (sample  D).  In  a  subset  of  four  isolates
ecovered  from  the  same  sample  (D),  the  presence  of  the
laCTX-M group  2  gene  was  also  detected,  pointing  to  the
otential  for  multidrug  resistance.  Sequencing  confirmed
he  presence  of  the  blaCTX-M-2 allelic  variant  in  these  four  iso-
ates,  which  also  harbored  both  aminoglycoside  resistance
enes.

All  the  isolates  showed  negative  amplification  results  for
he  remaining  aminoglycoside  resistance  genes.  Interest-
ngly,  none  of  the  E.  coli  isolates  in  our  study  exhibited
he  presence  of  PMQR  determinants,  suggesting  alter-
ative  mechanisms  of  quinolone  resistance  within  this
opulation.

The  results  of  the  antimicrobial  susceptibility  tests  for  E.
oli  isolates  that  tested  positive  for  the  genetic  markers  are
hown  in  Table  3.  Furthermore,  complete  information  for
ach  isolate  is  presented  in  Table  S3. An  excellent  congru-

nce  was  observed  between  the  detected  genes  and  the
orresponding  resistance  profiles.  All  the  blaCTX-M-2-positive
solates  were  non-susceptible  to  AMC,  CTX  (4/4)  and  CAZ
3/4).  In  addition,  14  of  25  isolates  exhibited  phenotypic

2
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Table  2  Resistance  markers,  virulence  profile,  and  serotyping  of  isolates.

Meat  sample  (isolates)  ant(2′′)  ant(3′′)  blaCTX-M-2 RAPD  profile  aggr  lpf  ecpA  efaC  Serotype  Biofilm  formation

A  (5) +  −  −  II  +  +  −  −  O18ac:H21  Non-producer
B1 (3)  +  −  −  IV  +  −  +  +  ONT:H−  Non-producer
B2 (2)  +  −  −  V  +  −  +  +  ONT:H−  Non-producer
B3 (1)  +  −  −  VI  −  −  +  −  O23:H8  Moderate  producer
C (4)  +  −  −  VII  −  +  −  −  O164:H40  Non-producer
D1 (1)  +  +  +  VIII  −  +  +  +  O130:H25  Low  producer
D2 (3)  +  +  +  VIII  −  −  +  +  O130:H25  Non-producer
D3 (4)  +  +  −  VIII  −  −  +  +  O130:H25  Non-producer
E (1) −  +  −  I +  +  −  −  ONT:H−  Non-producer
F (1) −  +  −  III  −  +  +  −  ONT:H−  Moderate  producer

Note: B and D samples showed different profiles (B1---B3; D1---D3).

Table  3  Antimicrobial  susceptibility  test  of  25  E.  coli  iso-
lates harboring  resistance  genes.

Antimicrobial  Agents  S  I  R

Streptomycin  24  0  1
Amikacin  25  0  0
Gentamicin  11  8  6
Imipenem  25  0  0
Ceftazidime  22  2  1
Amoxicillin---clavulanic  21  4  0
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Cefotaxime  21  0  4

S: susceptible; I, intermediate; R, resistant.

esistance  to  GEN.  As  expected,  none  of  them  were  resis-
ant  to  IMI  or  AKN.  The  susceptibility  results  of  the  isolates
ith  the  resistance  genes  are  shown  in  Table  S3.

APD  genotyping

he  25  AMR-positive  E.  coli  isolates  which  belong  to  6  dif-
erent  samples  (A---F)  were  genotyped  by  RAPD  PCR20.  This
nalysis  revealed  8  different  profiles  and  even  one  of  them
howed  diversity  in  AMR  gene  content  (sample  D).  In  addi-
ion,  differences  in  the  virulence  profiles  were  observed
mong  isolates  from  the  same  sample  (B  or  D),  despite  hav-
ng  the  same  profile  according  to  RAPD  (Table  2).  Only  one
roup  of  isolates  belonging  to  a  single  RAPD  profile  (pattern
III,  sample  D)  was  strictly  associated  with  all  three  genetic
arkers  of  resistance.

irulence  profile  and  biofilm  formation

egarding  the  virulence  profile,  all  strains  tested  negative
or  diarrheagenic  pathovars  such  as  STEC,  EPEC,  ETEC,  EIEC,
AEC.  However,  eleven  isolates  showed  evidence  of  the  aggR
ene  associated  with  the  EAEC  pathovar54. Furthermore,
mong  these  EAEC  strains,  five  were  positive  for  both  the
cpA  and  efaC  genes,  while  the  other  six  were  lpf-positive
Table  2).  The  remaining  fourteen  aggR-negative  isolates

xhibited  putative  virulence  genes,  including  lpf,  ecpA and
faC,  whereas  attA,  iha  and  toxB  were  not  detected  in  any
f  the  25  isolated  AMR-positive  E.  coli. On  the  other  hand,
hree  of  these  isolates  were  classified  as  biofilm  formers  (1

c
t
m
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40
ow  and  2  moderate  producer);  the  remaining  isolates  were
ategorized  as  ‘‘non-producers’’  (Table  2).

erotypes

solates  of  each  RAPD,  virulence,  or  resistance  marker  pat-
ern  were  serotyped  (Table  2).  The  25  isolates  belonged
o  5  different  serotypes  (one  per  sample):  O18ac:H21  (A),
23:H8  (B3),  O164:H40  (C),  O130:H25  (D1,  D2,  D3).  Addi-
ionally,  isolates  of  four  patterns  were  identified  as  ONT:H−
B1,  B2,  E,  F).

iscussion

round  meat  poses  a  significant  risk  because  surface  conta-
ination  with  E.  coli  can  spread  throughout  the  entire
roduct  mass29.  Contamination  data  can  vary  significantly
cross  the  Argentinean  territory.  The  southern  province  of
DF  has  a  subpolar  oceanic  climate  with  cold  temperatures
hroughout  the  year,  averaging  5---7 ◦C  annually.  On  the  island
f  TDF,  two  slaughterhouses  process  local  bovine  and  sheep
roduction.  Imported  meat  from  the  mainland  is  allowed
nly  as  vacuum-packed,  boneless  whole  cuts,  which  are  not
sed  for  grinding.  As  a  result,  the  degree  to  which  the  pop-
lation  is  exposed  to  antimicrobial  residues  used  in  animal
roduction  or  resistant  E.  coli  in  ground  meat  is  particu-
arly  unknown.  Cephalexin,  enrofloxacin  and  streptomycin
ere  found  in  low  but  detectable  concentrations,  compared

o  Greece,  where  the  highest  median  concentrations  were
etected  in  bovine  muscles  for  streptomycin  and  quinolones
t  182.10  �g/kg  and  50.78  �g/kg,  respectively47.  Despite
his  fact,  the  concentration  of  these  antibiotics  is  below
he  MRL  (maximum  residue  limits)  allowed  by  the  Argen-
ine  food  code5; however,  their  residues  can  still  contribute
o  the  development  of  antimicrobial  resistance  in  the  gut
icrobiota,  which  is  a  significant  threat  to  public  health23,45.
Sakar  et  al.44 conducted  a  study  in  Tennessee,  USA,

here  they  quantified  residues  of  tetracycline,  sulfonamide,
nd  erythromycin  in  beef  marketed  as  ‘‘antibiotic-free’’
t  farmers’  markets.  They  found  that  all  beef  samples

ontained  residues  of  these  antibiotics.  The  median  concen-
ration  of  tetracycline  residue  was  51.75  �g/kg,  while  the
edian  concentrations  for  sulfonamide  and  erythromycin

esidues  were  3.50  �g/kg  and  3.67  �g/kg,  respectively.  The
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E.  Crespi,  B.  Ghiglione

hain  of  events  that  leads  to  the  dissemination  of  antimicro-
ial  resistance  (AMR)  can  be  identified  as  effective  causal
omplexes.  One  of  the  primary  microorganisms  associated
ith  AMR  is  E.  coli. Our  work  represents  the  first  record
f  AMR  genes  circulating  within  the  meat  supply  chain  and
ighlights  the  presence  of  antimicrobial  drug  residues  in  the
eat  matrix  of  the  region.  Although  the  identification  of

ther  taxa  in  samples  subjected  to  antibiotic  pressure  lies
eyond  the  scope  of  this  study,  it  is  important  to  highlight
hat  such  microorganisms  may  serve  as  reservoirs  or  vectors
or  antimicrobial  resistance  and/or  virulence  genes.  Their
otential  dissemination  via  food  chains  and  environmental
outes  represents  a  concern  for  public  health  and  warrants
urther  investigation26.

In this  study,  the  antibiotic  resistance  patterns  of  E.  coli
evealed  that  24%  (6/25)  of  isolates  were  resistant  to
entamicin,  with  an  additional  32%  showing  intermediate
ensitivity.  Resistance  to  streptomycin  was  found  in  4%
f  isolates,  while  16%  exhibited  intermediate  resistance
o  amoxicillin---clavulanic  acid.  Notably,  16%  of  isolates
ere  resistant  to  cefotaxime,  4%  to  ceftazidime,  and  8%

howed  intermediate  resistance.  All  isolates  were  sensitive
o  amikacin  and  imipenem.  In  contrast,  a  study  by  Dsani8

n  raw  meat  reported  high  susceptibility  rates  for  gentam-
cin  (97%)  and  ciprofloxacin  (92%),  but  noted  that  17%  of
he  samples  were  resistant  to  cefuroxime,  with  the  blaTEM

ene  detected  in  4%  of  cases.  Kassem  et  al.19 revealed
hat  1.7%  of  E.  coli  isolates  from  raw  minced  meat  in
ebanon  were  resistant  to  cefotaxime  and  2.5%  to  gentam-
cin.  Additionally,  5.8%  were  resistant  to  kanamycin  and  30%
o  streptomycin,  although  all  isolates  remained  sensitive  to
moxicillin---clavulanic  acid  and  imipenem.  Lastly,  Rahman41

ound  100%  resistance  to  ciprofloxacin  and  gentamicin  in  E.
oli  isolates  from  meat.

In  our  genetic  analysis,  we  identified  the  ant(2′′)-Ia  and
nt(3′′)-Ia  genes,  which  encode  resistance  to  aminoglyco-
ides.  The  nucleotidyltransferases  ANT(2′′)  and  ANT(3′′)  are
he  enzymes  most  commonly  associated  with  aminoglyco-
ide  resistance  in  Gram-negative  bacteria40.

A  study  by  Xiao  and  Hu56 demonstrated  that  E.  coli
xhibited  high  resistance  to  gentamicin,  streptomycin,  and
timicin,  while  resistance  to  amikacin  and  isepamicin  was
ow.  The  predominant  resistance  mechanism  identified  was
he  aminoglycoside-modifying  enzyme  AAC(3)-I.  Lee  et  al.25

nvestigated  the  prevalence  of  antimicrobial  resistance
n  E.  coli  from  retail  meats  in  California,  finding  that
0.48%  and  16.9%  of  isolates  were  resistant  to  gentam-
cin  and  streptomycin,  respectively.  Nine  genes  encoding
arious  acetyltransferases,  nucleotidyltransferases,  or  phos-
hotransferases  were  responsible  for  this  resistance  profile,
ith  the  most  frequently  observed  being  aph(3′′)-Ib, aph(6)-

d,  aac(3)-VIa,  and  ant(3′′)-Ia25.
Due  to  its  reproducibility,  cost  effectiveness,  speed,  and

racticality,  the  RAPD  method  genotyping,  especially  when
ealing  with  many  isolates,  has  been  described  as  a  great
ool  for  evaluating  clonal  diversity  of  E.  coli  isolates36.
e  used  M13  RAPD  genotyping  to  understand  the  genetic
iversity  and  relatedness  of  isolates  belonging  to  the  same

ample  with  at  least  one  resistance  gene.  This  technique
as  successful  in  amplifying  different  sized  products  for  all

solates.  Ndegwa  et  al.35,  found  highly  similar  RAPD  pro-
les  in  some  strains  belonging  to  some  serogroups,  whereas

u
s
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ther  serogroups  generated  a  higher  diversity  in  the  gener-
ted  RAPD  pattern.  Our  results  showed  an  identical  profile
n  E.  coli  O130:H25  isolates,  even  when  this  serogroup
as  associated  with  diversity  in  resistance  or  virulence
arkers,  resulting  in  three  diverse  patterns.  According  to
degwa  et  al.35,  the  ONT  groups  showed  high  diversity
y  RAPD,  which  could  be  associated  with  intrinsic  dif-
erence  among  strains  with  ONT,  because  it  was  not  a
ormal  serogroup.  Some  strains  previously  identified  as  ONT
ould  be  later  assigned  to  a specific  serogroup.  Thakur
t  al.49 identified  30%  of  diarrheagenic  E.  coli  isolates  as
NT.  Interestingly,  untypeable  isolates  belonged  to  vari-
us  categories  of  DEC  pathotypes49. In  contrast  to  these
eports,  two  of  our  isolates  did  not  carry  genetic  markers
f  DEC,  whereas  the  other  five  carried  EAEC  markers.  E.
oli  serogroups  have  been  largely  associated  with  identify-
ng  clonal  variants  of  DEC  pathotypes  rather  than  providing
recise  identification4,18.  Although  in  some  cases  RAPD  was
ble  to  discriminate  among  E.  coli  based  on  serogroups,
n  those  with  higher  diversity  most  of  the  clustering  was
ased  on  the  presence  of  a  specific  gene  combination.
n  Argentina,  genetic  diversity  has  been  reported  within
he  same  M13  RAPD  pattern  and  STEC  serogroup  isolated
rom  meat,  even  in  isolates  sharing  the  same  combina-
ion  of  virulence  genes22. Our  results  highlight  the  previous
nreported  diversity  of  E.  coli  harboring  resistance  and
irulence  markers  from  meat  in  TDF.  These  data  are  impor-
ant  for  determining  their  significance  as  public  health
athogens.

An  isolate  from  O18ac:H21  was  reported  from  cattle
n  Mexico42 but  carrying  a stx2  virulence  profile.  In  our
tudy,  the  isolate  was  aggR  positive,  and  highlighted  the
otential  of  the  serotype  to  host  a  phage  carrying  the  stx2
oxin.  Moreover,  serogroup  O18ac  was  associated  with  hybrid
xPEC/EAEC  and  the  ST131  clone  carrying  its  own  set  of
cquired  resistance  and  virulence  genes43.

The  mere  presence  of  virulence  genes  does  not  mean
hat  the  strain  is  pathogenic;  however,  E.  coli  O23  strains
ere  observed  in  isolates  from  organs  after  Psittacidae
ecropsy21.  In  our  study,  this  O23  isolate  came  from  meat
amples,  and  the  animals  in  the  slaughterhouse  were
xpected  to  be  healthy.  Anyway,  their  relationship  to  vir-
lence  and  resistance  genes  allows  us  to  suspect  their
otential  risk.

We  found  3  isolates  classified  as  low  to  moderate  biofilm
roducers,  identified  as  O23,  O130,  and  ONT  serotypes.
lthough  biofilm  production  in  this  group  of  bacteria  may  be
ssociated  with  antibiotic  resistance,  these  strains  exhibited
ntimicrobial  resistance  genes  that  explain  this  resistance.
ur  results  align  with  those  of  Pellegrini  et  al.39,  who  iso-

ated  E.  coli  strains  from  10  horticultural  farms  and  observed
oderate  and  low  biofilm  production,  without  being  able

o  associate  this  characteristic  with  antimicrobial  resis-
ance,  even  though  all  the  isolates  tested  exhibited  biofilm
roduction.  The  importance  of  this  phenotypic  character-
stic  should  be  considered  in  strains  found  in  their  natural
nvironment28.

This  resistance  could  be  the  result  of  the  indiscriminate

se  of  these  antibiotics  in  animal  production,  which  exerts
elective  pressure  that  favors  the  proliferation  of  resistant
acteria24.  Resistance  to  CIP  and  GEN  limits  the  therapeu-
ic  options  available  to  treat  the  infections  caused  by  these
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trains,  highlighting  the  importance  of  prudent  antibiotic
anagement.
Transferable  resistance  mechanisms,  such  as  extended-

pectrum  �-lactamases  (ESBL)  and  aminoglycoside  resis-
ance  genes,  were  detected  in  several  isolates.  The
etection  of  blaCTX-M-2 in  some  isolates  is  particularly
larming  since  this  enzyme  confers  resistance  to  multiple
lasses  of  antibiotics,  including  third  and  fourth  generation
ephalosporins.  These  resistance  mechanisms  can  be  trans-
erred  horizontally  between  bacteria,  facilitating  the  spread
f  resistance  in  different  environments,  including  human
nd  animal.  Continued  surveillance  and  control  of  antimi-
robial  resistance  are  essential  to  address  this  threat  from

 ‘‘One  Health’’  approach37,55.
E.  coli  is  a  key  indicator  of  food  hygiene,  and  its  moni-

oring  in  meat  samples  points  to  the  potential  presence  of
ntimicrobial-resistant  strains  capable  of  causing  infections
n  humans,  encompassing  resistance  profile.

Food  handlers  can  be  asymptomatic  carriers  of  E.  coli
ith  varying  antimicrobial  resistance  (AMR)  profiles,  pos-

ng  a  significant  risk  of  spreading  the  microorganism  through
mproper  practices46.  Across  the  entire  food  chain  (whether
ndustrial,  small  merchants  or  households)  food  handlers
lay  a  crucial  role  in  food  preparation.  Poor  manufac-
uring  practices,  often  influenced  by  cultural  factors  and
nadequate  risk  perception,  exacerbate  this  issue.  Ensur-
ng  food  safety  through  good  manufacturing  practices  (GMP)
nd  proper  training  of  food  handlers,  including  butchers,  is
ssential  in  preventing  foodborne  diseases  (FBD).  Detect-
ng  and  evaluating  risk  parameters  is  crucial  for  identifying
ritical  action  points.  Failure  to  address  them  can  result  in
idespread  contamination  and  severe  public  health  conse-
uences.
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