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Summary  Food  borne  pathogens  are  major  causes  of  deaths,  illnesses  and  bil-
lions  of  dollars  of  expenses.  The  burden  of  food  borne  illness  is  worsened  by  the
ever  increasing  rate  of  antimicrobial  resistance  microbes.  Shigella,  a  bacterial
pathogen  associated  with  food,  is  reported  to  account  for  higher  prevalence  rates
of  food  borne  illness  in  different  settings.  A  cross-sectional  study  was  conducted
from  February  10  to  June  30,  2013,  at  the  butcher  houses  of  Gondar  town  in  the
Northwest  of  Ethiopia  to  assess  the  prevalence  and  antimicrobial  susceptibility  pat-
tern  of  Shigella.  Cattle  raw  meat  and  swab  samples  from  selected  critical  control
points,  including  knives,  chopping  boards,  and  the  hands  and  noses  of  butchers,
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were  collected  and  analyzed.  The  identification  of  Shigella  was  carried  out  using

colony  characteristics,  the  Gram  reaction,  and  biochemical  tests.  Antimicrobial  sus-

ceptibility  testing  was  performed  using  the  Kirby—Bauer  disc  diffusion  method.  The
overall  hygienic  status  of  the  butcher  shops  was  also  assessed  using  a  checklist.  An
observational  analysis  revealed  that  the  sanitary  condition  of  the  butcher  shops  and
their  premises  was  poor.  Of  306  samples  screened,  10.5%  were  positive  for  Shigella.
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Approximately  7.4%  of  meat  

with  Shigella.  Out  of  the  tot
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tidrug  resistance  pattern  wa
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ood-borne  pathogens  are  among  the  leading  cause
f death  and  illness  in  developing  countries  and
ost billions  of  dollars  in  medical  care  and  social
osts [1]. Changes  in  eating  habits,  mass  cater-
ng, complex  and  lengthy  food  supply  procedures
ith increased  international  movement  and  poor
ygienic  practices  are  major  contributing  factors
2].  Contaminated  raw  meat  is  one  of  the  main
ources of  food-borne  illnesses  and  is  a  risk  factor
or the  transmission  of  zoonotic  infections  [3—5].
ood safety  and  quality  is  becoming  a  matter  of
ncreasing  concern  and  a  serious  threat  to  public
ealth  in  many  countries.  Biological  contaminants,
argely bacteria,  constitute  the  major  cause  of  food
orne diseases  [6].

The  World  Health  Organization  (WHO)  estimated
hat in  developed  countries,  up  to  30%  of  the
opulations suffer  from  food  borne  diseases,  and
esulting  in  up  to  2 million  deaths  in  developing
ountries per  year  [7]. Bacteria  contaminate  meat
hile it  is being  processed,  packed,  transported
nd consumed.  The  contamination  could  be  due  to
he ill  health  of  the  animal  or  due  to  slaughtering
nd subsequent  processes  [8]. Shigella  is  a  bac-
erial  contaminant  of  food  from  different  sources
nd can  result  in  illness  with  a  low  infective  dose
9].  Food  borne  outbreaks  of  Shigella  are  also  com-
on, especially  with  foods  that  are  subjected  to

and processing,  such  as  meat  in  butcher  shops;
xposed to  a  limited  heat  treatment;  or  served
aw to  the  consumer  [10].  Raw  food  materials  of
oubtful  quality;  storing  food  at  a  temperature  that
ould permit  microbial  growth;  the  use  of  water

f questionable  hygienic  quality;  using  packaging
aterials that  are  not  of  food-grade  quality;  lack

f facilities  for  proper  waste  disposal  at  vending
ites; and  the  use  of  unclean  utensils  are  possible
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samples  and  10.2%  of  swab  samples  were  contaminated
al  Shigella  isolates,  90.6%,  46.9%,  18.8%  and  9.4%  were
icillin,  ceftriaxone  and  tetracycline,  respectively.  A  mul-
s  recorded  in  27.8%  of  the  isolates.  In  conclusion,  the
r  butchers  houses  was  poor.  The  identified  Shigella  iso-

 drug  resistance  and  multidrug  resistance  patterns  for
ls  in  veterinary  and  human  medicine.  Practicing  wise
rict  sanitary  interventions  at  different  critical  control
ded,  in  addition  to  further  in-depth  studies  to  prevent
s  from  shigellosis.
ziz  University  for  Health  Sciences.  Published  by  Elsevier

easons  for  bacterial  contamination  of  meat  in
utcher  shops  [11,12].

Previous  reports  from  different  parts  of  Ethiopia
ndicated that  Shigella  is  circulating  in  the
thiopian population  with  increasing  antimicrobial
esistance over  time  [13—20]. Selling  and  consum-
ng raw  meat  at  butcher  shops  are  practiced  widely
n different  towns  of  Ethiopia.  Gondar  town  is
ne of  these  towns  where  raw  meat  is  sold  at
utcher houses.  However,  there  is  scarce  informa-
ion on  the  microbial  quality  and  safety  of  raw  meat
hat is  sold  at  butcher  houses,  particularly  in  rela-
ion to  Shigella  contamination.  To  the  best  of  the
uthors’  knowledge,  to  date,  there  has  only  been
ne study  carried  out  on  meat  from  an  abattoir
egarding Shigella  isolates  and  their  antimicrobial
esistance pattern  in  Ethiopia  [21]. Hence,  the  aim
f this  study  was  to  determine  the  prevalence  and
ntimicrobial  susceptibility  profile  of  Shigella  from
aw meat  and  selected  critical  control  points  from
utcher  houses  in  Gondar  town.

aterials and methods

tudy design, period and area

 cross  sectional  study  was  conducted  from
ebruary 10  to  June  30,  2013,  at Gondar  town,
orthwest Ethiopia.  The  town  is  located  at  an
ltitude of  1500—2200  m  above  sea  level.  The  max-
mum and  minimum  temperatures  of  the  area  were
0.7 ◦C  and  12.3 ◦C,  respectively.  The  area  receives

 bimodal  rainfall  pattern  with  an  annual  precip-
tation rate  of  1000  mm.  According  to  the  2007
thiopian  central  statistics  agency  summary  report,
he total  human  population  of  the  town  was  esti-

ated to  be  206,987  [22]. During  the  study  period,

here were  90  operational  butcher  houses.
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Sample size

All  of  the  90  butcher  houses  operating  in  the  town
were  included  in  the  meat  sample  collection  pro-
cedures.  A  total  of  306  samples,  of  which  90  were
raw cattle  meat  samples  from  meat  that  was  dis-
played  for  sale  at  butcher  shops,  54  were  knife
swab samples,  and  54  were  surface  swab  sam-
ples from  chopping  boards  that  had  direct  contact
with meat,  were  collected  for  bacteriological  study.
Meat samples  were  taken  once  from  each  butcher
shop directly  as  it  was  sold  to  consumers.  Swab
samples from  54  noses  and  54  hands  of  meat  han-
dlers were  also  collected.  All  of  the  swab  samples
were collected  on  a  voluntary  basis,  but  the  meat
samples  were  purchased  from  the  butcher  shops.

Data collection and laboratory analysis

Observational  checklist
A checklist  that  was  prepared  for  the  purpose  of
this study  was  used  to  record  observational  findings
related  to  the  meat  handling  practices  of  the  work-
ers and  their  food  safety  knowledge  as  well  as  the
general  quality  of  the  butcher  shops,  including  their
sanitary  facilities  and  the  conditions  of  the  butcher
houses  and  instruments.

Sample collection

Cattle  raw  meat  samples  and  swab  samples  from
selected  critical  control  points  that  were  consid-
ered to  be  associated  with  contamination  were
aseptically collected  using  separate  sterile  plastic
bags for  the  meat  samples  and  sterile  test  tubes
for the  swab  samples.  The  swab  samples  were
collected from  15  to  20  cm2 of  the  surface  of  meat-
cutting equipment  (knives  and  wooden  chopping
boards) and  the  hands  of  meat  handlers  from  each
butcher  shops.

Laboratory analysis

The  identification  of  Shigella  species
Twenty-five  grams  of  meat  were  homogenized  in
225 ml  of  0.1%  buffered  peptone  water  (Oxoid,
England) by  shaking  for  5 min  in  a  sterile  stomacher
bag and  incubating  at  37 ◦C  for  24  h  for  resuscita-
tion. Swab  samples  were  also  incubated  in  5  ml  of
buffered  peptone  water  at  a  temperature  of  37 ◦C
for 24  h  for  enrichment.  A  loopful  of  the  enriched
samples was  directly  inoculated  onto  MacConkey

agar (Oxoid,  England)  and  Salmonella—Shigella
agar (Oxoid,  England)  and  was  incubated  at  37 ◦C
for 24—48  h  following  previously  described  proto-
cols [23—25].

b
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Presumptive  Shigella  colonies  were  identified
sing a series  of  biochemical  tests,  including  the
riple sugar  iron  (TSI),  lysine  iron  agar  (LIA),  urea,
otility,  citrate  utilization,  oxidase,  indole  produc-

ion, methyl  red  (MR),  Voges-Proskauer  (VP),  and
ecommended  sugar  tests  [23,24].  Shigella  flexneri
TCC 12022  was  used  as  a quality  control  reference
train.

he antimicrobial  susceptibility  test
he antimicrobial  susceptibility  test  of  the  iso-

ates was  performed  according  to  the  Clinical  and
aboratory  Institute  (CLSI)  and  Bauer  and  his  col-
eagues’ method  on  Mueller-Hinton  agar  (Oxoid,
ngland) [26,27].  Escherichia  coli  ATCC  25922
as used  as  a quality  control  organism  for  the
ntimicrobial  susceptibility  test.  The  antibiotics
ested include  amoxicillin  (AML  2  �g),  ampicillin
AMP 10  �g),  tetracycline  (TE  30  �g),  gentamicin
CN 10  �g),  trimethoprim—sulfamethoxazole  (cot-
imoxazole)  (SXT  25  �g),  ceftriaxone  (CRO  30  �g),
itrofurantoin  (F  100  �g),  and  nalidixic  acid  (NA
0 �g).  All  antibiotic  discs  were  purchased  from
xoid Ltd.  Company,  Basingstoke,  England.  The
election  of  antimicrobials  was  based  on  the  avail-
bility and  frequency  of  use  of  these  antimicrobials
n the  study  area,  both  in  veterinary  and  human
edicine.

ata analysis and interpretation

he  data  were  entered  twice  into  a  Microsoft  Excel
preadsheet.  Descriptive  statistics  were  used  to
escribe  the  frequency  of  Shigella  species  that
ere isolated  from  different  samples.  The  results
ere summarized  as  percentages  and  are  presented

n tables  and  graphs.

thical considerations

he  study  was  approved  by  the  ethical  review
ommittee of  School  of  Biomedical  and  Laboratory
ciences, College  of  Medicine  and  Health  Sciences,
niversity of  Gondar.  Official  written  permission
nd informed  consent  was  obtained  from  concerned
igher officials  and  study  participants,  respectively.
ll of  the  information  obtained  from  the  study  par-
icipants was  kept  confidential.

esults

eneral quality and hygienic status of the

utcher houses and meat handlers

he  majority  of  the  butcher  houses  had  wooden  and
ud walls,  roofs  made  of  corrugated  sheets  of  iron
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Table  1  General  conditions  of  butcher  shops  in  Gondar  town,  Northwest  Ethiopia.

Checkpoints  Frequency  Percentage

Butcher  shop  floor  is
constructed  of:

Concrete  23  25.6
Tile  3  3.3
Earthen  material  60  66.7
Wood  4  4.4

The  floor  of  butcher  shop  is  free  of  large  cracks  41  45.6
Butcher  shop  has  a  ceiling 61  67.8
Wall  and  ceiling  free  of  dust  and  spider  webs 33  36.7
Wall  of  butcher  shop  is  painted  with  white  paint 49  54.4
Presence  of  a  shelf  to  display  meant  66  73.3
Presence  of  insect-proof  shelf  43  47.8
Availability  of  a  functional  refrigerator  27  30
Chopping  board  is  made  up  of: Wooden  material  84  93.3

Concrete  1  1.1
Marble  4  4.4
Plastic  1  1.1

Chopping  board  is  smooth  &  easily  washable  30  33.3
Presence  of  a  clean  meat  hanger  25  27.8
Knives  &  other  equipment  handled  in  a  sanitary

condition
25  27.8

Materials  used  to  wrap-up  meat: Appropriate  paper  0  0
Plastic  festal 32  35.6
News  paper  33  36.7
Used  paper 24  26.7

Personal  hygiene:  Use  of  clean  clothing  (especially
gowns)  and  clean  hands

6 6.7

Presence  of  a  hand  washing  basin  at  the  front  of  the
shop

0 0

Availability  of  first  aid  kits  0  0
Personnel  have  training  and  a  certificate  0  0
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respectively, as  shown  in  Fig.  1. The  antimicrobial
resistance patterns  of  the  Shigella  isolates  were
Habit  of  handling  money  with  bare  hands  

ithout  ceilings  and  muddy  floors.  The  walls  were
ainted  with  white  ink  and  supplied  with  60—120  V
lectric light.  Observational  analysis  of  the  current
esearch  revealed  that  the  majority  (n  = 60,  66.7%)
f the  butcher  shop  floors  were  constructed  from
arthen materials  and  54.4%  had  cracks  of  differ-
nt sizes.  Sixty-three  (70%)  butcher  shops  had  no
efrigerator  for  meat  preservation,  and  84  (93.3%)
f the  butcher  shops  had  chopping  boards  made
f wooden  materials,  which  were  not  smooth  or
asily washable.  None  of  the  butcher  shops  used
ppropriate types  of  material  to  wrap  up  meat  and
one had  a  first  aid  kit.  Sixty-five  (72.2%)  of  the
utcher shop  meat  hangers  were  not  clean  (they
ere observed  to  be  dirty),  and  65  (72.2%)  of  the
utcher  shops’  knives  and  other  equipment  were
ot handled  in  sanitary  ways.  Moreover,  only  43
47.8%) of  the  shelves  used  to  display  the  meat
ere insect  proof,  i.e.,  had  appropriate  preven-

ive mechanisms  installed  to  protect  the  meat  from
odents and  insects.  None  of  the  butchers  used

loves or  received  training  on  how  to  handle  meat,
s presented  in  Table  1.

r
s

90  100

he prevalence of Shigella isolates and
heir antimicrobial susceptibility profile

rom  the  total  samples  analyzed,  Shigella  was
solated  from  32  samples,  giving  an  overall  iden-
ification  rate  of 10.45%.  Ten  meat  samples  (7.4%),

 hand  swabs  (10.9%),  7  knife  swabs  (10.9%)  and
 chopping  board  swabs  (12.5%)  were  positive  for
higella  species.  None  of  the  nasal  swab  samples
ere positive  for  Shigella.
The  antimicrobial  susceptibility  profile  of

he isolates  revealed  a  higher  rate  of  resis-
ance against  ampicillin  (90.6%)  and  amoxicillin
46.9%). On  the  other  hand,  all  of  the  Shigella
solates were  susceptible  to  gentamicin  and
rimethoprim—sulfamethoxazole  (cotrimoxazole).
n addition,  90.6%,  81.2%%,  71.9%  and  68.8%  of
he isolates  were  susceptible  to  tetracycline,
alidixic acid,  nitrofurantoin  and  ceftriaxone,
andom  throughout  the  samples  and  butcher
hops.
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condensation and  the  shedding  of  particles  [30].
Figure  1  Antimicrobial  susceptibility  pattern  of  Shigella
isolates.

All  of  the  isolates  identified  from  meat  sam-
ples and  chopping  board  swabs  were  resistant  to
ampicillin.  In  contrast,  all  of  the  isolates  harvested
from  knife  swabs  were  susceptible  to  cotrimoxa-
zole and  gentamicin.  The  resistance  pattern  was
random  throughout  the  town.  Eighteen  (56.3%)  of
the Shigella  isolates  subjected  to  the  antimicro-
bial susceptibility  test  exhibited  resistance  to  two
or more  antimicrobial  agents,  as  shown  in  Table  2.
Among the  isolates  that  demonstrated  resistance  to
more than  one  antimicrobial,  3 (16.7%),  4  (22.2%),
5 (27.8%)  and  6  (33.3%)  were  isolated  from  hand
swabs,  chopping  board  swabs,  knife  swabs  and
meat samples,  respectively.  Multidrug  resistance
was recorded  in  more  than  one-quarter  of  the  iso-
lates. The  highest  resistance  pattern  isolates  were
identified  from  meat  samples,  followed  by  knife
swab  samples.  Information  gathered  from  different
sources  on  the  use  of  antimicrobials  as  growth  pro-

moters  or  feed  additives  in  animals  indicated  that
there is  no  such  practice  in  the  research  area  to
date,  unlike  in  developed  countries.

D
t
e

Table  2  Multiple  antimicrobial  resistance  profile  of  Shigel

Resistance  for  no.
of  antimicrobial

Antimicrobials
(no.  of  isolates)

Two
AMP, AML  (5)  

AMP,  NA  (1)  

Three

AMP,  AML,  F  (2)  

AMP,  NA,  F  (2)  

AMP,  CRO,  F  (1)  

AMP,  AML,  TE  (1)  

AMP,  AML,  CRO  (4)

Four
AMP,  AML,  TE,  F  (1)  

AMP,  TE,  NA,  CRO  (1)  

Key: AML = amoxicillin, AMP = ampicillin, TE = tetracycline, CN = ge
zole), NA = nalidixic acid, CRO = ceftriaxone, F = nitrofurantoin.
L.  Garedew  et  al.

iscussion

n  the  present  study,  approximately  72.2%  of  the
utcher  shop  knives  and  other  equipment  were
ot handled  in  a sanitary  condition.  In  more  than
alf of  the  butcher  shops,  the  shelves  used  to  dis-
lay meat  were  not  insect  proof.  Approximately
0% of  the  shops  had  no  refrigerator  for  meat
reservation. None  of  the  butcher  shops  used  an
ppropriate  type  of  paper  to  wrap  meat,  and  none
f the  butchers  used  gloves.  This  situation  may
e attributable  to  the  low  level  of  knowledge  of
he butchers  on  how  to  handle  meat,  which  is
videnced  by  the  fact  that  none  of  them  had  train-
ng in  food  handling.  All  of  the  good  food  handling
ndicators assessed  were  against  safe  food  handling
equirements,  which  include  cleaning  the  equip-
ent  and  premises,  personal  hygiene,  temperature

ontrol and  the  prevention  of  cross  contamina-
ion [28]. A  lack  of  sanitary  conditions  is  the  most
ommon  cause  of  contamination  of  meat  from
ifferent sources,  including  money,  as  we  found
imilar  organisms  both  on  the  meat  and  the  sources
f contamination  [29].

The WHO—FAO  joint  document  on  food  hygiene
tated that  the  following  conditions  need  to  be  sat-
sfied for  the  safety  and  suitability  of  food:  the
urfaces  of  the  floors  and  walls  should  be  made
f impervious  materials  with  no  toxic  effect  in
ntended  use;  the  floors  should  be  constructed  to
llow adequate  drainage  and  cleaning;  the  walls
hould have  a smooth  surface  up  to  a  height
ppropriate for  the  operation;  and  the  ceilings
nd overhead  fixtures  should  be  constructed  and
nished  to  minimize  the  build-up  of  dirt  and
espite these  facts,  the  butcher  shops  included  in
his report  did  not  satisfy  most  of  the  preconditions
stablished in  this  document.

la  isolates.

Resistance  category  Total  no.  of
isolates  (%)

Drug  resistant
6 (33.33)Drug  resistant

Drug  resistant

10  (55.55)
Multidrug  resistant
Multidrug  resistant
Drug  resistant
Drug  resistant

Multidrug  resistant
2  (11.11)Multidrug  resistant

ntamicin, SXT = trimethoprim—sulfamethoxazole (cotrimoxa-
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higella  isolates  from  meat  and  swab  samples  at  bu

The  10.5%  isolation  rate  of  Shigella  species  in
he current  study  was  lower  than  a  study  con-
ucted in  Pakistan,  which  detected  a  prevalence
f 12.9%.  The  10.2%  Shigella  prevalence  obtained
rom the  swabs  in  our  study  was  higher  than  the
akistani study,  which  reported  an  overall  isolation
ate of  4.4%  [5].  This  might  be  due  to  the  poor
ygienic status  and  improper  equipment  handling
n the  butcher  shops  in  the  current  study  area.  On
he other  hand,  this  study  reported  a  very  high
solation rate  of  Shigella  species  compared  to  a
tudy conducted  in  Jimma  town,  Ethiopia,  which
eported  a  prevalence  of  0.6%  among  samples  taken
rom different  settings  [12].  This  difference  may  be
scribed to  the  smaller  sample  size  included  in  the
tudy under  comparison.  A  similarly  lower  rate  of
solation  was  reported  from  Ebony  state  of  Nigeria
31].  When  compared  to  studies  conducted  in  abat-
oirs, the  prevalence  of  Shigella  species  in  our  study
as still  higher.  Previous  studies  in  Ethiopia  [21]  and
igeria [32]  abattoirs  found  no  Shigella  species.  In
eneral, the  higher  rate  of  contamination  of  meat
nd equipment  in  the  butcher  shops  is  an  indica-
ion of  the  poor  hygienic  and  sanitary  practices
xercised during  the  slaughtering,  transportation,
nd/or processing  of  the  meat  [9].

The antimicrobial  resistance  patterns  of  Shigella
solates identified  during  the  current  study  were
andom  among  the  samples  and  butcher  shops.  The
higella isolates  cultivated  in  this  study  were  highly
esistant  (90.6%)  to  ampicillin,  which  is consistent
ith  studies  in  Karachi,  Pakistan  [5],  and  Eastern
epal [33], which  reported  resistance  rates  of  72%
nd 86.8%,  respectively.  The  present  study  also
evealed  a  multidrug  resistance  pattern  in  27.8%
f the  isolates  according  to  the  recent  interim
tandard dentitions  for  acquired  resistance  [34].
he multidrug  resistance  pattern  recorded  in  the
urrent  research  might  be  due  to  the  emergence  of
ntibiotic  resistant  strains  of  Shigella  due  to  evolu-
ion or  antibiotic  pressure  from  the  unrestricted  use
f antibiotics  by  the  community  and  animal  health
rofessionals.  In  addition  to  the  above  reports,  a
ve-year survey  by  the  Drug  Administration  and
ontrol  Authority  of  Ethiopia  reported  results  com-
arable with  our  finding  [35].

In this  investigation,  tetracycline  was  found
o be  among  the  most  effective  drugs  next  to
entamicin, trimethoprim—sulfamethoxazole  and
eftriaxone  against  the  Shigella  isolates.  Tetra-
ycline has  been  among  the  most  frequently
rescribed  drugs  both  in  human  and  veterinary

edicines for  more  than  three  decades  in  the  cur-

ent study  area.  In  contrast,  Shigella  isolates  that
ere 100%  and  89.5%  resistant  to  tetracycline  were

eported  by  Ali  and  his  colleagues  from  Pakistan  [5]
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nd  the  drug  administration  and  control  authority  of
thiopia [35], respectively.  Differences  in  the  geo-
raphical location  of  the  isolates  or  the  emergence
f drug  resistant  strains  of  Shigella  could  partially
xplain this  discrepancy.

onclusion

he  high  prevalence  of  Shigella  species  isolated
rom fresh  meats  and  other  critical  control  points
n this  study  might  be  attributed  to  poor  person-
el hygiene  and  the  low  sanitary  standards  of  the
utcher houses  and  their  premises  in  the  current
tudy area.  Such  a high  prevalence  is  a  warning
ignal for  the  possible  occurrence  of  food  borne
llness and  potential  food  borne  outbreaks.  The
resent  investigation  revealed  the  circulation  of
oderate to  high  degrees  of  drug  resistant  and
ultidrug  resistant  Shigella  isolates  in  the  study

rea for  antibiotics  in  frequent  use  for  human  dis-
ases treatment  in  Ethiopia.  Cheap  and  readily
vailable antibiotics,  such  as  amoxicillin  and  ampi-
illin, are  not  effective  against  these  isolates.  The
urrent study  highlights  the  need  for  the  further
nvestigation of  the  prevalence  and  antimicrobial
usceptibility  pattern  of  Shigella  from  the  farm  to
he table  to  trace  contamination  sources.  The  char-
cterization  of  resistant  strains  at  the  molecular
evel and  identification  of  resistance  mechanisms
re highly  recommended.  Judicious  and  prudent
se of  antimicrobials  in  both  the  veterinary  and
ublic health  sectors  should  be  mandatory  because
igh rates  of  antimicrobial  resistant  isolates  were
dentified.
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