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Abstract
Background:  Superficial  infection  in  venous  ulcers  (VU)  hinders  healing.
Objective:  To  evaluate  the  action  of  hydrofiber  dressing  with  silver  (HAg)  compared  to  colla-
genase ointment  (Col)  in  VU.
Methods:  Randomized  controlled  clinical  trial  in  which  patients  with  VU  with  superficial  infec-
tion were  randomized  to  the  intervention  (HAg)  or  comparison  (Col)  group.  After  30  days  (T30),
the primary  outcomes  evaluated  were:  rate  of  ulcers  without  signs  of  superficial  infection,
decrease in  bacterial  load,  presence  of  biofilm-producing  bacteria,  and  bacterial  clonality.
Results: Thirty-four  patients  (56  ulcers)  were  included  ---  18  patients  (28  ulcers)  in  the  HAg  group
and 16  (28  ulcers)  in  the  Col  group.  There  was  a  reduction  in  ulcers  with  superficial  infection
in both  groups  over  time  but  with  no  differences  (p  =  0.422).  There  was  no  decrease  in  total
bacterial  load  over  time  (p  =  0.054)  or  between  the  groups  (p  =  0.113).  There  was  a  reduction
in the  rate  of  ulcers  with  biofilm-forming  bacteria  over  time  (p  =  0.047)  but  no  differences

between groups  (p  =  0.558).  Regarding  the  clonality  of  Staphylococcus  aureus,  92.8%  of  ulcers
in the  HAg  group  and  85%  in  the  Col  group,  the  clones  identified  at  T0  were  the  same  at  T30  (p
= 0.553).  There  was  no  change  in  the  identity  of  Pseudomonas  aeruginosa  in  any  ulcer  in  either
group.

� Study conducted at the Department of Infectology, Dermatology, Imaging Diagnosis and Radiotherapy, Faculty of Medicine, Universidade
stadual Paulista, Botucatu, SP, Brazil.
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Study  limitations:  Short  follow-up  time.
Conclusion:  Both  interventions  improved  the  clinical  and  some  microbiologic  characteristics,
but there  was  no  difference  between  both  interventions.  In  addition,  most  ulcers  showed
indistinguishable  genetic  profiles  of  S.  aureus  and  P.  aeruginosa  between  T0  and  T30,  with
no difference  between  the  groups.
© 2025  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
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wounds;  iii)  R  =  Red  and  bleeding  wound  surface  granula-
ntroduction

enous  ulcers  (VU)  and  other  chronic  ulcers  are  contami-
ated  by  microorganisms  that  may  come  from  endogenous
ecretions,  bandages,  and  their  environment.  Therefore,  it
s  essential  to  understand  the  difference  between  coloniza-
ion,  critical  colonization  (superficial  infection),  and  deep
nfection.  The  colonization  will  occur  when  bacteria  repli-
ate  on  the  ulcer  wound  bed  but  do  not  cause  damage  to
he  host.  However,  the  environment  is  susceptible  to  bac-
erial  infections  that  happen  when  there  is  an  increment
n  the  microbial  load  on  the  surface  of  the  ulcer  (critical
olonization  or  superficial/local  infection).  Consequently,
he  levels  of  pro-inflammatory  cytokines  increase  and  pro-
ote  the  deterioration  of  the  granulation  tissue  and  exudate

n  excess,  hampering  the  healing  process.  Deep  infec-
ion  occurs  when  bacteria  penetrate  peri-wound  tissues,
eplicate,  and  cause  damage  to  the  host,  surpassing  the
mmunological  defense  capacity,  manifesting  as  erythema,
dema,  increase  in  temperature,  pain  at  the  perilesional
egion,  and  fever.1---3

Depending  on  the  ulcer  environment,  different  types  of
iofilms  can  be  produced.  Its  formation  starts  when  a bac-
erium  in  its  planktonic  form  adheres  to  an  exposed  surface,
hich  can  be  biotic  or  abiotic.  After,  the  microorganisms
onnect  among  themselves  and  attach  in  an  unreversible  for-
at.  Then,  they  start  to  proliferate,  activating  the  quorum

ensing.  The  biofilm  grows  and  differentiates  itself,  becom-
ng  a  mature  biofilm  community,  and  presenting  structural
haracteristics.  Next,  a  matrix  of  water  and  polymeric  sub-
tances  such  as  polysaccharides,  proteins,  and  extracellular
NA  is  formed.  Finally,  the  mature  biofilm  starts  a  disper-
ion  process  with  the  detachment  of  cells  or  microcolonies.
ispersion  can  result  in  the  colonization  of  new  niches  and,
onsequently,  new  sites  of  infections  with  biofilm.4

The  resistance  of  biofilm-producing  bacteria  is  a  crucial
roblem  in  handling  and  treating  chronic  ulcers.  In  a mature
iofilm,  the  bacteria  grow  slowly  due  to  the  deficiency  of
utrients,  resulting  in  resistance  to  topical  and  systemic
ntibiotics.  Besides,  penetration  of  these  substances  in  the
acterial  structure  is  reduced  or  incomplete  and  the  biofilm
n  the  ulcer  is  renewed  quickly.5 Sharp  debridement  and  sil-
er  dressing  such  as  hydrofiber  with  silver  (HAg)  are  lines
f  treatment  described  to  combat  biofilm.6 However,  no
ethod  is  entirely  effective  for  biofilms,  and  scientific  evi-
ence  is  short  to  ensure  the  best  form  of  removal  from  the
hronic  ulcer  bed.
Products  that  promote  enzymatic  debridement,  such  as
ollagenase,  are  not  described  to  combat  biofilm.  Collage-
ase  is  mentioned  as  an  enzyme  derived  from  the  bacterium
lostridium  histolyticum. It  is  effective  and  selective  for
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cting  in  the  collagen  in  the  necrotic  tissue  without  harm-
ng  the  granulation  tissue.  Thus,  the  use  of  it  is  pointed
s  possible  after  sharp  debridement.7 Due  to  the  frequent
se  of  collagenase  ointment  in  clinical  practice  as  a  rou-
ine  treatment  in  health  services,  it  is  possible  to  use  it  as  a
omparative  intervention.  The  study  of  VU’s  microenviron-
ent  and  the  search  for  interventions  to  combat  superficial

nfection  and  biofilm  are  relevant  aspects  to  consider  when
hoosing  the  best  therapeutic  strategies  to  promote  healing.

The  objective  of  this  study  was  to  evaluate  the  action  of
he  hydrofiber  dressing  with  silver  compared  to  collagenase
intment,  both  after  sharp  debridement,  in  the  control  of
uperficial  infection,  interfering  in  the  formation  of  biofilm
y  Staphylococcus  aureus  and  Pseudomonas  aeruginosa, and
n  the  clonality  of  the  strains  isolated  in  the  initial  and  final
ime,  in  patients  with  VU  that  had  used  these  interventions
or  30-days.  This  time  frame  was  chosen  once  the  primary
bjectives  were  assessing  the  local  superficial  infection  and
icrobiological  outcomes  instead  of  healing,  which  needs
ore  time  for  follow-up.

aterials and methods

 randomized,  controlled,  open-label  clinical  trial  with  a
wo-arm  parallel  group  design,  blinded  outcome  assessment
as  conducted  with  patients  with  VU  with  clinical  signs  of

uperficial  infection.  It  was  registered  in  the  Brazilian  clini-
al  trials  (ReBEC  ---  RBR  ---  4kkq2h),  and  it  was  approved  by  the
esearch  Ethics  Committee  of  ‘‘The  Medical  School  (FMB)
f  São  Paulo  State  University  (Unesp),  Botucatu  Campus,’’
nder  the  number  3.055.504.  Also,  the  study  was  reported
ollowing  the  CONSORT  statement.8

It  was  performed  on  adult  patients  treated  in  the  Chronic
lcers  Outpatient  Clinic  of  Clinical  Hospital  of  Botucatu
edical  School  ---  Unesp,  between  October  2020  and  Novem-
er  2021.

articipants  of  the  study

he  individuals  who  met  all  the  following  inclusion  crite-
ia  and  none  of  the  exclusion  criteria  were  eligible  to  be
ncluded.  The  criteria  were:  1)  Age  equal  or  older  than
8-years  old;  2)  Chronic  VU  (ulcer  being  active  over  six
eeks)  with  clinical  signs  of  superficial  infection,  following

he  mnemonic  criteria  rule  NERDS9 if  there  were  at  least  two
f  the  following:  i)  N  =  Nonhealing  wounds;  ii)  E  =  Exudative
ion  tissue);  iv)  D  =  Debris-yellow  or  black  necrotic  tissue  on
he  wound  surface;  v)  S  =  Smell  or  unpleasant  odor  from  the
ound;  3)  Agreement  with  the  procedures  proposed  in  the
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tudy;  4)  Sign  the  written  informed  consent  form  (patient
r  guardian).  Exclusion  criteria:  1)  Ulcers  from  other  etiolo-
ies  (peripheral  arterial  disease,  hematologic,  neoplastic,
nfectious  causes,  etc.);  2)  Ulcers  with  deep  tissue  infections
ssociated  with  erysipelas,  cellulitis  or  lymphangitis  due  to
he  necessity  of  systematic  antibiotic  therapy;  3)  History  of
ypersensitivity  to  proposed  treatments;  4)  VU  associated
o  peripheral  arterial  disease  that  was  classified  when  the
nkle-Brachial  Index  (ABI)  was  lower  than  0.8  and  absence
f  distal  pulses,  mainly  tibial.

andomization  and  interventions

he  randomization  protocol  was  implemented  using  Soft-
are  Rv  3.1.2,  performed  per  patient,  not  per  wound.

o  ensure  allocation  concealment,  the  randomization  list
as  cared  for  by  an  unrelated  individual  in  the  clinical

election  of  participants.  Therefore,  the  randomization  was
erformed  at  basal  Time  (T0),  and  the  participant  could
e  allocated  into  the  Collagenase  group  (Col  group)  or  the
ydrofiber  dressing  with  silver  (HAg  group).

After  enrollment,  the  area  of  all  ulcers  was  measured  at
aseline  for  all  participants.  Then,  the  ulcer  was  cleaned
ith  a  0.9%  saline  solution.  Next,  the  collection  of  material
sing  a  swab  for  microbiologic  analysis  and  sharp  debride-
ent  of  the  wound  bed  was  done.  This  last  procedure
as  performed  with  local  topical  anesthesia  (lidocaine  4%
ream)  and  kept  under  an  occlusive  dressing  for  30-minutes.
fterward,  the  debridement  was  performed  with  a  curette
hroughout  the  ulcerated  bed.

Following  the  superficial  debridement,  the  participants
ere  randomized  into  two  groups.  The  first  group  was  made
f  participants  treated  with  the  hydrofiber  dressing  with  sil-
er  (HAg  ---  AQUACEL® Ag  +  ExtraTM)  in  the  shape  of  a  pad
ith  changes  needed  when  saturation  was  reached  (approx-

mately  four  days).  In  the  second  group,  the  participants
ere  treated  with  collagenase  ointment  (Col),  which  was
ot  associated  with  the  antibiotics  (Kollagenase®).  The  pre-
entation  of  collagenase  was  in  ointment,  and  the  quantity
pplied  varied  with  the  size  of  the  wound.  Still,  it  should  be
nough  to  cover  all  the  wounded  beds  with  a  minimum  layer
f  2  mm,  and  after  being  covered  with  gauze,  needing  to  be
hanged  once  a  day.

In  both  groups,  the  compressive  elastic  band  (Surepress®)
as  associated  with  the  treatment,  having  to  be  applied
nce  daily  (in  the  morning  and  removed  at  the  end  of  the
ay).  The  compressive  elastic  band  is  a  compression  system
ade  of  a  unique  layer,  with  pressure  around  25  to  35  mmHg

n  the  ankle.  In  addition,  all  the  participants  and  the  care-
akers  received  instructions  to  take  care  of  the  wound  at
ome  during  the  study  period.

utcomes

he  outcomes  evaluated  after  30-days  (T30)  were  the  fol-
owing.
Primary:  (i)  Rate  of  wounds  with  no  sign  of  superficial
nfection  following  the  clinical  criteria  in  the  mnemonic
ule  NERDS;9 (ii)  Microbiologic  analysis  ---  the  rate  of  ulcers
ith  reduction  of  bacterial  load;  rate  of  ulcers  with  biofilm-
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orming  bacteria;  rate  of  ulcers  with  bacterial  identity
hanges  (clonality).

Secondary:  (i)  Clinical  improvement  of  VU  assessed  by
he  PUSH  scale  (Pressure  Ulcer  Scale  for  Healing).10 The
otal  score  can  range  from  0  to  17;  higher  scores  repre-
ent  the  worst  conditions  for  the  ulcer;  (ii)  Decrement  of
lcer  area  using  the  planimetric  method;  (iii)  Healing  rate
ssessed  clinically  by  the  observation  of  the  total  epithelial-
zation  without  the  presence  of  crusts  at  the  place  of  VU;
iv)  Adverse  local  events  related  to  the  interventions.

All  the  outcomes  were  evaluated  by  an  independent  clin-
cian  blinded  to  treatment  allocation.

icrobiologic  analysis

he  ulcers  were  irrigated  with  a  0.9%  saline  solution  over
echanical  pressure  to  collect  the  samples.  A  sterile  gauze
old  with  a  central  opening  of  1  cm2 was  placed  onto  the
ound  bed  with  the  appearance  of  the  most  unviable  tis-

ues.  The  swab  was  moistened  with  a  sterile  saline  solution
0.9%)  and  rubbed  along  the  exposed  area.  Later,  the  swab
as  conditioned  in  a  tube  with  3  mL  of  sterile  0.9%  saline

olution,  which  was  placed  under  refrigeration  and  immedi-
tely  transferred  to  microbiologic  analysis.

The  microbiologic  analyses  were  made  in  the  Labora-
ory  of  Microbiology  of  the  Botucatu  Institute  of  Biosciences
São  Paulo  State  University  ---  Unesp).  In  this  study,  the  most
revalent  biofilm-forming  bacteria  in  the  VU  mentioned  in
he  literature  ---  S.  aureus  and  P.  aeruginosa  ---  were  selected
o  be  analyzed.  The  Staphylococcus  epidermidis  was  also
ssessed  for  being  a  bacterium  that  forms  biofilm.11 The
ther  bacteria  in  the  cultures  were  only  described  as  present
nd  their  load.  Still,  they  were  not  evaluated  regarding  the
bility  to  form  biofilm  and  the  bacterial  identity  between
0  and  T30.  To  calculate  the  number  of  colony-forming  units
er  square  centimeter  (CFU/cm2),  the  number  of  confirmed
olonies  was  multiplied  by  10  (100  �L  inoculum)  and  then
y  3  (total  of  3  mL  in  the  swab  tube).

iofilm  production  on  polystyrene  microplate
or  each  culture  of  S.  aureus, S.  epidermidis, and  P.  aerug-
nosa,  growth  in  BHI  under  35 ◦C/24  hours  was  diluted  to
pproximately  1.5  ×  108 CFU  (0.5  MacFarland  scale),  with
he  support  of  Densicheck  (Biomeriéux  For),  using  the  BHI
upplementing  with  0.5%  of  glucose.  The  Optical  Density
OD)  was  measured  using  an  ELISA  reader  (Babsystems,  Mul-
iSkan  EX)  at  570  nm.  BHBI  not  inoculated  was  used  as  a
egative  control  of  the  reactions.  The  positive  control  of  P.
eruginosa  was  the  ATCC  9027  and  the  Staphylococcus  was
.  epidermidis  ATVV  35983.  From  the  average  of  the  four
epetitions  (OD)  and  according  to  the  relation  between  the
D  (test  sample)  and  the  OD  (negative  control),  the  strains
ere  classified  into  the  following  categories:  no  biofilm  pro-
ucers,  weak,  moderate,  or  strong  biofilm  producers,  as
entioned  by  Stepanovic  et  al.12

dentification  of  the  bacterial  typing  by  Pulsed  Field  Gel

e  Eletroforese  (PFGE)
he  molecular  typing  using  the  PFGE  technique  was  per-
ormed  for  the  S.  aureus  and  P.  aeruginosa  bacteria  when  the
ame  species  were  found  in  one  ulcer  on  T0  and  T30.  For  the
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Fig.  1  Flowchart  of  the

trains  of  S.  aureus,  the  methodology  used  was  described  for
ulseNet.13 For  the  strains  of  P.  aeruginosa, the  methodology
f  Gram-negative  of  Selim  et  al.14 was  employed.

ample  size  and  statistical  analysis

or  the  sample  size,  the  authors  assumed  that  20%  of  VU
ould  remain  with  superficial  infection  in  the  HAg  group  and
0%  in  the  Col  group.  The  difference  between  the  groups
as  based  on  previous  studies  that  found  almost  80%  of

uperficial  infection  was  controlled  with  HAg  dressing15,16

n  the  Col  group,  the  authors  assumed  only  40%  control  of
he  infection  since  its  action  is  enzymatic  debridement.7

onsidering  80%  of  statistical  power  and  a  two-tailed  signif-
cance  level  of  95%,  27  VU  by  each  intervention  group  was
ecessary.

The  statistical  analysis  was  by  intention  to  treat.  It
as  executed  respecting  the  assumptions  determined  by

he  variables’  results,  characteristics,  and  behavior.  The
inomial  variables  were  compared  by  Chi-Square  (c2) and
isher’s  Exact  tests.  The  Student’s  t-test  or  Mann-Whitney  U
est  compared  the  numerical  variables.  The  normality  was
ssessed  by  the  Shapiro-Wilk  test.  The  Longitudinal  follow-
p  of  ulcer  areas,  the  PUSH  score,  was  reached  between
he  groups  by  a  generalized  linear  mixed  model  with  an
dequate  probability  distribution  for  each  variable.  The
agnitude  of  the  effect  on  nominal  data  was  assessed  by

he  Relative  Risk  (RR)  and  its  Confidence  Interval  of  95%  (95%
I).17 Data  were  analyzed  using  the  software  SPSS  22.0  and
onsidered  a  significant  value  of  p  <  0.05.
esults

uring  the  study  period,  74  participants  were  evaluated  to
etermine  if  they  met  the  eligibility  criteria  (Fig.  1).  Among
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y  according  to  CONSORT.

hem,  40  were  excluded  for  not  meeting  the  eligibility  crite-
ia.  Thus,  34  participants  with  56  venous  ulcers  were  eligible
nd  randomized  for  the  study.  Eighteen  participants  with  28
U  were  randomized  for  the  HAg  group  and  16  participants
ith  28  VU  for  the  Col  group.  After  30  days  of  follow-up,  one
articipant  from  the  HAg  group  with  one  ulcer  and  one  from
he  Col  group  discontinued  the  interventions.

Table  1  presents  the  demographic  and  clinical  data  from
he  participants  in  the  basal  time  (T0),  distributed  by  group
f  study.  It  is  observed  that  the  study  groups  are  homogenous
nd  not  statistically  different  among  the  variables.

rimary  outcomes

ate  of  ulcer  without  clinical  signs  of  superficial
nfection  at  T30
here  was  a  reduction  of  ulcers  with  criteria  of  superfi-
ial  infection  in  both  groups  over  time.  In  29/56  ulcers
51.8%;  95%  CI  39.0%---64.3%),  there  were  no  signs  of  super-
cial  infection  at  T30,  13/28  from  HAg  group  (46.4%;  95%
I  28.6%---65.4%)  and  16/28  from  Col  group  (67.1%;  95%  CI
0.0%---73.4%),  not  having  statistic  difference  between  the
roups  (p  =  0.422).  The  RR  for  non-superficial  infection  at
he  end  of  30  days  among  the  HAg  group  compared  to  the
ol  group  was  0.81  (95%  CI  0.39---1.68).

ate  of  ulcers  with  bacterial  load  reduction
t  was  possible  to  identify  that  no  decrease  of  the  bacte-
ial  load  over  time  occurred  (p  =  0.054)  nor  did  it  happen
etween  the  groups  (p  =  0.113)  (Figs.  2  A,  B,  and  C).

At  T0,  37/56  of  ulcers  had  growth  of  S.  aureus  (66.1%,

5%  CI  53%---77.1%);  in  the  HAg  group  occurred  in  16/28
57.1%;  95%  CI  39.1---73.5%)  and  the  Col  group  in  21/28
lcers  (75%;  95%  CI  56.6%---87.3%).  At  T30,  46/56  had  growth
f  S.  aureus  (82.1%;  95%  CI  70.1%---90%),  in  the  HAg  group
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Table  1  Distribution  of  the  34  participants  (56  ulcers)  by  study  group  according  to  demographic  and  clinical  data  on  basal  Time
(T0).

Variables  related  to  patients
Group

Total,  n  =  34  (%) p-value
Col,  n  =  16  (%)  HAg,  n  =  18  (%)

Average  age  (in  years)  (±SD) 70.7  (±9.2) 68.6  (±8.9) 69.6  (±9.0) 0.94
Women 11  (68.8) 13  (72.2) 24  (70.6) 0.83
Men 5  (31.3)  5  (27.8)  10  (29.4)  0.83
SAH 11  (68.8)  14  (77.8)  25  (73.5)  0.58
DM 5  (31.3)  6  (33.3)  11  (32.3)  0.90
Vascular surgical  procedure  history  6  (37.5)  4  (22.2)  10  (24.49)  0.36
Reduced ankle  mobility  9  (56.2)  10  (55.5)  19  (55.8)  0.97
History of  DVT  5  (31.3)  3  (16.7)  8  (23.5)  0.35
ABI -  median  (max---min) 1.07  (0.80---1.50)  1.05  (0.93---1.21)  1.06  (0.80---1.50)  0.25

Variables related  to  the  wounds  Median  (min---max)  n  =  28  ulcers  n  =  28  ulcers  Total  (n  =  56  ulcers)  p-value

Ulcers’  time  (months)  24.0  (1.0---168.0)  42.0  (2.0---600.0)  30  (1.0---600.0)  0.25
Ulcer’s area  (cm2)  10.3  (1.0---96.9)  14.3  (1.0---123.3)  11.2  (1.0---123.3)  0.74
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SHA, Systemic Arterial Hypertension; DM, Diabetes Mellitus; DVT, 

ccurred  in  20/28  ulcers  (71.4%;  95%  CI  52.4%---84.75%)  and
he  Col  group  in  26/28  ulcers  (92.8%;  95%  CI  77.5%---98.0%).
here  was  no  difference  with  statistical  significance  over
ime  (p  =  0.345)  and  according  to  the  intervention  groups
p  =  0.336).

As  for  P.  aeruginosa, on  T0,  there  was  a  growth  in  16/56
lcers  (28.5%;  95%  CI  18.4%---41.5%);  in  the  HAg  group,  it
ccurred  in  11/28  (39.3%;  95%  CI  23.6%---57.6%)  and  the  Col
roup  occurred  in  5/28  (17.8%;  95%  CI  7.9%---35.6%).  At  T30,
3/56  ulcers  had  growth  of  P.  aeruginosa  (23.2%;  95%  CI
4.1%---35.8%),  in  the  HAg  group  occurred  in  7/28  ulcers  (25%;
5%  CI  12.7%---43.3%)  and  the  Col  group  in  6/28  ulcers  (21.4%,
5%  CI  10.2%---39.5%).  The  S.  epidermidis  only  occurred  in
hree  ulcers  on  T0.

ate  of  ulcers  with  biofilm-forming  bacteria
here  was  a  reduction  in  the  rate  of  ulcers  with  biofilm-
orming  bacteria  from  T0  to  T30  (p  =  0.047),  but  there  was
o  statistically  significant  difference  between  the  groups  at
30  (p  =  0.558).

At  T30,  in  the  HAg  group,  13/28  (46.4%;  95%  CI  28%---63%)
id  not  present  bacteria  that  form  biofilm;  in  the  Col  group
lso  13/28  (46.4%;  95%  CI  28%---63%).  Thus,  the  RR  of  ulcers
ith  bacteria  that  do  not  form  biofilm  was  1.0  (95%  CI
.46---2.16;  p  =  1.000).  The  results  of  the  biofilm  production
y  a  strain  of  bacteria  are  shown  in  Fig.  3.

ate  of  ulcers  with  change  in  the  bacterial  identity
he  molecular  typing  using  the  PFGE  technique  was  per-
ormed  for  the  bacteria  (S.  aureus  and  P.  aeruginosa) from
he  same  species  in  a  specific  ulcer  on  T0  and  T30.  How-
ver,  typing  was  not  performed  for  S  epidermidis  since  there
as  no  growth  of  this  bacterium  on  T0  and  T30  in  the  same
lcer.

Fig.  4  shows  the  results  of  the  dendrogram  of  genetic

imilarity  of  S.  aureus  of  ulcers  that  had  growth  of  this
acterium  on  T0  and  T30.  It  was  possible  to  identify  the
xistence  of  17  total  clones  of  bacteria  in  22  participants  at
ifferent  moments  and  groups  of  this  study.  In  that  regard,
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 Venous Thrombosis; ABI, Ankle Brachial Index.

here  was  a  significant  similarity,  over  80%,  in  most  ulcers,
o  the  identical  clones  were  identified  on  T0  and  at  T30.  The
lones  of  S.  aureus  identified  on  T0  were  the  same  identi-
ed  at  T30  in  13/14  ulcers  (92.8%;  95%  CI  68.5%---98.7%)  in
he  HAg  group  and  in  17/20  ulcers  (85%;  95%  CI  64.0%---94.8%)
n  the  Col  group.  The  RR  to  have  S.  aureus  with  a  change  in
he  identity  is  0.58  (95%  CI  0.10---3.31;  p =  0.553);  therefore,
here  is  no  difference  with  statistical  significance  between
he  groups.

The  PFGE  analyses  on  strains  of  P.  aeruginosa  are
bserved  in  the  dendrogram  of  Fig.  5. This  dendrogram  was
reated  using  one  final  partition  of  8  groupings  with  a  level  of
imilarity  of  over  80%.  All  wounds  of  the  dendrogram  iden-
ified  a  high  similarity  of  the  clones  on  T0  and  at  T30.  It
as  possible  to  identify  eight  clones  in  7  participants  with
1  ulcers.  Of  these  eleven  ulcers,  9/28  were  from  the  HAg
roup  (32.1%)  and  2/28  (7.14%)  from  the  Col  group.  There
as  no  change  in  the  identity  of  P.  aeruginosa  in  any  ulcer

n  both  groups.

econdary  outcomes

linical  improvement  of  VU
n  the  HAg  group,  the  average  PUSH  value  on  T0  was  13.5
±2.5),  at  T30,  it  was  12.7  (±3.3).  In  the  Col  group,  the
verage  value  on  T0  was  13.5  (±2.5),  and  at  T30,  it  was
2.4(±2.9).  Both  groups  showed  improvement  in  the  score
ver  time  (p  =  0.001);  however,  there  was  no  statistically
ignificant  difference  between  the  groups  (p  =  0.0668).  The
verage  percentile  score  reductions  of  PUSH  in  the  HAg
roup  was  -6.8  (95%  CI  −1.3  to  −13.0);  in  the  Col  group,
t  was  −7.6  (95%  CI  −1.10  to  −14.1),  confirming  that  there
as  no  difference  between  the  groups.
eduction  of  ulcer  area  and  total  healing
he  average  reduction  in  ulcer  area  was  0.78  cm2 (95%  CI
0.20  to  -1.36)  in  the  HAg  group,  and  1.1  cm2 (95%  CI  −0.20
o  −2.00)  in  the  Col  group.  There  was  a  reduction  in  the
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Fig.  2  Log  of  the  bacterial  load  (CFU/cm2)  of  the  total  evalu-
ated species  (A),  S  aureus  (B),  and  P.  aeruginosa  (C)  at  baseline
(T0) and  after  30-days  (T30),  in  the  ulcers  of  the  Hydrofiber  with
silver (HAg)  and  Collagenase  (Col)  group.  The  bacterial  load  over
time  (mean  before  vs.  mean  after)  had  a  marginal  significance
(
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found  evidence  that  the  dressings  with  silver  can  increase
p =  0.054);  however,  it  did  not  differ  between  the  groups  (p  =
.113).

rea  for  both  groups  over  time  (p  =  0.001)  but  no  difference

n  statistical  significance  between  the  groups  (p  =  0.786).
here  were  no  ulcers  with  total  healing  in  both  analyzed
roups.
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dverse  events

here  were  no  adverse  events  related  to  both  interventions.
ne  patient  with  four  ulcers  in  the  Col  group  had  secondary
yiasis,  but  this  event  was  unrelated  to  the  intervention.

iscussion

valuating  interventions  that  act  in  the  bacterial  load  and
iofilms  of  VU  is  crucial,  for  there  is  a high  prevalence  of
2%  to  89%  of  biofilms  in  chronic  wounds.18 This  randomized
linical  trial  was  specifically  designed  to  evaluate,  in  a  short
eriod,  the  efficacy  of  the  Hydrofiber  dressing  with  silver
n  clinical  outcomes  such  as  local  infection  and  microbio-
ogic  such  as  reduction  of  the  bacterial  load  and  inhibition  of
acteria  biofilm  producers.  It  was  assessed  if  the  dressings
ould  eliminate  the  bacteria  that  were  initially  colonizing
he  ulcer,  using  the  bacterial  clonality  evaluation,  compar-
ng  basal  outcomes  with  the  follow-up’s  final  time.

The  main  results  show  that  both  interventions,  Hydrofiber
ressing  with  silver  and  collagenase  ointment,  have  pro-
oted  the  reduction  of  ulcers  with  criteria  of  superficial

nfection,  a  decrease  in  ulcer  rate  with  biofilm-forming
acteria  over  time,  but  with  no  statistically  significant  dif-
erence  between  the  groups.  On  the  other  hand,  there  was
o  reduction  in  total  bacterial  load  over  time,  but  there  was

 marginal  significance  (p  =  0.054).  So,  the  lack  of  detec-
ion  of  a  difference  may  have  been  due  to  the  small  sample
underpowered).  However,  there  was  no  suggestion  of  a  dif-
erence  between  the  groups.

Most  of  the  ulcers  presented  indistinguishable  PFGE  pro-
les  between  T0  and  T30,  showing  a  lack  of  action  to
liminate  the  bacteria  that  were  initially  colonizing  the
lcer.  The  initial  hypothesis  presumed  that  the  Hydrofiber
ressing  in  silver  would  be  superior  to  the  Collagenase  oint-
ent  since  there  is  more  evidence  of  its  action  against

uperficial  infection  and  biofilms  due  to  its  antimicrobial
roperties.15,16 Dressings  containing  silver  are  known  for
educing  the  bacterial  load  and  acting  as  an  antimicro-
ial  barrier  to  avoid  higher  contamination  of  the  wound
y  external  microorganisms.  These  dressings  have  a  lower
isk  of  bacterial  resistance  when  there  is  an  adequate  dose
f  silver.15 In  addition,  silver  acts  against  Gram-negative
acteria,  Gram-positive  bacteria,  fungi,  and  viruses,19 even
hough  there  have  been  recent  reports  of  bacterial  resis-
ance  to  silver.20

The  clinical  trials  with  dressings  with  silver  generally
valuate  outcomes  of  healing.  However,  the  results  related
o  the  local  control  of  the  infection  and  microbiologic  effects
till  need  to  be  assessed,  which  hampers  the  present  find-
ngs’  comparison.

A  Cochrane  systematic  review  with  meta-analyzes  from
010  concluded  that  there  was  no  evidence  to  confirm  if
roducts  with  silver  can  promote  wound  healing.21 However,
ther  systematic  revisions  from  recent  years  have  found
ifferent  results.  A  Cochrane  systematic  review  in  2018
bout  dressings  and  topical  agents  for  the  treatment  of  VU
he  probability  of  VU  healing  compared  to  non-adherent
ressings  (RR  =  2.43;  95%  CI  1.58  to  3.74)  with  evidence
f  moderate  certainty.22 The  systematic  review  made  in
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Fig.  3  Classification  of  bacteria  strains  that  form  biofilm.  (A)  Classification  of  all  bacteria  strains  evaluated  together  (S.  aureus,
P. aeruginosa,  and  S.  epidermidis).  (B)  The  capacity  of  the  S  aureus  to  form  biofilm.  (C)  The  capacity  of  the  bacteria  P.  aeruginosa
to form  biofilm.  (D)  The  capacity  of  the  bacteria  S  epidermidis  to  form  biofilm.  There  was  a  reduction  in  the  rate  of  ulcers  with
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iofilm-forming  bacteria  from  T0  to  T30  (p  =  0.047),  but  there  w
p =  0.558).

020  about  dressings  with  silver,  specifically  for  VU,  included
ight  randomized  clinical  trials,  totaling  1,057  patients,  526
articipants  with  dressings  with  silver,  and  531  controls.
he  evaluated  outcomes  were  clinical,  such  as  wound  area
eduction  and  healing.  There  was  evidence  that  dressings
ith  silver  can  increase  the  healing  rate  of  VU  and  improve

ts  recovery  in  a  short  period.  However,  compared  to  other
ressings,  clinical  trials  with  a  long  time  of  follow-up  are
ecessary  to  confirm  if  the  dressings  with  silver  are  superior
o  the  complete  healing  of  the  wound.23

In  the  present  study,  both  groups  were  submitted
o  debridement  by  superficial  surgical  curettage  before
he  randomization,  which  can  explain  the  similar  results
etween  both  groups.  Debridement  represents  a  treatment
trategy  against  biofilms.  Although,  it  cannot  be  eradicated
ecause  its  formation  occurs  a  few  hours  after  the  proce-

ure.  Thus,  it  is  not  recommended  the  isolated  use.  Still,
t  is  a  strategy  that  supports  the  best  efficacy  of  topical
herapies  against  biofilm  performed  after  debridement,  as
t  opens  a  window  of  opportunity.24
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o  statistically  significant  difference  between  the  groups  at  T30

Biofilm  and  bacterial  load  of  ulcers  promote  a  delay
n  healing  and  can  cause  de  development  of  infections.25

herefore,  the  knowledge  of  the  most  frequent  microor-
anisms  in  chronic  ulcers  shows  a  way  to  create  wound
reatment  strategies.  The  clinical-laboratory  correlation
egarding  the  bacterial  flora  of  chronic  ulcers  is  a  challenge.
he  microbiologic  sample  can  be  analyzed  in  a  qualitative
nd  quantitative  approach.  In  this  study,  the  swab  was  per-
ormed  in  a  predetermined  area,  making  the  quantitative
nalyses  and  identification  of  bacteria  species  possible.  The
wab  technique  is  less  invasive  and  can  be  used  for  qualita-
ive,  semi-quantitative,  or  quantitative  analyses.  It  is  mainly
mployed  in  outpatient  settings.26

The  swab  technique  is  less  invasive  and  can  be  used  for
ualitative,  semi-quantitative,  or  quantitative  analyses.  It
s  predominantly  employed  in  outpatient  settings.
The  most  frequent  bacteria  in  chronic  ulcers  are  S.
ureus  and  P.  aeruginosa.  At  the  same  time,  the  preva-
ence  of  other  types  varies  in  the  different  studies.27 The
lcer  can  evolve  into  an  infection  of  deeper  soft  tissues
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Fig.  4  Dendrogram  of  genetic  similarity  of  ulcers  with  S  aureus.  The  RR  to  have  S.  aureus  with  a  change  in  the  identity  is  0.58
(95% CI  0.10---3.31;  p  =  0.553).
8
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ig.  5  Dendrogram  of  genetic  similarity  of  ulcers  with  P.  aeru
lcer in  both  groups.

hen  the  bacteria  reach  a  critical  level  of  105 unities  cre-
tors  of  colony  per  gram  of  tissue.  When  the  number  of
acteria  increases  over  this  level,  the  probability  of  infec-
ion  increases  as  the  host’s  immune  system  cannot  control
he  bacteria’s  proliferation  anymore.28 The  study  that  ana-
yzed  the  microbiological  characteristic  of  754  VU,  using
he  swab  in  a  1  cm2 area,  in  a  sample  of  636  (84.3%)
atients  presented  ulcers  with  positive  for  culture.29 Among
he  pathogens  identified  in  the  study,  P.  aeruginosa  was
etected  in  28.6%  of  cultures.  In  the  present  study,  about
6%  of  the  ulcers  were  colonized  by  S.  aureus  and  28.5%  by
.  aeruginosa.

The  molecular  typing,  by  the  PFGE  technique  performed
n  this  study,  demonstrated  the  high  similarity  of  clones  on
0  and  T30  in  the  strains  of  S.  aureus  and  P.  aeruginosa.
nly  one  ulcer  in  the  Hydrofiber  dressing  with  a  silver  group
nd  three  from  the  Collagenase  group  presented  different
enetic  profiles  of  S.  aureus. PFGE  profiles  of  P.  aeruginosa
ere  indistinguishable  in  any  ulcers  from  both  groups.  Then,

he  present  results  show  that  the  dressings  are  not  efficacy
n  changing  the  bacterial  clonality.  Another  study  evaluated
he  colonization  in  wounds  by  P.  aeruginosa  via  PFGE;  it  iden-
ified  the  bacteria  in  48  isolated  cultures  of  chronic  ulcers
hat  performed  different  types  of  dressings,  including  silver,
emonstrating  multi-resistance  in  three  of  them.  P.  aerugi-
osa  was  present  in  75%  of  the  samples  of  chronic  wounds.  In

ost  ulcers,  the  strains  showed  the  same  genetic  character-

stics  on  both  analyzed  moments,  indicating  that  the  wound
eds  remained  colonized  and  that  the  clones  persisted  for

c
r

9

sa.  There  was  no  change  in  the  identity  of  P.  aeruginosa  in  any

ore  than  a  month  of  treatment,  a  similar  result  found  in
his  study.  Most  bacteria  had  virulence  genes  associated  with
he  high  potential  to  establish  infection.30

The  present  study  has  some  limitations.  First,  the  follow-
p  time  of  30-days  is  considered  insufficient  to  evaluate  the
volution  of  the  healing  process  of  chronic  ulcers.  However,
he  primary  outcomes  were  associated  with  the  assessment
f  the  local  superficial  infection  and  microbiological  out-
omes,  which  could  be  achieved  in  the  proposed  period.
nother  limitation  is  the  material  collection  procedure  for
he  microbiological  analyses,  as  the  gold  standard  is  tissue
iopsy  due  to  the  capacity  to  evaluate  the  deeper  bacte-
ia.  However,  the  biopsy  has  the  disadvantage  of  being  more
nvasive,  painful,  and  expensive  than  the  swab  technique.11

lso,  the  swab  was  collected  in  a small  area  of  the  wound
ed.  The  distribution  of  bacteria  and  biofilms  in  chronic
ounds  may  not  be  even.  Therefore,  one  unique  biopsy

ample  or  swab  in  a  small  area  can  influence  the  results
ecause  other  regions  of  the  same  injury  can  show  differ-
nt  results.  However,  the  swab  was  performed  in  the  wound
ed  with  traces  of  unviable  tissue,  increasing  the  chances
f  representing  the  site  with  the  highest  bacterial  load  and
iofilm.

The  results  of  this  study  allow  for  discussing  the  effi-
acy  of  interventions  referred  to  as  strategies  for  treating
lcers  with  superficial  infection  and  biofilm,  with  clini-

al  and  microbiological  evaluation  of  essential  outcomes
elated  to  wound  infections.
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T.L.  Saranholi,  N.C.  S

onclusion

oth  interventions  improved  the  clinical  and  some  microbio-
ogic  characteristics  over  time,  but  there  was  no  difference
etween  both  interventions  after  30-days  of  follow-up.  In
ddition,  most  ulcers  showed  indistinguishable  genetic  pro-
les  of  S.  aureus  and  P.  aeruginosa  between  T0  and  T30,
ith  no  difference  between  the  groups.
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Röderová M, et al. Bacterial resistance to silver nanoparticles
and how to overcome it. Nat Nanotechnol. 2018;13:65---71.

1. Storm-Versloot MN, Vos CG, Ubbink DT, Vermeulen H. Topical
silver for preventing wound infection. Cochrane database Syst
Rev. 2010:CD006478.

2. Norman G, Westby MJ, Rithalia AD, Stubbs N, Soares MO,
Dumville JC. Dressings and topical agents for treating venous
leg ulcers. Cochrane database Syst Rev. 2018;6:CD012583.

3. Zhao M, Zhang D, Tan L, Huang H. Silver dressings for the heal-
ing of venous leg ulcer: a meta-analysis and systematic review.
Medicine (Baltimore). 2020;99:e22164.

4. Schultz G, Bjarnsholt T, James GA, Leaper DJ, McBain AJ, Mal-
one M, et al. Consensus guidelines for the identification and

treatment of biofilms in chronic nonhealing wounds. Wound
Repair Regen. 2017;25:744---57.

5. Metcalf DG, Bowler PG. Biofilm delays wound healing: a review
of the evidence. Burn Trauma. 2013;1:5---12.

11
gia  2025;100(5):501162

6. Ramsay S, Cowan L, Davidson JM, Nanney L, Schultz G. Wound
samples: moving towards a standardized method of collection
and analysis. Int Wound J. 2016;13:880---91.

7. Serra R, Grande R, Butrico L, Rossi A, Settimio UF, Caroleo B,
et al. Chronic wound infections: the role of Pseudomonas aerug-
inosa and Staphylococcus aureus.  Expert Rev Anti Infect Ther.
2015;13:605---13.

8. Percival SL. Importance of biofilm formation in surgical infec-
tion. Br J Surg. 2017;104:e85---94.
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